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Distance perception in humans can be affected by oculomotor and optical cues and a
person’s action capability in a given environment, known as action-specific effects. For
example, a previous study has demonstrated that egocentric distance estimation to a
target is affected by the width of a transparent barrier placed in the intermediate space
between a participant and a target. However, the characteristics of a barrier’s width that
affect distance perception remain unknown. Therefore, we investigated whether visual and
tactile inputs and actions related to a barrier affect distance estimation to a target behind
the barrier. The results confirmed previous studies by demonstrating that visual and tactile
presentations of the barrier’s width affected distance estimation to the target. However,
this effect of the barrier’s width was not observed when the barrier was touchable but
invisible nor when the barrier was visible but penetrable. These findings indicate the
complexity of action-specific effects and the difficulty of identifying necessary information
for inducing these effects.
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INTRODUCTION

We assume that our perception of the environment is precise and wholly dependent on visual
inputs, including oculomotor and optical cues. However, several studies have demonstrated that
a person’s action capability influences spatial perception. Bhalla and Proffitt. (1999)
demonstrated that a person’s ability to ascend a hill determined by carrying a heavy
backpack or being tired affects their estimate of the slope’s angle. Proffitt et al. (2003)
reported that people carrying a heavy backpack perceive objects as farther away than those
without a heavy backpack. Witt et al. (2005) showed that participants estimated a target as being
close when holding a hand-held tool than not holding one. These studies suggest that the
perception of geometrical properties of space is determined not only by visual inputs but also by
the energy costs of activities in that space. Other studies have shown that the size of a
participant’s body influences the egocentric distance estimation to an object and the size
estimation of the object, which might be explained by different energy costs of intended
actions depending on the body size (van der Hoort et al., 2011; Ogawa et al., 2017; Tosi
et al., 2020; see also; Mine et al., 2020). Several other studies have provided evidence of similar
action-specific effects on distance perception (see Creem-Regehr and Kunz, 2010; Philbeck and
Witt, 2015, for a review). These studies have used a variety of experimental paradigms and
manipulated constraints or extensions of intended actions, including the effort needed for action
(Witt et al., 2011; Kirsch et al., 2012), weight on the body (Lessard et al., 2009), and tool-use
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(Witt and Proffitt, 2008; Witt, 2011; Costello et al., 2015).
Furthermore, the condition of the perceiver and the condition
of the space affects the perception of geometrical properties.
Morgado et al. (2013) set a transparent barrier in the
intermediate space between the participants and a target
and asked the participants to estimate the egocentric
distance to the target after imagining that they are reaching
around the barrier to the target. The results indicated that
participants showed a more extended distance estimation
when the width of the transparent barrier was wide than
when it was narrow. Therefore, varying the action cost of
reaching around a barrier by manipulating its width affected
the distance perception to the target placed behind the barrier.

Visual inputs play a crucial role in perceiving the space around
a person. However, other sensory inputs also provide cues on a
person’s surroundings and possible actions in the given space.
The studies of blind people (including late blind) and blindfolded
sighted people have provided evidence that people can perceive
their surroundings using sensory inputs other than vision (Lahav
andMioduser, 2008; Afonso et al., 2010). Especially, tactile inputs
are direct cues of a person’s action space. For example, if a person
tries to extend an arm straight towards a target and touch
something in the way, he/she will know that the arm cannot
be extended any further in that direction, even if there is no visual
obstacle. Moreover, if a visual obstacle is penetrable (there are no
tactile sensations from the obstacle), the person could ignore the
obstacle and extend her/his arm straight at a target even though
the person can see an obstacle between him/her and the target.
Therefore, tactile inputs are direct cues of the spatial limitation of
a person’s physical actions, although objects that are transparent
but touchable or visible but penetrable are rare in the real world.
Tactile information about an obstacle might distort the
perception of egocentric distance to a target even when visual
information was missing if distance perception were influenced
by recognizing the presence of obstacles located in intermediate
space between a target and a perceiver.

