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Anxiety has been found to lengthen time perception, especially the time perception
of negative stimuli. This anxiety-related time overestimation is thought to be mainly
associated with massively increased arousal. Suppression, which can be achieved
either deliberately or automatically, has been demonstrated to be effective in reducing
arousal. Consequently, the present study explored the effectiveness of both deliberate
suppression (Experiment 1) and automatic suppression (Experiment 2) in reducing the
time distortion in anxiety. A temporal bisection task (TBT), featuring negative and neutral
pictures, was used to measure time perception, while the self-reported arousal was used
to assess arousal. The deliberate suppression was manipulated by asking participants
to suppress their emotional expressions; while automatic suppression was manipulated
through a sentence-unscrambling task featuring suppression-related words, which can
unconsciously prime suppression. The results of Experiment 1 showed that deliberate
suppression did not reduce the anxiety-related time overestimation and arousal.
However, Experiment 2 showed that automatic suppression significantly reduced the
anxiety-related time overestimation, with significant arousal reduction being observed.
In conclusion, automatic suppression, but not deliberate suppression, is effective for
reducing the effect of anxiety on time perception.

Keywords: time perception, anxiety, deliberate suppression, automatic suppression, attention

INTRODUCTION

Anxiety often seems to lengthen the perceived passage of time relative to the amount of time that
is actually passing, especially when an individual is exposed to negative stimuli. Such anxiety-
related time distortion has been demonstrated by many studies through different tasks. For
example, Bar-Haim et al. (2010) explored the influence of negative emotion on time perception
in anxiety with a time reproduction task. They found that anxious individuals have longer
reproduced time for negative stimuli relative to neutral stimuli, while non-anxious individuals
do not. In another study, Yoo and Lee (2015) performed a verbal estimation task to investigate
the effect of emotional valence and arousal on time perception in individuals with anxiety,
and observed that compared to the low-anxiety group, the high-anxiety group reported longer
perceived time for high-arousal negative stimuli than for high-arousal positive, low-arousal
negative, and low-arousal positive stimuli. The consistent results were also found in temporal
bisection tasks (TBTs), in which participants were asked to judge if the presented time of a
stimulus closed to a short standard or a long standard; the more “long” judgments a participant
has, the longer the perception time (Droit-Volet et al., 2004). Jusyte et al. (2015) observed that
a group of individuals with anxiety showed more “long” judgments of angry vs. neutral stimuli
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than did a healthy group; similarly, Ishikawa and Okubo (2016)
found that participants with high anxiety showed more “long”
judgments regarding negative stimuli than did those with low
anxiety. This empirical evidence suggests that anxiety greatly
lengthens the time perception of negative stimuli.

Although such anxiety-related time distortion has been
thought to be an evolutionary basis that facilitates adaptive
responses to environmental stimuli (Matthews and Meck, 2014;
Lake et al., 2016), in some situations, an anxious individual might
not desire such time distortion. For example, previous studies
have found that prolonged waiting of time can lead to anxiety
(Dasu and Rao, 2009; Van Riel et al., 2012), which in turn leads to
irrational decision-making behaviors (Rajamma et al., 2009; Aniæ
et al., 2011). Therefore, methods of reducing anxiety-related time
overestimation are required.

The mechanism of anxiety-related time overestimation can
be explained in terms of the pacemaker-accumulator (PA)
model (Gibbon et al., 1984). The PA model is composed of an
arousal-related pacemaker, an attention-controlled switch, and
an accumulator. During the timing, the pacemaker emits pulses
through the switch, and these pulses are then collected by the
accumulator. The number of collected pulses represents time
perception. Increasing arousal is associated with an acceleration
of the pacemaker; the switch closes when attention is oriented
toward timing, while the pulses are blocked when attention is
oriented away from timing (Zakay and Block, 1996; Tipples,
2008; Droit-Volet, 2013; Tamm et al., 2014; Van Volkinburg and
Balsam, 2014; Yoo and Lee, 2015; Lake et al., 2016; Tian et al.,
2018, 2019). Theoretically, both arousal and attention can result
in time distortion. Previous studies have found that anxiety would
massively increase arousal when negative stimuli appear, such
as increased heart rate (Shalom et al., 2015; Peng et al., 2018),
increased systolic blood pressure (James et al., 1986; Matthews
et al., 1986), reduced heart rate variability (Chalmers et al.,
2014), excessive blushing (Gerlach et al., 2001), and increased
self-report arousal (Martin, 1961; McLeod et al., 1986). Anxiety
has also been found to show an abnormally large attentional
bias toward negative stimuli (Bar-Haim et al., 2007), makes
individual attracted by negative stimuli and difficult to distract
attention from them (Yiend and Mathews, 2001; Koster et al.,
2004; Pergamin-Hight et al., 2015). According to PA model,
increased arousal is associated with time overestimation, while
the deficit of attentional allocation toward timing is related to
time underestimation, and, importantly, several studies have
observed the covariant relationship between time overestimation
and increased arousal that exists in anxious individuals (Jusyte
et al., 2015; Yoo and Lee, 2015; Ishikawa and Okubo, 2016). Thus,
the increased arousal was thought to play a dominating role in
anxiety-related time overestimation (Bar-Haim et al., 2010; Jusyte
et al., 2015; Yoo and Lee, 2015; Ishikawa and Okubo, 2016), and
arousal-regulation methods would be most appropriate to reduce
such time distortion.

