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 Abstract 
 The main aim of this study was to investigate the influence of stimulus duration manipulations of pictures 

expressing universal six basic emotions by using a prospective paradigm including verbal estimation and 
reproduction tasks. The study was conducted with 75 participants (47 female and 28 male) who verbally 
estimated and reproduced the duration of emotional facial expressions (anger, fear, sadness, disgust, 
surprise, happiness and neutral) presented for different durations (500, 1000, 1500, and 2000 ms). In each 
presentation duration, durations of all emotional facial expressions were perceived to be shorter than target 
durations and temporal distortions increase with duration of intervals. On the other hand, durations of all 
emotional facial expressions except the sadness facial expression were perceived longer than the duration of 
neutral facial expression. According to internal clock model and in the context of arousal and attention, 
tendency to underestimate the duration of emotional stimuli compared to target duration was consistent 
with an attentional model while tendency to overestimate duration of the emotional stimuli compared to 
duration of neutral stimulus was consistent with the arousal based model. The findings of this study 
suggested that in regard to the effects of emotional facial expressions on time perception, not only the 
involvement of effects emanating from arousal and attention but also memory and decision making 
processes could have an effect due to the type of temporal task difference.   

 .Keywords: Time perception, attention, arousal, emotional facial expressions. 
 

Öz 
 Bu çalışmanın amacı, evrensel olarak kabul edilen 6 temel duyguya ait yüz ifadelerinin sunum süresi 

değişimlenmesinin zaman algısı üzerindeki etkisini, zaman aralığı yeniden oluşturma ve süreyi sözel tahmin 
etme yöntemleri aracılığıyla incelemektir. Araştırma, dört farklı sunum süresinde (500, 1000, 1500 ve 2000 
ms) sunulan yüz ifadelerinin (kızgınlık, korku, üzüntü, tiksinme, şaşkınlık, mutluluk ve nötr) sözel olarak 
tahmin edilmesi ve yeniden üretilmesini içeren iki farklı yöntemle 75 gönüllü öğrenci (47 Kadın ve 28 Erkek) 
ile yürütülmüştür. Her bir sunum süresinde, tüm duygusal yüz ifadeleri hedef süreye göre kısa algılanmakta 
ve sunum süresi artıkça zamansal bozulmalar artmaktadır. Öte yandan, tüm duygusal yüz ifadeleri, üzüntü 
yüz ifadesi hariç, nötr yüz ifadesinden daha uzun algılanmaktadır. İçsel saat modeli ile dikkat ve genel 
uyarılmışlık düzeyi bağlamında, yüz ifadelerinin hedef süreye göre kısa algılanması dikkat kaynaklı modelle; 
nötre göre daha uzun algılanması ise genel uyarılmışlık düzeyi kaynaklı modelle daha uyumlu görünmekte-
dir. Duygusal yüz ifadelerinin zaman algısı üzerindeki etkisinde, genel uyarılmışlık düzeyi ve dikkat kaynaklı 
ortak etkilerin yanı sıra, zamansal yöntem türlerindeki farklılıklardan kaynaklanan bellek ve karar verme 
süreçleri de etkili olabilmektedir. 
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MANY cases in daily life require the ability of time estimation. The ability of estima-
ting the passing of time is important for perceptive, cognitive and motor functions for 
people and other living beings (Meck 2005, Lake et al. 2016). Even though there is no 
specific sensory organ for perceiving time, the behavioral and cognitive processes requi-
red for sustaining our daily lives are closely related with time perception and the ability 
to use it properly. People have different neural systems for the appropriate processing 
and perception of multiple time intervals such as milliseconds, seconds, minutes and 
hours. Thus, time estimation plays a significant role in decision making, attention, 
language processing and motor control at the millisecond level; and in assessment of 
environmental stimuli, processes of adapting to the environment, sport and art activi-
ties, and sleep-wake cycle at the second, minute and hour levels (Meck 2005, Grondin 
2010).  

One of the oldest models on how living things perceive time in their dynamic envi-
ronment is the internal clock model of Triesman (1963). This model that was later 
developed by Gibbon et al. (1984) with an information processing approach (Scalar 
Expectancy Theory); is comprised of the clock component made up of a pacemaker, 
switch and accumulator as well as memory (working memory and reference memory) 
and decision making components (Droit-Volet and Meck 2007). Following the infor-
mation on the start of temporal events (e.g. with the presentation of the stimulus for 
the assessment of duration) the pulses generated by the pacemaker (tics of the clock), 
are transmitted to the accumulator and stored here after the switch between the pace-
maker and the accumulator is closed. Later, as output the number of pulses are transfer-
red to the memory system and compared with a reference value at there, and then, that 
output is transferred to the decision making component and a reaction is generated 
with regard to whether the stimulus duration is short or long (Allman and Meck 2012, 
Bahadırlı et al. 2013). 

The workings of the pacemaker and switch in the internal clock model are also af-
fected from the arousal and attention. Accordingly, while an increase in arousal level 
results in the speeding up of the pacemaker, and thus, generating more pulses leading 
to the perception of time as if it is longer; contrarily, a decrease in the arousal level leads 
to the slowing down of the pacemaker, hence, generation of less pulses and in turn 
perception of time as shorter (Leujene 1988, Buhusi and Meck 2009). On the other 
hand, attention effects the opening and closing of the switch. This effect, also, leads to 
changes in the number of pulses accumulated in the internal clock. According to the 
time-sharing hypothesis, attention related resources are shared between stimuli and 
tasks when a second task or more attractive stimulus is introduced during the carrying 
out of a temporal task and thus fewer sources are allocated to temporal processes. The-
refore, resources of attention focused on time decrease in cases of distraction by emoti-
onal stimuli which have an effect on arousal and attention and the duration of emotio-
nal stimuli is perceived as shorter. On the contrary, the duration of emotional stimuli is 
perceived as longer in cases when attention can be focused on the temporal process 
(Lejeune 1988, Buhusi and Meck 2009, Johnson and Mackay 2018). 