The present study was designed to investigate whether the
egocentric distance is affected by tactile information about
obstacles presented at the intermediate space between a
perceiver and a target without any visual information about
the obstacle. Most previous studies investigating action-specific
effects on perception have focused on visual information from
space. However, tactile inputs have a critical role in perceiving the
surroundings, especially obstacles that physically limit the
person’s action possibilities. Therefore, tactile inputs of
obstacles might affect the perception of egocentric distance.
This study also investigated whether the findings of Morgado
et al. (2013) could be replicated. Experimental findings on action-
specific effects have replicability problems. Several studies have
failed to replicate action-specific effects (e.g., Hutchison and
Loomis, 2006). Quarona et al. (2020) demonstrated that
obstacles in front of a target delay shape judgments of the
target object behind the barrier. Nevertheless, the effects of
obstacles on distance perception have not been replicated. The
results of Morgado et al. (2013) are surprising findings indicating
that the surrounding environment’s condition affects a person’s
perceptions, and we considered it essential to verify the

robustness of this finding. Therefore, in Experiment 1, we
developed a similar virtual environment to the study by
Morgado et al. (2013).

GENERAL METHODS

Participants
We recruited healthy right-handed participants with normal or
corrected-to-normal vision (N � 65). Of these, 36 (10 women;
mean age, 21.8 years; age range, 19–26 years) participated in
Experiment 1 as non-paid volunteers, and 29 (13 women;
mean age, 22.7; age range, 19–45 years) participated in
Experiment 2 as paid volunteers. All the participants gave
their written informed consent before participating in the
experiments. The experiments and procedures described below
were approved by the ethics committee of the University of
Tokyo, Department of Psychology. All the experiments were
conducted according to the principles and guidelines of the
Declaration of Helsinki.

Apparatus and Stimuli
The participants saw a virtual environment through a head-
mounted display (HMD: Oculus Rift S, showing a stereoscopic
image at a resolution of 2,560 × 1,440). The virtual environment
was developed using Unity3D and run on a Windows PC
(ALIENWARE; Intel core i7-8750H at 22GHz, 32GB RAM,
and NVIDIA GeForce RTX 2070). A pen-type device, 3D
Systems Touch (3D Systems), consisting of a manipulator
connected to an arm, was used to present tactile sensation
(Figure 1A). The device generated tactile feedback about the
surface of a virtual object when participants touched the virtual
object with its pen tip. In addition, we used a Leap Motion
Controller (Ultra leap, ltd.) as a sensor to track the participant’s
actual right-hand movements and synchronize these movements
with those of a right-hand avatar displayed in the virtual
environment.

The participants performed a haptic task and a distance
estimation task in the experiments. In the haptic task,
participants moved the pen-like haptic presentation device
from side to side. In Experiment 1, the pen-like manipulator
generated haptic feedback about the surface of the barrier when
its tip encountered either a visible or an invisible barrier placed in
front of the participants in the virtual environment (Figure 1).
The barrier had a height of 24 cm and a width of either 10 or
30 cm. In Experiment 2, a visible barrier was presented, with no
haptic feedback generated when the manipulator encountered the
barrier. The participants performed a distance estimation task
after recognizing the barrier and its width using the manipulator.
The participants adjusted a black circle by pressing a key with
their left index and middle fingers until the distance between the
black circle and a red reference point matched the distance
between a target positioned behind the barrier and the
reference point (Figure 2). In the distance estimation task, a
right-hand avatar was presented in the virtual environment and
moved synchronously with the participant’s right-hand
movement. The participants kept their right index finger on

Frontiers in Virtual Reality | www.frontiersin.org November 2021 | Volume 2 | Article 7261142

Mine et al. Obstacles Affect Distance Perception

https://www.frontiersin.org/journals/virtual-reality
www.frontiersin.org
https://www.frontiersin.org/journals/virtual-reality#articles


the red circle presented on their sagittal axis, 5 cm from the end of
the table where they were seated. A white cylinder (height: 9 cm,
diameter: 3.2 cm) was used as the target was positioned either
34 cm, 37 cm, 40 cm, or 43 cm from the participant’s right index
finger, and the barrier was presented 24 cm from the participant’s
right index finger. The target cylinder and the barrier were
aligned on the participant’s sagittal axis. The black circle,

which moved on a diagonal line of 45° in the participant’s
right hemifield, was used as the comparison point. The initial
position of the comparison point was either 24 or 53 cm from the
participant’s right index finger. These tasks are modified versions
of those used in Morgado et al. (2013).