In the domain of emotion regulation, reappraisal and
suppression are the two most common strategies (Gross, 1998,
2007, 2014), both have been proven to be effective for regulating
arousal (e.g., Eippert et al., 2007; Goldin et al., 2008; Flynn et al.,
2010; Yuan et al., 2015a; Cai et al., 2016a,b), and both can be used

for time perception (e.g., Effron et al., 2006; Tian et al., 2018;
Uusberg et al., 2018). The reappraisal is an antecedent-focused
strategy that regulates emotion by changing one’s understanding
of the emotional events, while the suppression is a response-
focused strategy that involves the regulation through suppressing
one’s emotional expression. However, some evidence shows that
suppression has a greater arousal-reducing effect than does
reappraisal. Specifically, Gross (1998) compared the difference in
emotion reduction between suppression and reappraisal in terms
of subjective experience, expressive behavior, and physiology.
The former one has been considered to be valence-related, the
latter two are often used as indicators of arousal (Gross, 2007,
2014). Gross found that reappraisal would lessen the subjective
experience but that suppression would not, while the reduction
of expressive behavior was somewhat more pronounced for
suppression than for reappraisal, and suppression showed
significant reductions in physiology (i.e., finger pulse amplitude
and finger temperature) but reappraisal did not. Consistent
with this evidence, Gallo et al. (2012) used an implementation
intention paradigm (i.e., using if-then plans to spell out when,
where, and how a set goal is to be put into action “If situation x
is encountered, then I will perform response y!”) to manipulate
emotion regulation via reappraisal and suppression, respectively.
The results showed that applying reappraisal allowed participants
to consider stimuli as being less unpleasant or disgusting, but
their arousal ratings were unaffected; meanwhile, participants
who applied suppression reported lower evoked arousal after
viewing perceptually disgusting stimuli, but their valence ratings
remained unchanged. This indicates that suppression is a more
effective strategy than reappraisal for reducing arousal. Thus,
suppression may be an appropriate method of reducing anxiety-
related time overestimation.

Suppression can be conducted either deliberately, that is,
consciously based on instructions, or automatically via a priming
task (e.g., a sentence-unscrambling task). The priming task is
thought to passively activate the goal of emotion suppression such
that it then realizes the goal without the participant’s awareness
(Bargh et al., 2001). However, it has been shown that deliberate
suppression of emotion, such as asking a participant “please try to
avoid letting your feelings show,” often has no effect on decreasing
arousal, and may even produce counterproductive results (Gross,
1998; Hofmann et al., 2009), especially for anxious individuals.
For example, Campbell-Sills et al. (2006b) investigated the
suppression of negative emotions in anxious participants who
were instructed to perform suppression and found that the
participants evidenced increased cardiac arousal. Hofmann
et al. (2009) compared reappraisal, acceptance, and suppression
strategies for regulating anxiety arousal, using instructions to
manipulate the strategies, and found that suppressing anxiety was
the least effective of the three strategies and that the suppression
group’s subjective anxiety did not differ between the pre- and
post-instruction stages. Similarly, Wilson et al. (2014) employed
the “Swamp Metaphor,” created by Hayes et al. (1999), presenting
this to participants as a strategy for addressing emotion; the
researchers hoped to encourage anxious participants to suppress
their emotions, but this did not produce any significant pretest–
posttest change in arousal (measured via skin conductance
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level). Recently, Yuan et al. (2015b) found that such suppression
decreases LPP amplitudes (which can be interpreted as reflecting
the level of emotional arousal) during suppression vs. control
conditions, but elicits larger amplitudes in central-frontal P3
(which can be interpreted as reflecting the level of attentional
resource cost), suggesting that the attentional resource cost
of deliberate suppression may explain why previous studies
have found it a maladaptive strategy. In contrast, automatic
suppression has been shown to consume few attentional resource
(Mauss et al., 2007a,b; Gallo et al., 2009; Williams et al.,
2009; Koole and Rothermund, 2011), and effectively reduces
arousal (Mauss et al., 2007b; Chen et al., 2017b). For example,
Mauss et al. (2007b) used a sentence-unscrambling task to
unconsciously prime subjects of suppression or expression
goals, respectively. Decreased levels of arousal were observed in
emotion suppression compared to emotion expression subjects.
Yang et al. (2015) found that individuals who underwent non-
conscious suppression primed through a word matching task
returned lower arousal levels than those in a control condition.
In the physiological dimension, using a synonym-matching task
to activate automatic suppression, Chen et al. (2017b) observed
that the participants with greater habitual use of suppression
are associated with less amygdala activity to emotional signals,
which denotes the reduced intensity of responses to emotional
stimuli (Chen et al., 2017a). As anxious individuals generally
exist attentional resource deficits (Krug and Carter, 2010),
deliberate suppression is unsuitable for regulating negative effect
in participants with anxiety (Campbell-Sills et al., 2006a,b;
Hofmann et al., 2009; Yin et al., 2017), whereas automatic
suppression is effective in this regard (Hofmann et al., 2010).
This suggests that automatic suppression, but not deliberate
suppression, may be effective appropriate for reducing arousal in
anxiety. Considering this, as well as the attentional resource costs
and counterproductive effect of deliberate suppression, automatic
suppression is likely to be effective in reducing anxiety-related
time overestimation.

