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Tactile stimulation disambiguates the perception of visual motion paths
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Abstract
Although visual perception traditionally has been considered to be impenetrable by non-visual information, there are a rising
number of reports discussing cross-modal influences on visual perception. In two experiments, we investigated how coinciding
vibrotactile stimulation affects the perception of two discs that move toward each other, superimpose in the center of the screen,
and then move apart. Whereas two discs streaming past each other was the dominant impression when the visual event was
presented in isolation, a brief coinciding vibrotactile stimulation at the moment of overlap biased the visual impression toward
two discs bouncing off each other (Experiment 1). Further, the vibrotactile stimulation actually changed perceptual processing by
reducing the amount of perceived overlap between the discs (Experiment 2), which has been demonstrated to be associated with a
higher proportion of bouncing impressions. We propose that tactile-induced quantitative changes in the visual percept might alter
the quality of the visual percept (from streaming to bouncing), thereby adding to the understanding of how cross-modal
information interacts with early visual perception and how this interaction influences subsequent visual impressions.

Keywords Bouncing/streaming illusion . Tactile transients . Illusory crescent . Visual-tactile interaction

Visual perception traditionally was thought to be almost im-
penetrable by non-visual information and thus immune to in-
fluences of information from different modalities such as au-
dition and touch. However, although visual information may
dominate information from other modalities (e.g., Rock &
Victor, 1964; Warren, Welch, & McCarthy, 1981), there is
neuropsychological (e.g., Falchier, Clavagnier, Barone, &
Kennedy, 2002) as well as behavioral (e.g., Shams,
Kamitani, & Shimojo, 2000) evidence that non-visual infor-
mation is capable of altering visual processing. For instance,
Sekuler, Sekuler, and Lau (1997) showed that a brief Bclick^
that coincides with the moment of overlap of two moving
discs switches the dominant impression of the event from
two discs streaming past each other streaming to two discs
bouncing off each other. To date, the mechanism driving this
qualitative shift in the visual impression is not yet understood,
although perceptual (Meyerhoff & Scholl, 2018), attentional

(Grassi & Casco, 2009), and cognitive (Grassi & Casco, 2010;
Grove, Ashton, Kawachi, & Sakurai, 2012a) mechanisms
have been discussed recently.

Tactile-visual interactions

Beyond audiovisual interactions, vision could also be cross-
modally affected by touch. A central challenge of studying
cross-modal interactions, however, is to ensure that observed
effects actually stem from an integration of the sensory infor-
mation and not just from a shift in the response criterion (e.g.,
Odgaard, Arieh, & Marks, 2003). One promising way to iso-
late perceptual processes is to study cross-modal interactions
with illusory percepts (e.g., Shimojo & Shams, 2001) or
changes in perceptual performance. Regarding tactile-visual
interactions, such changes in performance have been reported
for localization tasks (rubber hand illusion; Pavani, Spence, &
Driver, 2000) and temporal order judgments (temporal
ventriloquism, Keetels & Vroomen, 2008). Further, a compel-
ling demonstration of perceptual interactions between vision
and touch comes from the touch-induced flash illusion
(Violentyev, Shimojo, & Shams, 2005). In this study, the ob-
servers were more likely to report the perception of two visual
flashes when two rather than one tactile transients coincided
with the presentation of one visual flash. Because the
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coinciding tactile information impaired the sensitivity of the
participants to distinguish between trials with one or two
(physical) flashes, Violentyev et al. attributed the quantitative
change in the visual impression to perceptual processing.

