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Abstract 

 

An emotionally involved event may subsequently appear shorter than an event of relative 
indifference for people. How are time-related behaviors influenced while people are 
emotionally affected? The purpose of this study was to test if ongoing estimates and 
retrospective reports of duration are similarly affected by emotional states. To test, 30 s 
emotional video clips were rated for Valence and Arousal by six participants. The videos 
were then used in a timing experiment where a new set of participants (twenty-five persons) 
carried out a repetitive motor timing paradigm while watching the videos and subsequently 
reported the perceived duration of the clip. In each of ten trials, participants first 
synchronized to a 700 ms isochronous interval with their index finger, and then continued 
unsupported as five different video clips were played in sequence, with each clip lasting 
30s. At the end of each trial, participants reported their retrospective duration judgment 
of every video clip, and rated every video chip for Valence and Arousal. Emotion ratings 
suggested that the videos affected the subjects’ emotional states. Repetitive motor timing 
was not reliably affected by emotional states. Instead, retrospective reports of durations 
were affected by emotional states such that the durations estimated under high arousal 
conditions were significantly longer than those under low arousal conditions. The 
difference in results between repetitive motor timing and retrospective reports may be 
accounted for by the interval of 700 ms being too short to be cognitive-related.  

Keywords: Timing, emotion, Arousal, Valence, emotional videos.  

  

Abstrakt 

 

En emotionellt laddad händelse kan i efterhand förefalla kortare än en händelse man var 
likgiltig inför. Men hur påverkas ens tidsmässiga beteende medan man är emotionellt 
påverkad? Syftet med den här undersökningen var att testa om pågående tidsmässigt 
beteende och retrospektiv tidsupplevelse påverkas på samma sätt av emotionella tillstånd. 
För att undersöka frågan konstruerades först ett stimulusmaterial bestående av 30 s 
videoklipp som skattades av sex deltagare med avseende på valens (eng. valence) och 
upphetsningsgrad (eng. arousal). Videoklippen användes sedan i ett timing-experiment 
där tjugofem nya deltagare utförde en repetitiv motoruppgift medan de tittade på klippen 
och sedan återgav hur långa varje klipp var. I tio omgångar synkroniserade deltagarna först 
till ett 700 ms isokront intervall med ett pekfinger och fortsatte sedan utan intervallstöd 
medan fem olika videoklipp spelades upp. Efter varje omgång rapporterade deltagarna 
tidslängden på varje videoklipp och skattade varje klipp med avseende på valens och 
upphetsningsgrad. Emotionsskattningarna visade att videoklippen påverkat deltagarnas 
känslotillstånd. Prestationen i den repetitiva timing-uppgiften påverkades inte signifikant 
av emotionellt videoinnehåll men däremot påverkades de retrospektiva rapporterna. 
Deltagarna skattade klipp med hög upphetsningsgrad som längre än klipp med låg 
upphetsningsgrad. En anledning till att den repetitiva timing-uppgiften inte påverkades 
kan vara att repetitiv produktion av 700 ms som är för kort för att vara kognitivt-relaterade. 

Nyckelord: timing, emotionell, Arousal, Valence, känslor video. 

 

  



 

HOW EMOTIONAL VIDEOS INFLUENCE MOTOR TIMING AND 
RETROSPECTIVE DURATION JUDGEMENTS 

 

Timing permeates human activities and is one of our most fundamental abilities. 
In real life, there are many factors may influence our sense of time. For instance, 
people have a way of saying that time flies when feeling happy, and that time 
speeds up in unsafe circumstances such as when we are threatened. This 
phenomenon indicates that humans can be biased in their time judgments 
when experiencing strong emotions (Droit-Volet & Meck, 2007). In the present 
study, I investigated how emotion influenced timing in humans. Effects of 
Emotional Valence and Arousal on motor timing and time perception were 
studied. Emotional videos were used as the stimuli. The study connects with 
several influential theories and studies on timing, and they are discussed below. 

 

Central timer accounts-Internal Clock Model and The Scalar Expectancy 
Theory 

Central timer accounts of timing are highly influential as frameworks fortiming 
in humans. According to the Internal Clock Model (Creelman, 1962; Gibbon, 
Church & Meck, 1984; Treisman, 1963), people are assumed to have a clock 
inside, and estimate time by doing “timing with a timer”. It claims the clock 
constitutes an internal source of time sensation and behavior. The temporal 
process depends on four interconnected devices: a clock, a working memory 
store, a reference memory store, and a comparator. The clock faces external 
stimuli and it is directly influenced by external stimuli. The other three devices 
are related to internal processing in the brain. Since this study discussed the 
relation between timing and external stimuli, the clock stage was mainly 
focused on. The clock consists a pacemaker, an accumulator and a switch. The 
pacemaker is in charge of generating or emitting neural pulses to the 
accumulator. The accumulator is in charge of accumulating and calculating 
pulses. The switch is located between the pacemaker and the accumulator, and 
it manages the accessing of the pulses. Once an event is timed by a human, the 
switch opens, thus allowing the pulses emitted by the pacemaker to enter the 
accumulator. When the event ends, the switch closes and stops the pulse 
transmission. The longer time the person is exposed to the stimulus, and the 
greater the number of pulses emitted and accumulated in the accumulator, the 
longer is the duration sensed to be. (Droit-Volet & Meck, 2007). Moreover, in 
the research on temporally controlled behavior in animals, it has often been 
found that animals’ timing obeys the scalar property (Weber’s law). It suggests 
that duration judgments are proportional to the length of the duration being 
timed. Furthermore, there is also a linear correlation between the mean of the 
duration judgments and the standard deviation (SD) of the duration judgments. 
In other words, when the interval being timed increases, the standard deviation 
of duration judgments should increase too (Treisman, 1963). This model is 
known as the Scalar Expectancy Theory (SET; Gibbon, 1977; Gibbon, Church & 