Before the experiment started, the participants watched a pre-
recorded video through their HMD showing a virtual hand

FIGURE 1 | The haptic task. The left figure shows the haptic task environment (A). Participants controlled a pen-like manipulator and tactilely recognized the
presence and width of a barrier. The two figures on the right show the virtual environment that the participant saw through the HMD in the haptic task (B). The grey pen
presented in the virtual environment moved synchronously with the manipulator. The upper figure shows the visible barrier condition, and the bottom figure shows the
invisible barrier condition. Haptic feedback was generated when the grey pen encountered the visible or invisible barrier in Experiment 1, and no haptic feedback
was generated when the pen encountered the visible barrier in Experiment 2.

FIGURE 2 | The distance estimation task. In this task, a virtual right-hand avatar that moved synchronously with the participant’s right hand was presented in the
virtual environment. The participants put their right index finger on the red reference point and estimated the distance between the reference point and the target. Then,
they adjusted the comparison point until the distance between the reference point and the comparison point matched the distance between the reference point and the
target.
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reaching and grasping a target cylinder, which was shown to
avoid discrepancies in imagined action between participants. The
video showed a virtual hand reaching around the barrier in
experiment 1, while showed a virtual hand reaching straight to
the target (i.e., penetrating the barrier) in Experiment 2.

EXPERIMENT 1

Stimuli and Procedure
The participants were seated at one end of a table placed in a
laboratory. They were instructed to adjust the fit of their HMD
and hold the manipulator of the pen-like haptic input device in
their right hand. They also positioned their face on a chin rest
attached to the table to prevent the head from moving during the
experiment. At first, the participants watched a video through
their HMD showing a virtual hand reaching around a 20 cm wide
barrier and grasping a target cylinder. After watching the video,
HMD showed the virtual world where the participants conducted
tasks. A virtual table was placed in the virtual environment facing
the participants, and a grey pen that was programmed to move
synchronously with the pen-like manipulator, the target, and the
barrier were presented on the virtual table (Figure 1B). The
participants were asked tomove the pen-like manipulator, tracing
the barrier for several tens of seconds, to recognize the
barrier’s edges.

After the haptic task, the pen-like manipulator was removed.
The virtual right-hand avatar appeared, and the participants were
instructed to put their right index finger on the reference point in
the virtual environment. Then, the distance estimation task
started (Figure 2). The participants adjusted the black circle
until the distance between the black circle and a red reference
point matched the distance between a target positioned behind
the barrier and the reference point. The participants were
instructed to imagine the movement of reaching around the
barrier at the target before estimating the distance to the
target. When the participants finished adjustment, the

experimenter recorded the distance. Then, the subsequent
trial’s haptic task started.

Each participant performed one practice block of eight trials
followed by four experimental blocks, each of eight trials. A
practice block was conducted with no barrier presented (i.e., no
visual or tactical feedback) to enable participants to practice the
visual matching task. In the visual matching task, they were
instructed to adjust the comparison point until the distance
between the comparison point and the reference point
matched the distance between the target and the reference
point. The experimental blocks consisted of the visible barrier
(the visible condition) and the invisible barrier (the invisible
condition) conditions. Each of these conditions consisted of a
narrow barrier block and a wide barrier block. The order of the
two conditions and the two blocks in each condition was pseudo-
randomized across participants. Tactile feedback was presented
through the haptic presentation device in all the blocks.

