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Watching a real moving object expands tactile duration: The role
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Abstract Although it is well established that action contexts
can expand the perceived durations of action-related events,
whether action contexts also impact the subjective duration of
events unrelated to the action remains an open issue. Here we
examined how the automatic implicit reactions induced by
viewing task-irrelevant, real moving objects influence tactile
duration judgments. Participants were asked to make temporal
bisection judgments of a tactile event while seeing a potential-
ly catchable swinging ball. Approaching movement induced a
tactile-duration overestimation relative to lateral movement
and to a static baseline, and receding movement produced an
expansion similar in duration to that from approaching move-
ment. Interestingly, the effect of approaching movement on
the subjective tactile duration was greatly reduced when par-
ticipants held lightweight objects in their hands, relative to a
hands-free condition, whereas no difference was obtained in
the tactile-duration estimates between static hands-free and
static hands-occupied conditions. The results indicate that du-
ration perception is determined by internal bodily states as
well as by sensory evidence.
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Time perception in the subsecond to second ranges is suscep-
tible to a wide range of factors (for a review, see Shi, Church,
& Meck, 2013), such as the contrast and arousal properties of
the stimuli (Droit-Volet & Gil, 2009; Grondin, Laflamme, &
Gontier, 2014; Matthews, 2011; Shi, Jia, & Miiller, 2012),
repetition of the presentation (Pariyadath & Eagleman,
2008), and voluntary action (Morrone, Ross, & Burr, 2005;
Yarrow, Haggard, Heal, Brown, & Rothwell, 2001). Most of
us are likely to have experienced “chronostasis” (Yarrow
et al., 2001), an illusion of time in which a clock’s second
hand appears to stand still when one directs one’s gaze from
elsewhere onto it; that is, the first second that you see the clock
tick appears to be longer than the subsequent seconds. Similar
time distortions have been reported for various other action
contexts. For example, a voluntary keypress can expand the
perceived duration of a stimulus triggered by it (Park, Schlag-
Rey, & Schlag, 2003), and an event is perceived as longer
when it relates to an action goal and occurs during the prepa-
ration of the action (Hagura, Kanai, Orgs, & Haggard, 2012).
Recent studies have shown that even the action meanings of
static pictures can engender distortions of their perceived du-
rations (Gable & Poole, 2012; Nather, Bueno, Bigand, &
Droit-Volet, 2011; Orgs, Bestmann, Schuur, & Haggard,
2011; Yamamoto & Miura, 2012).

Several accounts have been developed to explain the ef-
fects of action on time perception. The original account sug-
gested for the chronostasis illusion was sensorimotor interfer-
ence (Yarrow et al., 2001)—that is, that the time distortion
arises primarily from interference of the action with the pro-
cessing of sensory inputs. In a typical chronostasis illusion,
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saccadic eye movements blur the onset of a visual target that
appears while the saccade is being executed, causing the brain
to backdate the onset of the target to the saccadic onset
(Yarrow, Haggard, & Rothwell, 2004). A second account sug-
gests that arousal induced by the action could be the main
factor for the time distortion, since actions are often coupled
with changes of arousal (Hodinott-Hill, Thilo, Cowey, &
Walsh, 2002). The arousal account draws on well-developed
“internal clock” models (Gibbon & Church, 1990; Gibbon,
Church, & Meck, 1984; Shi, Ganzenmiiller, & Miiller, 2013;
Zakay & Block, 1997), which generally assume three essential
stages of time processing: a clock stage, at which a pacemaker
generates pulses that are transmitted to an accumulator
through an on/off switch; a memory stage, during which the
accumulated pulses are transferred to working memory as a
measure of the target interval; and a decision stage, at which
the time representation from working memory is compared to
a representation from reference memory. An action or action
context may arouse the internal clock system, speeding up the
pacemaker and shortening the latency of the switch, resulting
in an expansion of the subjective duration (Hodinott-Hill
et al., 2002; Nather et al., 2011). Note, however, that not all
actions or action contexts are sufficiently arousing to cause a
reliable distortion of subjective duration (Yarrow et al., 2004).
Moreover, in contrast to speeding up the internal clock, ac-
tions such as saccadic eye movements have also been sug-
gested to slow down the internal clock, giving rise to time
compression (Morrone et al., 2005).

Recently, an alternative, embodied view has been emerging
to account for the influences of action or action context on
time perception—proposing that time is not a pure perceptual
phenomenon, but can only be fully understood by taking the
context of the perception—action loop into consideration
(Craig, 2009; Droit-Volet, Fayolle, Lamotte, & Gil, 2013;
Effron, Niedenthal, Gil, & Droit-Volet, 2006; Niedenthal,
2007, Wittmann, 2013; Wittmann & van Wassenhove,
2009). The notion of a tight linkage between perception and
action is central to embodied cognition (e.g., see Clark, 1999;
Engel, Maye, Kurthen, & Konig, 2013), which fundamentally
assumes that perceptual and cognitive processes are subject to
the constraints of external stimuli on actions. A classic study
of emotion and time perception provides a nice demonstration
of how embodiment influences duration judgments (Droit-
Volet & Meck, 2007; Effron et al., 2006). Individuals watched
an affective face—for instance, an angry or a neutral face—
and were asked to judge the duration for which the face was
presented. Automatic adoption (“imitation”) of the affective
facial expressions distorted the subjective duration of the fa-
cial stimuli, giving rise to a duration expansion for angry, as
compared to neutral, faces. Interestingly, the subjective expan-
sion for angry faces diminished when imitation of the facial
expressions was inhibited by participants holding a pen be-
tween their lips (Effron et al., 2006). Another recent study

(Gable & Poole, 2012) also revealed that a stimulus that
evokes a positive, approach motivation (e.g., a delicious des-
sert) shortens its perceived time; the authors attributed this to
the possibility that the shortening of subjective durations in an
appetitive state would prolong the pursuit of appetitive objects
or goals.

