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Dans notre équipe de recherche, nous avons réalisé des études dans le but d’examiner l’impact de la
perception des expressions faciales émotionnelles sur le traitement de l’information temporelle. Une synthèse non
exhaustive de ces études est proposée dans le présent document. Les résultats ont montré que : a) la perception d’une
expression faciale émotionnelle provoque des distorsions temporelles ; b) ces distorsions temporelles apparaissent
dès l’âge de 3 ans ; c) celles-ci varient également en fonction de l’expression faciale émotionnelle perçue. En effet,
les expressions faciales de colère, de peur, de joie et de tristesse provoquent une surestimation temporelle,
l’expression faciale de honte une sous-estimation, et celle de dégoût aucune distorsion temporelle.
RÉSUMÉ.

ABSTRACT.

In our research team, we have conducted studies to investigate the impact of emotional facial expressions
on the processing of temporal information. A non-exhaustive summary of these studies is offered in the present
document. The results showed that: a) the perception of emotional facial expressions induced temporal distortion; b)
this temporal distortion was observed as early as three years of age; c) the distortion varied as a function of the
emotion expressed. The facial expressions of anger, fear, joy and sadness produced a temporal overestimation, the
facial expression of shame a temporal underestimation, and that of disgust no time distortion.
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1. The temporal dynamic of the social interaction and the role of facial expressions: introduction
The effectiveness of social interaction mainly rests on the capacity of two interlocutors to share time,
to coordinate for example their rate of speech, or to answer the requests of one or the other at an
appropriate moment, neither too early, nor too late. Social interaction thus fits into a temporal dynamic,
which requires of each individual the uninterrupted processing of temporal information (Chambon, DroitVolet, & Niedenthal, 2008; Chambon, Gil, Niedenthal, & Droit-Volet, 2005; Droit-Volet & Gil, 2009;
Droit-Volet & Meck, 2007). Our objective is to study this social time, more precisely, time perception in
social interactions.
Within the framework of social interactions, facial expressions provide information about the
emotions and the intentions of others (Keltner & Haidt, 2001; Keltner & Kring, 1998; Russel &
Fernandez-Dols, 1997). Facial expressions thus convey efficiently important indices for understanding the
state of the others, and for inferences regarding action readiness (Darwin, 1872/1998; Ekman, 1982,
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1999; Frijda, 1986; Ledoux, 1996). The question is: Does our perception of time change with the
perception of various facial expressions? For example, does time seem to pass more slowly in the
presence of an angry person than in the presence of a person not expressing any particular emotion? In
order to answer this question, we have conducted a series of experiments examining the impact of the
perception of facial expressions on time perception. We will thus present initially the theoretical
framework, then the method used, and finally the principal results obtained.

2. The processing of temporal information is based on an internal clock
There is considerable evidence that man, like any other animal, has an internal mechanism for
measurement of time, operating like a genuine clock. According to the dominant model of the internal
clock proposed by Gibbon, Church and Meck (1984), the internal clock is composed of three elements:
(1) a time base, (2) a switch, and (3) an accumulator (Figure 1). The time base (the pacemaker) runs like a
pulses generator, sending pulses to the accumulator via the switch. More precisely, at the beginning of a
stimulus to be timed, the switch closes, allowing pulses to be transferred during the timed interval. At the
end of the stimulus period, the switch opens, interrupting the flow of pulses. The duration judgement (that
is, subjective time) depends on the number of accumulated pulses: the greater the number of pulses, the
longer the stimulus duration is considered to be.

