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Abstract
Time perception is defined as a subjective judgment on the elapsed time of an event. It can change according to both

external and internal factors. There are two main paradigms of time perception; retrospective time perception (RTP) and

prospective time perception (PTP). Two paradigms differ from each other according to whether the subject has knowledge

on the importance of passage of time in the given task. Since RTP paradigm studies are harder to conduct, studies on RTP

paradigm is far fewer than studies on PTP. Thus in the current study, both RTP and PTP paradigms are investigated. Also,

time perception is discussed in relation to internal clock model and cognitive load. Emotional motion videos are used to

create cognitive load and manipulate internal clock. Results showed the effect of emotion on time perception. Another

major finding is that shorter videos are perceived longer whereas longer videos are perceived shorter as in accordance with

Vierordt’s Law. However, there was no difference between RTP and PTP paradigms. These results indicate that emotional

videos change our internal clock while a number of changes in a motion video create cognitive load causing disturbance of

time perception.
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Introduction

Time perception is studied at two separate subdomains as

prospective and retrospective time perception (see review,

Block and Zakay 1997). Prospective time perception (PTP)

is the situation that subject clearly has the information

about that researcher is going to ask questions regarding

the time of the stimuli in the future. Thus, subject knows

the importance of attending on time mainly. On the con-

trary, retrospective time perception (RTP) refers to a situ-

ation that the subject does not know the necessity of

attending on time which can be asked after the presentation

of stimuli. In both PTP and RTP, there are several issues

such as cognitive load and internal clock model which may

be used to explain the idea of time perception. In our study,

we mainly focus on cognitive load paradigm that refers to

information processing and mental efforts on a given task

in a particular time (Block et al. 2010). We also address the

internal clock model which explains the idea of how living

creatures perceive the time (see Treisman 1963).

Internal clock model explains the time perception with

an internal counting system in a linear line (Treisman

1963). According to the most popular and accepted sub-

model (scalar expectancy theory) of internal clock model,

time is counted by pulses through a pacemaker to an

accumulator. On the other hand, the flow of pulses is

controlled by a key which is opened or closed by attention

(Gibbon 1977). Thus, the amount of pulses gathered in the

accumulator changes according to attention and level of

cognitive load which uses attentional resources. The most
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evident effect of cognitive load on time perception is seen

on the PTP and RTP paradigms because of their relation-

ship with short-term memory and attention. Due to lack of

information about the necessity of attending on time, the

subject switches his attention to non-temporal information

on the RTP paradigm, and pulses lost during the flow. In

PTP paradigm, however, the subject focuses his attention

on temporal information with causing more pulses to

gather in the accumulator. Furthermore, the capacity of

short-term memory determines the amount of temporal and

non-temporal information is stored. Especially, some

studies show that hippocampus plays an important role for

the sequential encoding (see Wagatsuma and Yamaguchi

2007). Thus, time perception is disrupted when the subject

attends on and tries to remember more than one stimuli or

information at the same time (Ornstein 1969; Block 2003).

Cognitive load is generated by the researchers in the

laboratory settings via complex stimulus exposure to the

subject, hardly compliable tasks or time itself with long

durations (see Hintzman 2001; Friedman and Wilkins

1985). Also, emotional stimuli are used to increase cog-

nitive load level of subjects in time perception tasks due to

its effect on attention and perception (see Droit-Volet and

Meck 2007). Studies on emotion and time perception

present multi-faceted results. According to internal clock

model, pulses flow faster when arousal level of emotional

stimuli increases and cause time to be perceived longer

(Buhusi and Meck 2006). Contrarily, if arousal level of the

emotional stimuli is too high, then pulses lost because of

salience of emotional information during the task and cause

time to be perceived shorter (Meck 1996). Furthermore,

duration of emotional stimuli affects the perception of

time. Noulhiane et al. (2007) found that emotional auditory

stimuli with duration of 3–4 s accelerate the speed of

pulses independently from arousal level. The speed of

pulses returns to normal after 4 s. This is explained by

habituation. Moreover, they reported that negative stimulus

is perceived longer than positive ones under 4 s.