It should be pointed out, though, that the arousal and em-
bodiment accounts are not mutually exclusive. Both acknowl-
edge an important role of the affective system in time percep-
tion, with the embodied view highlighting more general influ-
ences of bodily states and sensorimotor activation. A recent
study has suggested that action meanings may have a greater
impact on crossmodal duration judgments than basic affective
stimulus evaluations in terms of valence and arousal proper-
ties (Shi et al., 2012). In that study, participants were asked to
judge a tactile duration after viewing an affective picture.
They tended to judge the tactile duration to be longer after
exposure to an affective picture that engendered threat mean-
ings, as compared to disgust meanings, even though both
types of pictures had similar affective properties (arousal and
valence). Shi et al. (2012) took this finding to suggest that
viewing a picture with a threat meaning automatically acti-
vates the defensive system, which then causes a subjective
expansion of tactile stimuli that are sensed by the activated
sensorimotor system.

From a theoretical point of view, it is worth noting that the
studies mentioned above only investigated situations in which
the actions or action contexts were highly relevant to the task
of estimating durations. By contrast, little is known as yet
about how task-irrelevant or timing-irrelevant action contexts
(i.e., contexts entirely unrelated to the to-be-judged stimuli/
events) influence duration estimation. This question is argu-
ably important because, although timing-relevant and -
irrelevant action contexts induce similar motor activations,
they may have very different impacts on subjective timing.
In particular, timing-irrelevant action contexts (in contrast to
relevant contexts) may divert attention away from temporal
processing. According to “attentional-gate” theory (Zakay &
Block, 1997), allocating attention to a nontiming task would
temporally halt the timing process at the clock stage, resulting
in an underestimation of the duration of the to-be-judged stim-
ulus. The arousal account (Hodinott-Hill et al., 2002), on the
other hand, predicts either an unchanged or an overestimated
target duration, dependent on how arousing the task-irrelevant
action context is. In contrast, the notion of embodied timing
(Craig, 2009; Droit-Volet et al., 2013; Effron et al., 20006), also
advocated by us (Shi et al., 2012), predicts that task-irrelevant
action contexts may alter bodily states and thus facilitate sen-
sorimotor processing (Hagura et al., 2012), which in turn
would lead to an overestimation of the target duration.

The present study was designed to examine whether and
how task-irrelevant action contexts influence subjective dura-
tion. Many behaviors, such as the automatic evasion of fast-
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approaching objects, arise as a result of stimulus—response
(S—R) associations acquired through experience in our dai-
ly activities. Such associations can automatically evoke
motor activation, even when individuals have no intention
of making the movement concerned (Fotowat & Gabbiani,
2011; Tucker & Ellis, 2004). Accordingly, we used a real
moving object as a task-irrelevant action context to
“simulate” automatic S—R linkages in the real world. In
particular, in the present study, participants were asked to
judge the duration of a tactile vibration delivered to a fin-
gertip while they were seeing a real moving object, a small
metal ball. If the action context induced by automatic S—-R
associations activated by the ball movement increased the
separable “moment” (count) of bodily states, the duration
of the concurrent tactile event might be overestimated, in-
dicative of a subjective expansion of time. Furthermore,
the magnitude of the duration expansion might critically
depend on the potential for interaction with the moving
object, such as whether the object would, or would not,
be easy to catch. To address this question, we first exam-
ined the influences of approaching and lateral ball move-
ments on perceived tactile durations, given that an ap-
proaching ball might be expected to induce stronger S—-R
associations than would a lateral movement or a static
baseline condition (Exp. 1). However, visual looming in
the approaching movement as a salient signal might also
potentially contribute to the duration distortion. To control
for this and to disentangle the effects of visual looming on
subjective duration from those of an implicit interaction,
we compared and contrasted the impacts of approaching
and receding movements in Experiment 2. Task-irrelevant
action contexts could also generate shifts of attention and
changes in arousal states, which might also alter time judg-
ments. One distinguishing prediction of the embodied view
is that subjective duration expansion would be greatly re-
duced or even reversed when activation of an embodied
reaction was prevented (Effron et al., 2006). On this basis,
we hypothesized that the S—R linkage would be weakened
(to some degree) when the observer was holding an object
in his or her hand. If so, approaching ball movements
would have less impact on vibrotactile duration judgments
for the hands-occupied (i.e., holding objects) than for the
hands-free condition. Alternatively, if attention and/or
arousal states are the determining factors, subjective dura-
tion judgments should not differ between the two hand
state conditions. Accordingly, in Experiments 3 and 4, we
presented participants with approaching movements and
static conditions while they held two lightweight objects
in their hands (intended to inhibit implicit reactions to the
ball). Experiment 3 involved a Movement (approaching vs.
static) x Hand State (hands free vs. occupied) manipulation to
exclude possible influences of affordances and attention on
tactile duration judgments. In the subsequent Experiment 4,
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to rule out that the tactile duration judgments in Experiment 3
were modulated by arousal, we measured arousal levels by
means of skin conductance responses and compared the re-
sults among the approaching-movement hands-occupied,
approaching-movement hands-free, and static baseline
conditions.