 

Meck, 1984). Even though this theory was derived from animal researches 
originally, it has now been widely used in timing studies on human beings 
(Allan & Gibbon, 1991; Malapani & Fairhurst, 2002). 

 

The Attentional Gate Model was firstly introduced by Zakay and Block 
(1996). This theory is based on the Internal Clock Model. It states that an 
attention-driven gate is located between the switch and the accumulator in the 
internal clock. The attention-driven gate opens widely when a human put more 
attention on time during a duration, and a higher number of pulses are emitted 
and accumulated in the accumulator subsequently. And the duration could be 
potentially overestimated. On the contrary, if the attention of a human 
is directed to non-temporal information during a duration, the opening of the 
attention-driven gate is narrowed. In that case, fewer pulses could be emitted 
and accumulated, and the perception of time is shortened. (Zakay, 1992, 1993). 

 

SET and AGM are regarded as the most influential theories which 
explain how the internal timing mechanism changes and works in the presence 
of external stimulus. Obviously, emotional stimulus is one kind of external 
stimulus. SET and AGM theories would be useful for explaining how emotional 
stimuli influence human beings’ “internal clock” in this study. 

 

Emotion and timing  

It appears humans could be inaccurate in their time judgments under the 
influence of emotions. For example, we normally feel that time drags when 
being criticized by the boss but flies when chatting with our friends. However, 
relating timing to emotion in general might not be a good idea as emotion can 
imply several different things. 

 

According to the dimensional theories of emotion (Barrett, 2006), 
emotion may be categorized into two dimensions; arousal and valence 
(Greenwald, Cook, & Lang, 1989; Lang, Greenwald, Bradley, & Hamm, 1993). 
The Arousal-Valence dimensions are typically the two strongest factors that 
come out from factor analysis and are very well established constructs (Barrett, 
2006). Arousal refers to a general physical and psychological state, and is 
related to alertness. Arousal is regarded to be the result of stimulation. The 
stronger the stimulation, the more arousal is elicited. Valence refers to whether 
an event, an object, or a situation is attractive or aversive. For instance, news 
on children abuse is probably considered to have "Negative Valence". On the 
other hand, a photo of a lovely countryside view typically produces "Positive 
Valence" (Barrett, 2006).  

 



 

Arousal may be modulated by drugs, which have also been shown to 
affect time judgments. Meck and colleagues studied various drug effects on 
motor timing (Meck, 1983). Psychiatric drugs were used in this study to 
modulate Arousal levels (Meck, 1983). Participants’ Arousal level was raised by 
having psychostimulants, such as cocaine and methamphetamine, resulting in 
that the short duration (2 s) was underestimated and the long duration (8 s) 
was overestimated. On the contrary, participants’ Arousal level was decreased 
by having antipsychotics in the study, such as haloperidol and pimozide, 
leading to the short duration (2 s) being overestimated and the long duration 
(8 s) being underestimated (Meck, 1983). 

 

      It has been indicated that Arousal plays a crucial effect on influencing 
timing (Droit-Volet, 2004; Noulhiane et al.,2007). Droit-Volet et al. (2004) 
demonstrated that estimates of the duration of emotional faces increased with 
increasing Arousal level during encoding. These results were consistent with 
the interpretation that Arousal induced by emotional stimuli increases the 
internal clock speed. Noulhiane et al. (2007) recently found that emotional 
sounds were judged longer than neutral sounds for durations up to 4 s. In his 
study, neutral and emotional sounds rated for Arousal and Valence were 
adopted to explore the impact of emotions over timing in verbal estimations 
and reproduction tasks with stimulus periods lasting between 2 s and 6 s. 
Emotional stimuli were perceived as longer than the neutral stimuli in this 
study.  

 

As summarized so far, Arousal appears to influence time judgments, but 
the effect of Arousal on timing might be slightly more complicated. Specifically, 
Arousal might interact with other emotional qualities. In the study of Angrilli et 
al. (1997) how emotional content interacted to affect time perception were 
tested. Standardized photographic slides rated for emotional valence and 
arousal were used. In the test, participants were divided into two groups and 
they were required to view different emotional images for 2, 4, and 6 s. After 
viewing the images, one group estimated the duration using an analog scale 
while the second group reproduced the intervals via pushing a button. It is 
claimed in the study that two manners of reporting time (pushing button or 
using analog scale) affected time judgments and the influence of emotion on 
time-estimates, and “the analog scale method led to more accurate absolute 
duration judgments than did the interval reproduction method, but it led also 
to a larger variance” (Angrilli et al., 1997). The time estimation outcomes 
presented neither a main Arousal nor a single Valence effect, but the duration 
judgments were affected by a Valence × Arousal interaction. Specifically, 
positive images were estimated as longer than negative images when low 
Arousal stimuli were presented during encoding, but the pattern of results 
reversed when high Arousal images were showed: estimates of negative images 
were longer than estimates of positive ones. 