Figure 1. The temporal information-processing model (Gibbon, Church, & Meck, 1984).
Owing to this internal mechanism, individuals are able to estimate time in a precise manner, and from
an early age (Droit-Volet, Clément, & Wearden, 2001; Droit-Volet & Wearden, 2001, 2002). However,
our perception of time is sometimes prone to distortions: we have all experienced the feeling that time
seems to be shorter or longer than it is in reality. Among the process likely to disturb the mechanism of
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the internal clock, two main processes have been highlighted: (1) an attention-based process, and (2) an
arousal-based process. According to the attentional models of time (Zakay, 1989, 1992; Zakay & Block,
1996), the fewer the attentional resources that are allocated to the passage of time, the shorter the time
seems to be. Indeed, when attention is distracted away from the processing of time, the switch-closing
latency is prolonged or the switch flickers during the stimulus duration. Consequently, pulses are lost, and
the stimulus duration is judged to be shorter than it is objectively. A large number of studies have
reported an underestimation of time when attention is diverted away from time (Coull, Vidal, Nazarian, &
Macar, 2004; Fortin, 2003; Gautier & Droit-Volet, 2002; Zakay, 2005). On the other hand, empirical
findings have shown that an increase in the level of arousal increases the speed of the pacemaker. For a
given amount of time, the pacemaker runs faster, more pulses are collected in the accumulator, and
stimulus duration is judged to be longer. A substantial body of research has effectively shown time
overestimation due to arousal, involving arousal modifiers such as body temperature (for a review, see
Wearden & Penton-Voak, 1995), repetitive stimuli such as clicks or visual flickers (Droit-Volet &
Wearden, 2002; Penton-Voak, Edwards, Percival, & Wearden, 1996; Treisman & Brogan, 1992;
Wearden, Norton, Martin, & Montfort-Bebb, 2007), and pharmacological substances (Carrasco, Redolat,
& Simon, 1998; Cheng, Ali, & Meck, 2007; Maricq, Roberts, & Church, 1981; Matell, Bateson, & Meck,
2006; Meck, 1996).

3. Method of study: the temporal bisection task
To study the effect of emotional facial expressions on time perception, we used the temporal bisection
task. This time perception task is commonly employed in human studies (e.g. Allan & Gibbon, 1991;
Delgado & Droit-Volet, 2007; Droit-Volet, Clément, & Fayol, 2008; Droit-Volet, Meck, & Penney, 2007;
Droit-Volet & Rattat, 2007; Lustig & Meck, 2001; Penney, Gibbon, & Meck, 2000; Wearden, 1991ab;
Wearden, Todd, & Jones, 2006), as well as in animal studies (e.g. Church & Deluty, 1977; Meck, 1983;
Miki & Santi, 2005; Orduna, Hong, & Bouzas, 2007). In our experiments, this temporal task is composed
of two phases: (1) a training phase, and (2) a test phase. During the training phase, two standard
durations, one short (400 ms) and one long (1600 ms), are presented in the form of a neutral stimulus, in
fact an oval that appears in the center of the screen of the computer. Then, these two standard durations
are each presented 4 times, in a random order. The subject has to learn how to discriminate them while
pressing on a response key. For example, a press on the “K” key is correct following the short standard
duration, and a press on the “D” key is correct after the long standard duration, these two keys being
counterbalanced across subjects. In the test phase, the two standard durations as well as five intermediate
values (600, 800, 1000, 1200, 1400 ms) are presented in the form of faces, which express a specific
emotion or neutrality (Figure 2). The neutral faces are used here as a control condition. In this test phase,
the subject receives the same instructions as in the training phase, namely to indicate on the appropriate
key if the presentation duration of the face corresponds to the short or to the long standard duration.
In the temporal bisection task, one calculates the proportion of “long” responses for each stimulus
duration. Then, as one can see on Figure 3, we calculate a difference index (d scores) for each stimulus
duration. The d corresponds to the difference between the proportion of “long” responses for the
emotional faces and the neutral ones. A d value significantly greater than 0 thus reflects an overestimation
of time for emotional expressions compared to neutral faces, whereas a d significantly lower than 0
reflects an underestimation of time.
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Figure 2. Example of the emotional facial expressions tested (from Beaupré & Hess, 2005).