By considering studies about effects of emotion on time

perception, it is seen that simple stimuli are used by sep-

arating auditory and visual components and by using static

and emotion-based images (see Droit-Volet and Meck

2007; Yamada and Kawabe 2011; Mereu and Lleras 2013;

Tamm et al. 2014). On the other hand, complexity, amount

of stimulus (Ornstein 1969), and its concepts may affect the

PTP and RTP due to the rise of cognitive load (Block

1989). Thus in the current study, we have decided to use

more complex stimulus which is more adaptable to the

real-life situations. This is unlike to the most recent studies

that used fundamental techniques. Furthermore, there are

only a few studies using RTP paradigm because of the

difficulty of asking the time of stimulus without informing

the subject about the importance of temporal information.

Also, the subject gains the idea on further questions about

the time of stimulus when it is once asked. However, we

designed two experiments by conducting same procedure

with using similar stimuli set and recruited same partici-

pants in order to assess both RTP and PTP paradigms.

Materials and methods

Participants

Twenty subjects (9 male, 11 female) voluntarily accepted

to participate in the experiments. University students and

graduated volunteers with a history of the neurological or

psychiatric disease and color blinded people are not

recruited for the experiments. Subjects are informed about

the general attention points, rules and major materials that

going to use during experiments.

Materials

Experiments are conducted in a room possibly isolated

from sound and bright light. Stimuli are presented from the

21’’ LCD computer screen (fixed resolution: 1024 9 768).

Experiments are presented by homemade stimulus pre-

sentation software using C# and MATLAB programs and

all responses are gathered with left mouse button. Gathered

data is analyzed with MATLAB and SPSS 18v.

Stimuli

Time perception paradigm experiments

During main experiments of the current study, visual and

auditory-based stimuli are used as short video clips. The

videos are gathered from the movies that are listed on

Internet Movie Database (IMDB). Totally, 180 emotional

videos and 180 screenshots which are picked from each

video presented during the experiments. All emotional

videos are selected by a pilot study.

Pilot study

360 movies are chosen from the IMDB movie list (www.

imdb.com) by researchers according to their content (120

positive, 120 negative, 120 neutral). 360 movie videos are

selected (120 positive, 120 negative, 120 neutral) from the

movies with one alternative of it. After all videos are

selected, three educated professionals who graduated from

both psychology and film and television departments

eliminated the one video from the alternative. Thus, 360

unique videos remained (120 positive = 60 four sec-

onds ? 60 eight seconds, 120 negative = 60 four
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seconds ? 60 eight seconds, 120 neutral = 60 four sec-

onds ? 60 eight seconds). These videos were again cate-

gorized by 100 volunteer subjects as positive, negative or

neutral. After the categorization process, videos having the

lowest points according to their valence level are elimi-

nated by researchers. As a result, 180 videos (90 four

seconds, 90 eight seconds; divided equally under positive,

negative and neutral conditions) remained. These groups

were used for RTP and PTP paradigms separately and

equally (see Table 1).

Procedure

Retrospective and prospective time perception paradigm

presented with different data set. Although, the only dif-

ference between two sets is that different videos and

screenshots were used for each paradigm during the pro-

cedure. The Number of videos in each set and category is

presented previously in Table 1. In addition, each sub-

category sets are divided to two different time duration as

four (45) and eight (45) seconds. The sets are presented in

two different stages. In the first stage, videos and screen-

shots were presented to the subjects. Subjects were asked to

categorize the videos in this stage in a 7-likert type scale

(- 3, - 2, - 1, 0, 1, 2, 3; from negative to positive

respectively with 0 refers to neutral content response).

