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Purpose: The aim of the present study was to examine the effects of emotional state on time 
perception in patients with depression and to investigate if time perception in patients with 
depression could be changed by induced emotional state.
Patients and Methods: A clinically-depressed (CD, n=19) and non-depressed (ND, n=22) 
group viewed four video clips of different levels of valence and arousal (ie, positive-high arousal, 
positive-low arousal, negative-high arousal, negative-low arousal). After inducing emotion state, 
all participants performed a time perception task to measure differences in the perception of time.
Results: The results showed that the CD group perceived time passing more slowly than the 
ND group at baseline and in all conditions, especially in the negative-low arousal condition. 
The ND group perceived time passed more quickly in the positive-high arousal condition 
compared to the CD group. These results indicate that emotional state with combined valence 
and arousal factors could change time perception in patients with depression.
Conclusion: Based on these results, it is suggested that changing the emotional state of the 
depressive patient by considering valence as well as arousal is important to improve the 
distortion on time perception.
Keywords: depression, time perception, valence, arousal, internal clock model

Introduction
While physical time always flows at a constant speed, psychologically conscious 
time is estimated as variable and subjective by one’s psychological state. If people 
perceive the passage of time differently according to their emotional state, people 
with mood disorders will show a difference in time perception from the normal 
group.1,2 As many previous studies revealed, individuals with depression experi-
ence the time flow as slower than healthy individuals and have difficulty in 
estimating how much time has passed.3–6 Therefore, individuals with pathological 
depression need to be included in time perception studies because patients with 
depression experience lower arousal responses, heightened negative emotions, and 
attenuated positive emotions compared to the individuals without depression.7

Although no specific model has been proposed to explain the time perception of 
individuals with depression, the internal clock model which explains time percep-
tion in normal individuals may be extended to address the time perception of 
individuals with depression.8 The internal clock model postulates that the proces-
sing of time perception depends on internal factors of organisms. Specifically, 
individuals have an internal clock system as pacemaker, accumulator, and pulses, 
which is the smallest unit of time. According to this model, the main operating 
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mechanisms of the internal clock system are physiological 
responses such as arousal. The structure of the pacemaker 
produces physiological responses, which indicate units of 
internal temporal information (arousal) in a regular rate. 
Induced arousal responses pass through a gate to 
an accumulator; in the accumulator, temporal units accu-
mulate and are conveyed to the memory system. Two 
memory systems (working memory and reference mem-
ory) compare the arousal responses to a previously exist-
ing arousal rate. Through this processing, a comparator 
estimates the flow of time.9,10 The internal clock speeds up 
with increasing amounts of arousal and more pulses are 
emitted, which results in the perception of time passing 
more slowly.8,11,12 Recently, several studies have revealed 
that emotion modulates time perception by arousal 
factor.13,14 Furthermore, according to this internal clock 
model, there are some evidences that individuals with 
a depressive trait or a patient with depression has 
a slower perception of time.5,15 Considering the effect of 
arousal on the internal clock, the arousal responses and 
imbalanced emotion led to different patterns of time per-
ception in individuals with and without depression 
depending on the emotional context.

Although the internal clock model provided 
a perspective for explaining human time perception- 
related behavior according to arousal level, the explanation 
for cognitive factors related to human attention allocation 
is somewhat insufficient. An attention-gate model is the 
model which can compensate for these limitations. 
According to Zakay and Block,16 human’s perception of 
time is controlled by the attention allocation which regu-
lates the flow of pulses in the accumulator by the switch. 
When the timing of an event begins, attention resources 
are allocated to the switch and as the switch closes, pulses 
generate by the pacemaker begin to accumulate in the 
accumulator. In contrast, when the switch is open, pulses 
are blocked. Through this process, the accumulator calcu-
lates the passage of time by summing the number of pulses 
input during a predetermined time interval. At this time, if 
more pulses are accumulated, it is estimated that the time 
interval is longer.