On the other hand, it is also known that the emotional state or the emotional di-
mension of the stimuli play an important role on time perception with regard to the 
relationship between time perception and emotion (Angrilli et al. 1997, Droit-Volet, et 
al. 2004, Gil and Droit-Volet 2011, Mella et al. 2011). For example, whereas time 
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flows faster for most of people when they are happy; it slows down when they are afraid 
or angry. The effect of emotion on attention and the perception of time are studied by 
pictures, emotional facial expressions and emotional sounds in studies carried out with 
regard to the relationship between emotion and time perception (Angrilli et al. 1997, 
Droit-Volet, et al. 2004, Gil and Droit-Volet 2011, Mella et al. 2011). It is important 
what emotion is in these studies and how it is defined. Researchers who consider what 
emotion is by way of a dimensional approach generally emphasize the dimensions of 
arousal and valence (pleasant/unpleasant or positive/negative) (Lang et al. 1993); whe-
reas researchers with a more evolutionary approach claimed that there various funda-
mental categories of emotion (happiness, sadness, anger, surprise, fear and disgust) 
(Ekman and Friesen, 1969, 1971). Each of the fundamental categories of emotion may 
be distinguished from each other with regard to the elements of dimensional approach. 
For example, anger, fear and disgust have negative valence and high arousal; happiness 
has a positive valence and high arousal; whereas sadness has a negative valence and low 
arousal (Droit-Volet and Meck 2007, Droit-Volet and Gil 2009). There are findings 
which indicate that the duration of negative emotional facial expressions is perceived 
longer in comparison with the duration of positive emotional facial expressions (Droit-
Volet et al. 2004, Gil et al. 2007). 

The attention model and the arousal model which are derivatives of the internal 
clock model assert that the differences in time perception suggested by internal clock 
model studies result from the processes of attention and arousal (Zakay and Block 
1996, Gautier and Droit-Volet 2002, Droit-Volet et al. 2004, Effron et al. 2006, 
Droit-Volet and Meck, 2007, Gil et al. 2007, Tipples 2008, 2011, Lui et al. 2011). 
There are many studies carried out with different test methods on the effect of emotio-
nal stimuli on the perception of time (Angrili et al. 1997, Droit-Volet et al. 2004, 
Tipples 2008, Gil and Droit-Volet 2011). These studies have tried to explain the effect 
of emotional stimuli on perceived duration by attention, arousal, attention-arousal 
interaction and negative-positive emotion based effects.  

The studies assuming that the effect of emotions on time perception is due to the 
arousal, and emotional facial expressions used as stimuli with durations of 400 ms and 
1600 ms indicate that the durations of emotional stimuli are perceived for longer peri-
ods of time relative to durations of neutral stimuli (Droit-Volet et al. 2004, Droit-Volet 
and Meck 2007). It was found also in another study carried out by Effron et al. (2006) 
in accordance with the arousal based effect that even though it was not observed in the 
experiment group, the durations of emotional events in the control group were percei-
ved as longer than those of neutral events and that emotions had maximum effect on 
the perceived duration in anger condition. Even though it was found in previous studies 
that the arousal based effect has an effect on the perceived time, it was also shown that 
the emotion type may also have an effect. For example, though not finding an effect for 
disgust facial expression; compared to the duration of neutral facial expression, the 
anger facial expression duration was perceived as the longest followed by the durations 
of happy and sad facial expressions (Droit-Volet et al. 2004, Effron et al. 2006, Gil et 
al. 2007, Bar-Haim et al. 2010, Gil and Droit-Volet 2011).  

On the other hand, studies assuming that the effect of emotions on time perception 
is attention based have shown that the duration is perceived shorter than it actually is 
when attention shifts from temporal processing to another process (Gautier and Droit-
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Volet 2002, Coull et al. 2004). Lui et al. (2011) carried out such a study in which 5 
experiments have been conducted using reproduction and comparison of duration 
methods for the emotional sound and picture stimuli with auditory and visual modality. 
As the result of the study, it was shown that the stimulus durations following emotional 
stimuli are perceived as shorter compared to the stimulus durations following the neut-
ral stimuli. In addition, the study by Angrili et al. (1997) explaining the effect of emo-
tions on time perception with the interaction of arousal and attention has added the 
dimensions of emotion to the relationship between time perception and emotion. In 
this study, reproduction and verbal estimation methods were used for showing the 
effect of the valence and arousal dimensions of emotional pictures presented at durati-
ons of 2 s, 4 s, and 6 s on perceived duration.  

In conclusion, it is suggested in these studies that the duration of emotional visual 
or emotional auditory stimuli are perceived for longer durations of time compared to 
neutral stimuli and that negative emotional stimuli are perceived for longer durations of 
time compared to positive or neutral stimuli. On the contrary, it is found in the atten-
tion based condition that the durations of stimuli are perceived as shorter when emoti-
onal stimuli affect attention. 

The effect of emotions on cognitive functions such as attention and memory are 
quite varied due to both their dimensional characteristics and the fact that they can be 
classified under various basic emotion categories each of which has a function for survi-
val. This complexity increases with the addition of the perception of time into the 
equation thus leading to many different findings observed in literature. There is a need 
for more controlled studies in order to understand the emotion-time perception inte-
raction. Accordingly, the main aim of the present study is to examine the effect of 6 
basic emotions accepted as universal on the perception of time via “reproduction” and 
“verbal estimation” which are among the prospective paradigm methods. Another aim 
is to examine effect of the changes in the duration of emotional facial expressions on 
the perception of time within the context of attention and arousal mechanisms. In this 
study, it is planned, in a controlled manner, to shed light on the complex relationship 
pattern between emotion and time perception through the main and common effects of 
the stimuli related to six basic emotions in four different stimulus durations and two 
different time estimation methods. Moreover, it is considered that the study will cont-
ribute to the current literature since it is one of the first studies carried out with a Tur-
kish sample group. 