During the second stage, screenshots of each video were

presented again and the subjects were asked to give time

estimation judgments for each video. Subjects indicated

their judgments about the duration of each video on a

9-point time scale in seconds (2, 3, 4, 5, 6, 7, 8, 9, 10). The

maximum and minimum choices on the scale are optimized

as 2–10 to give two extra response range for 4 and 8 s

stimuli. Time estimations are calculated through error rates

in the analysis. The error rate is defined as the absolute

difference of obtained time and predicted time. How videos

are perceived (longer or shorter) by subjects is analyzed

based on their error rates. Also in every stage of two

experiments, confidence rates of subjects about their

answers are taken in a 6-likert type scale (1, 2, 3, 4, 5, 6;

from ‘‘definitely not confident’’ to ‘‘definitely confident’’

respectively).

RTP paradigm works as a memory task and PTP para-

digm works as an attention task. To control the attention

and memory performance of subjects, standardized and

computerized Go/No-go (see an example) and N-back (see

an example) tasks were conducted. Subjects who are under-

performed in control tasks are excluded from the study.

Additionally, before the main analyses of this data, outlier

analyses were conducted. No outlier has been detected.

Furthermore, if any score of the subjects exceeded the three

standard deviations of the mean, it is also excluded from

the analyses.

Experiments

Subjects were asked about to not using alcohol 3 days

before the experiments and also they were informed about

having a good sleep and a breakfast before experiments.

Each subject was instructed about the general procedure of

experiments. All experiments are conducted according to

the ethics committee approval, and all subjects signed

informed consent form.

RTP experiment 1

The first experiment is RTP paradigm. Each subject must

get the RTP paradigm at first because in PTP paradigm

subject learns the importance of time for the experiment

which consequently violates the RTP procedure. Thus,

subjects were told before the experiments that they will

only rate the several videos during the study. There were

two different stages in the first experiment. At the begin-

ning of these two stages, subjects were instructed sepa-

rately. In the first stage, subjects received 90 videos and

after each video showed up individually, a screenshot of

that video appeared on the screen. Subject evaluated all

videos from the Likert type scale ranged - 3 to 3. After the

evaluation of a video, the next video shows up. Between

the videos, a shadow screen was used to give the subjects a

very short resting state. This procedure continued till to the

end of the 90 videos. Figure 1 shows the details of the first

stage of experiment 1.

At the end of the first stage of the experiment 1,

instruction of the second stage was given by researcher and

after that second stage has started. In this stage, the scale

for prediction of time of the videos at the first stage ranged

from 2 to 10 (the scale starts from the 2 and it goes until 10,

each number reflects a duration in seconds) (Fig. 2).

After the subjects finished the experiment 1, they get a

small (1 min) break before the start of the experiment 2.

Experiment 2

All steps of the experiment 2 were similar with an only

difference of videos. There are 90 new videos which are

categorized in the same way with the experiment 1. In the

experiment 2, subjects know that they will be asked about

Table 1 Distribution of stimulus in RTP and PTP

RTP PTP

Positive Negative Neutral Positive Negative Neutral

4 s 15 15 15 15 15 15

8 s 15 15 15 15 15 15
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the times of videos at the second stage of experiment two.

Therefore, they were instructed similarly with experiment

1, but this time they were also instructed before the start of

the first stage as ‘‘you should attend the time of videos, it

will be asked at the next stage’’ (see Appendix for detailed

instructions).

After the end of the experiment 2, again the subjects get

a short break at about 1–2 min. After the break, they are

instructed for standardized Go/No-go task (see Schröger

1993) as an attention task. All subjects get the Go/No-go

task first and then N-Back task. After Go/No-go task,

subjects took a short break (1 min) and get the standardized

N-back task (see Owen et al. 2005) with 2-back condition

as a memory task. With the use of these additional tasks,

researchers have the advantage of controlling the attention

and memory performance of subjects which are very cru-

cial for the RTP and PTP paradigms.