The current project

Most studies addressing perceived bouncing have studied
audio-visual stimuli. However, as interactions between objects
in the real world typically occur with coinciding auditory in-
formation, the visual impression of the discs bouncing off
each other might be influenced from previous exposure
(rather than perception; see Rips, 2011). In order to study
the impact of coinciding transients themselves, we therefore
investigated if (and how) coinciding tactile transients induce
bouncing impressions. Given the large differences between
tactile and auditory modality in terms of cortical organization
(e.g., Rauschecker & Scott, 2009) as well as perceived simul-
taneity (Fujisaki &Nishida, 2009), this approach is also prom-
ising with regard to tracing down the perceptual root of per-
ceived bouncing versus streaming. Our aims were twofold.
First, we aimed to demonstrate that coinciding tactile informa-
tion is capable of inducing qualitative changes in the visual
impression of the bouncing/streaming display (Experiment 1).
Second, we aimed to show that coinciding tactile information
also alters perceptual processing in a similar task in order to
isolate perceptual processing from (potential) cognitive influ-
ences such as biases or inferences (Experiment 2).

Experiment 1

The effect of cross-modal information on perceived bouncing/
streaming mostly has been studied with coinciding auditory
information (Grove & Sakurai, 2009; Watanabe & Shimojo,
2001; Zhou, Wong, & Sekuler, 2007). In this experiment, we
investigated a tactile-visuo variant of the bouncing/streaming
illusion in order to study the modality-specifity of the corre-
sponding qualitative change in the visual impression. A sim-
ilar approach has been reported in the dissertation ofWatanabe
(2001; for reviews of his data see Shimojo & Shams, 2001;
Watanabe and Shimojo, 2005). If coinciding transients in gen-
eral elicit the impression of discs bouncing off each other, we
should observe the typical bouncing vs. streaming illusion
also with the vibrotactile transients in this experiment (thus
providing an independent replication of Watanabe, 20011).

Methods

Participants

The final sample of Experiment 1 consisted of 24 students
from the University of Trier (19–29 years old, 22 females).
Data from one additional participant was replaced because this
participant did not vary her responses.2 All participants report-
ed normal or corrected-to-normal vision.

Apparatus, stimuli, and procedure

The experiment took place in a completely darkened room (no
daylight, black furniture) all sources of illumination except the
stimuli were eliminated. All stimuli were programmed using
the PsychoPy libraries (Pierce, 2007). The experiments were
presented on a 24-in. TFTscreen (60 Hz, 1,920 × 1,200 pixels)
at a restricted viewing distance of 73 cm. The vibrotactile
stimulation was administered by a tactor (C-2, Engineering
Acoustic, Inc.) that was attached to the heel of the non-
dominant hand of the participants. The tactor was controlled
by a standard amplifier (Power Amplifier Module PM40C,
t.amp). In order to prevent any influence of the noise of the
vibrating tactors (250 Hz, 0.3 mm peak-to-peak amplitude),
our participants wore headphones playing white noise (95 dB)
as well as ear plugs (29 dB reduction).

Each trial began with the presentation of a central fixation
cross. The participants were instructed to maintain the central
fixation for the entire trial. After 300 ms, two red dots (0.5 deg
in diameter) appeared 5° above the center and immediately
started moving toward each other along a horizontal path at
a constant speed of 10 °/s. The initial position of the discs was
arranged so that they were fully overlapped above the fixation
cross after 700 ms of object motion. In half of all trials, the
onset of a 100-ms vibrotactile stimulation coincided with this
moment of overlap between the discs. Thereafter, the discs
moved apart for another interval of 700 ms (see Fig. 1).
Finally, the participants indicated whether or not they per-
ceived the discs as bouncing off each other by pressing the
corresponding key on a keyboard. Each participant completed
seven blocks consisting of eight trials (four per condition).
The first block was considered to be practice and was removed
from the analysis.

Results

For each participant, we calculated the proportion of
Bbouncing^ responses for the conditions with and without
coinciding transients (see Fig. 2). A t-test for paired samples
confirmed that the proportion of Bbouncing^ responses was
higher when the coinciding tactile transient was present than

1 We became aware of this study, which is included in the dissertation of
KatsumiWatanabe and the cited book chapter, only after the initial submission
of this manuscript. We would like to thank both reviewers who brought this to
our attention. In fact, the logic of both experiments is highly similar and both
experiments differ only in the specific parameters such as object size and
speed. 2 Including this participant in the analysis had no effect on the results.
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when the coinciding transient was absent, t(23) = 3.89, p <
.001, d = .79. Therefore, our results replicate an experiment of
Watanabe (2001) and show that coinciding tactile information
is capable of altering the visual impression.

