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Abstract When we look at a clock with a hand showing
seconds, the hand sometimes appears to stay longer at its
first-seen position than at the following positions, evoking
an illusion of chronostasis. This illusory extension of
perceived duration has been shown to be coupled to
saccadic eye movement and it has been suggested to serve
as a mechanism of maintaining spatial stability across the
saccade. Here, we examined the effects of three kinds of
voluntary movements on the illusion of chonostasis: key
press, voice command, and saccadic eye movement. We
found that the illusion can occur with all three kinds of
voluntary movements if such movements start the clock
immediately. When a delay is introduced between the
voluntary movement and the start of the clock, the delay
itself is overestimated. These results indicate that the
illusion of chronostasis is not specific to saccadic eye
movement, and may therefore involve a more general
mechanism of how voluntary action influences time
perception.
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Showing also that the illusion disappears if the observer
noticed the clock displacement during the saccade, these
authors suggested that the illusion is intimately coupled to
the saccade and serves as a mechanism for maintaining
perceptual stability across the saccade (see also Thilo and
Walsh 2002; Miall 2002).
Is the saccade really necessary to chronostasis? It has
been demonstrated that our perception of an external
stimulus depends on whether our own movement causes it
and this effect diminishes as the delay between the
voluntary action and the stimulus increases (Blakemore et
al. 1999; Haggard et al. 2002). In the control (no saccade)
condition of Yarrow et al.’s study, where no illusion was
observed, the judged stimulus was triggered 500 ms after
the observer’s key press. Thus it is not clear whether the
lack of a saccade or the insertion of a delay between the
voluntary key press and the judged stimulus is responsible
for the elimination of chronostasis in these control trials.
In the present study we sought to determine under what
conditions the illusion of chronostasis occurs. We first
tested if the illusion can occur with other types of
voluntary movements than a saccade. Then, we examined
the reason why the illusion disappears if a delay is
inserted between the action and the judged stimulus.

Introduction
When we look at a clock or a watch with a silent second
hand, the hand sometimes appears to stay much longer at
its first-seen position than at the following positions. For a
brief moment, the clock seems to have stopped. This is
known as ‘stopped clock’ illusion or ‘chronostasis’.
Yarrow et al. (2001) recently reported that this illusory
extension of perceived duration is linearly related to the
duration of the saccadic eye movement made to look at
the clock. There was no illusion if the eyes did not move.
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Materials and methods
In Experiment 1, eight observers (aged 22–35 years, seven naive)
were asked to look at a numerical counter presented on a computer
monitor. The initial value of the counter was ‘0’ and, when
triggered, it shifted to ‘1’ and increased until ‘4’ (Fig. 1). The
observers were to judge whether the duration of ‘1’ (varied between
600 and 1400 ms) was longer or shorter than that of the subsequent
digits ‘2’ and ‘3’ (1000 ms each) following a previous method
(Yarrow et al. 2001). The observer adjusted the duration of ‘1’
through a nulling procedure that rendered a matched estimate after
five reversals. Four estimates with a random initial value between
600–1400 ms were obtained per condition, and then averaged for
each subject. There were three conditions in which the counter was
triggered: (1) immediately after the observer’s key press; (2) 500 ms
after the observer’s key press; or (3) at random time. Each
condition was tested in a separate block, with test order counterbalanced. In additional sessions of Experiment 1, two observers
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Fig. 1 Schematic representation of the events in Experiments 1 and
2. The judged stimulus (‘1’) was triggered by voluntary movement
(key press, voice command, or saccade) with or without a delay of
500 ms. In Experiment 3, the delay was compared to the reference
intervals (‘1’–‘3’, 1 s each)
were further tested in the condition where the counter was triggered
one-third of the way into a 15 saccade to replicate and compare the
present results with those of a previous study (Yarrow et al. 2001).
Except for saccade trials, observers were required to fixate the
counter throughout a trial.
Eye positions of two observers were recorded by an EyeLink
gaze tracker (SR Research Ltd., Canada) at 250 Hz to trigger the
counter in saccade trials and to ensure the stability of the eyes in
key press trials. The observers maintained rigid fixation near the
time of key press: in no key press trials did the eyes go out of a
square window of €2 around the digit during the critical period of
€250 ms around the time of key press.
In Experiment 2, the change of digit from ‘0’ to ‘1’ was
triggered by the observers’ voice command (saying ‘go’), which
was detected by a voice key, with or without a delay of 500 ms.
Except for these changes, other procedures were the same as for
Experiment 1. Five of the eight observers who had been involved in
Experiment 1 were tested in this condition.
In Experiment 3, the duration of digits ‘1’–‘3’ was fixed to
1000 ms but the delay (from the time of the observer’s key press to
the change of digit to ‘1’) was varied between 600 and 1400 ms.
Observers were asked to adjust this delay until it matched the
duration of subsequent digits through the same nulling procedure as
in Experiments 1 and 2. Three of the five observers who had
completed Experiments 1 and 2 were tested in this condition.
The digits (0.80.5) were black on a gray background and were
presented at the center of a 19-inch color monitor (120 Hz) at the
viewing distance of about 57 cm. The experimental protocol was
approved by the UCLA Office for the Protection of Research
Subjects.