4. Time distortions vary as a function of emotional facial expressions
Figure 3 presents d scores plotted against stimulus durations for each emotional facial expression that
we have tested (anger, fear, happiness, sadness, disgust, and shame), and for each age group (5 and 8
years, and adults).
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Figure 3. d scores plotted against the probe durations for each tested emotional facial expression, and for
each age group (the 5- and 8-year-olds and the adults).

4.1. The facial expressions of anger, fear, happiness and sadness involve an overestimation of time
As shown in Figure 3, the d is significantly greater than 0 for the faces expressing anger and fear. The
presentation duration of these emotional faces is thus overestimated compared to that of a neutral face.
Moreover, this overestimation appears for all age groups; and in a previous study, this effect has been
reported for children as young as 3 years of age (Gil, Niedenthal, & Droit-Volet, 2007).
Statistical analyses, based on the model of the internal clock, suggest that this overestimation of time
would be due to an increase in the pacemaker rate. When the pacemaker runs faster, more pulses are
accumulated, and the duration is considered to be longer. This effect is consistent with the results of
studies showing that anger and fear are particularly arousing emotions (Calder, Keane, Lawrence, &
Manes, 2004; Phelps & Ledoux, 2005). In this vein, the perception of anger or fear would increase, in an
automatic way, the level of arousal of the organism in order to prepare it to react to a dangerous event as
quickly as possible. In the presence of an angry face announcing the possibility of a threat, the clock rates
would thus increase in an automatic manner. Indeed, the more rapidly time elapses, and more quickly the
organism is ready to react, to flee or to attack.
Within the framework of evolutionary theories of emotions (Darwin, 1872/1998; Ekman, 1982), we
can suggest that time distortions involved by the perception of a facial expression of anger or fear give an
account of an early adaptive function of the emotions, preparing the organism to action in the service of
survival. This idea is consistent with studies showing that threatening stimuli or stressful situations induce
an overestimation of time (Angrilli, Cherubini, Pavese, & Manfredini, 1997; Handcock & Weaver, 2005;
Langer, Wapner, & Werner, 1961; Meck, 1983; Noulhiane, Mella, Samson, Ragot, & Pouthas, 2007;
Watts & Sharrock, 1984).
An overestimation of time has also been observed with the presentation of facial expressions of
happiness and sadness (Droit-Volet, Brunot, & Niedenthal, 2004; Effron, Niedenthal, Gil, & Droit-Volet,
2006), regardless of the age of the subject, although overestimation appears to a greater extend for anger
and fear than for happiness and sadness. However, as Figure 3 shows, the overestimation of time did not
appear in the present study for the happiness condition, as it did in previous studies (Droit-Volet et al.,
2004; Effron et al., 2006). In fact, in prior studies, happy faces exhibited a Duchenne smile (true smile),
whereas in this study it was a non-Duchenne smile (false smile). The former smile is distinguished from
the latter by the contraction of both the zygomaticus major and the orbicularis oculi muscles (see Figure
4) (Duchenne, 1862/1990; Ekman, 1989). The non-Duchenne smile corresponds to a fake smile, a social
smile, whereas the Duchenne smile is related to the experience of enjoyment (Ekman, Davidson, &
Friesen, 1990; Soussignan, 2002; Surrakka & Hietanen, 1998). In a complementary study using both
Duchenne and non-Duchenne smiles, results revealed effectively that an overestimation of time is only
observed with the presentation of a true smile (non published manuscript). This result supports the idea
that only Duchenne smiles imply affiliation behaviors (Mehu, Grammer, & Dunbar, 2007; Papa &
Bonanno, 2008). Concerning sadness, this emotion is generally recognized as being less arousing,
inducing a general slowing down of the individual (Russel, 1980; Schwartz, Weinberger, & Singer,
1981). However, the perception of an expression of sadness is different from experiencing sadness. Some
theorists suggest that a sad expression informs the perceiver that the perceived individual needs help
(Fridlund, 1997). In this vein, we can suppose that the perception of a sad face increases the level of
arousal of the perceiver in order to give assistance.
Orbicularis oculi
(raise the cheeks
and wrinkle the outside
corners of eyes)