Results and Discussion
The overestimated distance was defined as the difference between
the estimated distance and the physical distance between the
reference point and the target. Figure 3 indicates the results of
Experiment 1. We compared the overestimated distance for
narrow and wide barriers under visible and invisible barrier
conditions. We checked normality of the data by Kolmogorov-
Smirnov test, then conducted paired t-tests for the visible and
invisible conditions respectively. A wide visible barrier resulted in
participants estimating a longer distance to the target than a
narrow visible barrier (narrow: mean � 9.09 mm, SD � 23.09 mm;
wide: mean � 14.86 mm, SD � 27.15 mm), and a paired t-test
indicated there is significant difference between them (t (35) �
2.29, p � 0.028, Hedge’s g � 0.381), which corroborated the
previous findings by Morgado et al. (2013). On the other hand,
there was no significant difference in the estimated distance
between a narrow and a wide invisible barrier (t (35) � 0.70,
p � 0.489, Hedge’s g � 0.117; narrow: mean � 6.69 mm, SD �
22.18 mm; wide: mean � 8.59 mm, SD � 18.96 mm). The effect of

FIGURE 3 | The mean of the participant’s distance overestimation under each condition in Experiment 1. The left figure shows the visible condition results, and the
right figure shows the invisible condition results. The overestimated distance was defined as the difference in the physical and the estimated distance between the
reference point and the target. A positive value indicates distance overestimation. Error bars show the standard error.
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tactile input about obstacles presented without any visual input
on egocentric distance estimation to the target was not observed,
suggesting that distance perception is affected by the width of a
visible and touchable barrier but not by the width of an invisible
but touchable barrier. Participants could realize the presence of
the barrier even when it was invisible and understand that they
cannot reach straight to the target because of the barrier.
Moreover, they were instructed to imagine reaching around
the barrier at the target before making distance estimations
under both conditions. Nevertheless, recognizing the barrier’s
existence and its width merely through tactile inputs was
insufficient to induce action-specific effects.

A possible explanation of this result is that action-specific
effects on distance estimation rely entirely on the energy cost of
action planning using visual information about a given space.
Visually presented objects indicate particular action possibilities
and the scale of the surroundings for conducting those actions
(Proffitt and Linkenauger, 2013). Therefore, it is a possibility that
visually presented barriers automatically, and perhaps
unconsciously, induce action plans for reaching around the
barrier. Specific studies have suggested that experimental
processes of either motor experience or motor preparation are
necessary to induce action-specific effects (e.g., Linkenauger et al.,
2015). However, a Bayesian meta-analysis by Molto et al. (2020)
indicated strong evidence of no difference in action-specific
effects between conditions with and without motor experience
or motor preparation. Therefore, there is a possibility that
distance perception could be modulated only by visual
feedback about barriers at the time of distance estimation,
regardless of whether the barrier is touchable or not or the
participant’s actions before making estimations. To examine
this possibility, we investigated the effect of a visible but
untouchable barrier on distance perception in Experiment 2.

EXPERIMENT 2

Experiment 2 investigated the effect of visual information about
an obstacle on making distance estimations. The experimental
design was nearly identical to that of Experiment 1, except that
the barrier in Experiment 2 was visible but untouchable.
Participants were asked to imagine reaching the target by
directly penetrating the barrier before making each distance
estimation. If the distance estimation to the target was affected
only by visual information about the barrier at the time of
estimating, then neither the imagined action before estimating
nor the ability to touch the barrier was expected to have a critical
effect on the distance estimation.

Stimuli and Procedure
The stimuli and procedure of Experiment 2 were nearly identical
to Experiment 1 except that the barrier was visible but
untouchable (i.e., no tactile feedback was presented through
the haptic presentation device) and the participants were
instructed to imagine reaching straight at the target before
estimating the distance. Before the experiment started,
participants had watched a video through their HMD showing

a virtual hand reaching a target directly by penetrating a barrier
and grasping the target cylinder. Each participant performed one
practice block of eight trials followed by two experimental blocks,
each of eight trials. The barrier width was either narrow or wide in
each experimental block. The order of the blocks was pseudo-
randomized across participants.