Results
Experiment 1 tested whether chronostasis can occur with
finger movement (i.e., key press). Figure 2A shows that
when the counter started upon the key press without
delay, observers overestimated the duration of ‘1’: they
perceived the duration of ‘1’ to be the same as ‘2’ and ‘3’

Fig. 2 A The estimated time of 1000 ms in Experiment 1.
Chronostasis occurs when the counter was triggered by key press
or saccade without delay. However, chronostasis does not occur if
there is a delay of 500 ms between the key press and the counter
change or the change was not voluntarily controlled. B The
estimated time of 1000 ms in Experiment 2. The similar pattern of
results was obtained when the counter was triggered by voice
command instead of key press. C The estimated time of 1000 ms in
Experiment 3. Chronostasis occurs even when the delay was
estimated instead of the duration of ‘1’. Bars show the standard
deviation

(1000 ms) when it was presented for 921 ms. In contrast,
when a delay of 500 ms was introduced between the key
press and the start of the counter (as in control trials of
Yarrow et al. 2001) or when the counter started at random
time independently of the observer’s behavior, the
perceived duration of ‘1’ was nearly veridical (the
estimates of 1000 ms were 990 ms and 1005 ms,
respectively). These last two values were significantly
different from the first condition (paired t-tests, P<0.001
for both comparisons). As expected from the original
study (Yarrow et al. 2001), the illusion (897 ms) also
occurred when the counter was triggered in the middle of
a 15 saccade.
To further generalize the result of Experiment 1, which
suggested that chronostasis can occur with voluntary
movements other than saccades, we tested a quite
different type of voluntary movement in Experiment 2:
voice command. The result was comparable to that of
Experiment 1 (Fig. 2B). The chronostasis occurred when
the counter started upon the voice command without
delay, but did not if there was a delay of 500 ms between
voice command and the start of the counter (the estimates
of 1000 ms were 911 ms and 1006 ms, respectively;
paired t-test, P<0.05).
Experiments 1 and 2 showed that the duration of a
visual stimulus triggered by voluntary movement is
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overestimated only when there is no delay between the
action and the judged stimulus. Why does the illusion
disappear with a delay? Maybe voluntary action affects
the perceived duration of the delay itself. To test this
possibility, in Experiment 3, we asked the observers to
estimate the delay from the time of key press to the start
of the counter, instead of judging the duration of ‘1’ as in
Experiments 1 and 2. Figure 2C shows that observers
overestimated the duration of the delay (the estimate of
1000 ms was 898 ms) in much the same way as they did
for the duration of ‘1’ triggered by key press without
delay (the estimate of 1000 ms was 914 ms) (paired t-test,
P>0.54). This suggests that when voluntary action
triggers a visual stimulus with a delay, the delay itself
is overestimated, as the stimulus would be, if there were
no delay. Let us note that now the onset of the judged
duration is defined only by the perceived time of key
press, not by a visual change (i.e., ‘0’ﬁ‘1’ as in
Experiment 1). Since the end of the judged duration is
defined by a visual change in both tasks (i.e., ‘0’ﬁ‘1’ in
Experiment 3; ‘1’ﬁ‘2’ in Experiment 1), the comparable
results obtained in the two tasks suggest that the
perceived timing of key press and that of digit change
triggered by key press are not different.

Discussion
The present results show that the illusion of chronostasis
can occur with diverse types of voluntary movements,
such as key press, voice command, and saccade. When
voluntary action brings about a visual stimulus, the brain
illusorily expands the perceived duration of the stimulus
so that time temporarily appears to be slowed down.
However, the chronostasis as originally defined does
not occur if the target stimulus does not follow the action
immediately. In this situation, the event that is actually
triggered by the action is a ‘delay’, and we have shown
that it is the duration of this delay that is overestimated. It
thus seems that the illusion of chronostasis would occur
whenever we attempt to make a temporal estimation of a
duration whose onset is triggered by voluntary action.
What could be the mechanism by which voluntary
action influences time perception? One possibility is that
the brain decreases the size of its time unit (or increases
the oscillatory frequency of the temporal pacemaker) near
the time of voluntary action. A transient increase in
arousal (Treisman et al. 1994; Rose and Summers 1995)
or attention (Zakay and Block 1996; Migliore et al. 2001)
presumably associated with the movement preparation or
execution may alter the pace of the internal clock.
Another possibility is that the brain extends the percept of
a visual event – caused by voluntary action – forward or
backward in time without changing the unit of time. This
temporal extension does not seem to be directed forward
(i.e., at the offset), since the perceived duration of the
event right after the one triggered by voluntary action was
not affected. Alternatively, the timing of movement
command signal may be assigned to (or capture) the

timing of a sensory signal triggered by the movement,
thereby extending the perceived duration backward in
time (i.e., at the onset). Previous studies argued that the
perceived timing of voluntary action precedes the onset of
EMG by ~86 ms (Libet et al. 1983; Haggard 1999), and
that the perceived timing (not duration) of a tone triggered
by a key press is shifted earlier toward the action
(Haggard et al. 2002). Furthermore, the result of our
Experiment 3 showed that the perceived duration of an
interval (i.e., delay) whose onset was defined by the
perceived timing of voluntary action was overestimated
just as the interval defined by sensory information. It is
thus plausible that chronostasis occurs because the
perceived timing of voluntary action, which is referred
backward, captures the perceived timing of the sensory
stimulus triggered by the action.
In conclusion, we have shown that the illusion of
chronostasis occurs with various types of voluntary
movements. Saccadic eye movement is not necessary to
chronostasis. Chronostasis would occur whenever we
attempt to estimate the duration of an event that is
triggered by voluntary action. However, this does not
necessarily exclude the possibility that chronostasis may
also be produced by other means (for instance, a brief and
salient sensory event immediately preceding the judged
duration) than an action.
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