General method
Participants

A total of 41 participants took part in the Experiments 1, 2, 3,
and 4 (11 in Exp. 3, and 10 in each of the other experiments;
26 female, 15 male; mean age 22 years). All participants had
normal or corrected-to-normal vision and no somatosensory
disorders. They gave written informed consent prior to the
experiment and were paid for their service.

Stimuli and apparatus

All four experiments were conducted in a sound-isolated and
dimly lit (0.76 cd/m?) cabin. Vibrotactile (200-Hz) stimuli
were produced by a vibrator (AEC Tactaid VBW32) and de-
livered to the participant’s right-hand index finger. To avoid
vibrotactile stimulation being heard, participants wore a noise-
cancelling headphone during each block. A simple pendulum
was constructed of a metal ball (2 cm in diameter) suspended
on a string (108 cm) from the ceiling of the cabin. At its resting
position, the ball was 4.5 cm above the table at which the
participant was seated; a black fixation cross marked the table
right below this position. For “static” trials (see the Design
and Procedure section below), the ball was kept static at the
resting position, whereas the ball swung back and forth for
one cycle (2 s) for the “movement” trials, with swing ampli-
tudes (i.e., the ball’s maximum angular displacement from its
equilibrium position) of 27°, 20°, 20°, and 20°, in
Experiments 1, 2, 3, and 4, respectively (see Fig. 1a). Note
that in Experiments 3 and 4, two lightweight objects (black
cylinders, 2.5 cm in height and 4.2 cm in diameter, weighing
93 g) were placed in participants’ hands in order to inhibit inter-
action. In Experiment 4, skin conductance responses (SCRs)
were recorded additionally, at a sampling rate of 500 Hz using
a BioPac system (MP35); the two SCR sensors were attached to
participants’ left-hand index and middle fingers.

Design and procedure

Participants were asked to place their hands comfortably on
the table in palm-up position, and the tactile vibrator was
attached to the participant’s right index finger using an elastic
finger sleeve. The hand positions relative to the ball’s move-
ment trajectories are illustrated in Fig. 1b—d. A temporal
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bisection task, which required participants to classify the
vibrotactile duration presented on a trial into the “short” or
the “long” category, was used in all experiments. At the be-
ginning of the experiment, participants were first trained to
discriminate two vibrotactile standard durations, one short
(200 ms) and one long (600 ms), until they could perfectly
classify the two standards. Then, in the formal test session, a
probe vibrotactile stimulus, with a duration randomly selected
from 200, 300, 400, 500, and 600 ms on each test trial, was
delivered to the participant, who was asked to indicate wheth-
er the presented vibrotactile duration was closer to the short or
to the long standard, by pressing either the left or the right foot
pedal.

During the test session, we manipulated the ball move-
ments, which were totally irrelevant to the temporal bisection
task, in three conditions: approaching, lateral, and “static” in
Experiment 1 (Fig. 1b); and approaching, receding, and
“static” in Experiment 2 (Fig. 1c). Next, in Experiment 3
(Fig. 1d), we examined tactile duration judgments in 2
(Movement: approaching vs. static) x 2 (Hand State: hands
free vs. hands occupied) combined conditions. The
approaching-movement and static conditions with free hands
were the same as in the previous experiments; in the hands-
occupied conditions, two lightweight cylinders were placed in
the palms of the participants’ left and right hands. In
Experiment 4 (Fig. 1d), we compared duration judgments
among three conditions: (i) approaching-ball, hands-free; (ii)
approaching-ball, hands-occupied; and (iii) static ball, with
half of the trials hands-free and half hands-occupied.

At the beginning of trials with ball movements, the exper-
imenter initiated a pendulum movement by releasing the ball
(initially held) in his or her right hand and simultaneously
released a mouse button (initially pressed) with the left hand,
with the button release serving as a measure of the onset of the
swing.! A vibration with a maximum duration of 600 ms, with
its onset at a random point (within 200400 ms) relative to the
start of the swing (marked by the release of the mouse button),
was completely delivered to the participant’s index finger dur-
ing the first half cycle of the pendulum swing. Stimulus pre-
sentation was ended once the pendulum had swung back
(completing the full cycle) and was quietly grasped by the
experimenter. During the trial, participants were instructed to
fixate their eyes on the ball in front of them. On “static” trials,
the ball stayed in the resting position, and the experimenter
lifted the finger to release the mouse button, which was visible

! The temporal discrepancy between the experimenter’s left- and right-
hand releases was small: Measuring the discrepancy, across 100 trials
prior to the experiment, between releasing a response button of the
parallel-port keypad with one hand and releasing a mouse button with
the other hand simultaneously yielded a mean difference of 3 ms, with a
standard deviation of 12 ms and a maximum difference of 42 ms—which
can be regarded as a randomly jittered onset of the swing relative to the 2 s
of the whole cycle of the pendulum swing.

to the participants, so as to initiate the trial. The onset of the
vibration was triggered randomly 200400 ms after the button
release. The experimental conditions were tested block-wise
in a random order, in order to avoid the experimenter having
frequently to change his or her position. At the beginning of
each block, five reminder trials with the short and long
vibrotactile stimuli (200 and 600 ms, respectively) were pre-
sented to refresh the participant’s memory of the two stan-
dards. Experiments 1, 2, and 4 consisted of 12 blocks, each
with 25 trials, and Experiment 3 consisted of 16 blocks of 25
trials. Each experimental condition was repeated 20 times.

