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Abstract. This paper examines how dogs can modulate the effects of emotion on time perception. To this end, participants performed a
temporal bisection task with stimulus durations presented in the form of neutral or emotional facial expressions (angry, sad, and happy faces). In
the first experiment, dog owners were compared with nondog owners, while in the second experiment, students were randomly assigned to one
of the three waiting groups (waiting alone, with another person, or with a dog) before being confronted with the temporal bisection task. The
results showed that dogs allowed the participants to regulate the intensity of negative emotional effects, while no statistical differences
emerged for the happy facial expressions. In certain circumstances, dogs could even lead the subjects to generate underestimation of time

when faced with negative facial expressions.
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OPEN DATA

The last decade has seen an explosion in research into the
effect of emotion on the perception of time (for a recent
review, see Droit-Volet et al., 2013). Most of these studies
have used facial expressions as emotional stimuli along
with a temporal bisection task (Bar-Haim et al., 2010; Doi
& Shinohara, 2009; Droit-Volet et al., 2004; Droit-Volet &
Meck, 2007; Gil & Droit-Volet, 2011a, 2011b; Tipples,
2008, 2011). In this famous task, participants first have
to learn to discriminate a short (S) from a long (L) standard
duration based on the presentation of a pink oval shape.
Then, in the testing phase, three to five intermediate
durations are integrated along with the two previous
standard durations. Participants are not aware of this
change. They must continue to say “short” or “long” if
they think they are faced with the short or long standard
duration. In these different studies, negative, high-arousal
stimuli, namely angry or fearful faces, are systematically
judged to last longer than neutral stimuli. Positive facial
expressions (e.g., happy faces) or negative but low-
arousing facial expressions (e.g., sad faces) were also
proved to last longer compared to neutral faces (Droit-
Volet et al., 2004; Droit-Volet & Meck, 2007; Gil & Droit-
Volet, 2011a, 2011b). Nonetheless, the lengthening effect
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matched with these emotions is often deemed to be less
important. In summary, the perception of emotional
stimuli, specifically the negative high arousal stimuli,
typically produces distortions in time judgment consistent
with a “lengthening effect.”

This phenomenon has been explained by researchers in
light of the most popular model of time perception - the
pacemaker-accumulator-like model (Gibbon et al., 1984;
Treisman, 1963). According to the pacemaker-accumulator
model, each individual is intrinsically equipped with an
“internal clock” which itself comprises a pacemaker, an
attentional switch, and an accumulator. The pacemaker
emits pulses to an accumulator viag an attentional switch that
closes at the beginning and opens at the end of the stimulus
to be timed. Our perception of time would therefore rely on
the time units incremented in the accumulator. The more
pulses accumulated, the longer the subjective time.
Thereby, based on this model, the lengthening effect would
be the result of the perception of negative high-arousal
emotional stimuli increasing the level of activation of the
central nervous system and thus accelerating the internal
clock system underlying the representation of time (Gil &
Droit-Volet, 2012; Treisman, 1963, 2013). This assumption
has been confirmed with pharmacological studies in which
participants were administered dopamine-releasing sub-
stances such as cocaine or methamphetamine that modu-
late arousal by altering the effective levels of dopamine in
the brain (Cheng et al., 2007; Matell et al., 2006 for a
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review of the effects of dopamine on time perception, also
see Marinho et al., , 2018). Just as a clock speeds up,
arousal would increase the ticking rate of our internal
clock. The main function of this would be to enable the
body to adapt efficiently to forthcoming events (Droit-
Volet & Meck, 2007). For example, fear and anger are
extremely arousing as they activate behavior funda-
mental to our survival (e.g., fight or flee). Sadness or
happiness, however, needs social responses that are less
linked to bodily survival.

There is some evidence that emotional distortions in
duration perception can be modified. For instance, the
temporal bias caused by emotion can be modulated ac-
cording to the chosen external emotional stimuli. Indeed,
the lengthening effect witnessed with an emotional
stimulus as simple as a movie (Droit-Volet et al., 2011)
becomes more marked with stronger emotional stimuli
such as electric shocks or aversive sounds for instance,
since these last stimuli are more arousing (Droit-Volet
et al., 2010; Fayolle et al., 2015, also see Gil & Droit-
Volet, 2012). Yet, the effect can also be modified by
changing the subject’s receptivity to these distractors. In
arecent study, researchers demonstrated that a cognitive
re-evaluation (e.g., reappraisal) and an inhibition of our
own emotion expression (e.g., suppression) were emo-
tional regulation strategies that drastically reduced (or
even canceled) the influence of emotional facial ex-
pressions on time perception (Tian et al.,, 2018). It is to
highlight that reappraisal and suppression have been
shown to decrease emotional arousal and even change
brain activity related to emotional processing (Cai et al.,
2016; Driscoll et al., 2009; Eippert et al., 2007; Flynn
et al., 2010; Goldin et al., 2008), therefore explaining the
aforementioned effects.