In terms of these mechanisms, both arousal level and 
attention resources allocation can lead to changes in time 
perception. Perhaps a high level of arousal and the alloca-
tion of attention resources will affect an individual’s 
lengthening time perception. Hence, it is explained that 
those who report depressive mood tend to perceive time 
more slowly than no-depressive individual as a result of 

the faster running internal clock. The high level of arousal 
is often shown when fronting the threatening stimuli and 
humans are usually shown to allocate more attention to 
negative stimuli than positive ones. The degree of percep-
tion of external information also has a subjective charac-
teristic like time perception, emotionally anxious or 
depressed people tend to perceive external stimuli a little 
more negatively, so it seems that they will always have 
a higher level of arousal than the general group. Besides, 
when individuals with depression experience negative 
emotions, they often think about the cause and effect of 
these emotions repeatedly (referred to as rumination). 
Ruminative thought is more likely to induce depression 
again, resulting in triggering the vicious cycle of 
depression.2,3,17

As outlined, emotions are known to play an important 
role in the perception of the external environment of 
human-beings; these emotions consist of various and com-
plex factors. According to Russell,18 emotion is classified 
by two axes of arousal (low-to-high arousal) and valence 
(negative to positive valence). Based on these axes, emo-
tional states can be represented at any level of valence and 
arousal or a neutral level of one or both of these factors on 
these four dimensions. Because of this diversity of emo-
tions, the level of perception will be different depending 
on the combination of arousal or valence, which can affect 
time perception as well. For example, some of the pre-
vious studies found that high-arousal negative stimuli led 
to the perception of time passing more slowly than high- 
arousal positive stimuli. In contrast, low-arousal positive 
stimuli led to the perception of time passing more slowly 
than low-arousal negative stimuli.12,19 According to recent 
studies, it is possible to assume that humans can automa-
tically show attention avoidance to negative stimuli for 
emotional regulation at high arousal level, so it can be 
estimated that time perception was less at high arousal 
levels.20

Although various research on the influence of emotion 
on time perception was carried out, there are many areas 
that are not yet clear about the effect of emotion on time 
perception due to the use of unstandardized emotion sti-
muli or methodological differences in experimental proce-
dures. For example, several studies used the VAS and an 
estimation task in order to measure time perception. These 
tasks may be influenced by participants’ subjective 
responses and resulted in measuring perception of time 
inaccurately. In order to compensate these limitations, 
recent studies used validated and standardized emotional 
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stimuli as International Affective Picture System (IAPS), 
International Affective Digitalized Sounds System 
(IADS), and facial expressions. These different standar-
dized emotional stimuli have shown the evidence that the 
negative emotion and high arousal were judged longer 
than neutral stimuli. However, most studies are limited to 
investigate the judgment of the time of emotional stimuli, 
and do not fully explain the effect of emotional states of 
individuals on time perception.13,14,19,21

In addition, a recent meta-study suggested that it is 
difficult to find a clear consensus on the relationship 
between depressive emotions and time perception. In this 
study, four types of time perception tasks were compared, 
and there were no significant effects of depression on time 
perception. According to the results of this study, time 
perception in depression is in line with the internal clock 
system. In general, the depressive participants were jud-
ging time less quickly with a faster running internal clock, 
but they were shown to also lack a significant effect of 
emotion on time perception at some tasks. As a result, they 
announced that the empirical findings on time perception 
in depressive participants were not inconsistent and do not 
fully support a faster running internal clock hypothesis.22

However, as mentioned earlier, most of the studies 
showed the result of reaction to an observed emotional 
stimulus which interfered with the processing of time and 
not the result of the effect of an inducing emotional stated 
on time judgments in a neutral stimulus. For a better 
interpretation of the relationship between emotion and 
temporal perception, it is necessary to determine not only 
time perception of emotional stimuli, but also how neutral 
external stimuli were perceived depending on the indivi-
dual’s emotional state. To accumulate additional informa-
tion, the study participants were asked to determine the 
length of time for neutral stimuli after inducing an emo-
tional state. Furthermore, this study used video clip stimuli 
to avoid the shortcomings of picture stimuli, which are 
limited in the induction of the intended valence and arou-
sal responses.23 It has been suggested that video clip 
stimuli overcome the limitation of picture stimuli by pro-
viding contextual information.24,25