After the formal test session in Experiment 4, participants
were asked to rate the valence and arousal of the movement
using the 9-point affective-rating Self-Assessment Manikin
(SAM; Bradley & Lang, 1994), in order to assess whether
the arousal levels were comparable between the hands-free
and hands-occupied approaching-movement conditions.
Prior to the ratings, participants were provided with detailed
instructions as to the meanings of the nine points on the va-
lence and arousal scales.

Data analysis

For the temporal bisection task, we first calculated the propor-
tions of “long” responses for the five probe durations (200,
300, 400, 500, and 600 ms), separately for each participant
and condition, and fitted psychometric curves to these propor-
tions using logistic regression. From the fitted curves, the
points of subjective equality (PSEs) of the temporal bisection
were then estimated as the respective durations corresponding
to the 50 % threshold, to provide an indicator of the subjective
bisection point between 200 and 600 ms. In a similar way, the
just-noticeable differences (JNDs) were calculated, by taking
half of the difference in duration between the 25 % and 75 %
thresholds, in order to provide an estimate of discrimination
sensitivity. In Experiment 4, SCRs were measured in micro-
ohms to monitor arousal changes, and log transformation (log
[SCR+ 1]) was used to normalize the distributions. Changes
in SCRs were calculated after baseline correction (2 s before
stimulus onset) for the time window from 1 to 4 s post-stim-
ulus-onset.

Repeated measures analyses of variance (ANOVAs) were
conducted separately on the PSEs and JNDs, with Type of
Ball Movement as factor in all experiments. Mauchly’s tests
of sphericity, applied for deciding on the “correct” F and p-
values, revealed no significant violations of sphericity for the
PSEs and JNDs (all ps > .05) in Experiments 1, 2, and 4.
Multiple-comparison tests were corrected by the Holm—
Bonferroni method to ascertain significant differences among
the critical experimental conditions. To provide further infor-
mative results, scaled Jeffrey—Zellner—Siow (JZS) Bayes fac-
tors are reported. Repeated measures ANOVAs were also
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applied to the SAM ratings and to the physiological (SCR)
data from Experiment 4.

Results and discussion
Experiment 1

In this experiment, we examined the influences of ap-
proaching and lateral irrelevant movements on vibrotactile
temporal bisection performance. Figure 2 shows the psycho-
metric curves of the tactile-duration bisection task for the three
ball-movement conditions. The mean PSEs (£95 % confi-
dence intervals [CIs]) were 360 £+ 14, 376 + 13, and 400 +
21 ms, respectively, for the approaching-movement, lateral-
movement, and static baseline conditions, revealing a signifi-
cant influence of the ball movements on the tactile-duration
judgments, F(2, 18) = 10.04, p < .01, 77P2 = .53. Follow-up
Holm—Bonferroni corrections confirmed that the mean PSEs
were significantly lower for the approaching-movement than
for the lateral-movement and baseline conditions (mean dif-
ferences: 16 ms, corrected p = .02; and 40 ms, corrected p =
.00), and were marginal lower for the lateral-movement than
for the baseline condition (mean difference: 24 ms, corrected
p = .05). Lower-than-baseline PSEs mean more “long” re-
sponses, indicative of a subjective duration expansion.
Similarly, scaled JZS Bayes factor (B.F.) analyses favored
the alternative hypothesis for the three pairs of conditions.
Specifically, the differences were substantial between the
approaching- and lateral-movement conditions (JZS B.F. =
0.17), strong between the approaching-movement and base-
line conditions (JZS B.F. = 0.08), and anecdotal between the
lateral-movement and baseline conditions (JZS B.F. = 0.53).
The results of Experiment | demonstrate that the vibrotactile
duration was significantly overestimated in the approaching-
movement condition relative to the static-baseline condition,
and thus favor a difference between the approaching- and
lateral-movement conditions.

In contrast to the PSE, discrimination sensitivity measured
by the JNDs (or the slopes of the psychometric functions) did
not differ significantly among the three conditions, F(2, 18) =
1.59, p= .23, np2 =.15. This suggests that the ball movement
did not affect the sensitivity of temporal bisection
performance.

Experiment 2

Experiment 1 demonstrated marked duration overestimation in
the approaching-movement condition, which could be attribut-
able to either a visual-looming or an arousal effect (Droit-Volet
& Meck, 2007; van Wassenhove, Wittmann, Craig, & Paulus,
2011; Wittmann, van Wassenhove, Craig, & Paulus, 2010).
Previous studies have shown that looming signals, as compared
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to receding and static signals, are particularly salient events
that, as such, might have given rise to the relatively pronounced
duration overestimation (van Wassenhove et al., 2011;
Wittmann, van Wassenhove, et al., 2010). Thus, quite possibly,
different types of visual movement, such as approaching and
receding stimuli, might have differential effects on tactile dura-
tion judgments. Experiment 2 was designed to examine this
prediction by comparing the vibrotactile temporal bisection
judgments among the approaching-movement, receding-move-
ment, and static baseline conditions.