Consequently, the present study aimed to test the effectiveness
of both deliberate suppression (Experiment 1) and automatic
suppression (Experiment 2) in reducing the anxiety-related time
overestimation. This study may have two important meanings:
first, most previous studies have focused on using emotion
regulation strategies to modify the emotional respondings (e.g.,
emotional valence/arousal rating, heart rate, and amygdala
activity), while the present study may expand these studies
to the influence of emotion regulation on time perception.
Second, the present study may initiate a non-conscious emotion
regulation method to modify time perception, since previous
studies have mostly used conscious methods. (e.g., Mella et al.,
2011; Tian et al., 2018; Uusberg et al., 2018). To select anxious
participants, the trait scale of Spielberger’s State-Trait Anxiety
Inventory (STAI-T, Spielberger et al., 2017) was adopted to
identify individuals with anxiety. A TBT, featuring negative
and neutral pictures, was used to measure time perception.
Meanwhile, a self-reported nine-point scale was adopted to
assess the arousal induced by each picture. Experiment 1
targeted deliberate suppression, elicited through explicit training
instructions. As applying deliberate suppression to anxious

individuals often results in the inability to regulate arousal
(Roemer and Borkovec, 1994; Koster et al., 2003; Hofmann
et al., 2009), and increased arousal is associated with time
overestimation (Gibbon et al., 1984), we hypothesized that using
deliberate suppression would not reduce the anxiety-related
time overestimation. In Experiment 2, we activated automatic
suppression by priming non-conscious suppression with an
adaptation of the sentence-unscrambling task (Mauss et al.,
2007b). As mentioned above, automatic suppression is effective
for reducing arousal (Mauss et al., 2007b; Yang et al., 2015; Chen
et al., 2017b); thus, we hypothesized that automatic suppression
would effectively reduce the anxiety-related time overestimation.

EXPERIMENT 1

Methods
A mixed 2 × 2 design was adopted, featuring a between-subject
factor of group (control, experimental) and a within-subject
factor of picture type (neutral, negative).

Participants
We determined the sample size using an a priori power analysis.
To detect a large effect of anxiety, using a power of 0.8 and an
alpha of 0.05, the power analysis indicated a required sample size
of 21 participants per group.

Fifty-two participants were recruited from a Chinese
university. STAI-T showed that their anxiety severity scores
range from 44 to 69. STAI-T yields a total score of between 20
and 80; there is no formal cut-off point, but scores of 40 and
above are usually considered to indicate a high level of anxiety
(Törnqvist et al., 2006). Participants were randomly assigned
to one of two groups: a control group (18 females and eight
males, mean age = 23.23 years, SD = 3.27, STAI-T score: 46–67,
mean = 53.88, SD = 5.23) and an experimental group (16 females
and 10 males, mean age = 22.81 years, SD = 3.44, STAI-T score:
45–65, mean = 54.12, SD = 5.62). The two groups did not differ
in terms of age or STAI-T score, ps > 0.50; their STAI-T scores
were significantly above average for Chinese college students
(mean STAI-T = 45.31, SD = 11.99, N = 199, Li and Qian, 1995),
ps < 0.05. All participants were right-handed and had normal
or corrected-to-normal vision. All provided written informed
consent before the experiment.

Stimuli
The stimuli used for the representation of duration were an
image of a brown rectangle, 16 negative pictures, and 16 neutral
pictures (size: 433 × 315 pixels). All pictures were selected from
the “Chinese Affective Picture System.” The negative pictures
featured frightening animals, dilapidated buildings, and disaster
areas, while the neutral pictures included neutral animals,
buildings, and human activities. A previous study had assessed
each picture in terms of valence and arousal by asking a large
sample of Chinese participants to rate them using a nine-
point scale (Bai et al., 2005); an independent-samples t-test
performed on the mean scores showed that the negative pictures
differed significantly from the neutral pictures in regard to
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valence, t(30) = −21.24, p < 0.05 (Negative: mean = 2.74,
SD = 0.32; Neutral: mean = 5.26, SD = 0.35) and arousal,
t(30) = 20.00, p < 0.05 (Negative: mean = 5.78, SD = 0.48; Neutral:
mean = 3.32, SD = 0.08).

Procedure
The experiment was conducted and recorded using E-Prime 1.1
(Psychological Software Tools, Pittsburgh, PA, United States)
on a PC. Stimuli were presented on a 17” LCD monitor
(1024 × 768 pixels, 60 Hz), and the participants gave their
responses using the computer keyboard. The participants were
seated in a quiet room approximately 60 cm from the monitor,
with horizontal and vertical visual angles of less than 16◦.