Method 
Sample 
A total of 98 volunteer students comprised of 63 female and 35 male students at Hacet-
tepe University with ages ranging between 18-25 could be reached within the scope of 
the study. However; the final sample group was composed of 75 (M=20.23, SD=1.56, 
47 females and 28 males) volunteer students after participants with psychiatric or neu-
rological disorder history which may have an effect on their cognitive functions and 
those with reports for medication use; those with scores of 17 and above from the Beck 
Depression Inventory (BDI) applied for determining the depression symptom level and 
those with scores of 55 and above from the State-Trait Anxiety Inventory (STAI) 
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applied for determining the anxiety level and making up a total of 23 participants (16 
Females and 7 Males) were excluded. Table 1 shows a summary of the means and 
standard deviations for the demographic characteristics and neuropsychological test 
scores of the participants. Signed informed consent forms were obtained from all the 
participants prior to the applications. In addition, ethical approval of the study was 
obtained for the study from Hacettepe University Ethics Commission (24.07.2015 – 
3585372/431-2300). 
Table 1. Demographic characteristics and scores  of neuropsychological tests 

Variable Experiment 
Age M =20.23, SD =1.56 
Sex  Female=47, Male=28 
Hand Preference    Right=72, Left= 3 
BDI Score M =8.6, SD =4.32 
STAI Score M =42.82, SD =4.89 

BDI: Beck Depresion Inventory; STAI: State-Trait Anxiety Inventory. 

Measures 
Beck Depression Inventory (BDI) 
A 21 item scale developed for measuring the severity of depression symptoms via self-
assessment (Beck et al. 1961). The minimum and maximum scores that would be taken 
from the scale are 0 and 63 and the cutoff point is 17. The Turkish adaptation, validity 
and reliability studies for the Beck Depression Inventory used in the present study were 
performed by Hisli (1988). Accordingly, the split-half reliability for the inventory was 
found to be as 0.74, internal consistency coefficient as 0.80 and as an indication of 
construct validity, the correlation between the inventory and the depression scale of 
MMPI was reported be highly significant (r=0.63, p<.001).  
State-Trait Anxiety Inventory (STAI) 
The State-Trait Anxiety Inventory developed by Spielberger et al. (1970) for determi-
ning the state and trait anxiety levels of individuals is comprised of two sub-tests as 
“State Anxiety Inventory” and “Trait Anxiety Inventory” with twenty items each. Tur-
kish adaptation and standardization studies for the inventory were carried out by Öner 
and Le Compte (1983). Accordingly, the reliability coefficient of the inventory was 
found between 0.83 and 0.87 for Trait Anxiety Inventory; between 0.94 and 0.96 for 
State Anxiety Inventory; whereas test-retest reliability was found between 0.71 and 
0.86 for Trait Anxiety Inventory and between 0.26 and 0.68 for State Anxiety Inven-
tory. Öner (1997) applied the scale to normal and patient (anxious) groups and consi-
dered the difference between the two groups (p<.001) as well as the correlation coeffici-
ents between the scale item scores and total scores at the significant levels of p<.001 as 
indication of construct validity.   
Pictures of Facial Affect 
Emotional facial expressions used as stimuli in the tasks were selected from among 
facial expression photos included in the Pictures of Facial Affect (POFA) produced by 
Ekman and Friesen (1976). The set used has photos for six basic emotions (happiness, 
fear, disgust, surprise, sadness, and anger). The set contains a total of 110 photos of 
different facial expressions of 14 individuals (8 females, 6 males). The photos are prin-
ted on a grey background in black and white color with dimensions of 384 x 570 pixels. 
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In a pilot study, the set has been evaluated prior to the main study with regard to re-
cognizing the emotions. Considering also the age levels of the individuals in the photos, 
a total of two photos, 1 for male (10.06 %) and 1 for female (7.38 %), with lowest 
recognition error ratio were selected for each emotion and sex. Table 2 represents the 
valence and arousal mean and standard deviations for these photos (a total of 14 photos 
with 6 emotional and 1 neutral facial expression photo for one female and one male) 
from the pilot study. . 
Table 2. Values of valance and arousal of emotional facial expressions used in experiment (N=50) 

 Valance Arousal 
 Unpleasant (1) --- Pleasant (9) Calm (1) --- Excited (9) 
Emotion Type F2 M1 F2 M1 
Anger 2.72±1.59 2.68±1.24 6.00±1.94 6.08±1.97 
Fear 2.04±1.07 2.84±1.26 7.08±1.77 6.76±1.74 
Sadness 3.54±1.51 3.26±1.24 4.58±2.24 4.80±1.86 
Disgust 2.60±1.43 2.48±1.18 5.70±1.63 4.80±1.87 
Surprise 3.80±1.28 4.08±1.28 5.74±1.84 6.46±1.72 
Neutral 4.50±1.18 5.18±1.02 3.34±2.03 3.34±2.01 
Happiness 7.28±1.64 6.70±1.54 5.96±2.28 4.98±2.28 

F: Female; M: Male 

Experimental Design 
The effect of emotional facial expressions on time perception in the study was examined 
by within-subject manipulation of independent variables of Task Type, Emotion Type 
and Presentation Duration. A repeated measures factorial design was used in the study 
as 2 (Task Type: Verbal Estimation Task, Reproduction Task) x 7 (Emotion Type: 
Anger, Fear, Disgust, Sadness, Surprise, Happiness, Neutral) x 4 (Presentation Dura-
tion: 500 ms, 1000 ms, 1500 ms, 2000 ms).   

The dependent variable is the relative duration value used in verbal estimation and 
reproduction tasks indicating temporal performance which is measured by the accuracy 
index.  