Zygomaticus major
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Figure 4. Example of a happy face with a non-Duchenne smile (in the left), or a Duchenne smile (in the
right) (from Beaupré & Hess, 2005).
An additional finding in our results was a developmental change in the effects of the facial
expressions on temporal performance for anger and sadness. Indeed, the magnitude of the temporal
overestimation appears larger in the 5-year-old children than in the older subjects. Part of this difference
may rise from the appearance with age of a social control of emotions. Indeed, the acquisition of rules
concerning emotional expressivity forms an integral part of the acquisition of social rules (Cole, 1986).
Several studies show that during development, the child learns how to dissimulate some prejudicial
emotional expressions. In our western countries, the child would thus learn how to mask his anger, which
is considered to be pejorative (Saarni & von Salish, 1993; Underwood, 1997), and how to mask his
sadness, which would reveal his vulnerability (Saarni, 1979). In short, with development, the facial
expressions of anger and sadness would have a lower impact on time perception due to the acquisition of
social rules. Nevertheless, it remains to be determined if this reduction in temporal distortions results
from a process of inhibition of an automatic internal clock acceleration, or from a process of an
attentional filter.

4.2. The facial expression of disgust does not involve any time distortion
As can be seen in Figure 3, with the bisection task, the emotional facial expression of disgust does not
cause any temporal distortion, regardless of the age of the subjects. We can explain the absence of this
effect by the fact that the perception of disgust in others does not induce preparation for an immediate
action enabling the organism to avoid an imminent danger. Consequently, even though disgust is
considered to be a high-arousal emotion, in this case, the organism is not required to respond to an
imminent threat. Thus, there would be no increase in the level of arousal accelerating the internal clock.
On its basic definition, disgust is strongly linked with contamination, with the rejection of something bad
for health (Darwin, 1872/1998; Haidt, McCauley, & Rozin, 1994; Rozin & Fallon, 1987). In other words,
it seems that the source of the emotion is particularly important for disgust. By this account, the facial
expression of disgust appears not to be a stimulus enough relevant to affect the internal clock.
Nevertheless, Angrilli and colleagues (1997), presenting disgusting pictures, such as a mutilated body, in
a reproduction task, observed an overestimation of time consistent with a clock-related effect. And
recently, our research team, presenting disgusting food pictures in a bisection task, observed an
underestimation of time consistent with an attention-related effect (Gil, Rousset, & Droit-Volet, 2009). It
is thus interesting to note that, for the same emotion, time distortions vary as a function of the
significance of the stimulus.

4.3. The facial expression of shame involves an underestimation of time
In the adults and the 8-year-old children, the facial expression of shame did not cause an
overestimation, but an underestimation of time. According to the internal clock model, such
underestimation of time would be due to attentional-based processes. Indeed, shame is regarded as a selfconscious emotion, involving a reflexive attitude toward oneself (Haidt, 2003; Izard, 1971). We can thus
suppose that shame faces attract attentional resources to the detriment of duration processing. The
emotions of anger, fear, happiness, sadness, and disgust are primary emotions, appearing early in life
because they have biological basis, being the result of evolution (Darwin, 1872/1998; Ekman, 1984;
Izard, 1977; Tomkins, 1962). Shame is a secondary emotion, which develops later with social interactions
and the internalization of social rules (Lagattuta & Tompson, 2007; Tangney & Dearing, 2002). For this
reason, underestimation for shame is not observed in younger children. In an additional study, we show
that 5-year-old children do not recognize the facial expression of shame (Figure 5), and that the
recognition of the facial expression of shame is required to produce a time distortion. Consequently, the
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facial expression of shame has no significant impact on time perception in the younger children, who do
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Figure 5. Mean percentage of correct responses in an emotional facial recognition task, for 5- and 8-yearold children as for adults (Gil & Droit-Volet, submitted-a).