To our knowledge, no studies have attempted to analyze
the influence of an animal on the temporal bias related to
emotions. Yet, among the vast array of physiological and
psychological benefits achieved with dogs (e.g., reduced
blood pressure, reduced heart rate, diminished sense of
loneliness, and reduced pain threshold: Anderson et al.,
1992; Polheber & Matchock, 2014; Zasloff & Kidd, 1994;
Petersson et al., 1996), one such benefit is linked with
arousal. Indeed, it has been shown that the presence of or
prior interaction with a dog decreases autonomic arousal
(Jennings, 1997). For instance, Allen et al. analyzed au-
tonomic responses in women while performing a backward
subtraction task. The women could be alone, with a female
friend, or with a pet dog. Participants in the latter scenario
presented lower heart rate, skin conductance, and blood
pressure compared to the other two groups (Allen et al.,
1991). Regardless of the situations and individuals tested
(i.e., gender and age), participants systematically report
feeling less stressed in canine company compared to other
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individuals (Hansen et al., 1999; Siegel, 1990). The factor
behind these lower arousal rates is thought to be related to
a decrease in cortisol production. Cortisol is directly re-
lated to stress since this hormone is actively produced
during stressful situations (for a review, see Burke et al.,
2005). In a stressful situation, cortisol transforms fat into
sugar so that the body has the necessary energy to react
to the danger (De Feo et al., 1989). Many studies have
thus shown that a 10-min interaction with a dog sig-
nificantly reduces cortisol levels in individuals (Handlin
et al., 2011; Pendry & Vandagriff, 2019; Viau et al,,
2010). The same effects were observed in dog owners
(Allen et al., 2002), where the cortisol levels of these
subjects are associated with the way the owners interact
with their dogs and also with behaviors caused by the
interaction (Petersson et al., 2017).

The aim of our study was therefore to systematically
analyze the possible modulation that dogs could generate
on emotion-related time distortion. In the first study of this
paper, we directly compared dog owners to individuals
without animals. Our hypotheses were that (1) dog owners
should display fewer time distortions associated with
emotional events, (2) especially for high-arousing facial
expressions, regardless of their positive or negative va-
lence. It was also assumed that (3) these effects would be
linked to the amount of time dog owners spent with their
dogs.

Experiment 1

Method

Participants

A total of 130 subjects took part in the experiment. Among
them, 103 were dog owners (93 females and 10 males,
Mg, =35.99 years, SD = 12.19) and 27 were not (20 females
and seven males, M, = 33.5, SD = 13.87). The participants
were enrolled in the study via an advertisement posted
publicly on Facebook as well as in private groups of dog
enthusiasts. Since these private groups are breed-specific,
we targeted the owners of medium and large dogs. In-
formed written consent was obtained from all participants
prior to participation.

Material

The survey was conducted using Qualtrics® electronic
survey software, which delivered and encoded experi-
mental events. The temporal stimuli were a pink oval image
(12 x 16 cm) and photos of three different female faces
(Droit-Volet et al., 2004), retrieved from the Radboud Faces
Database (Langner et al,, 2010). Temporal stimuli were
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always displayed in the center of the screen against a black
background. Four different facial expressions were paired
with each of the women (i.e., Neutral, Sadness, Happiness,
and Anger; see an example in Figure 1).

Procedure
Before starting the task, participants were invited to an-
swer demographic questions about gender and age and to
confirm whether they were dog owners. If they owned a
dog, they were asked how much interaction time they had
with their dog during the day and how much interaction
time they had with their dog on average. Interaction was
defined as reciprocal reactions and moments of exchange.

Participants were then invited to perform a temporal
bisection task composed of three successive phases: pre-
training, training, and testing. In the pretraining phase,
participants were submitted to “short” and “long” stan-
dard duration twice, represented by the pink oval stimulus.
The short standard stimulus duration was 1,000 ms, and
the long standard stimulus was 4,000 ms. Instructions
were also given before the presentation, specifying the
duration to be presented (i.e., “you will now see the short
duration”) and after the presentation, recalling the tem-
poral stimulus they were just shown (i.e., “this was the
short duration”). Participants were also asked not to count
as this is an effective method used to prevent counting
(Rattat & Droit-Volet, 2012).

In the training phase, participants were exposed to a
block of eight trials, with standard durations each

Neutral

Figure 1. Example of faces displaying neutral, sad, angry and happy
expressions.
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randomly presented four times. Following each standard
duration, participants had to choose responses labeled
“short” or “long” displayed on the survey screen. They
therefore had to discriminate between durations by ticking
“short” after the short standard duration, or “long,” after
the long standard duration. Participants could not proceed
to the next presentation without responding. Accuracy
feedback was then presented in the center of the screen for
2's, with “yes” or “no” for correct and incorrect answers,
respectively.

During the testing phase, the temporal stimuli took the
form of an emotional facial expression, thus replacing the
pink oval image. No further accuracy feedbacks were
delivered. Subjects were informed of these changes.
However, they were not warned that three intermediate
durations had been inserted (e.g., 1,750, 2,500, and
3,250 ms) along with the two standard durations. Their
objective was unchanged; they had to tick “short” or
“long” when they thought they had been exposed to the
short or long duration. Subjects thus underwent a total of
180 trials (four expressions x three female faces x three
trials x five durations).