 
Relative duration value approaching 0 indicates an increase in the accuracy of dura-

tion estimation; whereas positive or negative relative duration values indicate that the 
target duration is perceived as either longer or shorter (Angrilli et al. 1997, Noulhiane 
et al. 2007). 

Procedure 
The experiments were done individually between 10.00 am – 16.00 pm in a suitable 
room that was appropriately arranged for light and sound. After receiving the signed 
informed consent forms from the participants, Demographic Form, BDI and STAI 
were applied. The temporal tasks and stimuli were presented on the computer screen 
with using E-prime 2.0 Professional (Psychology Software Tools, USA).  

The experiment started with training phase. Even though experimental and trai-
ning phases were the same with each other procedurally, they differentiated from each 
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other with respect to the 2 facial expression photos used as stimuli (1 female and 1 
male) and the stimulus presentation durations (500 ms, 1000 ms, 1500 ms, 2000 ms). 
In the training phase, the participants were asked to estimate the duration (250 ms - 
2250 ms) of neutral stimulus (pink triangle) for the verbal estimation task and to type 
the stimulus duration, different from those of the experiment phase, on the numeric 
keyboard in milliseconds and then to confirm this answer by pressing “ENTER” but-
ton. The participants were informed that the stimulus presentation durations vary 
between 100 ms to 2500 ms and the stimulus presentation durations were randomly 
presented 5 times. This procedure was followed by the reproduction task during which 
the participants were asked to reproduce the same stimulus durations by pressing a 
certain button once. 

Whereas it was indicated during the experiment phase that the participants will 
carry out the same tasks as those in the training phase using stimuli included emotional 
facial expressions. The presentation duration of each facial expression was manipulated 
in four different ways (500 ms - 1000 ms - 1500 ms - 2000 ms). Each of the 7 facial 
expressions of the same 2 individuals (1 female and 1 male) were presented once for 
each task during the experiment and 112 trials were carried out for the two tasks with 
56 trials per task. Emotional facial expression presentation durations were manipulated 
randomly among those four durations. The order of the tasks was balanced among the 
participants. The verbal estimation task consists of the presentation of the facial expres-
sion used as the stimulus on the screen (between 500 ms - 2000 ms) followed by an 
empty screen (interval between the stimuli), followed by the text “READY” displayed 
on the screen and entering the duration in milliseconds in the box on the screen and 
hitting “ENTER” for confirmation. The duration of empty screen and the duration of 
the “READY” text screen were both manipulated randomly among 1000 ms, 1250 ms, 
and 1500 ms. 

 
Figure 1. A depiction of the temporal tasks in experiment  

On the other hand, the reproduction task started with the presentation of the facial 
expression followed by an empty screen, the word “READY” and one other empty 
screen again. After this flow, a square was displayed on the screen with the same di-
mensions and background color as those of the stimulus pictures. Participant should 
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have responded to that square with pressing “SPACE” button on the keyboard when 
s/he thought that the square presentation duration was now the same with the presen-
tation duration of the previous facial expression stimulus. Once s/he responded, the 
square was disappeared on the screen, and then, a new trials began. The first empty 
screen presentation durations were again randomly manipulated between 1000 ms-1500 
ms and the presentation duration of the word ‘’READY’’ text on the screen was mani-
pulated randomly among 500 ms, 600 ms, and 750 ms.  

The stimulus presentation durations were manipulated differently during the trai-
ning phase in comparison with the presentation durations of the stimuli during the 
experiment for the prevention of a temporal reference. Similarly, the display time of the 
first empty screen during temporal tasks (1000 ms, 1500 ms), the display time of the 
word ‘’READY’’ text on the screen (500 ms, 600 ms, 650 ms) and the display time of 
the second empty screen (750 ms, 850 ms, 900 ms) were manipulated for preventing 
temporal reference. The assumption that the period of time required for comparison 
and analysis in the working memory regarding the duration of time that has passed and 
that the time interval during which the perceptual flow of time takes place is less than 
the 3 s – 5 s interval (Block and Gruber 2014) was taken as reference for manipulating 
the inter-stimulus interval (ISI). Therefore, the inter-stimulus interval was determined 
randomly for each trial with the minimum value of 1 s and the maximum value of 3 s. 
In addition, the display durations of the empty screens were manipulated as (500 ms-
900 ms) since two empty screens were used during the reproduction task. The partici-
pants were informed at the beginning of the experiment that the stimulus presentation 
durations would be changed between 100 ms and 2500 ms. No feedback was given to 
the participants about accuracy of their responses during the tasks. Written information 
was obtained from the participants at the end of the study regarding whether they used 
a certain strategy during the verbal estimation and reproduction tasks and, if they did, 
what were those strategies were also needed to be reported. The temporal tasks in the 
experiment are presented schematically in Figure 1. 
Table 3. Summary of relative duration means and standart errors for variables 
Variable Name  M ± SE Post Hoc Comparisons 
Emotion Type Anger 0.12 ± 0.02  

Fear 0.11 ± 0.02 Fear> Sadness, p=.02 
Sadness 0.15 ± 0.02 Anger> Sadness, p=.07 
Disgust 0.11 ± 0.02 Disgust> Sadness, p=.06 
Surprise 0.12 ± 0.02  
Neutral 0.13 ± 0.02  
Happiness 0.03 ± 0.02  

Presentation Duration 
(ms) 

500 ms (A) 0.02 ± 0.03 A>B, A>C, A>D, p=.000 
1000 ms (B) 0.11 ± 0.02 B>C, B>D, p=.000 
1500 ms (C) 0.16 ± 0.02 C>D, p=.002 
2000 ms (D) 0.20 ± 0.02  

TaskType* Presenta-
tion Duration (ms)   

REPT 500 (E) 0.11 ± 0.03 E>F, E>G, E>H, p=.000 
REPT 1000 (F) 0.03 ± 0.02 F>G, F>H, p=.000 
REPT 1500 (G) 0.14 ± 0.02 G>H, p=.000 
REPT 2000 (H) 0.19 ± 0.02  

REPT: Reproduction Task. 
 