Experiment 2

The results of Experiment 1 show that brief vibrotactile stim-
ulations increase the probability of a visual bouncing impres-
sion. However, this result was obtained from explicit verbal
reports regarding the perceptual impression. In research on
auditory-induced bouncing, Grove et al. (2012) have chal-
lenged the attribution of changes in reported bouncing/
streaming to perceptual processing. When they asked partici-
pants to distinguish between trials with objectively bouncing
and streaming pairs of objects (implemented by differently
dense moving patches), coinciding auditory information al-
tered the response criterion of the participants toward bounc-
ing reports but had no effect on the sensitivity to discriminate
between objective bouncing and streaming (see also Grassi &

Casco, 2012). From these results, Grove et al. (2012) conclud-
ed that the coinciding tones affected decisional processes rath-
er than perception. Recently, however, Meyerhoff and Scholl
(2018) showed that coinciding tones reduce the perceived
amount of overlap between the moving discs (i.e., auditory-
induced illusory crescents). Because less overlap between the
moving discs also comes along with a larger proportion of
bouncing impressions (e.g., Grassi & Casco, 2012; Scholl &
Nakayama, 2004), the shift in response bias observed by
Grove et al. (2012) might in fact be deeply perceptual in na-
ture. In order to provide direct evidence for our suggestion that
coinciding vibrotactile transients alter perceptual processing
of bouncing/streaming impressions, we therefore tested
whether vibrotactile transients also decrease the amount of
perceived overlap between the moving discs.

Methods

Participants

The final sample of Experiment 2 consisted of 21 students
from the University of Trier (18–33 years old, 17 females).
Data from three additional participants were removed (one
equipment failure, one participant switched off the white noise
during the experiment, and one participant failed to comply
with the task instructions).3

Apparatus, stimuli, and procedure

The apparatus was identical to Experiment 1. The remain-
ing parameters were adopted from previous studies on illu-
sory crescents (Meyerhoff & Scholl, 2018). Each trial be-
gan with the appearance of two discs (3° in diameter; red
and green with random color assignment). Both discs were
located 3° above the center of the screen. Whereas one disc
remained stationary in the central position, the other disc
started moving immediately 19.2° off-center (randomly
assigned to the left and right) toward the central disc at aFig. 2 Standard-boxplot of the results of Experiment 1. Proportion of

Bbouncing^ responses for trials with and without coinciding tactile
transients 3 Including these participants in the analysis had no effect on the results.

Fig. 1 A: Illustration of the experimental task of Experiment 1. In half of all trials, a brief vibrotactile stimulation coincided with the moment of overlap
between the moving discs. B: Vibrotactile stimulation was provided to the heel of the non-dominant hand of the participants
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constant speed of 38.3 °/s4 until the discs overlapped in the
center of the screen. In half of all trials, the moment(s) of
maximal overlap between the moving discs coincided with
the onset of a 100-ms vibrotactile stimulation, presented to
the heel of the left hand of the participants. At the moment
of overlap, the first disc stopped moving whereas the sec-
ond disc started moving along the same trajectory. After
reaching the opposite location on the screen, the event ap-
peared in reversed order so that the objects returned to their
original locations. A full cycle of the event lasted 2,000 ms
(see Fig. 3). The whole event was repeated until the partic-
ipants adjusted and confirmed the overlap of two additional
static discs (yellow and blue), which appeared in the lower
right corner of the screen (10° to the right and 10° below the
center of the screen). Initially there was no overlap between
the probe discs and the participants were able to adjust the
overlap of these discs in steps of 5% or 1% of the width of
the discs by pressing the corresponding keys on a keyboard.
The participants were instructed to adjust the overlap of the
probe discs until they matched the perceived (maximal)
overlap of the discs of the ongoing event in the upper half
of the screen. We tested objective overlaps of 100% (i.e.,
full overlaps) or 80% of the width of the discs. To avoid
offsets in the initial locations, the objects moved slightly
slower (37.8 °/s) in the condition with 80% overlap. The
adjusted overlap between the probe discs served as the de-
pendent variable. Each participant completed seven blocks
consisting of eight trials (four per condition). The first
block was considered to be practice and was removed from
the analysis.