Results

20 subjects were accepted to experiments. However, two

subjects did not finish the experiments properly. Confi-

dence rates, Go-Nogo and N-back scores of all included

subjects were calculated. Results of the confidence rates

showed that there were no outliers in terms of confidence

for giving responses. Go-Nogo and N-back scores showed

that all subjects except one have no attention (Go-Nogo

M = 99.2; SD = 0.7) or memory (N-back Success

M = 94.4; SD = 2.8) problem which is necessary during

time perception paradigm experiments. One subject was

eliminated because of her low attention score according to

results of Go-Nogo task (success rate = 30%). Thus, eight

women and nine men (Mean age = 24.6, ranged between

18 and 28) involved for further analyses.

Subjects watched the videos in the first stage of the two

experiments. To understand whether videos categorically

differ from each other as expected, category rates of sub-

jects were analyzed with analyses of variances (one-way

ANOVA) at first. The results showed that there is a sig-

nificant difference at least one of the three groups of videos

called positive, negative and neutral, (F(2,48) = 150.92;

p\ 0.001). The relation of answers and the categories of

videos were measured with eta square (g2) and the result

of the analysis (g2 = 0.86) indicated a strong relation.

Further Tukey HSD analyses showed statistical signifi-

cance between subgroups (p\ 0.001). As a result, there

are significant differences between three kinds of videos;

positive (M = 1.79, SD = 1.21), negative (M = - 1.99,

SD = 1.31) and neutral (M = 0.41, SD = 1.01) (Fig. 3).

After categories of videos were assessed, error rates of

subjects’ time estimation were analysed to find if there is

any effect of emotion, duration and paradigm. A three-way

ANOVA was used to measure main effect of paradigm

(RTP, PTP), emotion category (positive, negative, neutral),

duration (4, 8 s) and to measure their interaction effect. A

significant effect for emotion category and duration were

found at p\ 0.001, whereas there was no significant effect

of paradigm. There was a significant main effect of emo-

tion category on error rates, F(2, 32) = 19, p\ 0.001.

Further post hoc comparisons using Bonferroni correction

showed significant differences between error rates of sub-

jects’ time estimation for positive videos (M = 1.9,

SE = 0.1) and for neutral videos (M = 2.13, SE = 0.1),

Fig. 1 Emotional category evaluation stage

Fig. 2 Time estimation stage
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p = 0.002. There was also a significant difference in error

rates for negative videos (M = 1.8, SE = 0.1) and for

neutral videos (M = 2.13, SE = 0.1), p\ 0.001 (Fig. 4).

These results indicate that error rates for positive and

negative videos were significantly lower than error rates for

neutral videos. To understand the direction of the error

rates, mean values were recalculated for obtained time

responses of subjects for positive, negative and neutral

videos, apart from error rates. It is found that time of

positive (M = 4.9, SD = 1.51) and negative (M = 5.1,

SD = 1.6) videos estimated longer compared to neutral

videos (M = 4.26, SD = 1.34).

The significant main effect of duration on error rates was

also found F(1, 16) = 49, p\ 0.001, indicating that error

rates of subject’s time estimation for 8 s videos (M = 3,

SE = 0.21) were significantly higher than 4 s videos

(M = 0.94, SE = 0.1). After this significant result was

found, mean values were recalculated for obtained time

responses of subjects for 4 and 8 s videos, apart from error

rates. When the obtained time estimations are considered, it

is also seen that participants estimated 4 s videos longer

than their actual duration (M = 4.3, SE = 0.71) whereas

they estimated 8 s videos shorter than their actual duration

(M = 5.18, SE = 1.1) (Fig. 5).