Erdoğan and Baran  184 
 

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry 
 

Statistical Analysis  
During the study for all 75 participants, 4200 relative duration value measurements 
were taken for each task including “verbal estimation” and “reproduction” tasks. Thus, 
there were 8400 trials as total in the study. The relative duration means for 75 individu-
als in total obtained at the level of each independent variable were examined by 2x7x4 
three-way repeated measure ANOVA. 

 
Figure 2. The relative duration means of emotional facial expressions for the Emotion Type variable and emotional 
facial expressions relative to neutral facial expression 

Results 
The effects of Task Type, Emotion Type and Presentation Duration variables on rela-
tive duration values were analyzed with by 2x7x4 three-way repeated measures variance 
analysis.  Prior to the anaylses, the dataset was screened for missing, incorrect data 
entrance and outliers. Greenhouse-Geisser (GG) corrected F-tests were used when the 
sphericity assumption was violated and; Bonferroni corrected results were reported for 
post hoc comparisons in order to prevent the Type I error that might stem from the 
multiple-comparison effect. According to ANOVA results; the main effects of Task 
Type (F(1, 74)=9.28, p=.000, η2p=0.11), Emotion Type (F(6, 444)=2.67, p=.01, η2p 
=0.03) and Presentation Duration (F(1.44, 106.86)=34.91, p=.000, η2p =0.32, 
GGε=0.48) variables on relative duration value are significant. For interaction effects, 
only the Task Type*Presentation Duration interaction effect is significant (F(1.62, 
119.75)=21.68, p=.000, η2p=0.23, GGε=0.54). Based on the post hoc comparisons for 
the Task Type variable; mean relative duration (M= -0.06 ms, SE=0.02) in the Repro-
duction Task is significantly greater than that of the Verbal Estimation task (M=-0.19 
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ms, SE=0.04). Since, both relative duration means were in the negative direction, there 
were underestimation of time for all stimuli. But relative to Verbal Estimation Task, in 
the Reproduction Task emotional stimuli were more overestimated compared to target 
duration. 

For the Emotion Type variable; there was a statistically significant difference 
between only the mean of fear related facial expression and the mean of sadness related 
facial expression (p=.02). When considering mean rative durations of all emotion cate-
gories, the longest time estimation was found for the fear (M=-0.11 ms, SE=0.02) and 
the shortest time estimation was found for the sadness (M=-0.15 ms, SE =0.02). The 
order of emotional facial expressions from the longest to the shortest with respect to the 
target duration is as follows: fear (M=-0.11 ms, SE=0.02), disgust (M=-0.11 ms, 
SE=0.02), anger (M=-0.12 ms, SE=0.02), surprise (M=-0.12 ms, SE=0.02), happiness 
(M=-0.13 ms, SE=0.02), neutral (M=-0.13 ms, SE=0.02) and sadness (M=-0.15 ms, 
SE=0.02). The fact that the relative duration means of all facial expressions are in the 
negative direction indicates that these stimuli are perceived as shorter than the target 
duration. Similarly, the emotional facial expressions can be ordered from the longest to 
the shortest perception with respect to neutral face category as fear (M=0.02 ms, 
SE=0.02), disgust (M=0.02 ms, SE=0.02), anger (M=0.01 ms, SE=0.02), surprise 
(M=0.01 ms, SE=0.02), happiness (M=0.01 ms, SE=0.02) and sadness (M=-0.02 ms, 
SE=0.02). Therefore, all facial expressions, except for sadness, were perceived as longer 
than the neutral facial expression. Moreover, negative facial expressions (fear, anger and 
disgust) were perceived as longer in comparison to the positive facial expression (happi-
ness) excluding the sadness related facial expression. The sad facial expression category 
which was found to be significantly different in this study is perceived as shorter than 
negatively valenced other the facial expressions of fear, anger and disgust (See. Figure 
2).   

 
Figure 3. The relative duration means of emotional facial expressions for the presentation duration variable 

There was a statistically significant difference between all duration intervals (500 
ms, 1000 ms, 1500 ms, 2000 ms) for the Presentation Duration variable (p <.05). The 
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estimated stimulus durations increase linearly starting from 500 ms (M=-0.02 ms, 
SE=0.03) towards 1000 ms (M=-0.11 ms, SE=0.02), 1500 ms (M=-0.16 ms, SE=0.02) 
and 2000 ms (M=-0.19 ms, SE=0.02) (See Figure 3). In all these duration levels, it is 
seen that there is a shorter perception of the duration of emotional facial expressions 
and temporal performance deterioration increases as the duration level increases.    

With regard to the significant Task Type*Presentation Duration interaction effect; 
whereas there was no statistically significant difference between the duration intervals 
for the Verbal Estimation Task; a statistically significant difference was found at all 
duration levels for the Reproduction Task (p=.000). While there was an overestimation 
in the positive direction (M=0.11 ms, SE=0.03) for the Reproduction Task; there was 
an underestimation in the negative direction starting from 1000 ms (M=-0.03 ms, 
SE=0.02), in 1500 ms (M=-0.14 ms, SE=0.02) and in 2000 ms (M=-0.19 ms, SE=0.02) 
(See Figure 4). While there was longer reproduction times in short durations, shorter 
reproduction times were observed in longer durations.   

 
Figure 4. Bar graph of the relative duration means of emotional facial expressions for the Task Type*Presentation 
Duration variable 

The findings obtained from the study indicate that task type, different emotion ty-
pes and different presentation durations have an effect on time perception. Not obser-
ving significant triple interaction effect of task type, emotion type and presentation 
duration indicate that emotion type is not effective at different duration intervals and 
task types. Table 3 presents the summarized data for the findings with regard to main 
and interaction effects obtained as a result of the 2x7x4 repeated measures ANOVA in 
the Verbal Estimation and Reproduction Tasks for relative duration values. 