5. Conclusion
Our studies show that the perception of an emotional facial expression involves a temporal distortion.
Moreover, our findings highlight that the direction (over-underestimation), and the amplitude of these
temporal distortions depend on the adaptive function of each emotion. The effect of emotional facial
expressions on subjective time would be thus closely related to the role of emotions in action (Frijda,
1986). It would be now important to test others temporal tasks, longer ranges of durations, and other
kinds of emotional stimuli (e.g., Droit-Volet, Mermillod, Cocenas-Silva, & Gil, in press; Gil & DroitVolet, submitted-b). The topic of social time thus represents a new and fascinating research domain.

6. Bibliography
Allan, L.G., Gibbon, J. (1991). Human bisection at geometric mean. Learning and Motivation, 22, 39-58.
Angrilli, A., Cherubini, P., Pavese, A., & Manfredini, S. (1997). The influence of affective factors on
time perception. Perception & Psychophysics, 59, 972-982.
Beaupré, M.G. & Hess, U. (2005). Cross-cultural emotion recognition among Canadian ethnic groups.
Journal of Cross-Cultural Psychology, 26, 355-370.
Calder, A.J., Keane, J., Lawrence, A.D., & Manes, F. (2004). Impaired recognition of anger following
damage to the ventral striatum. Brain, 127, 1958-1969.
Carrasco, C., Redolat, R., & Simon, V.M. (1998). Time estimation in minimally abstinent smokers.
Human psychopharmacology, 13, 543-549.
Chambon, M., Droit-Volet, S., & Niedenthal, P.M. (2008). The effect of embodying the elderly on time
perception. Journal of Experimental Social Psychology, 44, 672-678.