Furthermore, results revealed a significant interaction

effect of emotion category and duration F(2, 32) = 20.12,

p\ 0.001. This result indicates that emotion category has

different effects on error rates of subjects’ time estimation

depending on the duration of videos. Further Bonferroni

corrected post hoc comparisons showed significant differ-

ences between error rates for 8 s positive videos (M = 2.84,

SE = 0.24) and for 8 s neutral videos (M = 3.42

SE = 0.18). There was also a significant difference

between error rates for 8 s negative videos (M = 2.61,

SE = 0.23) and for 8 s neutral videos (M = 3.42,

SE = 0.18). These results indicate that error rates of sub-

jects’ time estimation for positive and negative videos were

significantly lower than neutral videos in 8 s duration.

A significant interaction effect between paradigm,

emotion category and duration F(2, 32) = 4.64, p = 0.017

was also found. This significance indicates that paradigm

has different effects on error rates of subjects’ time esti-

mation depending on emotion category and duration of the

videos. Post hoc analysis using Bonferroni correction

showed significant difference between error rates of sub-

jects’ time estimation for 8 s neutral videos in RTP para-

digm (M = 3.68, SE = 0.18) and for 8 s neutral videos in

PTP paradigm (M = 3.15, SE = 0.22). This result indi-

cates that error rates of subjects’ time estimation for 8 s

neutral videos in RTP paradigm was higher than error rates

for 8 s neutral videos in PTP paradigm.

Fig. 3 Categorical evaluation of videos

Fig. 4 Error rates of time estimation for emotional videos Fig. 5 Time estimation of 4 and 8 s videos
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Repeated measure ANOVA results showed no signifi-

cant interaction between paradigm and emotion category,

F(2, 32) = 1.77, p = 0.19. However, post hoc analysis

using Bonferroni correction yielded a significant difference

between error rates of subjects’ time estimation for positive

videos (M = 1.9, SD = 0.12) and for neutral videos

(M = 2.22, SD = 0.09) in RTP paradigm, p = 0.001.

There was also a significant difference between error rates

of subjects’ time estimation for negative videos (M = 1.84,

SD = 0.11) and for neutral videos (M = 2.22, SD = 0.09)

in RTP paradigm, p = 0.001. Furthermore, a significant

difference between error rates of subjects’ time estimation

for positive videos (M = 1.91, SD = 0.09) and for negative

videos (M = 1.8 SD = 0.07) in PTP paradigm was found,

p = 0.026. Additionally, there was a significant difference

between error rates of subjects’ time estimation for negative

videos (M = 1.8 SD = 0.07) and for neutral videos

(M = 2.1, SD = 0.11) in PTP paradigm, p = 0.005.

There was also no significant interaction between

paradigm and duration, F(1, 16) = 3.04, p = 0.1, How-

ever, post hoc analysis with Bonferroni correction again

revealed a significant difference between error rates of

subjects’ time estimation for 4 s videos (M = 0.9,

SD = 0.1) and for 8 s videos (M = 3.11, SD = 0.23) in

RTP paradigm, p\ 0.001. There was also a significant

difference between error rates of subjects’ time estimation

for 4 s videos (M = 1.01, SD = 0.13) and for 8 s videos

(M = 2.81, SD = 0.23) in PTP paradigm, p\ 0.001.

Discussion

The current study aimed to investigate effect of emotion

and duration on time perception in different paradigms.

The results showed that emotion and the duration of stimuli

affect the perception of time regardless of the paradigm.

For the effect of duration, it is revealed in the present study

that time perception of 4 and 8 s videos differs in a way

that 4 s videos are perceived longer than their actual

duration whereas 8 s videos are perceived shorter than their

actual duration in both RTP and PTP paradigms. This

finding is found to be compatible with Vierordt’s Law

which is one of the basic phenomena in time perception

literature. According to this phenomenon, longer stimuli

are perceived shorter while shorter stimuli perceived

longer, respectively (Lejeune and Wearden 2009).

For the effect of emotion, it is observed that time esti-

mation of subjects for positive and negative videos were

more accurate and longer than for neutral videos in both

RTP and PTP paradigms. The literature on emotion and

time perception meets at a common point that emotion

changes our perception of time (e.g. Angrili et al. 1997;

Noulhiane et al. 2007; Yamada and Kawabe 2011).