The aim of this study was to examine the effect of 
emotional state on depressive individuals’ subjective time 
perception of neutral stimuli using a temporal bisection 
task. This task was based on the inner temporal unit to 
measure time perception objectively and assumed that the 
speed of the internal clock of individuals with depression 
is slower than that of individuals without depression.2

Patients and Methods
Participants
The participants consisted of two groups: the clinical- 
depressive (CD) group and the non-depressive (ND) 
group. The CD group was recruited from a community 
mental health center and the ND group was recruited via 
a brief description of the experiment in an internet adver-
tisement. For the CD group, nineteen participants 
(females=11, Mean age=35.05, SD=7.99) were included 
who had a history of depressive disorders and were having 
a current depressive episode. The ND group consisted of 
twenty-two participants (females=12, Mean age=34.45, 
SD=3.69) who had no history of mental health problems 
and reported few depressive states. To confirm depressive 
state prior to the experiment, all candidate participants 
completed the Beck Depressive Inventory-second edition 
(BDI-II) and a mental health history.26 The level of 
depression of the CD group was rated severe (M=34.84, 
SD=11.95); on the other hand, the ND group exhibited 
minimal depressive states (M=5.77, SD=3.69). According 
to a brief interview, participants in the CD group were all 
diagnosed with major depressive disorder and the mean 
duration of disorder was 9.7 years (range from 2–27 
years). All of the CD group had at least one type of 
treatment and six individuals had a history of hospitaliza-
tion. Fourteen individuals received psychological counsel-
ing currently and/or in the past, and nineteen individuals 
were treating with medication for depression, anxiety, 
insomnia, or other conditions. Thirteen individuals 
reported comorbid disorders, including anxiety disorders 
(n=13), sleep disorders (n=6), eating disorders (n=2), and 
substance abuse disorders (n=1). Nine individuals had 
a family history of mental illness in parents (n=5), rela-
tives (n=3), siblings (n=2), or other family members (n=2; 
spouse, child).

Measurements
Self-Report Questionnaires
To measure the level of depression of participants, BDI-II 
was used. A total score of 13 or less means a low level of 
depression; on the other hand, a higher total score indi-
cates severe depressive symptoms. Cronbach’s α in this 
study was 0.96. The two types of anxiety were evaluated 
by STAI (State-Trait Anxiety Inventory).27 STAI-S mea-
sures state anxiety about the actual event and STAI-T 
measures trait anxiety like one’s personal characteristic. 
Total score ranges from 20– 80, with higher 
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scores indicating greater anxiety. Cronbach’ α was 0.96 for 
the STAI-S and 0.96 for the STAI-T in this study. To 
measure both positive and negative affect of participants, 
PANAS (The Positive Affect and Negative Affect 
Schedule) was used.28 This scale consists of two 10-item 
subscales: positive affect (PA) and negative affect (NA), 
rated on a 5-point scale. Cronbach’ α in the current study 
was 0.83 for the PA subscale and 0.96 for the NA 
subscale.

Experimental Stimuli
In this study, two types of emotion were produced by 
emotional video clips: sadness for negative emotion, 
happy for positive emotion. And these emotional video 
clips consisted of four categories which were classified by 
two axes of arousal (low to high arousal) and valence 
(negative to positive valence): positive-high arousal (PH), 
positive-low arousal (PL), negative-high arousal (NH), and 
negative-low arousal (NL). Based on previous studies, 
twenty-three video clips cut from part of a Korean movie 
were used for selection.23,29 At the first step of the selection, 
thirteen graduate students estimated the emotion, valence, 
arousal, and immersion state on each twenty-three video 
clips. To estimate emotion, participants had to choose one 
of the six basic emotion (happy, angry, sadness, fear, sur-
prise, and disgust) to judge which emotions they experi-
enced while watching the video clip.30 The level of valence, 
arousal, and immersion state were measured by Visual 
Analog Scale (VAS).31 The VAS consisted of 11 points on 
a 100 mm vertical line; valence scores ranged from 0 (very 
unpleasant) to 10 (very pleasant), arousal scores ranged 
from 0 (very relaxed) to 10 (very tense), and immersion 
scores ranged from 0 (never immersed) to 10 (very 
immersed). After that, twelve video clips were selected 
and were re-rated in the same way by sixty undergraduate 
students. Finally, four video clips were chosen for stimuli of 
the four categories and each video clip was matched to form 
a sequence of 3 minutes 30 seconds in length: PH (Forever 
the Moment), PL (The President’s Barber), NH (Heart 
is . . .), and NL (The Most Beautiful Goodbye). The score 
of each of the four video clips is presented in Table 1. 
During the experiment, the four video clips stimuli were 
presented on a 15-inch CRT monitor with a 60-Hz speaker 
from a distance of about 60 cm.