 

 

Two research paradigms: motor timing and retrospective timing 

Motor timing is one of the fundamental timing tasks which human beings 
exhibit, which focuses on ongoing time estimates. Human beings get used to 
judge intervals and then keep pace in their daily life. For example, we usually 
follow the beats when music is being broadcasted, and we normally sway to 
the rhythm when we dance. But how emotions affect motor timing is not well 
known. 

 

Retrospective duration judgment refers to duration judgments made 
after the estimated event has ended. People need to use their memory about the 
event to make the judgment. Judging how much time has passed retrospectively 
is a very common task. We may estimate the length of the film we have just 
watched, or we usually estimate how much time we used to drive from work to 
home after the trip. The retrospective duration judgment paradigm is widely 
used in timing and emotion studies (Bisson et al., 2012; Droit-Volet et al., 2011; 
etc.). For example, Droit-Volet et al. (2011) used emotional films (9 min) to 
induce mood. Precisely, films inducing a specific mood were given to the 
participant before two pairs of duration conditions (200/800 or 400/1600-ms) 
were subsequently given. The participants were required to estimate the 
durations retrospectively at the end of every trial. The results showed that there 
was no difference in timing through watching either the neutral control films or 
the sad films. On the contrary, the stimulus duration was judged longer after 
viewing a frightening film. The result indicated that the speed of the internal 
clock system was changed by watching frightening films and resulted in a 
lengthening effect. 

 

As it is mentioned above, researchers mainly focus on the relation 
between emotion and retrospective timing (Bisson et al., 2012; Droit-Volet et 
al., 2011; etc.), but it is novel to investigate emotional effects on motor timing. 
It would be interesting to do the comparison between emotional effects on 
motor timing and on retrospective timing. In other words, this comparison 
gives a way to investigate whether ongoing estimates and retrospective reports 
of duration are similarly affected by emotional states. 

 

An Influential Factor: different lengths of durations 

Several different duration lengths have been used in tests of the relationship 
between emotion and timing (Bisson et al., 2012; Droit-Volet et al., 2011; etc. 
According to Vierordt (1868; in Block & Gruber, 2014), human estimates of 
time are biased because of the different lengths of durations used. He indicated 



 

that the subjects tended to underestimate long durations and overestimate 
short durations, and his law could be applied from seconds to years. In a recent 
study, Block and Gruber extended the works of Vierordt (1868; in Block & 
Gruber, 2014) and found that the actual duration has important effects on the 
duration estimate. There is a difference between processes implicated in 
durations less than about 3 to 5 s and processes implicated in longer durations.     

   

Evidence from neuroimaging also indicated that sub-second duration 
judgments and multi-second judgments might reflect output from distinct 
neural systems (Lewis & Miall, 2003). Sub-second durations judgments were 
considered as automatic timing, whereas judgments in the multi-second range 
were considered to be cognitively controlled (Lewis & Miall, 2003). Duration 
measurements in the sub-second range are directly linked to the motor and pre-
motor circuits, with some involvements of the auditory cortex (Lewis & Miall, 
2003). The neural construct of an “automatic system” is not cognitive-related, 
indicating that short interval estimate would hardly be influenced by external 
stimulus.  

 

No matter from Meck’s theoretical perspectives or from neuroimaging 
evidence, it is indicated that timing functions operate in different ways 
depending on the lengths of their durations. The relation between emotion and 
timing becomes more complicated for this reason. It seems it would be 
important to investigate the effect of the lengths of durations used, when we 
test and discuss the relation between emotion and timing. 

 

Research gist and research design 

Stimuli selection  

Emotional videos rated for Valence and Arousal levels were used as the 
stimuli in the study, which were not used frequently in previous studies. The 
International Affective Picture System (IAPS; Bradley, 1995) which was 
designed for experimental emotion investigation was typically used in studies 
of timing and emotion. Actually, IAPS pictures were used in an initial pilot 
attempt, but the attempt suggested IAPS pictures were not strong enough to 
induce sufficient Arousal or Valence effects. Therefore, emotional videos, which 
were regarded as a more efficient means of eliciting emotional responses, were 
used. A pilot test was therefore carried out to identify video clips (Experiment 
1) to be used the proper timing test (Experiment 2).   