Emotion and time perception 9 / 12
Chambon, M., Gil, S., Niedenthal, P.M., & Droit-Volet, S. (2005). Psychologie sociale et perception du
temps : l’estimation temporelle des stimuli sociaux et émotionnels. Psychologie Française, 50, 167-180.
Cheng, R-K., Ali, Y.M., & Meck, W. (2007). Ketamine “unlocks” the reduced clock-speed effects of
cocaine following extended training: Evidence for dopamine-glutamate interactions in timing and time
perception. Neurobiology of Learning and Memory, 88, 149-159.
Church, R.M., & Deluty, M.Z. (1977). Bisection of temporal intervals. Journal of Experimental
Psychology Animal Behavior Process, 3, 216-228.
Cole, P.M. (1986). Children’s spontaneous control of facial expression. Child Development, 57, 13091321.
Coull, J.T., Vidal, F., Nazarian, B., & Macar, F. (2004). Functional Anatomy of the Attentional
Modulation of Time Estimation. Science, 303, 1506-1508.
Darwin, C. (1998). The expression of the emotions in man and animals. Oxford, England: Oxford
University Press. (Original work published 1872).
Delgado, M.L., & Droit-Volet, S. (2007). Testing the representation of time in reference memory in the
bisection and the generalization task: The utility of a developmental approach. The Quarterly Journal of
Experimental Psychology, 60, 820-836.
Droit-Volet, S., Brunot, S., & Niedenthal, P.M. (2004). Perception of the duration of emotional events.
Cognition and Emotion, 18, 849-858.
Droit-Volet, S., Clément, A., & Fayol, M. (2008). Time, number and lengh: Similarities and differences
in bisection behavior in children and adults. The Quaterly Journal of Experimental Psychology, 1-20.
Droit-Volet, S., Clément, A., & Wearden, J.H. (2001). Temporal generalization in 3- to 8-year-old
children. Journal of Experimental Child Psychology, 80, 271-288.
Droit-Volet, S., & Gil, S. (2009). The time-emotion paradox. Journal of Philosophical Transactions of the
Royal Society, B (Biological Sciences), 364, 1943-1953.
Droit-Volet, S., & Meck, W.H. (2007). How emotions colour our time perception. Trends in Cognitive
Sciences, 11, 504-513.
Droit-Volet, S., Meck, W., & Penney, T. (2007). Sensory modality effect and time perception in children
and adults. Behavioural Processes, 74, 244-250.
Droit-Volet, S., Mermillod, M., Cocenas-Silva, R., & Gil, S. (in press). The effect of expectancy of a
threatening event on time perception in human adults. Emotion.
Droit-Volet, S., & Rattat, A.C. (2007). A further analysis of temporal bisection behavior in children with
and without reference memory: the similiarity and the partition task. Acta Psychologica, 125, 240-256.
Droit-Volet, S., & Wearden, J.H. (2001). Temporal bisection in children. Journal of Experimental Child
Psychology, 80, 142-159.
Droit-Volet, S., & Wearden, J.H. (2002). Speeding up an internal clock in children? Effects of visual
flicker on subjective duration. The Quarterly Journal of Experimental Psychology, 55B, 193-211.
Duchenne, G.B.A. (1990). The mechanism of human facial expression. In R.A. Cuthbertson (Ed. And
Trans.). Cambridge, UK: Cambridge University Press. (Original work published in 1862).
Effron, D., Niedenthal, P.M., Gil, S., & Droit-Volet, S. (2006). Embodied Temporal Perception of
Emotion. Emotion, 6, 1-9.
Ekman, P. (1982). Emotion in the Human Face, New York, Pergamon Press.
Ekman, P. (1984). Expression and the nature of emotion. In Scherer, K., and Ekman, P. (Eds.).
Approaches to emotion (pp. 287-306). Hillsdale New Jersey: Lawrence Erlbaum.
Ekman, P. (1989). The argument and evidence about universals in facial expressions of emotion. In H.
Wagner & A. Manstead (Eds.), Handbook of psychophysiology: The biological psychology of
emotions and social processes (pp. 143-164). London: John wiley Ltd.
Ekman, P. (1999). Basic Emotions. In. T. Dalgleish and M. Power (Eds). Handbook of Cognition and
Emotion (pp. 301-320). Sussex, U.K.: John Wiley & Sons, Ltd.
Ekman, P., Davidson, R.J., & Friesen, W.V. (1990). The Duchenne smile: emotional expression and brain
physiology II. Journal of Personality and Social Psychology, 2, 342-353.
Fortin, C. (2003). Attentional time-sharing in interval timing. In W. H. Meck (Ed.), Functional and neural
mechanisms of interval timing (pp. 235–260). Boca Raton: CRC Press.