Manipulation Check
The manipulation check was conducted to identify 
changes in the emotional states (emotion, valence, arousal, 

immersion) produced by the video clip stimuli. After 
viewing the video clips, participants were asked how 
they were feeling while watching the video clip. To esti-
mate emotion, participants had to choose one of the six 
basic emotion: happy, angry, sadness, fear, surprise, and 
disgust. In addition, subjective valence, arousal level, and 
immersion induced by video stimuli were measured with 
the same kind of 11 points VAS which was used to choose 
experimental stimuli. Higher scores indicated a greater 
positive experience (happy), high level of arousal state, 
and immersion.

Time Perception Task
To measure the time perception objectively, a temporal 
bisection task was used. This task consisted of two phases: 
the practice phase, which teaches the participants to dis-
criminate between short and long durations of presented 
cue, and the test phase, which measures to discriminate the 
presented cue with various durations. In the task, a cross- 
fixation appeared for 500 ms on the monitor screen. Next, 
a blue circle with a 10 cm diameter was presented in the 
middle of the screen as a cue for judging the time. The cue 
of the practice phase was exposed for randomized dura-
tions of 400 or 1,600 ms and that of the test phase was 
exposed for randomized durations of 400, 600, 800, 1,000, 
1,200, 1,400, or 1,600 ms. After the cue disappeared, 
a left-arrow with the word “short” appeared on the left 
side of the screen and, simultaneously, a right-arrow with 
the word “long” appeared on the right side. The partici-
pants were asked to press the left-arrow if the blue circle 
was present for a short period of time or the right-arrow if 
the blue circle was present for a long period. Feedback 
was given following each trial in the practice phase to 
facilitate the participants’ learning, but it was not given 
in the test phase. The 10 trials of the practice phase were 
followed by 35 trials in the test phase. The value of base-
line of the time perception was measured by performing 
10 trials practice phase before viewing the video clips, and 

Table 1 Mean (±SD) for Valence, Arousal, and Immersion of 
Each Types of Stimuli

Type of Stimuli Valence Arousal Immersion

PH 7.97(±0.89) 7.30(±1.56) 7.80(±1.27)

PL 7.48(±1.09) 3.67(±2.01) 6.07(±1.57)

NH 2.93(±1.17) 7.27(±1.39) 7.73(±1.08)
NL 2.97(±1.07) 3.97(±2.30) 7.47(±1.61)

Abbreviations: PH, positive-high arousal condition; PL, positive-low arousal con-
dition; NH, negative-high arousal condition; NL, negative-low arousal condition.
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35 trials of the test phase was repeated four times after 
viewing each video clip. Therefore, each participant per-
formed 180 trials during the experiment. The temporal 
bisection task was presented using E-Prime 2.0 software 
(Psychology Software Tools, Inc).