 

Duration selection  

In this study, 700 ms was chosen for motor timing tasks. In Meck’s and 
Lewis and Miall’s partition, 700 ms belongs to “short duration”. Angrilli (1997) 



 

suggested that, in interval reproduction (motor timing) tasks, short intervals 
(less than 4 s) would be more suitable than long intervals (more than 4 s). That 
is because specific and elaborate cognitive process would be involved for long 
intervals, such as memory, comparison and decision, and individuation of 
durations. Based on this theory, it would be difficult to test the effects of 
emotion, if the interval should be reproduced is more than 4 s (Angrilli, 1997). 
30 s was chosen for the retrospective timing tasks in this study. No matter in 
Meck’s or in Lewis and Miall’s partition, 30 s should be included into long-
duration (Meck, 1868; Lewis & Miall, 2003). The author holds that a 30 s 
emotional video clip is long enough to show a distinct and sufficient episode, 
which is suitable to be an emotional stimulus. 

 

Special aspects of this research  

As mentioned , there are some studies on emotion and retrospective 
timing (Bisson et al., 2012; Droit-Volet et al., 2011; etc.), but the investigation 
of emotional effects on motor timing is new territory (Lu et al., 2017). In this 
study, I focused on emotional effects on motor timing (700 ms) and on 
retrospective timing (30 s), and the comparison between them. To test the effect 
of emotional states on the repetitive motor timing, a synchronization-
continuation paradigm was used. In the synchronization phase, participates 
were required to produce intervals by matching their timed responses to a 
metronome. No emotion video was exposed to participants in the 
synchronization phase, and no data was collected in this phase. That was 
different from the synchronization-continuation paradigm in previous works 
(Provasi & Droit-volet, 2015). The reason for this change was that the emotional 
state was assumed to be fairly neutral in the synchronization phase without 
concurrent video. In addition to that assumption, we also had the explicitly 
neutral emotional conditions within the continuation set for comparison. In 
other words, the comparison between neutral and other emotional conditions 
could be all collected in the continuation phase, so there was no need to collect 
data from the synchronization phase. Secondly, having synchronization being 
neutral supposed make it a reasonable neutral reference point against the other 
conditions. Thus, the effect of emotion on timing could not be related to 
encoding differences from the intervals which were synchronized. Therefore, in 
this study, the participants were just exposed to the metronome beats and 
reproduced the duration of the target interval by tapping a button without 
viewing any emotional stimulus in the synchronization phase. In the 
continuation phase, participants were asked to continue to produce the same 
intervals as in the synchronization phase, and were given various emotional 
videos simultaneously. Temporal accuracy (mean and standard deviation in 
timing) was recorded and for testing the effect of emotional states. Without the 
metronome beats in the continuation phase, it was believed that the subjects 
could be totally involved into the emotional states.  

 



 

Hypothesis 

It had been predicted that 30 s retrospective task would be to validate that the 
emotional stimuli induced sufficient timing effects (Bisson et al., 2012; Droit-
Volet et al., 2011; etc.) in this study. How emotion influence motor timing which 
is a new research territory would also be tested in this study. Though comparing 
results from the motor timing tasks and from the retrospective timing tasks, it 
would be tested and discussed that whether ongoing estimates (motor timing) 
and retrospective reports of durations are similarly affected by emotional states. 
The detailed hypothesizes of the study were as follows. 

 

Hypothesis 1. Regardless of Valence, some studies (Droit-Volet, 2004; 
Noulhiane et al., 2007; etc.) maintained that Arousal played a crucial role for 
time perception. Therefore, it was assumed in the present study that the 
durations of the high Arousal stimulus would always be regarded longer than 
the low Arousal ones, under both the positive and the negative conditions, and 
in both the motor timing and the retrospective timing tasks. 

  

      Hypothesis 2. In terms of retrospective timing, it has been found that a 
Valence × Arousal interaction effect on retrospective timing in the study of 
Angrilli in 1997. To be more precise, Angrilli’s results showed that when high 
Arousal video clips were presented, the estimates of the negative video clips 
were longer than the estimates of the positive ones; but under the low Arousal 
conditions, the negative video clips were estimated shorter than the positive 
ones. In the present study, it would be tested that whether there would also be 
a Valence × Arousal interaction effect on retrospective timing which has been 
proved in Angrilli’s study. 

 

Hypothesis 3. Previous studies (Bisson et al., 2012; Droit-Volet et al., 
2011; etc.) indicated that the emotional stimuli induced sufficient timing effects 
in retrospective timing. But motor timing (700 ms) may operate under rather 
different conditions. This may be because the length of the duration (700 ms) 
should be included into “short durations” (Meck, 1868; Lewis & Miall, 2003), 
which belongs to the “automatic system”. As mentioned above, the neural 
construct of “automatic system” is not cognitive-related, indicating that short 
interval estimates would hardly be influenced by external stimulus (Lewis & 
Miall, 2003). It could be tested in this study that whether the effect of emotion 
on timing in the sub-second range would be violated. In other words, it was 
assumed that we could not see the effects of different emotion states on timing 
in the sub-second range in this study.  

       

  

http://dict.youdao.com/w/territory/#keyfrom=E2Ctranslation


 

Experiment 1 

Method 

      Participants 

Six participants took part in the video rating test (age 24 to 60, three men and 
three women, mean age 34 years).  