Cognition, Emotion & Motivation, pages # à X

Fridlund, A. (1997). The new ethology of human facial expressions. In J. Russell, & J. Fernandez-Dols
(Eds.), The psychology of facial expression (pp. 103-129). Cambridge: Cambridge University Press.
Frijda, N.H. (1986). The emotions. New York: Cambridge University Press.
Gautier, T., & Droit-Volet, S. (2002). Attention and time estimation in 5- and 8-year-old children: a dualtask procedure. Behavioral Processes, 58, 57-66.
Gibbon, J., Church, R.M., & Meck, W. (1984). Scalar timing in memory. In J. Gibbon & L. Allan (Eds.),
Annals of the New Academy of Sciences, 423: Timing and time perception (pp.52-77). New York:
New York Academy of Sciences.
Gil, S., & Droit-Volet, S. (submitted-a). Time perception in front of ashamed faces in children and adults.
Gil, S., & Droit-Volet, S. (submitted-b). “Time flies in the presence of angry faces”…depending on the
temporal task used!
Gil, S., Niedenthal, P.M., & Droit-Volet, S., (2007). Anger and temporal perception in children. Emotion,
7, 219-225.
Gil, S., Rousset, S., & Droit-Volet, S. (2009). How liked and disliked food affect time perception.
Emotion, 9, 457-463.
Haidt, J. (2003). The moral emotions. In R.J. Davidson, K.R. Scherer, & H.H. Goldsmith (Eds.),
Handbook of affective sciences (pp.852-870). Oxford: Oxford University Press.
Haidt, J., McCauley, C., & Rozin, P. (1994). Individual differences in sensitivity to disgust: a scale
sampling seven domains of disgust elicitors. Personality and Individual Differences, 16, 701-713.
Handcock, P.A., & Weaver, J.L. (2005). On time distortion under stress. Theoretical Issues in
Ergonomics Science, 6, 193-211.
Izard, C.E. (1971). The face of emotion. East Norwalk, CT: Appleton-Century-Crofts.
Izard, C.E. (1977). Human Emotions. New York, Plenum Press.
Keltner, D., & Haidt, J. (2001). Social functions of emotions. In T. Mayne & G. Bonanno (Eds),
Emotions: Current issues and future directions (pp. 192-213). New York: Guilford Press.
Keltner, D., & Kring, A.M. (1998). Emotion, Social Function, and Psychopathology. Review of General
Psychology, 2, 320-342.
Lagattuta, K.H. & Thompson, R.A. (2007). The development of self-conscious emotions: Cognitive
processes and social influences. In J.L. Tracy, R.W. Robins, & J.P. Tangney (Eds.), The self-conscious
emotions: Theory and research (pp. 91-113). New York: Guilford.
Langer, J., Wapner, S., & Werner, H. (1961). The effect of danger upon the experience of time. American
Journal of Psychology, 74, 94-97.
Ledoux, J.E. (1996). The Emotional Brain. New York : Simon and Schuster.
Lustig, C., & Meck, W.H. (2001). Paying attention to time as one gets older. Psychological Sciences, 12,
478-484.
Maricq, A.V., Roberts, S., & Church, R.M. (1981). Methamphetamine and time estimation. Journal of
Experimental Psychology: Animal Behavior Processes, 7, 18-30.
Matell, M.S., Bateson, M., & Meck, W.H. (2006). Single-trials analyses demonstrate that increases in
clock speed contribute to the methamphetamine-induced horizontal shifts in peak-interval timing
functions. Psychopharmacology, 188, 1432-2072.
Meck, W.H. (1983). Selective adjustment of speed of internal clock and memory processes. Journal of
Experimental Psychology: Animal Behavior Processes, 9, 171-201.
Meck, W.H. (1996). Neuropharmacology of timing and time perception. Cognitive Brain research, 3,
227-242.
Mehu, M., Grammer, K., & Dunbar, R.I.M. (2007). Smiles when sharing. Evolution and Human
Behavior, 28, 415-422.
Miki, A., & Santi, A. (2005). The perception of empty and filled time intervals by pigeons. The Quaterly
Journal of Experimental Psychology, 58, 31-45.
Noulhiane, M., Mella, N., Samson, S., Ragot, R., & Pouthas, V. (2007). How emotional auditory stimuli
modulate time perception. Emotion, 7, 697-704.
Orduna, V., Hong, E., & Bouzas, A. (2007). Interval bisection in spontaneously hypertensive rats.
Behavioural Processes, 10, 107-111.