Discussion 
The aim of the present study is to examine the effect of universal 6 basic emotions on 
time perception with regard to attention and arousal mechanisms by using “verbal 
estimation” and “reproduction” methods of the prospective paradigm. Parallel to litera-
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ture, the most important finding of this study is that while all emotional and neutral 
facial expressions are perceived as shorter compared to the target duration at each pre-
sentation duration in both temporal tasks used; emotional facial expressions (except for 
sadness) are perceived as longer in duration compared to neutral facial expression. 
While the tendency to underestimate the duration of emotional stimuli compared to 
target duration is consistent with the attention based model, tendency to overestimate 
duration of the emotional stimuli compared to duration of neutral stimulus is consistent 
with with the arousal based model. The fact that perception is shorter at all duration 
intervals in comparison with the target duration indicates that the participants may 
have reached the target duration earlier thinking that “time is running faster”. In the 
participants who perceive the estimated time shorter with respect to the target time, the 
temporal evaluations now approach to the target time due to perceiving the time longer 
than the neutral face expression in the presence of emotional facial expressions. In 
conclusion, the people are quite sensitive in estimating temporal differences to adapt to 
their environments. Thus, the variation in subjective time indicating the decision ma-
king ability of individuals in temporal processing information is observed to be consis-
tent with overestimation (Droit-Volet and Gil 2009, Gil and Droit-Volet 2011).  

On the other hand, other important findings of this study are that even though the 
main effect of emotion type is statistically significant, this effect is only due to the 
difference between the sadness and the fear related facial expression and that the sad-
ness expression is perceived as shorter in comparison with the neutral facial expression 
and that the longest estimation is for the fear facial expression and that temporal distor-
tion is observed in the disgust facial expression. From the perspective of the valence and 
arousal, perceiving shorter durations for sad facial expression with respect to the neutral 
facial expression (i.e. underestimation) are inconsistent with the findings of studies 
supporting the arousal model. According to these studies, overestimation supports the 
assumptions of the arousal based model; but, underestimation of duration of the sad 
facial expression with respect to the neutral one supports the assumptions of the atten-
tion based model. The sadness related facial expression used in this study has a low level 
of arousal and a negative valence. Time perception is affected from attention related 
processes during the presentation of stimuli with low arousal. According to the assump-
tions of the attention models in time perception; the complex and different stimulus 
durations are observed to be in accordance with the expectation of a shorter time per-
ception since significant attention resources are required for the processing of the sti-
mulus itself (Angrili et al. 1997). The shorter time estimation for sadness category 
compared both to the neutral one and to other negative facial expressions such as dis-
gust, anger and sadness might be resulted from the fact that the sadness emotion is 
related with low arousal level and that it emerges together with other emotions such as 
anger and shame (Droit-Volet, 2013). Therefore, the recognition and temporal proces-
sing of this emotion requires greater attentional resources than other mentioned emo-
tions above, which inturn, may cause to decrease of attentional resources for time pro-
cessing itself for sad facial expression.  

The finding that fear facial expression has the longest estimation duration is obser-
ved to be in accordance with the findings of the pilot study done for the assessment of 
the valence and arousal values of the picture set (POFA) used in this study. Accor-
dingly, fear expressions had the highest arousal level at there, so that, the longest esti-
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mation for the fear facial expression may be related with an arousal based effect. The 
finding of this study indicating that threatening emotional stimuli such as fear and 
anger are perceived as longer in time compared to neutral stimuli this study as well in 
comparison with emotional stimuli is in accordance with the other studies done by 
Tipples (2008, 2011) using the emotional facial expressions for fear and anger together; 
by Gil and Droit-Volet (2011) using only the anger facial expression; by Bar-Haim et 
al. (2010) using only the fear facial expression and the study done by Droit-Volet et al. 
(2004) using the facial expressions for anger and other emotional facial expressions 
without using the facial expression for fear. This overestimation results in changes in 
internal clock mechanisms due to the effect of the high arousal levels of threatening 
stimuli which can be explained by the fact that individuals are ready to react early to 
threatening stimuli. 

Another finding of this study indicates that duration estimations for emotional sti-
muli compared to target duration decrease with the increased presentation durations. 
Emotional facial expressions, except the sadness, are perceived as shorter with increa-
sing presentation duration with respect to the neutral facial expression, and they are 
perceived as shorter with respect to the target duration can be explained by relating the 
duration estimations with the arousal for short durations and relating with attention 
mechanisms for longer durations due to the return of the arousal to the basic level (Bar-
Haim et al. 2010). In addition, the assumption that temporal processing is affected by 
automatic processes such as arousal for short durations and by cognitive processes such 
as attention for longer durations are supported by these findings (Gil and Droit-Volet 
2011). Threatening emotional stimuli such as fear and anger may also be perceived as 
longer due to the effect of automatic processes and the high arousal level by making fast 
adaptive response required for adapting to the environment and also the triggering of 
the defense mechanism (Droit-Volet and Gil 2009). Moreover, emotional stimulus 
(fear) at a level of 500 ms is perceived as longer due to the effect of the arousal. 
However, there is a shorter time estimation for the emotinal stimuli longer than 1 s. 
That short estimation occurs with the effect of the diminution in the attention given to 
time as a result of the increment in the attention resources for emotional stimuli as well 
as the decrement in the effect of the arousal level of emotional stimuli in durations 
longer than 1 s (Smith et al. 2011). It has been observed that overestimation due to the 
effect of emotional facial expressions results in less temporal distortion at the 500 ms. 
However, the type of emotional facial expressions attracts greater attention with increa-
sing duration thereby resulting in a greater decrease in the attention given to time. This 
leads to even shorter perception in durations estimated with respect to target durations. 
The fact that short perception with respect to target duration increases with increasing 
duration level for emotional stimuli in general indicates that the effect of the arousal 
level for emotional facial expressions is limited. The arousal level of emotional facial 
expressions due to their nature remains at the tonic level with increasing duration level 
and it is observed to result in perceiving the estimated durations as shorter with respect 
to target durations by taking on a distracting task with effect on attention processes. 
The increment in temporal distortion with increasing duration is a scalar property 
assuming that the variation in duration estimations is proportional to duration intervals. 
Accordingly, the variation in duration estimations will increase with increasing dura-
tion. In addition, the increase in temporal distortion with increasing duration is also in 
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accordance with Vierordt’s Law. Vierdordt’s Law states that relatively short time inter-
vals tend to be overestimated and long ones tend to be underestimated (Woodrow, 
1934, cited from Lee et al. 2011). This law emphasizes the effect of temporal context. 
Meaning that estimations regarding the duration of a stimulus is subject to the actual 
presentation duration of that stimulus, however; the presentation of the same stimulus 
at different presentation intervals may lead to changes in estimations regarding the 
stimulus duration (Lee et al. 2011).  