Again, the ANOVA revealed a significant influence of the
ball movement on the tactile duration judgments, F(2, 18) =
7.29,p<.01, npz = .45. The mean PSEs (£95 % CIs) were 380
+ 19, 381 £ 25, and 407 + 22 ms for the approaching-move-
ment, receding-movement, and static baseline conditions, re-
spectively (see Fig. 3). Post-hoc Holm—Bonferroni correction
revealed that the PSEs were significantly lower in both the
approaching- and receding-movement conditions than for
the static baseline (mean differences: 27 ms, corrected p <
.001; 26 ms, corrected p = .02), without any difference be-
tween the two movement conditions (corrected p = .95).
Consistent with the Holm—Bonferroni results, scaled JZS
B.F.s favored strong differences between the approaching-
movement and static conditions (JZS B.F. = 0.08) and be-
tween the receding-movement and static conditions (JZS
B.F. = 0.10), but favored the null hypothesis between the
approaching- and receding-movement conditions (JZS B.F.
=3.23). This pattern indicates that the overestimation of tactile
duration is not attributable to the particular type of stimulus
movement; rather, it is likely due to an implicit reaction in-
duced by both types of moving object.

As in Experiment 1, the JNDs did not differ among the
three conditions, F(2, 18)=0.92, p=.42, 77p2 =.09, suggesting
that the pendulum movement did not change the temporal
discrimination sensitivity.

Experiment 3

In Experiment 2, the overestimation was observed even in the
receding condition, which effectively ruled out an influence of
visual looming in the action context on tactile duration judg-
ments. To further test the embodied view of time perception,
we examined whether the duration expansion would be great-
ly reduced when participants’ hands were occupied in the
approaching condition. In addition, to rule out a potential con-
founding of attention and affordance, we implemented a full
factorial design: Hand State (hands-occupied vs. hands-free) x
Ball State (approaching vs. static).

The mean PSEs (£95 % Cls) were 397 +27, 418 £ 24, 415
+ 17, and 410 + 17 ms for the approaching-movement hands-
free, approaching-movement hands-occupied, static hands-
free, and static hands-occupied conditions, respectively. A
two-way repeated measures ANOVA with the factors Ball
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State (approaching vs. static) and Hand State (hands free vs.
occupied) failed to reveal any significant main effects: F(1,
10) = 0.18, p = .68, np2 = .07, for ball state, and F(1, 10) =
2.66,p=.13, npz = .32, for hand state. However, interestingly,
their interaction was significant, F(1, 10)=15.26, p <.05, np2 =
.54 (see Fig. 4). As can be seen from Fig. 4, the interaction was
mainly caused by marked changes of the PSEs in two ap-
proaching conditions. The Holm—Bonferroni comparison tests
revealed a significant difference between the approaching-
movement hands-free and approaching-movement hands-oc-
cupied conditions (mean difference: 21 ms, corrected p =.02),
but not between the static hands-free and static hands-
occupied conditions (mean difference: 5 ms, corrected p =
.58). Scaled JZS B.F.s confirmed the strong difference be-
tween the two approaching-movement conditions (JZS B.F.
=0.10), but favored no difference between the two static con-
ditions (JZS B.F. = 2.93). This pattern suggests that the hand
states may play a (perhaps important) role for vibrotactile
duration judgments when a potentially graspable moving ob-
ject is presented.

The ANOVA of the JNDs once again yielded no significant
effects at all [ball state, F(1, 10)=0.03, p=.86, np2 =.05; hand
state, F(1, 10)=0.16,p=.70, np2 =.07; interaction, F(1, 10)=
0.01, p = .93, np2 = .05], suggesting that having the hands
occupied by lightweight objects did not alter the sensitivity
of the tactile duration judgments.

Experiment 4

The findings of Experiment 3 are consistent with the view that
the tactile-duration expansion in the approaching-movement
condition is attributable to the action context induced by real
visual movement events, rather than to an attentional modula-
tion. However, the real movements could also be associated
with an increase in arousal. That is, an increase in arousal—
rather than the movement affordances themselves—might be
the cause of the time expansion. To distinguish between these
alternative accounts, in Experiment 4 we compared the arous-
al levels, measured in terms of SCRs, among the approaching-
movement hands-occupied, approaching-movement hands-
free, and static baseline (half hands-free and half hands-occu-
pied) conditions (i.e., exactly the same conditions as were
implemented in Exp. 3).

Figure 5 presents the psychometric curves for the various
experimental conditions, along with the respective mean PSEs
of the temporal bisection performance. The mean PSEs
(95 % CI) were 397 + 23, 410 + 26, and 418 + 22 ms for
the approaching-movement hands-free, approaching-
movement hands-occupied, and static-baseline conditions, re-
spectively. A one-way repeated measures ANOVA revealed
the effect of movement type to be significant, F(2, 18) = 5.84,
p<.05, np2 =.39. Follow-up Holm—Bonferroni tests indicated
that the subjective tactile duration was significantly longer in

the approaching-movement hands-free condition than in the
static baseline conditions (mean difference: 21 ms, corrected p
= .03), and was marginal significantly longer than in the
approaching-movement hands-occupied condition (mean dif-
ferences: 13 ms, corrected p = .06), but that there was no
difference between the approaching-movement hands-occu-
pied and baseline conditions (mean difference: 8 ms, corrected
p =.36). Scaled JZS B.F.s indicated anecdotal difference be-
tween the approaching-movement hands-free and
approaching-movement hands-occupied conditions (JZS
B.F. = 0.37) and strong difference between the approaching-
movement hands-free and baseline conditions (JZS B.F. =
0.09), but were in favor of the null hypothesis for the
approaching-movement hands-occupied versus baseline con-
ditions (JZS B.F. = 2.18). Note that the mean differences in
PSEs among the three conditions were relatively smaller than
in the previous experiments, which was likely owing to the
two SCR sensors attached to the index and middle fingers,
which might have further inhibited automatic reaction tenden-
cies in the movement conditions.