Results

In agreement with the suggestion that coinciding tactile tran-
sients have an impact on visual processing, our participants
adjusted less overlap between the probe discs when the coin-
ciding vibrotactile stimulation was present. Prior to the analy-
sis, we excluded trials with a response that deviated more than
3 SD from the individual mean of the corresponding experi-
mental condition (0.69% of all trials). Across all trials, our
participants adjusted less overlap than presented objectively
(see Fig. 4). We conducted a repeated measures ANOVAwith
the coinciding transient (none vs. vibrotactile stimulation) and
the objective overlap of the discs (80% vs. 100%) as the inde-
pendent variables as well as the adjusted overlap of the probe
discs as the dependent variable. We observed a main effect of
the coinciding transient, F(1, 20) = 12.08, p = .002, indicating
that our participants adjusted less overlap between the probe
discs when a brief vibrotactile stimulation coincided with the
moment of maximum overlap. Further, we observed a main
effect of the objective overlap, F(1, 20) = 20.73, p < .001,
indicating that participants adjusted more overlap in trials with
an objectively larger overlap between the moving discs. There
was no interaction between the two independent variables,
indicating that the touch-induced reduction in adjusted overlap
is equally pronounced across both objective overlaps, F(1, 20)
< 1. The effect sizes (Cohen’s d) of the touch-induced illusory
crescent (i.e., the difference between trials without and with
coinciding vibrotactile stimulation) were d = 0.74 for trials
with full overlaps and d = 0.62 for trials with 80% overlaps.

General discussion

The results of our experiments provide two straightforward
insights into tactile-visual interactions. First, a brief vibrotactile
stimulation alters the quality of the visual impression (from
streaming to bouncing; Experiment 1; see also Watanabe,

4 Note that fast speeds can result in motion blur on the display, which might
interfere with the perception of the absolute overlap between the discs.
Critically, however, our main interest in this experiment focuses on the differ-
ence between the condition with and without coinciding tone. As blur would
occur equally across conditions, it therefore cannot explain our main results.

Fig. 3 A: Illustration of the illusory-crescent task. The participants adjust
the overlap of the two discs in the lower right corner of the screen until it
matches the overlap of the ongoing event in the center of the screen. In
half of all trials, a brief vibrotactile stimulation coincides with themoment

of (maximal) overlap between the discs. B: Illustration of touch-induced
illusory crescents. The participants generally misperceive the overlap of
the discs; however, this underestimation is more pronounced with than
without coinciding tactile transients
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2001). Second, the coinciding tactile stimulation indeed is ca-
pable of altering perceptual processing. This conclusion stems
from the results of Experiment 2, in which we used an implicit
dependent variable to assess perception. Whereas the open
responses of Experiment 1 could be explained in terms of shifts
in the response criterion or even task demands, such cognitive
influences on the adjusted overlap are unlikely due to the less
explicit response format as well as the continuous repetition of
the display until the participants were satisfied with their re-
sponse. Thus, the dependent measure in this experiment
allowed for a continuous perceptual comparison between the
perceived overlap in the dynamic event and the adjusted over-
lap of the probe discs. We argue that this likely captures per-
ceptual processing. [Of course, we did not mention the con-
cepts under investigation such as bouncing, streaming, or cau-
sality in the instructions of Experiment 2.]