Results and Discussion
The overestimated distance was defined as the difference in the
estimated distances and the physical distance between the
reference point and the target. We compared the
overestimated distance for the narrow and the wide barrier.
We checked normality of the data by Kolmogorov-Smirnov
test, then conducted a paired t-test. The results of Experiment
2 are shown in Figure 4.

A paired t-test indicated no significant differences in the
estimated distance between a wide and a narrow barrier (t
(28) � 0.49, p � 0.625, Hedge’s g � 0.092; narrow: mean �
10.99 mm, SD � 17.07 mm; wide: mean � 9.79 mm, SD �
18.80 mm), suggesting that significant action-specific effects
were not induced by the visually presented, untouchable
barrier when the participants imagined the movement of
directly reaching at the target before distance estimation. The
results of Experiment 2 suggested that the penetrable barrier and
imagining reaching straight at the target reduced the effect of the
barrier width. Most previous studies investigating action-specific
effects instructed participants to conduct or imagine a specific
action while simultaneous visual information about the
participant’s surroundings automatically affords action
possibilities. The action instructed by experimenters and the
action afforded by visual stimuli were generally identical. For
example, in Morgado et al., 2013, the participants were asked to
imagine the action of reaching around a barrier in front of a
target, while visual information of visible barrier also afforded the
same action. If instructed and afforded actions are identical, it is
impossible to distinguish which action affects the geometrical
perception. However, the instructed and afforded actions are

FIGURE 4 | The mean of the participant’s distance overestimation in
Experiment 2. The overestimated distance was defined as the difference
between the physical distance and the estimated distance between the
reference point and the target. The positive value indicates distance
overestimation. Error bars show the standard error.
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different in Experiment 2 of the present study. Visual stimuli of
visible barrier afforded the movement of reaching around the
barrier; on the other hand, the participants were instructed to
imagine reaching straight toward the target by penetrating the
barrier. The present results indicated that the instruction to
imagine an action might overcome the limitations on action
possibilities imposed by a visible barrier, and the effect of the
barrier’s width disappeared. Therefore, the action that
participants imagined before estimating the distance was a
critical factor in the action-specific effect.

GENERAL DISCUSSION

Summary of the Results
In Experiment 1, participants estimated the target as further away
when a wide compared to a narrow barrier was visually and
tactilely presented in the space between the participants and the
target. In contrast, this effect was not observed for a tactilely but
not visually presented barrier’s width. Thus, only tactile
information of the barrier width was insufficient to induce
action-specific effects. One possible explanation of this result
is that action-specific effects are related to energy costs of actions
potentially determined through visual information about the
space surrounding a person. However, in Experiment 2, the
effect of a visually presented and penetrable barrier on
distance estimation was not observed. Therefore, it seems that
visual information of obstacles is insufficient to influence distance
perception. These results suggest that visual inputs and action
imagery of reaching for the barrier are necessary to induce action-
specific effects.

Contributions of Vision, Touch, and Motor
Intention
The results of this study suggest that action-specific effects are
complex and not amenable to simple explanations based on the
effect of a single factor such as vision, touch, or motor
intention. However, these results clarify the contributions of
sensory inputs and motor intentions on distance estimation.
Firstly, the results indicate that visual information is a crucial
factor in action-specific effects. Experiment 1 showed that
participants estimated a longer distance for a wide barrier
that was visible and touchable, but not when the barrier was
touchable but invisible. Visual information provides relatively
accurate spatial information about our surroundings and
supports movements requiring low energy (Cohen et al.,
2010). In contrast, the results of Experiment 2 suggested
that visual information by itself is insufficient to induce
action-specific effects.