When compared with the findings of this study for verbal estimation and reproduc-
tion tasks, it has been observed that the duration estimations for both temporal met-
hods have been observed as shorter than the target duration for all conditions. This 
undersetimation has been interpreted as the effect of the attention function that emer-
ges with the use of visual stimulus presentations for prospective paradigms and tasks. 
Moreover, it has been shown that underestimation is observed in the reproduction task 
in comparison with the verbal estimation task (Angrili et al. 1997). Researchers claimed 
that the reproduction task which includes pressing a button increases attention to time. 
Temporal performance in reproduction task is related with attention and updating for 
keeping the target duration in mind and working memory since it contains executive 
functions such as accessing information and switching set (Mioni et al. 2016, Ogden et 
al. 2014). The effect of attention and working memory is less for the verbal estimation 
task since the target duration estimation requires only access to information and hence 
differentiations in the internal clock level can be carried out more effectively. Cognitive 
transformation (determining the perceived duration at millisecond level) was carried out 
for perceiving the difference in target duration and the estimated duration during the 
verbal estimation task. It is considered that this cognitive transformation function has 
an effect on the temporal functions of the participants due to its effect on attention 
even though it requires less attention and memory resource in comparison with the task 
of reproducing the duration by pressing a button in the reproduction task. Another 
reason may be that the stimulus duration is perceived as shorter due to the fact that 
attention is directed more to emotional stimuli rather than temporal processing in 
verbal estimation task. In line with these results, it is considered that short perception 
due to the decrease in attention to temporal processing since emotional facial expressi-
ons and cognitive transformation use more attention and cognitive resources. In addi-
tion, the linear increase in shorter perception with increasing duration for especially the 
reproduction task among both tasks leads us to think that it may be due to the more 
complex processes related with duration estimations for longer durations in comparison 
with shorter durations. While the processing of shorter durations is a more automatic 
process; the processing of longer durations is a more complex process since it requires 
memory and attention resources. Estimated durations tend to decrease more due to the 
fact that the increase in duration level includes complex processes with greater cognitive 
load such as keeping the temporal information in working memory with attending its 
start and end, decision making and comparison. Thus, more cognitive processes are 
required for generating the responses to duration estimations over longer durations 
(Angrili et al. 1997, Droit-Volet and Gil 2013).  

In conclusion, findings of the present study are partially consistent with the fin-
dings of other time perception studies which have also inconsistent findings due to 
using of different methods, emotional stimuli types and presentation duration intervals. 
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Moreover, it is also important for putting forth that the effect of emotional facial 
expressions on time perception was not only related with attention or arousal mecha-
nism as well as the interaction effects of these mechanisms. It is showed that memory 
and decision making processes could also be effective with regard to the effect of emo-
tional facial expressions on time perception in addition to the effects of arousal and 
attention based effects.  

One of the limitations of the present study was using six different emotional facial 
expressions of only one female and one male. Also, arousal level of emotional facial 
expressions is short lived. For controlling arousal level produced by perception of emo-
tional facial expressions that could be used physiological measurements in addition to 
behavioral measurements. In this study, data were obtained from 75 participants becau-
se of that increasing the number of participants may be efficient for the insignificant 
interaction effects during the power analyses and also for the generalizability of the 
study results. Young age of the sample group and the exclusion of psychiatric and neu-
rological symptoms without psychiatric interviews was another limitation. As the final 
limitation of the study, even though using counting strategy of participant during tem-
poral tasks for durations shorter than 2 s, it was determined based on the feedback of 
the participants at the end of the study that the counting strategy has been used. For 
this purpose, it is suggested that use more effective methods for future studies. 

References 
Allman MJ, Meck WH (2012) Pathophysiological distortions in time perception and timed performance. Brain, 135:656-677. 
Angrilli A, Cherubini P, Pavese A, Manfredini S (1997) The influence of affective factors on time perception. Percept Psychophys, 

59:972-982. 
Bahadırlı B, Tutuğ C, Ceviz H, Çalıyurt O (2013) Zaman algısı ve psikiyatrik bozukluklar. Psikiyatride Güncel Yaklaşımlar, 5:355-

377. 
Bar-Haim Y, Kerem A, Lamy D, Zakay D (2010) When time slows down: The influence of threat on time perception in anxiety. 