The experimental group and the control group were presented
with different instructions before they performed the TBT. The
experimental group was trained to suppress their expressions
of emotion and to deliberately stay calm when a negative
picture appeared. The control group, meanwhile, were trained
to passively perceive the emotions they felt in response to the
pictures they were shown (see Figure 1A).

Both groups were given the same TBT, consisting of a learning,
a learning test, and a main test phase. In the learning phase, a
brown rectangle appeared for a short (400 ms) or long (1600 ms)
standard duration (five times each, random order). Participants
were asked to remember these durations. In the learning test,
participants were instructed to indicate whether stimuli appeared
for either a short (400 ms) or a long (1600 ms) duration (five
times each, random order). Participants whose accuracy was less
than 100% would learn again. In the main test phase, the 16
negative and 16 neutral pictures were randomly presented with
seven durations (400, 600, 800, 1000, 1200, 1400, and 1600 ms; see
Figure 1B). Each picture was presented once for each duration,
meaning there were 224 trials altogether. Participants were asked
to indicate, by pressing one of two labeled keys (“j” and “f,”
counterbalanced for long/short) on the keyboard, whether each

picture appeared for a duration closer to either the “short” or the
“long” standard duration.

After the TBT, participants were required to assess the
arousal of each picture using a nine-point scale (from 1 = “not
excited at all” to 9 = “extremely excited”; see Figure 1C). The
experimental group and the control group were also required to
deliberately suppress or passively perceive emotions during the
arousal assessment.

Finally, participants were required to rate the extent to which
they deliberately suppressed (experimental group) or passively
perceived (control group) emotion using a nine-point scale
(from 1 = “not at all” to 9 = “completely”). The rating scores
ranged from 7 to 9 (control group: mean = 8.50, SD = 0.81;
experimental group: mean = 8.42, SD = 0.81), suggesting that the
manipulation of deliberate suppression in the experimental and
passive perception in the control groups were both successful.

The experimental protocol was approved by the local
ethics committee.

Results
The raw data of TBT were analyzed by computing the proportion
of “long” responses in the TBT. For each duration (t), the
corresponding proportion of “long” responses was computed
as P(“long”| t). A plot of proportions revealed a psychometric
function that took the form of a sigmoid curve extending
from approximately 0, representing the shortest duration, to
approximately 1, representing the longest. The function shift
toward the left indicates that the participants perceived longer
time. The resulting curves were fitted using a cumulative
Gaussian function with two parameters: (1) the standard
deviation (σ), corresponding to temporal sensitivity, and (2) the
mean (µ), corresponding to the “point of subject equality” (PSE),
or the duration that yielded no difference between the long and
short responses [i.e., P(long| t = µ) = 0.5] (Kroger-Costa et al.,

FIGURE 1 | The procedure of Experiment 1. (A) The instructions of deliberate suppression group and control group. (B) Schematic illustration of the temporal
bisection task. (C) Schematic illustration of the arousal assessment.
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FIGURE 2 | The temporal results of Experiment 1. (A) Proportion of “long” responses plotted against durations ranging between 400 and 1600 ms for the control
group (left panel) and deliberate suppression group (right panel) by the negative and neutral pictures. (B) Mean point of subjective equality for neutral and negative
pictures in each group. The error bar represents the standard error.

2013; Liu et al., 2015; Tian et al., 2018). A lower PSE indicates
that the participants perceived longer time.

Figure 2A shows the proportion of “long” responses plots of
Experiment 1. It shows that the psychophysical functions were
shifted toward the left, consistent with a time overestimation,
for the negative pictures compared to the neutral pictures in
both control and experimental groups. To statistically analyze
the effect of deliberate suppression on time perception, a
repeated-measures ANOVA was run on PSE, with group (control,
experimental) as a between-subject factor, and picture type
(neutral, negative) as a within-subject factor; this revealed a
significant main effect of picture type, F(1,50) = 10.14, p < 0.01,
ηp

2 = 0.17. Post hoc analysis revealed that PSE was systematically
lower for the negative pictures (mean ± SE = 868.39 ± 20.81 ms)
than for the neutral pictures (919.67 ± 24.14 ms). In contrast, the
main effect of group, F(1,50) = 0.01, p = 0.91, and the interaction
between group and picture type, F(1,50) = 0.04, p = 0.85, was non-
significant. Thus, no effect of deliberate suppression on reducing
anxiety-related time distortion was observed in the ANOVA (see
Figure 2B).

However, as a group design, the between-subject factors
may influence results (Penney et al., 2000). To further evaluate
the effect of deliberate suppression on anxiety-related time
overestimation, we used PSEs of neutral pictures and negative
pictures to calculate the overestimation of each participant
(PSEoverestimated = PSEneutral – PSEnegative). An independent-
samples t-test run on PSEoverestimated revealed that PSEoverestimated
did not significantly differ between the experimental group
and control group, t(50) = 0.20, p = 0.85. This suggests
that deliberate suppression could not reduce anxiety-related
time overestimation.