Combining the results of the two experiments of this study
suggest that instructed motor imagination affects action-specific
effects, at least when there is a conflict between instructed action
and potential action afforded by visual stimuli. However, whether
instructed action experiences (or imagination) affect action-
specific effects when the action instructed by the experimenter
and the action afforded by visual information about the

surroundings are identical remain to be identified (see Molto
et al., 2020).

Tactile feedback about the barrier width did not induce
significant action-specific effects in Experiment 1. Possibly,
participants failed to recognize the difference in width between
the narrow and wide barriers. As a result, the imagined motion
trajectories might have been similar regardless of narrow or
wide barriers. However, we believe this was not the case
because the difference in the barrier’s width was very large
(10 vs 30 cm). Moreover, Cohen et al. (2010) indicated that
people take a more roundabout trajectory when reaching over
obstacles to avoid a collision if the obstacle’s height is
uncertain. Suppose width perception through tactile inputs
is uncertain in the invisible condition of Experiment 1. In that
case, the imagined action trajectory might become more
roundabout in the invisible than in the visible condition,
resulting in a higher overestimation of the target position in
the invisible condition. However, the estimated distance was
smaller in the invisible condition than in the visible condition
(Figure 3), suggesting that width perception through tactile
inputs might have been relatively accurate. If participants
could recognize the barrier’s width with accuracy just
through tactile input, why the effect of the barrier’s width
on distance estimation was not observed in the invisible
condition of Experiment 1? It is possible that motor
planning relies more on visual than tactile inputs because
visual inputs have a higher spatial resolution than tactile
inputs. Previous studies have suggested that tactile inputs
can indicate surrounding spatial information when
participants are blind or blindfolded (see Morash et al.,
2012, for review). However, in the invisible condition of
Experiment 1, participants saw the visual stimuli displaying
no barrier, and they were not blindfolded. Therefore, the
planned action might be affected by visual information that
there is no barrier in front of the target, resulting in less
roundabout trajectory. Based on this interpretation, we can
experimentally investigate the actual effects of spatial
cognition through tactile inputs in an experiment; for
example, blindfolded participants reach around a tactilely
presented barrier to reach a target indicated by auditory
stimuli.

Replicability of Action-specific Effects
As discussed in the introduction, experimental findings of
action-specific effects have a replicability problem. Several
studies have reported replication failures of action-specific
effects. For example, Hutchison and Loomis. (2006) failed
to replicate the findings of Proffitt et al. (2003), showing
that people carrying a heavy backpack perceive a longer
distance to a target than people not carrying a backpack
(see also Proffitt et al., 2006, as Proffitt and other’s
response). Woods et al. (2009) also failed to replicate the
findings of Proffitt et al. (2003) and Witt et al. (2004).
However, it should be noted that there were specific
methodological and theoretical differences between the
original and replication studies. Molto et al. (2020)
conducted a meta-analysis on action-specific effects and
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reported a small action-specific effect. However, if there might
be a publication bias, it leads to overestimating the effect size of
action on geometrical perception. Therefore, the effect of
action and action planning on geometrical perception
remains controversial. As a result, the critical method of
validating actual action effects is reporting direct or
conceptual replications, whether positive or negative. To the
best of our knowledge, there are no replication studies on the
effect of a barrier’s width on egocentric distance perception.
Experiment 1 successfully replicated the results by showing
that the width of a visually and tactilely presented barrier
affected the perception of egocentric distance. The effect size of
the barrier’s width in the visible condition of Experiment 1 was
a very large effect according to the new effect size criteria
specific to action-specific effects proposed by Molto et al.
(2020). Therefore, we concluded that the effect of barriers
on distance perception is robust and observable in real and
virtual environments.