As in Experiment 3, a one-way repeated measures ANOVA
of the JNDs revealed no effect of movement type on the dis-
crimination sensitivity of the duration judgments, F(2, 18) =
0.28, p =.76, 7,” = .03.

The subjective SAM ratings showed that the two
approaching-movement conditions (i.e., hands-occupied and
hands-free) were rated as being slightly higher in arousal (5.6
and 5.5 for the hands-occupied and hands-free conditions,
respectively) than the static baseline (3.7), F(2, 18) = 16.51,
p <.01, np2 = .65; however, no difference was apparent be-
tween the two approaching-movement conditions (p = .59).
The differences in (rated) subjective arousal were not corrob-
orated by the physiological data: A one-way repeated mea-
sures ANOVA failed to reveal any significant modulation of
the SCRs, F(2, 18) = 1.15, p = .34, 77P2 = .11. This pattern
suggests that, whereas the approaching ball movement had
some impact on the subjective level of arousal, this was not
associated with a physiological change in arousal.
Importantly, the ratings did not differ between the two
(hands-occupied and hands-free) approaching-movement
conditions, indicating that the differential effects on the dura-
tion judgments between the two movement conditions cannot
be attributed to differences in subjective arousal.

General discussion

The aim of the present study was to examine whether a task-
irrelevant visual action context could cause a time distortion in
tactile duration judgments. Participants were asked to judge
the duration of a vibrotactile stimulus while watching an irrel-
evant swinging ball. We hypothesized that real ball move-
ments might automatically elicit an appropriate action
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schema, even when participants were instructed not to make
any explicit response (such as grasping) to the ball. The results
indicated that monitoring task-irrelevant real ball movements
with strong S-R associations expanded tactile duration judg-
ments relative to a static baseline condition, provided that the
hands were not occupied. Participants markedly
overestimated the tactile duration when the ball was ap-
proaching relative to when it was moving laterally or was
static (Exp. 1). When the hand was placed at the middle path
of the approaching and receding movements, providing com-
parable S-R associations, both conditions led to a comparable
expansion of subjective tactile duration (Exp. 2). Most inter-
estingly, the duration expansion engendered by observing an
approaching ball was greatly reduced when participants held
two lightweight objects in their hands (Exps. 3 and 4).

Previous studies had shown that a movement event is per-
ceived as lasting longer than a static event of the same physical
duration (Brown, 1995; Kanai, Paffen, Hogendoorn, &
Verstraten, 2006; Kaneko & Murakami, 2009). It has been
argued that a speeding up of the visual “internal clock” by
moving objects provides an ecological advantage for the pre-
vention of collisions, avoidance of predators, and so forth
(Kaneko & Murakami, 2009). It should be noted that in those
studies, duration expansion was directly related to the moving
stimuli, and judgments were made within the same, visual
modality. In our study, by contrast, the main task was to esti-
mate duration in the tactile modality, and the ball movement
was a task-irrelevant visual event that bore no causal relation
to the tactile stimulation. Given this, our findings go beyond
previous reports by indicating that not only the perceived du-
ration of the movement event itself, but also those of other,
action-irrelevant events such as tactile stimulation may be
affected.

It might be argued that these effects were due to the ball
movement inducing a general arousal effect, since previous
studies had shown that high-contrast or high-arousal stimuli
speed up the internal pacemaker, expanding the subjective du-
rations of those stimuli (Droit-Volet, Brunot, & Niedenthal,
2004; Penton-Voak, Edwards, Percival, & Wearden, 1996).
However, this is unlikely to account for our results, because
we found no physiological indications of increased arousal in
the movement conditions (Exp. 4); that is, the ball swing was
not experienced as a highly arousing stimulus, capable of
speeding up the internal pacemaker. Even though the SAM
subjective rating values were slightly higher in the two
approaching-movement conditions than in the static condition,
this increased subjective arousal cannot explain the differential
subjective durations between the two approaching-movement
(i.e., hands-occupied vs. hands-free) conditions (Exp. 3) and
the lack of a difference between the approaching-movement
hands-occupied and baseline conditions (Exp. 4). In this regard,
our findings are consistent with the conclusions from saccadic
chronostasis studies—namely, that the arousal induced by an
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action or movement is not a critical factor per se for the expan-
sion of subjective duration (Yarrow et al., 2001; Yarrow et al.,
2004).

One key factor that can influence subjective time percep-
tion is attentional modulation (Block & Zakay, 1997; Zakay &
Block, 1997). A classic phenomenon—namely, that “time
flies when you are having fun, and time drags when you are
having trouble” (e.g., Droit-Volet & Meck, 2007; Gable &
Poole, 2012)—is partly due to attentional and arousal modu-
lations. According to attentional-gate theory (Block & Zakay,
1997; Zakay & Block, 1997), attentional resources are divided
between timing and nontiming processes. When attention is
engaged by some nontiming event, such as the context of a fun
story you are reading, the timing process for estimating the
reading time is temporally halted, leading to a subjective time
contraction. An irrelevant stimulus, such as the ball movement
in our study, might give rise to an analogous diversion (or
disengagement) of attention from the tactile temporal process.
If this were the case, we should have observed a subjective
duration contraction for tactile temporal judgments. However,
in the present experiments (hands-free conditions), we did not
find duration contraction but observed the opposite: a subjec-
tive duration expansion. In terms of the attentional-gate theo-
ry, this would mean that the visual movement did not draw
attention away from the tactile modality, at least not for tactile
temporal processing. Additional evidence against attentional
capture by the visual event is provided by the fact that the
sensitivity of temporal bisection was unreduced in the move-
ment as compared to the static conditions in any of four
experiments.”