In addition, self-reported arousal was analyzed. To test the
effect of deliberate suppression on arousal, a repeated-measures
ANOVA was performed on arousal rating, with group (control,
experimental) as a between-subject factor and picture type
(neutral, negative) as a within-subject factor (see Figure 3).
This only revealed a significant main effect of picture type,
F(1,50) = 1312.15, p < 0.001, ηp

2 = 0.96. The post hoc analysis

FIGURE 3 | Mean self-reported arousal for neutral and negative pictures in
each group in Experiment 1. The error bar represents the standard deviation.

revealed that arousal was systematically higher for the negative
pictures (6.11 ± 0.07) than for the neutral pictures (3.44 ± 0.04).

To avoid the potential effect of individual difference, we
used each participants’ arousal concerning neutral pictures and
those concerning negative pictures to calculate their “arousal-
increase” (Arousalincreased = Arousalnegative – Arousalneutral).
An independent-samples t-test showed that Arousalincreased did
not significantly differ between the experimental and control
groups, p = 0.30. Taken together, this indicates that, for anxious
individuals, deliberate suppression has no effect on the arousal
induced by negative pictures.

Discussion
In Experiment 1, we tested whether deliberate suppression
reduces anxiety-related time overestimation. To confirm our
hypothesis regarding Experiment 1, we assessed the effect of
deliberate suppression using both PSE and PSEoverestimated. In
accordance with our hypothesis, the results of time perception
showed that giving instructions regarding deliberate suppression
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did not reduce the experimental participants’ overestimation
regarding the PSE of the negative pictures to be any lower
than that of the control group. This indicates that deliberate
suppression is not an appropriate way to reduce the tendency of
individuals with anxiety to engage in massive time overestimation
of negative stimuli.

Additional analyses of self-reported arousal found that
deliberate suppression did not reduce arousal in response
to negative pictures compared with the control group. Since
increased arousal plays a dominating role in the anxiety-related
time overestimation (Jusyte et al., 2015; Yoo and Lee, 2015;
Ishikawa and Okubo, 2016), it is, therefore, inferred that the
failure of deliberate suppression to reduce arousal in the anxious
group may account for the lack of effect on anxiety-related
time overestimation.

It should be noted that these results are not completely
consistent with previous studies, which have found deliberate
suppression results in counterproductive increasing arousal (e.g.,
Gross, 1998; Campbell-Sills et al., 2006b; Hofmann et al., 2009).
A reasonable explanation is as follows: deliberate suppression
consumes attentional resource (Yuan et al., 2015b), but anxious
individuals generally exhibit attentional resource deficits (Krug
and Carter, 2010). Since the present main task is timing, the
anxious individuals did not have enough resources to realize the
goal of emotional suppression, which resulted in a null effect.
Another explanation lies in that all our participants are East
Asians. Previous studies have shown that East Asians perform
better than Westerners in suppression (Butler et al., 2007; Murata
et al., 2013), and the suppression produces beneficial emotion-
regulation effects at both behavioral and physiological levels for
East Asians (Yuan et al., 2015b), so it is likely that anxious
East Asians could exhibit lesser negative effects of suppression
(i.e., counterproductive increasing arousal) than Westerners.
Nonetheless, the results of the present study and previous studies
have consistently shown that deliberate suppression is not an
effective strategy for reducing arousal in anxiety.

Therefore, an attentional resource-costly regulation method
such as deliberate suppression may not apply to anxious
individuals, who are characterized by deficits in cognitive
control mechanisms (Krug and Carter, 2010). This implies
that non-conscious emotion regulation (e.g., automatic
suppression), which requires no deliberate cognitive effort during
negative stimulation, may better reduce the anxiety-related
time distortion.

EXPERIMENT 2

Methods
A mixed 2 × 2 design was adopted, featuring a between-subject
factor of group (control, experimental) and a within-subject
factor of picture type (neutral, negative).

Participants
A new cohort of 52 participants from the same Chinese university
was recruited for Experiment 2. They were randomly assigned
to one of two groups: a control group (17 females and nine

males, mean age = 23.88 years, SD = 3.31, STAI-T score = 44–
68, mean = 54.92, SD = 5.28) and an experimental group (15
females and 11 males, mean age = 24.31 years, SD = 3.33, STAI-
T score = 45–66, mean = 55.27, SD = 5.45). The two groups
did not differ in regard to age or STAI-T (ps > 0.05), and
their STAI-T scores were significantly above average for Chinese
college students, ps < 0.05. All participants were right-handed
and had normal or corrected-to-normal vision. They gave written
informed consent before the experiment.

Stimuli
The stimuli were the same as those used in Experiment 1.