Emotion and time perception 11 / 12
Papa, A., & Bonanno, G.A. (2008). Smiling in the face of adversity : The interpersonal and intrapersonal
functions of smiling. Emotion, 8, 1-12.
Penney, T.B., Gibbon, J., & Meck, W.H. (2000). Differential effects of auditory and visual signals on
clock speed and temporal memory. Journal of Experimental Psychology: Human Perception and
Performance, 26, 1770-1787.
Penton-Voak, I.S., Edwards, H., Percival, A., & Wearden, J.H. (1996). Speeding up an internal clock in
humans ? Effects of click trains on subjective duration. Journal of Experimental Psychology, 3, 307320.
Phelps, E.A., & Ledoux, J.E. (2005). Contributions of the amygdala to emotion processing: from animal
models to human behavior. Neuron, 48, 175-187.
Rozin, P., & Fallon, A. E. (1987). A perspective on disgust. Psychological Review, 94, 23-41.
Russel, J.A. (1980). A circumplex model of affect. Journal of personality and Social Psychology, 39,
1161-1178.
Russel, J.A., & Fernandez-Dols, J.M. (1997). The psychology of facial expression. Cambridge University
Press.
Saarni, C. (1979). Children's understanding of display rules for expressive behavior. Developmental
Psychology, 15, 424-429.
Saarni, C., & von Salisch, M. (1993). The socialization of emotional dissemblance. In M. Lewis & C.
Saarni, (Eds.), Lying and deception in everyday life (pp. 106–125). New York: Guilford Press.
Schwartz, G.E., Weinberger, D.A., & Singer, J.A. (1981). Cardiovascular differentiation of happiness,
sadness, anger, and fear following imagery and exercise. Psychosomatic Medicine, 43, 343-364.
Soussignan, R. (2002). Duchenne smile, emotional experience, and autonomic reactivity: a test of the
facial feedback hypothesis. Emotion, 2, 52-74.
Surakka, V., & Hietanen, J.K. (1998). Facial and emotional reactions to Duchenne and non-Duchenne
smiles. International Journal of Psychophysioly, 29, 23-33.
Tangney, J. P., & Dearing, R. L. (2002). Shame and Guilt. New York: The Guilford Press.
Tomkins, S.S. (1962-1963). Affect, Imagery, Consciousness (Vol. I et II). The positive affects. New
York: Springer.
Treisman, M., & Brogan, D. (1992). Time perception and the internal clock : Effects of visual flicker on
the temporal oscillator. European Journal of Cognitive Psychology, 4, 41-70.
Underwood, M.K. (1997). Top ten pressing questions about the development of emotion regulation.
Motivation and Emotion, 21, 127-146.
Watts, F.N., & Sharrock, R. (1984). Fear and time estimation. Perceptual and Motor Skills, 59, 597-598.
Wearden, J.H. (1991a). Do humans possess an internal clock with scalar timing properties? Learing and
Motivation, 22, 59-83.
Wearden, J.H. (1991b). Human performance on an analogue of an internal bisection task. The Quaterly
Journal of Experimental Psychology, 43B, 59-81.
Wearden, J.H., Norton, R., Martin, S., & Montford-Bebb, O. (2007). Internal clock processes and the
filled duration illusion. Journal of Experimental Psychology: Human Perception and Performance, 33,
716-729.
Wearden, J.H., & Penton-Voak, I.S. (1995). Feeling the heat : Body temperature and the rate of subjective
time revisited. The Quaterly Journal of Experimental Psychology, 48B, 129-141.
Wearden, J.H., Todd, N.P.M., & Jones, L.A. (2006). When do auditory/visual differences in duration
judgements occur? The Quaterly Journal of Experimental Psychology, 59, 1709-1724.
Zakay, D. (1989). Subjective time and attentional resource allocation: An integrated model of time
estimation. In I. Levin & D. Zakay (Eds.), Time and human Cognition (pp. 365-397). Amsterdam:
North-Holland.
Zakay, D. (1992). The role of attention in children’s time perception. Journal of Experimental Child
Psychology, 54, 355-371.
Zakay, D. (2005). Attention et jugement temporel. Psychologie Française, 50, 65-79.
Zakay, D., & Block, R.A. (1996). The role of attention in time estimation processes. In : Pastor, M.A.,
Artieda, J. (Eds), Time, Internal Clocks and Movement. Elsevier, Amsterdam, pp.143-164.

Cognition, Emotion & Motivation, pages # à X