The two experiments differ not only in the experimental
task at hand, but also in surface features such as the number
of simultaneously moving objects or the speed of the moving
object. Nevertheless, their spatiotemporal structure is remark-
ably similar: In both experiments, two objects approach each
other until they fully overlap and then move apart again (see
also Michotte, 1963). Most importantly, however, they pose
the same question for the visual system, namely, establishing
object correspondence (i.e., which object went where). Given
this structural similarity, we would like to interpret our results
as a first insight into how the qualitative change in the visual
impression might arise on a perceptual level (for converging
evidence that misperceptions of the actual overlap also arise in
the bouncing/streaming displays, see Grassi & Casco, 2012;
Kawachi, 2016). Because previous research has demonstrated
that less (objective) overlap between the discs comes along
with a higher proportion of bouncing reports (Scholl &
Nakayama, 2004), it seems likely that the quantitative shift
in perceived overlap induced the qualitative shift in the visual

impression. As such, the bouncing/streaming illusion is a
bistable stimulus in which observers could see bouncing or
streaming but not any transitions in between (similar to other
bistable stimuli such as the Necker cube). The perceived over-
lap between the moving discs, however, might alter the prob-
ability of one or other perceptual impression. Of course, fur-
ther research is necessary in order to fully establish the pro-
posed connection between illusory crescents and perceived
bouncing.

From coincidence to bouncing

A central challenge for the visual system is to maintain the
correspondence of objects when they change their location
over time. In order to solve this task, the visual system relies
on information from surface features such as color and shape
(Feldman & Tremoulet, 2006), occlusion cues (Remijn & Ito,
2007), or the spatial alignment (Kawabe &Miura, 2006). Our
results show that the visual system also incorporates tactile
signals in order to disambiguate the visual percept. Although
we did not directly compare auditory and tactile transients in
our study (but see Watanabe & Shimojo, 2005), our results
from tactile stimulation closely match findings from audio-
visual as well as purely visual experiments exploring the im-
pact of coinciding transients on the bouncing/streaming im-
pression (Sekuler et al., 1997; Watanabe & Shimojo, 1998) as
well as illusory crescents (Meyerhoff & Scholl, 2018; Scholl
& Nakayama, 2004).

One possible interpretation of these similar findings across
different modalities is that the visual system might interpret
any kind of coinciding information as heuristic in favor of a
causal interaction, which in turn increases the likelihood for
the reversal of the motion paths that are perceived as two discs
bouncing off each other. From an ecological point of view,
such a perceptual heuristic seems plausible as most causal
interactions between objects come along with coincident
sounds (i.e., colliding billiard balls) or tactile vibrations (i.e.,
putting a mug on the table). Our observation that tactile infor-
mation disambiguates stimuli when there is no naturalistic link
between the stimuli (i.e., normally, we hear but do not feel the
collision of external objects) further indicates that such a heu-
ristic would work on an abstract level rather than with con-
crete situations and experiences.

The influence of attentional processing

An alternative to explain tactile-induced illusory crescents as
well as tactile-induced perceived bouncing comes from cross-
modal attentional processing. Indeed, the cross-modal consis-
tency of bouncing impressions as well as illusory crescents
between our experiments with tactile stimulation and previous
work with auditory or visual stimulation (e.g., Watanabe &
Shimojo, 1998; 2005) leans toward a general mechanism

Fig. 4 Standard-boxplot of the results of Experiment 2. Adjusted overlap
on the probe discs for objective overlaps of 80% and 100%of the width of
the discs
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(rather than modality-specific mechanisms) that alters the vi-
sual percept (see Grove, Kawachi, & Sakurai, 2012b;
Watanabe, 2001; Zhou et al., 2007). A good candidate for
such a cross-modal mechanism is attentional processing be-
cause previous research has identified cross-modal interac-
tions between the tactile and the visual modality (e.g.,
Frings, Amendt, & Spence, 2011; van der Burg, Olivers,
Bronkhorst, & Theeuwes, 2009). Within the visual domain,
Watanabe and Shimojo (1998) have reported that bouncing
impressions become more likely if attention is distracted from
the bouncing/streaming display by coinciding visual tran-
sients or dual tasks. Therefore, it is possible that any coincid-
ing transient distracts attention from the bouncing/streaming
display. Such an attentional disruption might result in missing
the central frame which in turn induces illusory crescents as
well as bouncing impressions.