Procedures
Each participant completed the experiment individually in 
a quiet laboratory, and the experimenters were blinded to 
the group difference of CD and ND. When participants 
arrived at the laboratory, they received information about 
the experimental procedure and completed the informed 
consent form. This was followed by a brief interview 
about their mental health history and the completion of 
the self-questionnaires including the PANAS and STAI-S. 
Subsequently, the time perception task was explained, the 
practice trials completed, and baseline time perception was 
measured at the practice phase. During the experiment 
phase, the participants viewed the video clips which were 
presented randomly, completed the time perception task, 
the manipulation check to confirm the level of induced 
emotional state, and were given a 5-minute break. The 
order of procedure from viewing the video clip to the 
break was repeated for each of the four types of video 
clip stimulus. The participants then completed a filler task, 
pressing the left-arrow whenever a circle appeared and the 
right-arrow whenever a square appeared on the monitor, 
for about 10 minutes to regain the initial mood state. 
Finally, they completed the PANAS and STAI-S question-
naires again. The entire experiment took approximately 
1 hour and 15 minutes, and the participants were debriefed 
and provided with monetary compensation.

Data Analysis
Chi-square tests were used to analyze differences in charac-
teristics of the CD and the ND groups. An independent 
sample t-test was used to analyze the group difference, and 
a paired sample t-test was used to analyze the differences 
between pre- and post-questionnaires for each group. The 
data from the temporal bisection task were compared 
between the two groups at baseline by calculating the 
Bisection Point (BP). The BP is a mid-point between the 
long and short length of presented durations. Based on the 0.5 
BP value, a small value of BP means the internal clock 
speeds up, whereas a large value means the internal clock 
slows down. For example, a 0.3 BP value indicates that 
participants judged time to pass quickly, whereas a 0.7 BP 
value indicates that participants judged time to pass slowly. 

In order to calculate the BP, we used the regression intercept 
and slope for each participant’s responses at baseline.13 In 
addition, one-way analysis of variance (ANOVA) was used 
to examine differences in the patterns of time perception 
between two groups at baseline.

The value of time perception for each stimulus condi-
tion was calculated using the formula “each BP of parti-
cipants in each condition – baseline BP.” The zero value 
indicates the time perception was the same as the baseline. 
More distance from the zero-value indicated more changed 
in time perception compared to the baseline. A positive 
value indicated that a participant perceived time passing 
more slowly that at baseline, while a negative value indi-
cated that a participant perceived time passing more 
quickly than at baseline. A 2 (group: CD or ND) between- 
subject factor x 2 (valence: positive or negative) x 2 
(arousal: high or low) within-subject factors mixed 
ANOVA was performed to identify differences in the pat-
tern of time perception. Post-hoc tests were done to exam-
ine interactions in more detail.

The data of individuals who misunderstood the instruc-
tions, scored below 50% on accuracy in the practice phase 
of the temporal bisection task, or responded randomly in 
the test phase were excluded in data analysis. The data of 
three individuals of the CD group were excluded; one 
individual with comorbid learning disorder scored below 
50% below in the practice phase and two individuals 
responded randomly in the test phase. All statistical data 
were analyzed with SPSS 17.0 for Windows.

Results
Sample Characteristics
There were no significant differences between the CD group 
and ND group in age (χ2(1)=3.11, P=0.078), gender (χ2(1) 
=0.83, P=0.362), marital status (χ2(1)=2.54, P=0.111), 
employment status (χ2(1)=0.02, P=0.888), and use of 
tobacco (χ2(1)=0.07, P=0.791) or alcohol (χ2(1)=0.51, 
P=0.475).

Characteristics of the Mood State
The significant difference of mood state measured by self- 
report questionnaires between the two groups were obtained. 
The CD group scored significantly higher on trait anxiety, 
state anxiety at pre-experiment, negative affective (NA) at 
pre-experiment, state anxiety at post-experiment and NA 
measured at post-experiment than the ND group. However, 
there were no differences between the two groups in positive 
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affective (PA) state at pre-experiment and PA at post- 
experiment (Table 2). As a result of a paired sample t-test 
between pre- and post-score of self-report questionnaires, no 
significant differences were observed: state anxiety (t(18) 
=2.08, P=0.052), PA (t(18)=1.17, P=0.257), and NA (t(18) 
=1.30, P=0.210) in the CD group. Additionally, there were 
no significant differences between pre- and post-experiment 
state anxiety (t(21)=0.21, P=0.836), PA (t(21)=0.35, 
P=0.730), and NA (t(21)=1.46, P=0.160) in the ND group.