Furthermore, most of the literature indicate that negative

stimuli are perceived longer compared to positive and

neutral stimuli because of its evolutionary perspective (e.g.

Loftus et al. 1987; Sutherland and Mather 2012).

Researchers state that negative emotions provoke stimula-

tion of attention because of their vital importance for living

creatures and cause more detail of the stimuli to be

remembered (e.g. Arstila 2012). This creates a cognitive

load which further leads to overestimation of duration of

the stimuli (Block 1989). However, in our study there was

no difference in terms of positive and negative stimuli.

Both of the positive and negative videos found to be per-

ceived longer and more accurate than neutral videos. This

finding is assumed to be resulting from the cognitive load

and level of difficulty of the task based on a recent study of

Wearden (2015). He pointed that that the difficulty level of

the task in experimental conditions can also changes the

perception of time. He stated that people remember dura-

tion of a stimuli longer when the task is too easy or too

hard to accomplish. On the other hand, it is remembered

shorter when the task has an intermediate level of diffi-

culty. This situation is explained by the level of attention as

people give more attention to the stimuli as its difficulty

increases at some degree which lead them to remember the

duration shorter. However, if the task is too difficult, then it

causes too much cognitive load which further leads dura-

tion to be remembered longer. In the current study, motion

videos were used as emotional stimuli which both

increasing the level of difficulty of the task and cognitive

load. From this point of view, it can be assumed that

increased difficulty level of the task causes positive and

negative stimuli to be separated from each other in terms of

their effect on time perception while they still differenti-

ated from the neutral ones.

In the current study it is also found that time estimations

for positive and negative videos are differed from the

neutral ones only for 8 s videos when the interaction of

emotion and duration are considered. This result is thought

to be resulted from the complexity of the stimuli because it

consists of motion videos rather than static images.

Although all negative, positive and neutral videos are

significantly separated from each other in terms of their

categories, 4 s duration is assumed to be a relatively short

duration to stimulate the emotional effect for videos

compared to 8 s duration.

One of the other and most important result of the study

showed that paradigm changes the time perception of

subjects in relation with the emotion and duration of the

stimuli. Duration of the 8 s neutral videos are found to be

estimated more accurately in prospective time estimations

than duration of 8 s neutral videos in the retrospective time

estimations. This result supports the idea that attention has

a crucial role on time perception. Directing attention
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toward time’s itself makes time to be perceived more

accurately because it decreases loss of pulses during the

flow according to the view of internal clock model (Gibbon

1977). Also, it helps people to focus on one stimuli which

is time itself and eliminate the distractor effect of other

stimuli according to the cognitive load theory (Ornstein

1969; Block 2003). On the other hand, this effect could not

be seen for positive and negative videos but only for

neutral videos. Again, this result is consistent with the

internal clock model and the cognitive load theory since

positive and negative videos cause increased attention to

the stimuli itself due to their emotional content. Thus, they

cause attention to split more than one stimuli, and cause

increased cognitive load and change in the flow of pulses.

Furthermore, this effect is found to be seen only 8 s videos

rather than 4 s videos. This result is assumed to be resulted

from increased duration of the stimuli and limited short

term memory capacity. As durations of the stimuli

increases, some of the temporal and non-temporal infor-

mation about is lost due to limited short term capacity.

Thus, error rate increases as the duration of the stimuli

increases. Furthermore, in the current study both 4 and 8 s

videos presented together in a randomized order. However,

participants were not informed about the different dura-

tions of the stimuli. Thus, when limited short term memory

is also considered, it is assumed that participants tend to

misjudge durations of longer stimuli as more close to the

shorter ones. To understand this relationship between

duration of the stimuli and error rates of time judgements

thoroughly, future studies are necessary with using differ-

ent stimuli durations in wider ranges together.
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