Conclusion

Coinciding vibrotactile information induces perceived bounc-
ing as well as illusory crescents between overlapping discs.
Our study suggests that the qualitative change in the visual
impression is accompanied by a quantitative change in the
perceived overlap between the moving discs (i.e., touch-
induced illusory crescents). This matches remarkably well
with previous findings from studies with coinciding auditory
information which in turn supports the idea that perceived
bouncing stems from a modality-independent mechanism
such as heuristical processing, or the distraction of attention,
or a combination of both.

Acknowledgements The data of the reported experiments is available at
https://osf.io/nz4v3/. We would like to thank Moritz Breit for his help
with the collection of the data.

References

Falchier, A., Clavagnier, S., Barone, P., & Kennedy, H. (2002).
Anatomical evidence of multimodal integration in primate striate
cortex. The Journal of Neuroscience, 22, 5749–5759. https://doi.
org/10.3758/CABN.4.2.117

Feldman, J., & Tremoulet, P.D. (2006). Individuation of visual objects
over time. Cognition, 99, 131–165. https://doi.org/10.1016/j.
cognition.2004.12.008

Frings, C., Amendt, A., & Spence, C. (2011). When seeing doesn't mat-
ter: Assessing the after-effects of tactile distractor processing in the
blind and the sighted. Journal of Experimental Psychology: Human
Perception and Performance, 37, 1174–1181. https://doi.org/10.
1037/a0022336

Fujisaki, W., & Nishida, S. Y. (2009). Audio–tactile superiority over
visuo–tactile and audio–visual combinations in the temporal resolu-
tion of synchrony perception. Experimental Brain Research, 198,
245–259. https://doi.org/10.1007/s00221-009-1870-x

Grassi, M., & Casco, C. (2009). Audiovisual bounce-inducing effect:
attention alone does not explain why the discs are bouncing.
Journal of Experimental Psychology: Human Perception and
Performance, 35, 235–243. https://doi.org/10.1037/a0013031

Grassi, M., & Casco, C. (2010). Audiovisual bounce-inducing effect:
When sound congruence affects grouping in vision. Attention,
Perception, & Psychophysics, 72, 378–386. https://doi.org/10.
3758/APP.72.2.378

Grassi, M., & Casco, C. (2012). Revealing the origin of the audiovisual
bounce-inducing effect. Seeing and Perceiving, 25, 223-233. https://
doi.org/10.1163/187847612X626372

Grove, P.M., Ashton, J., Kawachi, Y., & Sakurai, K. (2012a). Auditory
transients do not affect visual sensitivity in discriminating between
objective streaming and bouncing events. Journal of Vision, 12(8):5,
1–11. https://doi.org/10.1167/12.8.5

Grove, P. M., Kawachi, Y., & Sakurai, K. (2012b). The stream/bounce
effect occurs for luminance-and disparity-defined motion targets.
Perception, 41, 379–388. https://doi.org/10.1068/p6808

Grove, P.M., & Sakurai, K. (2009). Auditory induced bounce perception
persists as the probability of a motion reversal is reduced.
Perception, 38, 951–965. https://doi.org/10.1068/p5860

Kawabe, T., & Miura, K. (2006). Effects of the orientation of moving
objects on the perception of streaming/bouncing motion displays.
Perception & Psychophysics, 68, 750–758. https://doi.org/10.3758/
BF03193698

Kawachi, Y. (2016). Visual mislocalization of moving objects in an au-
diovisual event. PloS One, 11, e0154147. https://doi.org/10.1371/
journal.pone.0154147