 

Ethical considerations 

The study was approved by the local ethical board (EPN: 2014/110-31Ö), and 
the guidelines of the Helsinki declaration were followed. The participants were 
informed about the purpose and the contents of the study. Especially they were 
informed that some videos would be exposure in the experiment are revolting 
and frightening. The participants could leave the experiment at any time 
without further motivations, and their participations were completely voluntary. 
The data collected from them would be processed confidentially. If they agreed 
to participate, they signed a form of consent. 

 

      Apparatus and stimuli 

Neutral and emotive video clips were chosen to resemble the standardized 
pictorial stimulus set known as the International Affective Picture System 
(IAPS; Bradley, 1995). One hundred and fifty videos were downloaded from 
“Youtube.com”, and the duration of them were cut to 30 s each in the editing 
program “Video Pad”. Clips with fairly high image and sound quality were 
chosen. The clips were selected to fit into one of the five types of emotional 
content namely “high negative”, “high positive”, “natural”, “low positive” and 
“low negative” as judged by the author and a co-working student (Marie 
Antonson). There were 30 clips in each of the categories. The test for ratings 
was carried out on a PC running windows 7 operative system. In-house 
developed Matlab code, which utilizing the Psychtoolbox library (Brainard, 
1997; Pelli, 1997; Kleiner et al, 2007), was used for the video presentation.  

 

      Procedure 

One hundred and fifty clips were displayed to the participants in a random 
order, and the participants were required to write down their ratings 
immediately after viewing each video clip. The rating included a Valence rating 
and Arousal rating. In terms of Valence, “1” represented highly negative, “2” 
represented pretty negative, “3” represented neutral, “4” represented pretty 
positive, and “5” represented highly positive. Similarly, with regard to the 
Arousal ratings, “1”, “2”, “3”, “4” and “5” indicated the level of Arousal low, a 
little low, medium, pretty high, high, respectively. 



 

Results 

One hundred fifty video clips were rated by the six participants according to 
their Arousal and Valance. Fifty video clips were selected and were categorized 
into five categories, “high negative”, “high positive”, and “natural”, “low positive” 
and “low negative”. Each of the five categories contained ten video clips. The 
video clips were selected because all of the participants consistently agreed that 
they belong to a certain category. For example, “video-3” was rated as high-
arousal and highly positive (Valance) by all the participants, and they were 
selected into the category “high positive”. Considering the reliability of the 
selection, consistency policy was employed in the selection. That is, it was 
emphasized that if any of the video was selected, all of the participants should 
agree that. 

 

All the six participants were students from Umeå University, the same as the 
twenty-five participants in experiment. Gender is also considered during the 
selection of the participants. Three females and three males were selected in 
experiment 1, and twelve females and thirteen males were selected in 
experiment 2. None of the participants were affected by any attention deficit 
disorders and did not take any medication that affects dopamine levels. In 
addition, all the tests were located in lab 114 in the Beteende-vetarhuset with 
the same laboratory settings and the experiment were introduced and guided 
by the same two group leaders (Marie Atonson and the author). All the criteria 
were used in the inclusion of the participants in experiment 2, for making sure 
the videos selected in experiment 1 could be applicable to samples in 
experiment 2.  

 

Experiment 2 

Method 

      Participants 

Twenty-five participants took part in the study. All of them were students (13 
men and 12 women, age 24 to 60, mean age 26.8 years) from Umeå University. 
They were recruited from the campus of Umeå University and from the 
Facebook group “Students of the Psychology Program”. The participants were 
informed about the purpose of the study, the time frame, the method, and the 
revenue of participation (200 SEK). One female was left-handed, and the other 
participants were right-handed according to their self-reports. The inclusion 
criteria were that the participants were not affected by any attention deficit 
disorders, and not taking any medication that affects dopamine levels.  

 

  



 

Ethical considerations 

As motioned before, the study was approved by the local ethical board (EPN: 
2014/110-31Ö), and the guidelines of the Helsinki declaration were followed. 
The same ethical declarations as Experiment 1 were introduced to the 
participants in experiment 2. They signed a form of consent before starting the 
experiment. 

 

      Apparatus and stimuli 

The testing equipment consisted of a PC, an Arduino IO board and a Biopack 
system. Matlab was installed in the PC and was used to control the video 
presentation. Participants’ responses were collected on the Arduino board, and 
were transferred to the PC via USB. Heart rates of the participants were 
recorded by using the Biopack monitor, which interacted with the PC via a serial 
port. But because of the time limitation, the heart rates collected were not 
analyzed and discussed in this study. Participants were seated on an adjustable 
chair and were required to tap on a button, which was connected to the Arduino. 
Keyboard of the PC was used for typing in answers.  

 

The clips which were chosen in the pilot test (experiment 1) were used as the 
stimuli. Consistency policy was employed on the stimulus selections as 
mentioned in the results of experiment 1, and video clips were selected only if 
the ratings of them were consistent.  

      

Procedures 

The test consisted of 10 trials. Each trial contained 3 phases: synchronization, 
continuation, and responding to the questionnaire (Figure 1). In the 
synchronization phase, the participant synchronized to a metronome playing 
261-Hz tones. There were fifteen metronome tones at the beginning of the phase. 
Each tone lasted 50 ms, and the interval between each tone onset was 
isochronous at 700 ms. In the continuation phase, the participant was required 
to produce the same interval as in the first phase while viewing emotional 
videos.  