Action-Specific Effects in a Virtual
Environment
The experiments of the present study were conducted in a virtual
environment. Using virtual reality facilitates the study of behavioral
and neural responses in difficult or impossible situations to
implement in the real environment. Therefore, many studies
investigating action-specific effects have used virtual reality
techniques (e.g., Stefanucci et al., 2005; Laitin et al., 2019). We
successfully replicated the findings of Morgado et al. (2013) in a
virtual environment, andwe believe that virtual reality is an essential
tool for investigating action-specific effects. However, there are
some differences between real and virtual environments that can
affect visual perception. One critical difference is that people
underestimate egocentric distances in virtual environments
compared to real environments (see Renner et al., 2013, for a
review). This distance compression effect might influence people’s
behavioral responses. In Morgado et al. (2013), the interaction
between the barrier’s width and the actual distance to the target on
distance estimation was marginally significant. The effect of the
barrier width was not observed in the position nearest to the target
of 34 cm, although it was observed in the three longer target
position conditions of 37 cm, 40 cm, and 43 cm. If the distance
to a target affects action-specific effects, then distance compression
might reduce the effect of a barrier in the virtual environment
compared to the real environment because the target could be
perceived as identical in both environments. The effect size of the
barrier width was relatively large in the visible condition of
Experiment 1, although the magnitude of the overestimated
distance was much smaller than in Morgado et al. (2013). The
mean overestimated distance difference between a narrow and wide
barrier was 5.77 mm in the visible condition of this study, whereas it
was approximately 12mm in Morgado et al. (2013). The smaller
difference in the overestimated distances between a narrow and a
wide barrier could be explained by distance compression caused by
the virtual environment. In sum, virtual reality is a powerful
experimental tool. However, it should be noted that there are
specific perceptual differences between the real and a virtual

environment. The failure to consider these differences might
result in decreased sensitivity or replication failures using virtual
reality environments.

Limitations and Conclusion
There are specific limitations to this study. Firstly, we did not
consider individual differences in stereoscopic vision on action-
specific effects. A previous study suggests that nearly 30% of the
population does not have normal stereoscopic vision (Hess et al.,
2015). Stereoscopic vision is an essential ability for estimating the
egocentric distance to an object. Therefore, the effect of individual
differences in stereoscopic vision on distance estimation and
action-specific effects should be examined in future studies.
Secondly, we instructed participants to imagine reaching
directly at the target by penetrating a visible but untouchable
barrier. In Experiment 2, participants could also choose to reach
around the barrier at the target, although this was not the most
economical action. In the present study, we focused on the
effect of action imagination on distance perception when
people imagined an action with the lowest costs under a given
situation. However, this manipulation made it difficult to directly
compare Experiments 1 and 2 because two variables differed
between the two experiments; the presence of tactile feedback
about the barrier and action imagination instructions. Therefore,
more detailed experiments should be undertaken in the future
to examine the effect of each factor affecting action-specific
effects. Finally, in the present study, the participants estimated
the distance to the target by visually matching the distances
at different angles. This experimental paradigm is not commonly
used in distance estimation research, although several
studies have used this (Osiurak et al., 2012; Morgado et al.,
2013). Then, more studies are needed to establish the validity
of this method.

We investigated tactile feedback on obstacles and related
action imagery on action-specific effects. We also attempted
to replicate Morgado et al. (2013), which was accomplished
in this study. However, studies on action-specific effects
have issues other than replicability. For example, several
studies have indicated insufficient theoretical explanations of
action-specific effects. It is also possible that action-specific
effects largely reflect experimenter demands (Durgin et al.,
2009; Firestone and Scholl, 2016). The lack of theoretical
background is a serious shortcoming that should be
overcome in future studies on action-specific effects. Action-
specific effects are induced by some action constraints or
extensions such as weight on the body, action effort, or tool-
use, and these constraints or extensions are also related to
the expansion or contraction of the peripersonal space
(weight on the body: Lourenco and Longo, 2009, tool-use:
Iriki et al., 1996; Holmes et al., 2004; Longo and Lourenco,
2006). The peripersonal space is a multisensory spatial
representation surrounding a person’s body or body parts
that support the person’s actions through their body.
Examining the relationship between action-specific effects
and the peripersonal space could lead to further
understanding of action-specific effects. It is suggested that
future studies investigate this issue.
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