Manipulation Check
The ND group had greater emotion recognition accuracy 
in the four conditions (PH, PL, NH, NL) than the CD 
group. With respect to the valence, arousal, and immer-
sion, in the PH condition, the ND group perceived signifi-
cantly greater positive valence than the CD group (t(21)= 
−2.74, P=0.012), but there were no differences in arousal 
(t(21)=−1.14, P=0.267) or immersion (t(21)=−1.89, 
P=0.073) between the two groups. In the PL condition, 
the ND group perceived significantly greater positive 
valence (t(21)=−9.88, P<0.001) and reported lower arousal 
(t(21)=3.34, P=0.003) than the CD group. However, there 
was no difference in immersion (t(21)=−1.73, P=0.098) 
between the two groups. Additionally, in the NH condi-
tion, the CD group perceived more significantly greater 
negative valence (t(21)=−2.18, P=0.041) and reported 
lower arousal (t(21)=−5.76, P<0.001) than the ND group. 
However, there was no difference in immersion (t(21)= 
−2.04, P=0.054) between the two groups. In the NL con-
dition, the CD group perceived significantly greater nega-
tive valence than the ND group (t(21)=−2.24, P=0.036). 
However, there were no differences in arousal (t(21)= 
−0.08, P=0.937) and immersion (t(21)=1.47, P=0.156) 

between the two groups. All finding scores are presented 
in Table 3.

Baseline and Each Stimulus Condition on 
Time Perception
A one-way ANOVA was used to examine differences in 
time perception at baseline between the two groups. The 
results showed that there was a significant difference of 
time perception between the two groups (F(1,39)=5.51, 
P=0.024), indicating that the CD group perceived time 
passing more slowly than the ND group.

To compare the time perception on each valence and 
arousal condition between two groups, a 2 (group: CD or 
ND) x 2 (valence: positive or negative) x 2 (arousal: high 
or low) mixed ANOVA was used. The results revealed 
a significant interaction effect among group, valence, and 
arousal (F(1,39)=6.02, P=0.019, η2

p=0.13). To examine 
this interaction in more detail, two separate ANOVAs 
were conducted to identify the patterns of time perception 
according to the valence and arousal condition for each 
group (Figure 1). In order to control the increase of the 
type I error, the significance level was set by applying 
alpha correction (0.05/6=0.008). As a result, in the CD 
group, there was a significant interaction effect between 
valence and arousal (F(1,18)=28.26, P<0.001, η2

p=0.61). 
In addition, there was no significant main effect of valence 
(F(1,18)=5.18, P=0.035, η2

p=0.22) but there was 
a significant main effect in arousal (F(1,18)=65.01, 
P<0.001, η2

p=0.78). The follow-up analyses revealed that 
the CD group perceived time passed more slowly in the 
NL condition compared to the PL condition (F(1,72)=9.37, 
P=0.003, and the NH condition (F(1,72)=32.99, P<0.001). 
On the other hand, there were no differences of time 

Table 2 Mean (±SD) for Self-Questionnaires Between the CD Group and the ND Group

CD (N=19) ND (N=22) t P

BDI-II 34.84 (±11.95) 5.77 (±3.69) 10.39 <0.001

STAI-T 57.75 (±15.31) 36.95 (±6.97) 5.54 <0.001

Pre-Questionnaires STAI-S 57.00 (±14.91) 35.59 (±7.53) 6.14 <0.001
PANAS-PA 27.47 (±8.95) 30.05 (±4.75) −0.97 0.345
PANAS-NA 31.00 (±12.61) 17.82 (±5.70) 4.28 <0.001

Post-Questionnaires STAI-S 49.74 (±15.13) 35.18 (±6.99) 4.06 <0.001
PANAS-PA 24.84 (±9.17) 29.59 (±6.11) −1.67 0.112

PANAS-NA 27.68 (±8.51) 16.09 (±5.82) 4.17 0.001

Abbreviations: CD, clinical-depressive group; ND, non-depressive group; BDI-II, Beck Depression Inventory-Second edition; STAI-S, State-Trait Anxiety Inventory-State 
Anxiety; STAI-T, State-Trait Anxiety Inventory-Trait Anxiety; PANAS-PA, The Positive Affect and Negative Affect Schedule-positive affect; PANAS-NA, The Positive Affect 
and Negative Affect Schedule-negative affect.
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perception between the PH condition and the NH condi-
tion (F(1,72)=0.90, P=0.346) and the PL condition (F 
(1,72)=3.00, P=0.088).