 

Figure 1. Design of the trial in repetitive motor timing. 



 

 

Figure 2. An example of a questionnaire item from the third part of a trial. 

 

When the synchronization part ended, the words “Please start the second part 
by pressing <Enter>.” were presented on the screen. In the second part of each 
trial, five videos, one from each of the five different Arousal-Valence categories 
was displayed in a random order. The participant was required to produce the 
interval durations by finger tapping on a button while watching the videos. 
When the video stopped, the participant was prompted to press <Enter> to start 
the third part of the trial. The third part consisted of a questionnaire about the 
videos. Participants used the keyboard of the computer to input their answers. 
The first question was designed to get duration estimates of the clips, the other 
two questions inquired the Valence and Arousal ratings of the clips which were 
broadcasted in each trial. Emotional rating were done using the Self-
Assessment-Manikin (SAM) visual analogue scale,. SAM is normally used to 
rate visual stimuli relative to the IAPS, and the method regarded as suitable for 
the ratings in the present study. The three questions were as follows: “1.Please 
estimate the length of the video (from 1 to 60 s)”; 2. “On a scale of 1-5, please 
rate the Valence of the video (Valence: 1= Highly Negative, 2= Fairly Negative, 
3= Neutral, 4= Fairly Positive, 5=Highly Positive)”; and 3. “On a scale of 1-5, 
please rate the Arousal of the video (Arousal: 1= Low, 2= Fairly Low, 3= 



 

Medium, 4= Fairly High, 5= High)”. A screen shot image from each of the video 
clips was presented in relation to a questionnaire. The image was used to 
indicate which clip the questionnaire were intended for. An example of the 
questionnaire is showed in Figure 2. 

 

Results 

The effects of emotional states on the motor production and the long interval 
retrospective time perceptions were collected in the results. Participants were 
subjected to five emotional conditions, and the production data and the 
retrospective time judgments under each of the five emotional conditions were 
analyzed as follows. 

 

Duration estimates 

Descriptive statistics (mean and SD) were computed for the repetitive motor 
timing task from the five emotional categories, and the results are summarized 
in Table 1. The means of the productions on high-arousal conditions (including 
high negative, m=676.30, and high positive, m=673.85) were larger than those 
of low-arousal (including low negative, m=665.96 and low positive, m=661.64) 
conditions and neutral condition (m=668.41). 

 

A one-way repeated-measures ANOVA was used to test whether there 
was a significant difference in interval productions among the five emotional 
groups. The alpha level was set to 0.05, as customary. In the present study, the 
F value is 1.02, and the p value is 0.40. The results (p> 0.05, η²=0.01) indicated 
that there was no significant difference among the effects of the five emotional 
conditions on the interval productions.  

 

In the analysis of variance (two way AVOVA), the produced intervals 
were regarded as dependent variables, and Arousal and Valance were regarded 
as the two effective factors. The alpha level was set to 0.05. The results (F(1, 
995)=0.49, p=0.49, η²=0.01) showed that the Valence of emotional videos did 
not have a significant influence on the productions. In contrast, the results 
indicated that Arousal (F(1, 995)=5.37, p=0.02, η²=0.28) made a significant 
main effect on motor timing. Furthermore, the results (F(1, 995)=0.04, p=0.85, 
η²=0.01) from the two way ANOVA also indicated that the Valence and Arousal 
interaction effect was not significant. 

 

 

 



 

Table 1. The effects of the five emotional categories on repetitive motor timing  

Emotional Conditions Mean(ms) SD (ms) 

Low Positive 669.78 74.69 

Low Negative 670.19 79.46 

Neutral 668.41 70.66 

High Positive 673.51 71.43 

High Negative 676.30 76.18 

 

Descriptive statistics (mean and SD) were also conducted for the 
retrospective duration judgments under the five emotional categories. The 
results are summarized in Table 2. The means of the time estimations on high-
arousal conditions (including high negative, m=29.34, and high positive, 
m=29.14) were larger than those of low-arousal (including low negative, 
m=27.33, and low positive, m=26.88) conditions and neutral condition 
(m=27.58). It is noteworthy that all of the means were shorter than the standard 
duration 30s (Table 2). 

 

The estimated lengths of the video clips from the five emotional 
categories of each participant were analyzed through one-way repeated-
measures ANOVA. The results (F(4, 25)=3.66, p=0.01, η²=0.39) showed that 
the difference among the effect of the five emotional conditions on retrospective 
duration judgments was significant. 

 

A two way ANOVA was carried out on the retrospective reports. Valance 
and Arousal were used as the two factors and retrospective reports (time 
estimations) were regarded as the dependent variables. Results (F(1, 996)=0.18, 
p=0.67, η² = 0.01) showed that there was no significant effect of Valance. In 
contrast, The ANOVA on the Arousal (F(1, 996)= 7.90, p=0.01, η²=0.44) 
showed a significant main effect of duration. It was also indicated by the results 
of the two way AVOVA that the Valence × Arousal effect (F(1, 996)= 0.25, 
p=0.88, η²=0.01) was not significant.  