Keetels, M., & Vroomen, J. (2008). Tactile—visual temporal ventrilo-
quism: No effect of spatial disparity. Attention, Perception, &
Psychophysics, 70, 765–771. https://doi.org/10.3758/PP.70.5.765

Meyerhoff, H.S., Scholl, B.J. (2018). Auditory-induced bouncing is a
visual (rather than a cognitive) phenomenon: Evidence from illusory
crescents. Cognition, 170, 88–94. https://doi.org/10.1016/j.
cognition.2017.08.007

Michotte, A. (1963). The perception of causality. Oxford: Basic Books.
[English translation by Miles T. & Miles E.; originally published as
Michotte, A. (1946). La perception de la causalité. Louvain: Institut
Supérior de Philosophie]

Rauschecker, J. P., & Scott, S. K. (2009). Maps and streams in the audi-
tory cortex: Nonhuman primates illuminate human speech process-
ing. Nature Neuroscience, 12, 718–724. https://doi.org/10.1038/nn.
2331

Remijn, G.B., & Ito, H. (2007). Perceptual completion in a dynamic
scene: An investigation with an ambiguous motion paradigm. ision
Research, 47, 1869–1879. https://doi.org/10.1016/j.visres.2007.03.
017

Odgaard, E.C., Arieh, Y., & Marks, L.E. (2003). Cross-modal enhance-
ment of perceived brightness: Sensory interaction versus response
bias. Attention, Perception, & Psychophysics, 65, 123–132. https://
doi.org/10.3758/BF03194789

Pavani, F., Spence, C., & Driver, J. (2000). Visual capture of touch: Out-
of-the-body experiences with rubber gloves. Psychological Science,
11, 353–359. https://doi.org/10.1111/1467-9280.00270

Peirce, J. W. (2007). PsychoPy—psychophysics software in Python.
Journal of Neuroscience Methods, 162, 8–13. https://doi.org/10.
1016/j.neumeth.2006.11.017

Rips, L.J. (2011). Causation from perception. Perspectives on
Psychological Science, 6, 77–97. https://doi.org/10.1177/
1745691610393525

Rock, I., & Victor, J. (1964). Vision and touch: An experimentally created
conflict between the two senses. Science, 143(3606), 594–596.
https://doi.org/10.1126/science.143.3606.594

Scholl, B.J., & Nakayama, K. (2004). Illusory causal crescents:
Misperceived spatial relations due to perceived causality.
Perception, 33, 455–470. https://doi.org/10.1068/p5172

2236 Psychon Bull Rev (2018) 25:2231–2237

https://osf.io/nz4v3/
https://doi.org/10.3758/CABN.4.2.117
https://doi.org/10.3758/CABN.4.2.117
https://doi.org/10.1016/j.cognition.2004.12.008
https://doi.org/10.1016/j.cognition.2004.12.008
https://doi.org/10.1037/a0022336
https://doi.org/10.1037/a0022336
https://doi.org/10.1007/s00221-009-1870-x
https://doi.org/10.1037/a0013031
https://doi.org/10.3758/APP.72.2.378
https://doi.org/10.3758/APP.72.2.378
https://doi.org/10.1163/187847612X626372
https://doi.org/10.1163/187847612X626372
https://doi.org/10.1167/12.8.5
https://doi.org/10.1068/p6808
https://doi.org/10.1068/p5860
https://doi.org/10.3758/BF03193698
https://doi.org/10.3758/BF03193698
https://doi.org/10.1371/journal.pone.0154147
https://doi.org/10.1371/journal.pone.0154147
https://doi.org/10.3758/PP.70.5.765
https://doi.org/10.1016/j.cognition.2017.08.007
https://doi.org/10.1016/j.cognition.2017.08.007
https://doi.org/10.1038/nn.2331
https://doi.org/10.1038/nn.2331
https://doi.org/10.1016/j.visres.2007.03.017
https://doi.org/10.1016/j.visres.2007.03.017
https://doi.org/10.3758/BF03194789
https://doi.org/10.3758/BF03194789
https://doi.org/10.1111/1467-9280.00270
https://doi.org/10.1016/j.neumeth.2006.11.017
https://doi.org/10.1016/j.neumeth.2006.11.017
https://doi.org/10.1177/1745691610393525
https://doi.org/10.1177/1745691610393525
https://doi.org/10.1126/science.143.3606.594
https://doi.org/10.1068/p5172