In the ND group, there were significant interaction 
effects between valence and arousal (F(1,21)=13.63, 
P=0.001, η2

p=0.39) and significant main effects of 
valence (F(1,21)=110.46, P<0.001, η2

p=0.84) and arousal 
(F(1,21)=43.57, P<0.001, η2

p=0.68). In follow-up ana-
lyses, it was found that the ND group perceived time 
passed more quickly in the PL condition than in the NL 
condition (F(1,84)=10.16, P=0.002), the PH condition 
compared to the PL condition (F(1,84)=24.73, P<0.001), 
and the NH condition compared to the NL condition (F 

(1,84)=43.70, P<0.001). On the other hand, there were no 
differences in time perception between the PH condition 
and the NH condition (F(1,84)=2.40, P=0.125). In addi-
tion, the results showed the main effects of valence (F 
(1,39)=53.30, P<0.001, η2

p=0.58), arousal (F(1,39) 
=79.82, P<0.001, η2

p=0.67), and group (F(1,39)=99.54, 
P<0.001, η2

p=0.72).

Discussion
The present study examined the effect of emotional state 
on depressive individuals’ subjective time perception of 
neutral stimuli using a temporal bisection task. To do this, 
emotional states were induced using four types of video 

Table 3 Accuracy of Emotional Perception and Mean (±SD) for Valence, Arousal, and Immersion on Each Stimulus

Group Type of Stimuli Accuracy Valence Arousal Immersion

CD PH 73.68% 5.58 (±2.89) 5.68 (±2.50) 6.26 (±2.98)
PL 68.42% 4.95 (±2.91) 3.63 (±3.09) 6.00 (±2.71)

NH 78.95% 2.47 (±2.06) 5.84 (±2.87) 8.37 (±1.21)
NL 78.95% 2.74 (±2.23) 3.37 (±2.77) 7.63 (±1.80)

ND PH 90.91% 7.36 (±1.50) 6.41 (±2.52) 7.68 (±1.81)
PL 94.45% 7.41 (±1.94) 3.05 (±2.63) 7.09 (±1.51)

NH 90.91% 3.55 (±1.57) 7.00 (±1.95) 9.50 (±2.11)

NL 94.45% 4.23 (±1.34) 3.55 (±2.04) 7.09 (±1.95)

Abbreviations: CD, clinical-depressive group; ND, non-depressive group; PH, positive-high arousal condition; PL, positive-low arousal condition; NH, negative-high 
arousal condition; NL, negative-low arousal condition.

Figure 1 The change of time perception in valence and arousal conditions between the CD group and the ND group. 
Notes: *P<0.01, **P<0.001. 
Abbreviations: CD, clinical-depressive group; ND, non-depressive group; PH, positive-high arousal condition; PL, positive-low arousal condition; NH, negative-high arousal 
condition; NL, negative-low arousal condition.
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clips which were composed of arousal and valence: PH, 
PL, NH, NL. Participants were asked to watch each type 
of video clip just before performing a temporal bisection 
task to induce emotional state, then they judged the flow of 
time of neutral stimuli.