 

 

 



 

Table 2. The effects of the five emotional categories on retrospective duration 
judgments 

Emotional Conditions Mean (s) SD (s) 

Low Positive 28.22 10.56 

Low Negative 28.17 10.78 

Neutral 27.58 10.61 

High Positive 29.64 11.83 

High Negative 29.34 11.23 

 

Individual analysis  

The ratings of the Arousal and Valence for each video were also 
calculated across trials for each subject which allowed for individual analysis of 
the relation between emotion and timing performance. To that end, the IRI’s 
from each of the 25 participants were correlated with the participant’s ratings 
(Arousal and Valence, respectively). The reason of doing such an analysis was 
that the ratings of Valence and Arousal from the participants could be very 
individual, i.e. the differences of the ratings on the video clips (of Arousal and 
Valence) from different participants were large. For example, some participants 
can rate a video as a Low Negative video, while some other participants might 
rate it as a Neutral video. On an individual level, if there is a positive correlation 
between individual IRIs and individual emotional ratings, it also could be 
concluded that different emotional states influence timing. Bivariate analysis 
was used to test the relations. The results showed that the mean Bivariate 
Correlations between IRIs and individual Valence ratings was 0.05 (SD=.13), 
and the mean of Bivariate Correlations between IRIs and individual Arousal 
ratings was 0.03 (SD=.16). Most of the results were close to zero (Figure 3), 
which indicated that no meaningful relationship was found between the 
emotion ratings and the retrospective motor timing in individual level analysis. 
It was concluded that no matter from individual analysis or overall analysis, 
there was no emotional effect on motor timing. Most of the results were close 
to zero (Figure 3), which indicated that no meaningful relationship was found 
between the emotion ratings and the motor timing in the individual level 
analysis.  



 

 

Figure 3. The Bivariate Correlation analysis between repetitive motor timing 
productions IRI with valence (r1) and arousal (r2) ratings, respectively.  

 

Discussion 

The aim of the thesis was to investigate if ongoing estimates and retrospective 
reports of duration are similarly affected by emotional states. According to the 
results above, it could be concluded that Arousal, but not Valence, affects the 
retrospective duration judgments such that longer duration reported. Referring 
to the motor timing, both the results from descriptive statistics (mean and SD) 
and the results from the 2(Valence) x 2(Arousal) ANOVA indicated that high 
arousal conditions yielded longer productions than low arousal conditions. 
However, the results from the one way repeated ANOVA did not confirm the 
results, indicating that there was no significant difference in interval 
productions among the five emotional groups. Furthermore, the individual 
analysis indicated that no meaningful relationship was found between the 
individual emotion ratings and the repetitive motor timing. Overall, the results 
indicated that motor timing remained preserved under the different emotional 
conditions. In addition, the Valence and Arousal interaction effect was not 
found on either the retrospective duration judgments or the motor timing. 

 

Previous research and the present study 

Driot-Voletet reported that temporal estimates increased under the high 
arousal conditions regardless of Valence (Droit-Volet et al. 2004). The present 

http://dict.youdao.com/w/repetitive/#keyfrom=E2Ctranslation


 

results suggest that Valence did not affect duration estimates of emotional 
stimuli, but estimates increased with increasing Arousal. Therefore, the present 
results in retrospective and longer duration reports were consistent with those 
of Droit-Volet et al. This consistency also indicated that hypothesis 1 that 
Arousal would make an impact on retrospective timing is valid in the present 
study. In terms of stimuli, facial expressions of anger, happiness, and sadness 
were used as stimuli in the study of Droit-Volet. Whereas the present study 
employed emotional videos, which were explicitly assessed and grouped into 
different Valence and Arousal levels. The present findings thus corroborate 
Droit-Volet’s findings and extend them to a different means of inducing 
emotional states.  

 

The present results are at odds with Noulhiane’s study, which indicated that 
Valence affected timing regardless of Arousal level (Noulhiane et al., 2007). The 
present findings also do not support the findings reported by Angrilli and 
colleagues (1997), demonstrating an interaction effect between Arousal and 
Valence. Therefore, hypothesis 2 was proved not valid in this study. Even 
though the research design in the present study was similar to that of Angrilli 
et al. (1997), with regard to that the stimuli of both of the two studies were rated 
on the levels of Arousal and Valence, and that various duration comparative 
tests were included in the two studies (700 ms and 30 s were used in the present 
study; 2, 4, and 6s were used in the study of Angrilli et al.). However, the 
Valence and Arousal interaction effect on timing was found in the study of 
Angrilli et al., but was not found in this study. The reason might be that different 
durations and different stimuli were used. 

 

Interpretation of the findings 

The overestimation under high Arousal conditions could be explained with the 
SET clock model (Creelman, 1962; Gibbon, Church & Meck, 1994; Treisman, 
1963). The correlation in retrospective (long duration) in this study could be 
explained that the increase in estimates was due to the increase in clock speed 
mediated by increased Arousal. In other words, internal clock speed was 
accelerated by the high Arousal videos. More pulses were collected in the 
accumulator because of the increased clock speed, which resulted in that the 
duration was estimated as longer. An increase in clock speed might cause the 
overestimation when viewing the high Arousal stimuli. 