Sekuler, R., Sekuler, A.B., & Lau, R. (1997). Sound alters visual motion
perception. Nature, 385, 308. https://doi.org/10.1038/385308a0

Shams, L., Kamitani, Y., & Shimojo, S. (2000). Illusions: What you see is
what you hear. Nature, 408(6814), 788. https://doi.org/10.1038/
35048669

Shimojo, S., & Shams, L. (2001). Sensory modalities are not separate
modalities: plasticity and interactions. Current opinion in
Neurobiology, 11, 505–509. https://doi.org/10.1016/S0959-
4388(00)00241-5

Van der Burg, E., Olivers, C.N., Bronkhorst, A.W., & Theeuwes, J.
(2009). Poke and pop: Tactile–visual synchrony increases visual
saliency. Neuroscience Letters, 450, 60–64. https://doi.org/10.
1016/j.neulet.2008.11.002

Violentyev, A., Shimojo, S., & Shams, L. (2005). Touch-induced visual
illusion. Neuroreport, 16(10), 1107–1110. https://doi.org/10.1097/
00001756-200507130-00015

Watanabe, K. (2001). Crossmodal interaction in humans. Unpublished
dissertation, California Institute of Technology: Pasadena, CA.

Watanabe, K., & Shimojo, S. (1998). Attentional modulation in percep-
tion of visual motion events. Perception, 27, 1041–1054.

Watanabe, K., & Shimojo, S. (2001). When sound affects vision: Effects
of auditory grouping on visual motion perception. Psychological
Science, 12, 109–116. https://doi.org/10.1111/1467-9280.00319

Watanabe, K., & Shimojo, S. (2005). Crossmodal attention in event per-
ception. In: L. Itti, G. Rees, & J. Tsotsos (Eds.). Neurobiology of
attention (pp. 538-543).

Warren, D. H.,Welch, R. B., &McCarthy, T. J. (1981). The role of visual-
auditory Bcompellingness^ in the ventriloquism effect: Implications
for transitivity among the spatial senses. Attention, Perception, &
Psychophysics, 30, 557–564. https://doi.org/10.3758/BF03202010

Zhou, F., Wong, V., & Sekuler, R. (2007). Multi-sensory integration of
spatio-temporal segmentation cues: One plus one does not always
equal two. Experimental Brain Research, 180, 641–654. https://doi.
org/10.1007/s00221-007-0897-0

Psychon Bull Rev (2018) 25:2231–2237 2237

https://doi.org/10.1038/385308a0
https://doi.org/10.1038/35048669
https://doi.org/10.1038/35048669
https://doi.org/10.1016/S0959-4388(00)00241-5
https://doi.org/10.1016/S0959-4388(00)00241-5
https://doi.org/10.1016/j.neulet.2008.11.002
https://doi.org/10.1016/j.neulet.2008.11.002
https://doi.org/10.1097/00001756-200507130-00015
https://doi.org/10.1097/00001756-200507130-00015
https://doi.org/10.1111/1467-9280.00319
https://doi.org/10.3758/BF03202010
https://doi.org/10.1007/s00221-007-0897-0
https://doi.org/10.1007/s00221-007-0897-0

	Tactile stimulation disambiguates the perception of visual motion paths
	Abstract
	Tactile-visual interactions
	The current project
	Experiment 1
	Methods
	Participants
	Apparatus, stimuli, and procedure
	Results

	Experiment 2
	Methods
	Participants
	Apparatus, stimuli, and procedure

	Results

	General discussion
	From coincidence to bouncing
	The influence of attentional processing

	Conclusion
	References