Cogn Emot, 24: 255-263. 
Beck AT, Erbaugh J, Ward CH, Mock J, Mendelsohn M (1961) An inventory for measuring depression. Arch Gen Psychiatry, 4:561-

571.  
Block RA, Gruber RP (2014) Time perception, attention, and memory: a selective review. Acta Psychol (Amst), 149:129-133. 
Buhusi CV, Meck WH (2009) Relative time sharing: new findings and an extension of the resource allocation model of temporal 

processing. Philos Trans R Soc Lond B Biol Sci, 364:1875-1885. 
Coull JT, Cheng R, Meck WH (2011) Neuroanatomical and neurochemical substrates of timing. Neuropsychopharmacology, 36:3–

25. 
Ekman P, Sorenson ER, Friesen WV (1969) Pan-cultural elements in facial displays of emotion. Science, 164:86-88. 
Ekman P, Friesen WV (1971) Constants across cultures in the face and emotion. J Pers Soc Psychol, 17:124-129. 
Ekman P, Friesen WV (1976) Pictures of facial affect. Palo Alto, CA, Consulting Psychologists Press. 
Droit-Volet S, Brunot S, Niedenthal P (2004) Perception of the duration of emotional events. Cogn Emot, 18:849-858. 
Droit-Volet S, Meck WH (2007) How emotions colour our time perception of time. Trends Cogn Sci, 11:504–513. 
Droit-Volet S, Gil S (2009) The time-emotion paradox. Philos Trans R Soc Lond B Biol Sci, 364:1943-1953. 
Droit-Volet S (2013) Time perception, emotions and mood disorders. J Physiol Paris, 107:255-264. 
Effron D, Niedenthal PM, Gil S, Droit-Volet S (2006) Embodied temporal perception of emotion. Emotion, 6:1-9. 
Gautier T, Droit-Volet S (2002) Attention and time estimation in 5-and 8-year-old children: A dual-task procedure. Behav 

Processes, 58:57-66. 
Gil S, Niedenthal PM, Droit-Volet S (2007) Anger and time perception in children. Emotion, 7:219-225. 
Gil S, Droit-Volet S (2011) “Time flies in the presence of angry faces”… depending on the temporal task used! Acta Psychol 

(Amst), 136:354-362. 
Grondin S (2010) Timing and time perception: A review of recent behavioral and neuroscience findings and theoretical directions. 

Atten Percept Psychophys, 72:561-582. 



191 Basic Emotional Facial Expressions on Time Perception 
 

Psikiyatride Güncel Yaklaşımlar - Current Approaches in Psychiatry 
 

Hisli N (1988) Beck Depresyon Envanteri’nin geçerliği üzerine bir çalışma. Psikoloji Dergisi, 6:118-122. 
Johnson LW, MacKay DG (2018) Relations between emotion, memory encoding, and time perception. Cogn Emot, 33:1-12. 
Lake JI, LaBar KS, Meck WH (2016) Emotional modulation of interval timing and time perception. Neurosci Biobehav Rev, 64:403-

420. 
Lang PJ, Greenwald MK, Bradley MM, Hamm AO (1993) Looking at pictures: Affective, facial, visceral, and behavioral reactions. 

Psychophysiology, 30: 261-273. 
Lejeune H (1998) Switching or gating? The attentional challenge in cognitive models of psychological time. Behav Processes, 

44:127-145. 
Lee KH, Seelam K, O'Brien T (2011) The relativity of time perception produced by facial emotion stimuli. Cogn Emot, 25:1471-

1480. 
Lui MA, Penney TB, Schirmer A (2011) Emotion effects on timing: attention versus pacemaker accounts. PLoS One, 6:e21829.  
Meck WH (2005) Neuropsychology of timing and time perception. Brain Cogn, 58:1-8. 
Mella N, Conty L, Pouthas V (2011) The role of physiological arousal in time perception: psychophysiological evidence from an 

emotion regulation paradigm. Brain Cogn, 7:182-187. 
Mioni G, Stablum F, Prunetti E, Grondin S (2016) Time perception in anxious and depressed patients: A comparison between time 

reproduction and time production tasks. J Affect Disord, 196: 154-163. 
Noulhiane M, Mella N, Samson S, Ragot R, Pouthas V (2007) How emotional auditory stimuli modulate time perception. Emotion, 

7:697-704. 
Ogden RS, Wearden JH, Montgomery C (2014) The differential contribution of executive functions to temporal generalisation, 

reproduction and verbal estimation. Acta Psychol (Amst), 152:84-94. 
Öner N, Le Compte A (1985) Durumluk-Sürekli Kaygı Envanteri El Kitabı. İstanbul: Boğaziçi Üniversitesi Yayınları.   
Öner N (1997) Psikolojik Testler. İstanbul, Boğaziçi Üniversitesi Yayınları. 
Smith SD, McIver TA, Di Nella MS, Crease ML (2011) The effects of valence and arousal on the emotional modulation of time 

perception: evidence for multiple stages of processing. Emotion, 11:1305-1313. 
Spielberger CD, Gorsuch RL, Lushene RE (1970) STAI: Manual for the State Trait Anxiety.  Palo Alto, CA, Consulting Psychologists 

Press. 
Tipples, J. (2008) Negative emotionality influences the effects of emotion on time perception. Emotion, 8:127-131. 
Tipples J (2011) When time stands still: fear-specific modulation of temporal bias due to threat. Emotion, 11:74-80. 
Zakay D, Block RA (1996) The role of attention in time estimation processes. In Advances in Psychology: Time, Internal Clocks and 

Movement, 1st ed (Eds MA Pastor, J Artieda):143-164. Holland, Elsevier. 
 

Authors Contributions: All authors attest that each author has made an important scientific contribution to the study and has assisted with the 
drafting or revising of the manuscript. 
Ethical Approval: The study was approved by the Local Ethics Committee. Written informed consent was obtained from all participants. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest:  No conflict of interest was declared by the authors. 
Financial Disclosure: The authors declared that this study has received no financial support. 

 


	Method
	Sample
	Measures
	Beck Depression Inventory (BDI)
	State-Trait Anxiety Inventory (STAI)
	Pictures of Facial Affect

	Experimental Design
	Procedure
	Statistical Analysis 

	Results
	Discussion
	References