Procedure
The experimental devices and the procedure for Experiment 2
were similar to that used in Experiment 1, except we administered
sentence-unscrambling tasks instead of providing instructions
before the TBT (see Figure 4). The sentence-unscrambling task
was used to prime participants of suppression automatically. It
was first adapted to manipulate automatic emotion regulation
by Mauss et al. (2007b). In this task, participants are asked to
construct grammatically correct, four-word sentences from five-
word jumbles; 40 sentences including either passive perception
or emotion-suppression terms were used to prime the control
group and experimental group, respectively (see Figure 4A).
These terms were chosen by asking 15 postgraduate students
(seven males) to “list the 10 words that come to your mind when
you think of the concepts ‘emotion suppression’ or ‘passively
perceiving’.” Then, five new postgraduate students majoring in
emotion regulation evaluated these sentences and selected 20
sentences each that served to prime suppression or passive
perception. To avoid potential demand effects, we informed
participants that the sentence-unscrambling task was designed to
test their grammatical abilities.

At the end of Experiment 2, participants were required to
complete a funneled debriefing procedure, which is similar
to previous studies (e.g., Chartrand and Bargh, 1996; Bargh
and Chartrand, 2000; Williams et al., 2009). They were asked
(1) whether they had ever seen or completed a sentence-
unscrambling task for another experiment, (2) what they thought
the purpose of the sentence-unscrambling task, (3) whether
and what they thought the sentence-unscrambling task and
TBT had been related. This funneled debriefing procedure
was used to check the validity of the automatic suppression
manipulation. For the first question, nobody reported they had
seen or completed a sentence-unscrambling task before. For
the second question, most participants(n = 47) believed that
the purpose of the sentence-unscrambling task was to test their
grammatical abilities, and a few participants (n = 5) reported
that they did not know. For the third question, nearly half of
the participants (n = 24) thought that the sentence-unscrambling
task had nothing to do with TBT, and the remaining participants
thought that the sentence-unscrambling task may have some
relationship with TBT (n = 28), but nobody mentioned emotion
or emotion regulation as the connection between the two tasks
(n = 0). Thus, no participants indicated suspicion of the prime or
guessed the hypothesis of the experiment.
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FIGURE 4 | The procedure of Experiment 2. (A) Schematic illustration of the sentence-unscrambling task for the automatic suppression group and control group.
Each sentence unscrambling task contains five Chinese words. (B) Schematic illustration of the temporal bisection task. (C) Schematic illustration of the arousal
assessment.

FIGURE 5 | The temporal results of Experiment 2. (A) Proportion of “long” responses plotted against durations ranging between 400 and 1600 ms for the control
group (left panel) and automatic suppression group (right panel) by the negative and neutral pictures. (B) Means point of subjective equality for neutral and negative
pictures in each group. The error bar represents the standard error.

The experimental protocol was approved by the local
ethics committee.

Results
Figure 5A shows the proportion of “long” responses plots of
Experiment 2. It shows that the psychophysical functions were
shifted toward the left, consistent with a time overestimation,
for the negative pictures compared to the neutral pictures
only in the control group. To statistically analyze the effect
of automatic suppression on time perception, a repeated-
measures ANOVA was performed on PSE, with group (control,
experimental) as a between-subject factor and picture type
(neutral, negative) as a within-subject factor; this revealed a
significant main effect of picture type, F(1,50) = 4.47, p < 0.05,
ηp

2 = 0.08. Post hoc analysis revealed that PSE was lower for
negative pictures (876.27 ± 19.42 ms) than for neutral pictures
(903.11 ± 18.92 ms); in contrast, the main effect of group did
not reach significance, F(1,50) = 0.27, p > 0.05. Importantly,
the interaction between group and picture type was significant,

F(1,50) = 5.66, p < 0.05, ηp
2 = 0.10. A simple effects analysis

showed that in the control group, the PSE of negative pictures
was lower than that of neutral pictures, p < 0.01, whereas in the
experimental group, there was no difference, p = 0.85, indicating
that the anxiety-related time overestimation in the control group
did not emerge in the experimental group (see Figure 5B).

To further evaluate the effect of automatic suppression on
reducing anxiety-related time overestimation, we also used the
PSE of neutral pictures and of negative pictures to calculate the
overestimation of each participant (PSEoverestimated = PSEneutral –
PSEnegative). An independent-samples t-test showed that the
PSEoverestimated of the experimental group was significantly lower
than that of the control group, t(50) = 2.38, p < 0.05, Cohen’s
d = 0.66. This result indicates that the automatic suppression
could reduce the anxiety-related time overestimation.

In addition, self-reported arousal was analyzed. To test the
effect of automatic suppression on arousal, a repeated-measures
ANOVA was conducted on arousal, with group (control,
experimental) as a between-subject factor and picture type
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(neutral, negative) as a within-subject factor (see Figure 6). This
revealed a significant interaction between group and picture type,
F(1,50) = 9.96, p < 0.001, ηp

2 = 0.57. A simple effect analysis
showed that in the experimental group the level of arousal
induced by the negative pictures (4.80 ± 0.10) was lower than that
in the control group (6.07 ± 0.10), p < 0.001. Meanwhile, for the
neutral pictures, the level of arousal shown by the experimental
group (3.37 ± 0.05) did not significantly differ from that shown
by the control group (3.41 ± 0.05), p = 0.59.