The main results showed that, after mood induction, 
the depressive group perceived the time flows of neutral 
stimuli as slower than the non-depressive group in four 
stimuli condition as well as baseline. In accordance with 
previous studies, patients with depression generally per-
ceived time passing more slowly in a depressive mood 
state.2,5 The other main results revealed that the non- 
depressive group perceived time passed more quickly in 
the positive stimuli with high-arousal condition than in the 
positive stimuli with low-arousal condition. In contrast, 
the depressive group did not show different patterns of 
time perception according to the level of arousal in posi-
tive valence condition. These results suggest that various 
aspects of attention resources should be considered in 
relation to time perception. Zakay and Block16 explained 
that when the external or additional information which 
attracts attention increases, the cognitive load increases, 
so there are not enough attention resources flowing into 
the switch. As a result of this distraction, time perception 
may be shorter. In addition, these results may be due to the 
different tendency of response on emotional information 
between the two groups, as it is known that individuals 
with depression mood show higher insensitivity to positive 
emotions than non-depressive individual.32 It means that 
the non-depressive group was more attracted to positive 
stimuli than the depressive group. As they showed a high 
level of immersion to positive stimuli, the non-depressive 
group was likely to perceive the time quickly on temporal 
bisection task due to the prolongation of emotional assim-
ilation to positive stimuli.

On the manipulation check of stimuli, the depressive 
group was less accurate in emotion recognition than the 
non-depressive group. Specifically, the depressive group 
reported non-response, did not feel any emotion, or scored 
lower on the positive stimuli than the non-depressive 
group. The depressive group also perceived more negativ-
ity in the negative stimuli than the non-depressive group. 
These results coincide with previous results.7,33 Thus, 
these findings suggest that imbalanced emotional experi-
ences could influence the perception of time in individuals 
with depression, and this may be a result of differences in 
the emotional experiences in the two groups.

The previous studies suggested that the perception of 
time is a dual mechanism (attention and emotion) based on 
the arousal. In accordance with these theories, the current 
results showed that negative stimuli slowed the perception 
of time passing compared to positive stimuli in low- 
arousal conditions for both groups and, thus, these findings 
support the dual mechanism in low-arousal condition 
explanation.12,19 The dual mechanism theory also suggests 
that in the high-arousal condition, negative stimuli lead to 
an increase of the speed of the internal clock, while posi-
tive stimuli lead to a decrease in the speed. The response 
to negative stimuli is more related to survival than the 
response to positive stimuli, and increased threat level 
triggers an increase in the speed of the internal clock. 
However, the current study found that there was no sig-
nificant difference according to the valence in the high- 
arousal condition. This result is consistent with a previous 
study, which found the valence effect did not influence the 
perception of time in the high-arousal condition.12 It is 
possible to assume that humans can automatically show 
attention avoidance to negative stimuli for emotional reg-
ulation at high arousal level, so it is estimated that the 
attentional resources to perceive time become diminished, 
resulting in slower perception of time.20 Considering that 
the main factor in the operation of the internal clock is the 
arousal response and the role of valence is a modulating 
variable, our result suggests that the mechanism of time 
perception depends on the strength of arousal in the emo-
tional context.13,14

These findings have several implications. First, the 
current study investigated that valence and arousal factors 
could change the time perception in individuals with 
depression. Therefore, modifying the distorted time per-
ception considering the valence and arousal factors could 
be useful in alleviating the slowed perception of time and 
depression induced by this perception. Second, this study 
provides evidence that understanding the process of the 
perception of time requires consideration of the influence 
of valence and arousals on the model of the internal clock.

Despite its contributions, the present study has some 
limitations. First, the generalization of these results may be 
difficult due to the use of medication and comorbid dis-
orders in the CD group. Therefore, further research should 
be conducted with a large sample to control the extraneous 
variables. Second, the current study did not measure the 
other depressive symptoms such as cognitive and psycho-
motor functions, loss of energy, and ruminations.34,35 

Because these symptoms could influence the perception 
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of time, they should be considered in future studies. Third, 
this study did not measure whether the mood induction 
lasted the same amount of time for the depressive group 
and non-depressive group. Future research will need to 
check these aspects to clarify the effect of induced emo-
tional states on time perception.

Conclusion
The present study demonstrated that the perception of time 
was affected by valence and arousal factors in individuals 
with depression, as well as individuals without depression. 
These findings have implications for the treatment of 
depression. It is important to consider valence as well as 
arousal in the treatment of depression to remedy the dis-
torted perception of time and change the emotional experi-
ences in individuals with depression. In addition, the 
results suggest an extension of the theoretical internal 
clock model through the inclusion of the effects of valence 
and arousal.
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