Thus, instead, we propose that the real ball swing may
spontaneously induce action preparation (e.g., preparation
for manual grasping or collision avoidance), even though no
explicit action is (to be) made (Fotowat & Gabbiani, 2011), in
that motor activation is likely to alter subjective time esti-
mates. Consistent with our suggestion of an implicit reaction
induced by the automatic activation of an S—R association,
previous studies have confirmed that viewing objects with
action meanings can prime manual responses related to those
objects (Tucker & Ellis, 2004); such priming effects have been
observed in premotor and motor cortex, parietal visuomotor
cortex, and the supplementary motor area (Bensmaia,
Killebrew, & Craig, 2006; Grezes & Decety, 2002; Kiefer,
Sim, Helbig, & Graf, 2011; Sim, Helbig, Graf, & Kiefer,
2014). The intrinsic perception—action links revealed by these
studies constitute a core notion of embodied cognition, which
posits that perception and cognition can be appropriately un-
derstood only in terms of sensorimotor interaction (Engel
et al., 2013; Varela, Thompson, & Rosch, 1991). The

2 Note, though, that we cannot definitely rule out that the visual move-
ment did capture attention, without however impeding tactile temporal
processing, due to the simplicity of the required duration judgment.
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embodiment view has recently also been introduced in time
perception (for reviews, see Droit-Volet et al., 2013; Effron
et al., 2006; Gable & Poole, 2012), providing a theoretical
framework for our proposal of a functional linkage between
action context and time perception. According to embodied
timing (Craig, 2009; Droit-Volet et al., 2013; Effron et al.,
2006; Niedenthal, 2007), subjective duration is based on both
the sensory encoding of external events and the internal sen-
sorimotor and bodily states during the judgment process.
Indeed, a recent functional magnetic resonance imaging
(fMRI) study has shown that insular cortex, a region typically
involved in the awareness of emotional and bodily states
(Craig, 2009), is activated during the duration-encoding phase
of a temporal reproduction task (Wittmann, Simmons, Aron,
& Paulus, 2010). The findings of the present study favor and
extend the embodiment view of time perception: They show
that temporal processing in one modality (here, touch) can be
influenced by task-irrelevant motor activation through the op-
eration of S—R associations (even though no explicit action is
being made), with the influence depending on the urgency and
possibility of interaction. For instance, the urgency of a reac-
tion was, arguably, higher for the approaching ball swing than
for the lateral swing, and was similar for the approaching and
receding swings in the present study. As a consequence, the
tactile duration was perceived as being longer in the
approaching- than in the lateral-movement condition, but the
same as in the receding-movement condition (both ap-
proaching and receding movements provided equal opportu-
nities for interaction). In addition, the weak S—R association
with the lateral ball may be a cause for its marginal effect
relative to the static conditions. Furthermore, when partici-
pants held two lightweight objects in their hands under con-
ditions of approaching movement, the possibility of manually
reacting to the ball was limited, and the motor activation
(using the hands) might have been inhibited. As a result, the
tactile expansion was greatly reduced in the approaching-
movement hands-occupied condition (Exps. 3 and 4). Note
that in Experiment 4, participants’ fingers were tied to SCR
sensors, which might have acted as an inhibitor that reduced
the subjective duration expansion (relative to simply holding
objects in Exp. 3) in the approaching-movement hands-free
condition. Importantly, however, we found no difference in
tactile duration judgments between the static hands-free and
hands-occupied conditions (Exp. 3). These findings have sev-
eral implications: First, both the differential effects on subjec-
tive duration between the approaching-movement conditions
(hands-free vs. hands-occupied) and between the
approaching- and lateral-movement conditions may be indic-
ative of the roles of action preparation and its possibility, rath-
er than merely reflecting the (abstract) representation of

objects with action meanings (Barsalou, 2008; Kiefer &
Barsalou, 2013; Kiefer & Pulvermiiller, 2012). Second, the
reduced effect in the approaching-movement hands-occupied
condition also suggests that visual looming and/or a distance
effect seems not to be the main factor for tactile-duration ex-
pansion, given that the movement settings (visual size and
travelling distance) were exactly the same in the two
approaching-movement (hands-free and hands-occupied)
conditions. Third, the null difference in tactile-duration esti-
mates between the static hands-free and hands-occupied con-
ditions indicates that the subjective duration expansion ob-
served in the ball movement conditions requires strong action
context, rather than merely the presence of an affordance
(Helbig, Graf, & Kiefer, 2006).