To avoid the potential effect of individual difference,
we also used the arousal levels of the neutral and negative
pictures to calculate each participant’s “arousal-increase”
(Arousalincreased = Arousalnegative − Arousalneutral). An
independent-samples t-test showed that the arousal-difference
of the experimental group (1.43 ± 0.11) was lower than that
of the control group (2.67 ± 0.10), t(50) = 8.14, p < 0.001,
Cohen’s d = 2.27. Taken together, this indicates that, for anxious
individuals, automatic suppression could reduce the arousal
induced by negative stimuli.

Furthermore, we tested the relationship between time
overestimation and arousal reduction. A Pearson’s correlation
coefficient was conducted, in which PSEoverestimated was used
as time overestimation data and Arousalincreased was used as
arousal-reduction data. The results showed that Arousalincreased
positively correlated with PSEoverestimated, r = 0.53, p < 0.001,
indicating that the more arousal was reduced, the less time
overestimation occurred.

Moreover, we performed a mediation analysis with the
PROCESS macro developed by Hayes (2013) to examine
whether the relationship between automatic suppression (X) and
PSEoverestimated (Y) was mediated by Arousalincreased (M). Y and
M were transformed into z scores. The results showed that the
total effect of X on Y was significant, B = −0.63, SE = 0.27,
95% CI, [−1.16, −0.10], t = −2.38, p < 0.05, the effect of X
on M was significant, B = −1.50, SE = 0.18, 95% CI, [−1.86,
−1.13], t = −8.14, p < 0.001, the effect of M on Y was significant,
B = 0.66, SE = 0.18, 95% CI, [0.30, 1.03], t = 3.63, p < 0.001, the
indirect effect through Arousalincreased was significant, β = −0.99,

FIGURE 6 | Mean self-reported arousal for neutral and negative pictures in
each group in Experiment 2. The error bar represents the standard deviation.

SE = 0.21, 95% CI, [−1.38, −0.54], but the direct effect of X on
Y was not significant, β = 0.36, SE = 0.36, 95% CI, [−0.37, 1.09],
t = 1.00, p = 0.32, thus indicating that in Arousalincreased acts as
mediator between automatic suppression and PSEoverestimated.

Discussion
In Experiment 2, we tested whether automatic suppression can
reduce time overestimation in anxious individuals using both
PSE and PSEoverestimated. In accordance with our hypothesis, the
results showed that using a sentence-unscrambling task with
automatic suppression caused the participants’ overestimation of
the perceived duration of the negative pictures to be less than that
of the control group.

An additional analysis of self-reported arousal found
that automatic suppression could reduce the arousal level
induced by negative pictures, and that a reduction in time
overestimation positively correlated with a reduction in arousal.
Importantly, a mediation analysis revealed that the effect of
automatic suppression on anxiety-related time overestimation
was moderated by the arousal reduction. These results imply that
automatic suppression, which effectively reduces arousal (Gross,
1998; Gallo et al., 2012), is an appropriate method for reducing
anxiety-related time overestimation.

GENERAL DISCUSSION

The present study focused on finding an effective way of reducing
anxiety-related time overestimation. As increased arousal has
been thought to be the main mechanism of the anxiety-related
time overestimation (Jusyte et al., 2015; Yoo and Lee, 2015;
Ishikawa and Okubo, 2016), we adopted suppression, which is
effective for reducing arousal, as a possible method. Because
suppression can be achieved both deliberately and automatically,
Experiments 1 and 2 were tested the effectiveness of deliberate
suppression and automatic suppression in reducing anxiety-
related time overestimation, respectively.

The results for the control groups in both Experiments 1 and
2 replicated those of previous studies, with anxious individuals
showing longer perceived durations of negative pictures than
of neutral pictures (Bar-Haim et al., 2010; Jusyte et al., 2015;
Yoo and Lee, 2015; Ishikawa and Okubo, 2016). This means
that the time overestimation of negative pictures was successfully
replicated, providing a baseline for investigating the effects of
deliberate and automatic suppression on this time distortion.

As hypothesized, in Experiment 1 deliberate suppression failed
to reduce the time overestimation in anxious individuals, with
non-significant arousal reduction being observed. This result
is inconsistent with the findings of a previous study based on
healthy individuals (Tian et al., 2018). In contrast, Experiment
2 showed that automatic suppression successfully reduced
anxiety-related time overestimation with significant arousal
reduction. The inconsistent results between Experiments 1 and
2 suggest that the manner in which suppression is performed
(deliberate/automatic) influences the effect of suppression.
Previous studies have suggested that deliberate suppression
consumes considerable attentional resource (Yuan et al., 2015b;
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Cai et al., 2016a,b). Individuals with psychological disorders (e.g.,
anxiety) usually experience a shortage of attentional resource as a
result of regularly engaging in effortful and controlled processes
based on deliberate suppression (Gao et al., 2018). This deficiency
presumably explains the failure of deliberate suppression in
Experiment 1. In contrast, as automatic suppression consumes
little or no attentional resource, Experiment 2 showed that
automatic suppression causes a successful modulation effect of
anxiety-related time overestimation. Thus, we can surmise that
unawareness of suppression may be the key to its effectiveness.