 

It’s worth noting that both in the short time task and the long time task, the 
durations were estimated shorter than the two standard durations (700 ms and 
30 s). The results could be explained with the Attention Gate Model (AGM). 
According to AGM, the participants put more attention on emotion but less on 
timing, so that the attention-driven gate became narrow and fewer temporal 
intervals were encoded in the internal clock, thus the duration were 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4838289/#R32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4838289/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4838289/#R1


 

underestimated. 

 

The results from the motor timing indicated that the mean of produced 
intervals from every emotional condition were lower than the standard interval 
(700 ms), and the short intervals were proved to be underestimated. Apparently, 
those results were contrary to Vierordt’s Law (1868, in Block & Gruber, 2014). 
Conversely, the results from the retrospective timing were in accordance with 
Vierordt’s Law (1868, in Block & Gruber, 2014). The mean of duration 
judgments from every emotional conditions were lower than the standard 
duration (30 s), and the long duration were found to be underestimated. 
According to Vierordt’s Law, memory distortion usually leads to 
underestimation of long duration. But these results could be credibly explained 
by the pacemaker model (SET) and AMG as mentioned above. Vierordt’s Law 
was not accounted as a good explanation for the results in this study, especially 
when the effect of emotion was the main focus.  

 

Notably, even though the effect of Arousal resides in retrospective and longer 
duration, motor timing remains largely preserved. It seems that large noises in 
the short duration tests had a negative effect in capturing the effect of emotion. 
The long duration (30 s) could be regarded as the output of integration of 
multiple short durations (i.e., motor interval 700 ms), and the noises in long 
duration tests seem to be reduced. Therefore, more stable estimates were 
received in the long duration estimate task, and the effects of emotion were 
bigger at the long duration level because of the stability of long duration. It was 
also interesting that the lower variability between different emotional 
conditions also appeared in the results of long duration tests, which may due to 
pacemaker aggregation effects (Palsson & Cox, 1996; etc.).  

   

An alternative interpretation of the difference is that the different perceptual 
and cognitive processes were in play for durations of the different lengths. In 
the production experiment, the standard interval used was 700 ms, which was 
less than 1 s. However, in the experiment of retrospective time judgments, the 
length of the time which needs to be estimated was 30 s. According to “Gibbon’s 
model” (Gibbon et al., 1997), intervals below 1 s belong to the “automatic 
system”. According to the neuroscience research (Lewis & Miall, 2003), 
“automatic system” is directly linked to the motor and premotor circuits, with 
some involvement of the auditory cortex (Lewis & Miall, 2003). The neural 
construct of “automatic system” is not cognitive-related, indicating that short 
interval estimate would hardly be influenced by external stimulus. In 
conclusion, the short duration (700 ms) might result in the reaction from the 
“automatic system”, which weakened the efficacy of distinct emotional videos, 
and result in the insignificant effect of emotion on motor timing. Therefore, 
hypothesis 3 that short interval (less than 1 s) estimates would hardly be 



 

influenced by emotional stimulus was proved to be valid in this study.  

 

Limitations of the study 

The participants are all students from Umeå University and at least have 
finished post-secondary non-tertiary education. The selection of participants 
could be expanded in future studies so that more population could be 
generalized. The relatively high education level of the participants would be a 
factor that weakened the generalisability of the study, and participants with 
bigger span of education levels can be involved into the future research. 

 

In the current study, several videos had quite loud volumes. Some metronome 
beeps and some produced beats in the motor timing were drowned by the 
sounds of the videos, which might lead to a few wrong or distorted 
performances, thus weakening the accuracy of the test. The volume of all the 
videos could be made equal, and can be adjusted into a suitable level which is 
more acceptable for the participants. 

 

 Future research 

In conclusion, it was demonstrated in repetitive motor timing that the interval 
reproductions in the presence of different emotional videos were not reliably 
different. On the contrary, in retrospective and longer duration task, the videos 
in the high Arousal categories were considered to be longer than other 
conditions. The present results suggest that the internal clock mechanism was 
accelerated in response to the high-Arousal emotions. Regardless of Valence, 
Arousal was proved to play a critical role in time judgment tasks. In previous 
studies, the relationship between emotion and retrospective time judgment 
were more investigated, compared with that between emotion and motor 
timing. The present study contributed in filling that gap. This study also proved 
that emotional video clips which were rarely used worked as useful and 
powerful emotional stimuli for laboratory researches. Thus, emotional videos 
have great potential as stimuli for cognitive research, as they contain both 
sound and video stimuli, and could be more “real life simulative”. However, the 
video clip is not as abstractive or symbolic as other kinds of stimuli such as facial 
expressions, thus it might be restrained with its “sense of immersion” while the 
participant thinks the protagonist in the video is far to be himself/herself. That 
disadvantage of using video clips as stimuli is also reflected as the relative large 
standard deviations in some of our experiment. The “sense of immersion” could 
be also rated by the participants in the experiments in the future, and be 
considered as a factor for the data analysis.  
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