One might ask why the implicit motor activation induced
by the real ball swing (i.e., approaching and receding move-
ments) could expand, rather than contract, the subjective tac-
tile duration. Overestimation of target durations caused by
action or action context has been demonstrated in various
paradigms, such as during saccadic or manual movements
(Yarrow et al., 2001; Yarrow & Rothwell, 2003), simple du-
ration reproduction (Ganzenmiiller, Shi, & Miiller, 2012; Shi,
Ganzenmiiller, & Miiller, 2013), or manual preparation
(Hagura et al., 2012). The idea that the various paradigms
tap into different underlying mechanisms might explain
why the accounts proposed for duration expansion are diver-
gent. Duration expansion of an event that immediately fol-
lows an action has been interpreted in terms of a compensa-
tory mechanism, in which the onset of the event is captured
by the onset of the action (Yarrow et al., 2001); by contrast,
expansion of the reproduced duration of an auditory event has
been attributed to modality-specific “internal clocks,” with
the auditory clock ticking faster than other modality-specific
clocks (Ganzenmiiller et al., 2012; Shi, Ganzenmiiller, &
Miiller, 2013). It has also been suggested that activity induced
by movement preparation in the motor cortices is linked to
the initiation of dynamic movement activity (Churchland,
Cunningham, Kaufman, Ryu, & Shenoy, 2010), as well as
to the facilitation of perceptual processing (Hagura et al.,
2012). Similarly, implicit motor activation induced by nearby
moving stimuli with strong interactions with the body may
increase the speed of somatosensory processing, such that the
real action, if it becomes necessary, can be targeted more
precisely—thus yielding a greater benefit for survival. The
duration expansion of tactile events observed in the present
study may reflect such facilitated sensory processing induced
by motor activation. This view favors the notion of embodied
time perception (Craig, 2009), which proposes that altering
bodily states (e.g., here, motor activation) changes the tem-
poral resolution of the “moment” representation of the
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sentient self, a building block of time perception. It is worth
noting that action does not always expand perceived duration.
For example, when an action has a causal effect, the gap
between the action and its consequent effects is shortened,
which is attributed to “intentional (action—effect) binding”
(Haggard & Clark, 2003; Haggard, Clark, & Kalogeras,
2002). However, this type of shortening effect is specific to
causal events and is induced by the anticipatory awareness of
action effects (Haggard & Clark, 2003; Moore & Haggard,
2008) or by general causal binding (Buehner, 2012; Buehner
& Humphreys, 2009).

Finally, note that the present study is potentially limit-
ed, in that activation of S—R associations was only manip-
ulated using ball movements within reachable space
(though Ball & Tronick, 1971, showed an automatic
avoiding reaction to a real approaching object in infants),
and the strength of the associations, rather than being
assessed directly, was only inferred from their
(differential) effects on duration judgments. However,
when compared to alternative accounts framed in terms
of visual-looming, attention, and/or arousal effects, the em-
bodiment framework arguably provides the better predic-
tive power for our overall pattern of our results.
Nevertheless, in order to corroborate our conclusions, fu-
ture, complementary work should attempt to examine au-

Appendix

1

1

1

' Lateral

. movin
________ -Ii-_ e~

1

Ll

Aj)proaching

Ry

Fig.1 Schematic illustrations of the setup used in the four experiments. (a)
A pendulum swing was constructed with a metal ball. (b) In Experiment 1,
participants placed their two hands, one next to the other, such that the right
hand was close to the near endpoint of the maximum pendulum swing in
the approaching-movement condition; the distance from the right index
fingertip to the center of a fixation marker (which was located just under
the equilibrium position of the ball pendulum) was 55 cm. (¢) In Experi-
ment 2, participants placed their hands such that the right hand just rested
on the fixation marker (the left hand was comfortably at rest next to the
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tomatic S-R effects using physiological measures (e.g.,
electrocardio- or electroencephalography), so as to estab-
lish a more direct link between implicit reactions and time
perception, and to examine different degrees of
“interaction”—for instance, by comparing “near-body”
with “far-body” movements. Further research should also
examine whether crossmodal duration expansion by action
context is specific to the tactile modality, or whether it can
be generalized to other modalities, such as audition.

In conclusion, our results provide new evidence that
task-irrelevant action contexts induced by seeing a real
moving (approaching or receding) object expand tactile
duration judgments. When induction of this context is
physically inhibited, subjective expansion of tactile dura-
tions is greatly reduced. These findings favor an embodi-
ment view of time perception (Craig, 2009; Droit-Volet
et al., 2013; Effron et al., 2006; Niedenthal, 2007), ac-
cording to which action preparation is likely to increase
the speed of sensory processing (Hagura et al., 2012) and,
consequently, to expand subjective time in the sensorimo-
tor loop. Our findings suggest that subjective duration
expansion by action contexts is not limited to the action
itself or to events relating to action goals, but is also
found for task-irrelevant motor activation occurring in
the sensorimotor loop.
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right hand); the distance from the participants’ face/body to the fixation
center was 45 cm. (d) In Experiments 3 and 4, participants placed their
hands again such that the right hand was close to the near endpoint of the
maximum pendulum swing in the approaching-movement condition. In the
hands-occupied blocks, two light objects were placed on the participants’
palms throughout the duration of the trial blocks. In Experiment 4, two skin
conductance response sensors were attached to the left-hand index and
middle fingers to measure electrodermal activity (EDA). The distance from
the right index fingertip to the fixation center was 39 cm
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Fig.2 Results of Experiment 1. Mean proportions of “long” responses in conditions. The inset figure shows the mean points of subjective equality

the tactile-duration bisection task, and the fitted psychometric functions, (PSEs) and the related 95 % confident intervals (Cls) for the three con-
are plotted against the probe durations for the three visual-movement ditions. “p < .05
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Fig.3 Results of Experiment 2. Mean proportions of “long” responses in conditions. The inset figure shows the mean PSEs and the related 95 %
the tactile-duration bisection task, and the fitted psychometric functions, ClIs for the three conditions, with the approaching- and receding- move-
are plotted against the probe durations for the three visual-movement ment conditions differing significantly from the static baseline. “p < .05
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