Since increased arousal plays a dominating role in anxiety-
related time overestimation (Jusyte et al., 2015; Yoo and Lee,
2015; Ishikawa and Okubo, 2016), it is likely to infer that the
effectiveness of suppression to reduce the time overestimation
is related with the effectiveness of arousal reduction. Several
studies have shown that awareness of suppression usually does
not reduce arousal, and may even lead to counterproductive
increases in arousal, especially for anxious individuals (e.g.,
Campbell-Sills et al., 2006b; Hofmann et al., 2009; Wilson et al.,
2014). Meanwhile, other studies have indicated that unawareness
of suppression leads to decreased arousal (e.g., Mauss et al.,
2007b; Williams et al., 2009; Chen et al., 2017b). These support
the current finding that automatic suppression, which is less
cognitively taxing, is more effective than deliberate suppression
in terms of reducing anxiety-related time overestimation.

The present study extends the non-conscious emotion
regulation research. In previous studies, researchers focused
on the effect of non-conscious emotion regulation on the
emotional responding to emotion events. For example, Mauss
et al. (2007b) primed “emotion control” goals to investigate the
effect of automatic suppression on participants’ self-reported
anger experience and corresponding cardiovascular responding;
Williams et al. (2009) primed reappraisal goals to assess the effect
of automatic reappraisal on heart rate during stress. By contrast,
the present study aimed at the effect of non-conscious emotion
regulation on time perception, which is a cognitive function
that could be, however, affected by emotion. The present study
also extends the research of time perception modifications. In
previous studies, researchers have used the conscious methods
to modify time perception, such as deliberate suppression,
reappraisal (Tian et al., 2018), appraisal (Uusberg et al., 2018), or
attention allocation (Mella et al., 2011); instead, the present study
initiated a non-conscious method to modify time perception.
The present findings revealed that automatic suppression is an
effective way to reduce anxiety-related time overestimation.

Several limitations to the present study should be addressed
in future work. First, we only employed Chinese participants.
The efficacy of suppression is culture-specific: East Asians show
better performance than Westerners (Butler et al., 2007; Murata
et al., 2013). In addition, in Chinese people suppression has been
determined to produce beneficial emotion-regulation effects at
both behavioral and physiological levels (Yuan et al., 2015b).
Therefore, for Westerners, suppression might be less effective
for reducing anxiety-related time overestimation; further studies
should aim to verify this. Second, we adopted a self-reported
nine-point scale to assess participants’ arousal. Some studies
pointed out that self-reported assessment is not as precise as

the physiological measurement (Wilhelm et al., 2001; Edelmann
and Baker, 2002; Mauss et al., 2004), although self-reporting and
physiological results are somewhat consistent (McLeod et al.,
1986; Gross, 1998; Kuo and Linehan, 2009). Thus, if future
studies need to accurately explore the relationship between
arousal and time perception, physiological measurements should
be used. Third, we did not directly compare the effect between
deliberate and automatic suppression as their manipulations
didn’t match in the time design level. Future studies could
design an experiment that includes both conditions, so that
their effects could be compared. Fourth, we only tested the
effect of suppression and ignored other strategies. Previous
studies have found that not only suppression (Effron et al.,
2006; Tian et al., 2018), but also attention allocation (Mella
et al., 2011), reappraisal (Tian et al., 2018), and conscious
awareness of time distortion (Droit-Volet et al., 2015) are
effective modifications of time distortion—especially attention
allocation, which regulates negative emotions more rapidly than
does suppression (Paul et al., 2013), protects individuals from
mood disorders during frustrating situations (Li and Yuan, 2018),
and maintains positive affect and well-being during negative
stimulation (Yuan et al., 2012; Meng et al., 2015). Future studies
might explore these and other strategies for modifying anxiety-
related time overestimation.

CONCLUSION

Increasingly, researchers are searching for methods of modifying
time distortion (Effron et al., 2006; Mella et al., 2011; Droit-Volet
et al., 2015; Tian et al., 2018; Uusberg et al., 2018). Previous works
have mostly focused on healthy individuals. However, anxious
individuals are associated with more time overestimation than
do healthy individuals (Bar-Haim et al., 2010; Jusyte et al., 2015;
Yoo and Lee, 2015; Ishikawa and Okubo, 2016). Thus, reducing
anxiety-related time overestimation is an emerging challenge.

The anxiety-related time overestimation is mainly associated
with increased arousal (Jusyte et al., 2015; Yoo and Lee, 2015;
Ishikawa and Okubo, 2016). The present study employed
deliberate suppression and automatic suppression, which both
have been proven to be an effective strategy for reducing arousal,
as methods of modifying anxiety-related time overestimation.
The experiments performed in this work initiated empirical
evidence that anxiety-related time overestimation can
be effectively reduced by automatic suppression, but not
deliberate suppression.
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