Results

Data Analysis

Figure 2 shows the proportion of “long” responses (p(long))
plotted against the comparison durations for each emotional
condition for both dog owners and nondog owners
(Figure 2). Also, Table 1 provides the bisection point (BP) and
Weber ratio (WR) for each experimental condition for both
Experiments 1 and 2. Graphically, it appears that the psy-
chophysical function of the nondog owners was shifted
toward the left, consistent with a lengthening effect, for the
angry and sad faces compared to the neutral faces. None-
theless, the psychophysical functions of dog owners seem to
remain consistent throughout. This was confirmed by the
statistical analysis run on p(long). Notwithstanding the sig-
nificant results, we will not report them here as they gen-
erated similar results to those obtained for the BP. The BP is
the “psychological mid-point” of the duration range between
S and L (Wearden, 2016, p. 72). In other words, it is the
duration giving rise to 50% of “short” responses and 50% of
“long” responses. This temporal parameter was derived
from the significant fit of the individual data obtained with
the pseudologistic model (PLM; Killeen et al., 1997), which
provides good fits for the bisection data under the different
conditions (mean R?=.91, SD = 0.04). In addition, Wearden
and Ferrara (1995) demonstrated that the results were quite
similar, irrespective of the method used. Another parameter,
the WR, was calculated. The WR is an index of time sen-
sitivity. It is the difference limen (p(long) = .75 - p(long) = .25)
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Figure 2. Proportion of long re-
sponses plotted against probe du-
rations for the neutral, sad, happy,
and angry facial expressions for
both (panel A) Dog Owners and
(panel B) Nondog owners.
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divided by the BP. A high WR indicates low time sensi-
tivity, and a low WR is indicative of high time sensitivity.
The following link gives access to raw data for Studies 1
and 2: https://osf.io/nehs4/?view_only=0ce9a765clc442
faa863b290f943fc28.

Weber Ratio and Bisection Point Analyses

The statistical analyses launched on the WR did not
show any significant results (all p > .05). This therefore
suggests that time sensitivity did not change according
to the type of facial emotional expression and dog
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ownership group. This result corroborates previous
studies on emotions (see Droit-Volet, 2013, for reviews).
Nonetheless, the BP ANOVA with expressions as within-
subject factors (neutral, sad, happy, and angry) and
group of dog owners as a between-subject factor (dog
owners or nondog owners) revealed a significant
emotion x group interaction, F(4,126) = 3.39, p=.02,1?,
=.07. Yet, the ANOVA did not yield any main effect in
terms of emotion, F(4, 126) = 0.89, p = .45, or dog
ownership, F(1, 129) = 3.37, p > .05. Taken together,
these results suggest that the shift of the BP with faces is
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Table 1. Summary table of BPs and WR for each of the emotional conditions (anger, sadness, happiness, and neutral) for Experiments 1 and 2

Anger Sadness Happiness Neutral
BP WR BP WR BP WR BP WR
Experiment 1
No dog owners 2.37 0.42 2.30 0.46 2.45 0.44 2.53 0.50
Dog owners 2.25 0.39 2.32 0.42 2.28 0.40 2.23 0.45
Experiment 2
Waiting alone 2.28 0.43 2.30 0.46 222 0.46 2.43 0.44
Waiting with someone 2.44 0.38 2.42 0.47 2.47 0.53 2.63 0.45
Waiting with a dog 2.46 0.39 2.46 0.42 2.24 0.48 2.29 0.51

the only group function in our study. To ensure effective
evaluation of our theoretical predictions, we launched
mixed ANOVAs comparing each emotional condition
separately with the neutral faces.

Analyses of the Temporal Bias for the Emotion of
Anger

First, we launched the mixed ANOVA on angry faces with
one within-factor for emotion (angry and neutral) and one
between-subject factor for dog ownership (dog owners and
nondog owners). This model did not highlight any main
effect on emotion, F(1,129) = 2.19, p = .14, suggesting that
there was no significant distortion in time perception from
neutral to angry faces. Nonetheless, the emotion x group
ownership just reached the level of significance, F(l,
129) = 3.92, p = .05, n?, = .03. As suggested by Figure 3,
which illustrates the difference in BP from neutral to
emotional faces, participants without dogs are more likely
to generate a typical lengthening effect caused by angry
faces than dog owners. Additional paired t-tests were run

0.5 1
0.4
0.3
0.2 A

0.1 4

Differences between emotional and neutral faces' BP
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for each dog ownership group to compare these distortions
with zero. While participants without a dog significantly
generate the typical lengthening effect (¢(27) =2.0,p=.05),
distortions among dog owners do not differ statistically
from zero (¢(103) = —0.55, p > .05). Finally, the significant
main effect of the dog ownership yielded by the ANOVA,
F(1, 129) = 5.57, p = .02, n?, = .04, means that subjects
without dogs have a BP shifted further to the right
(M =2.45s) compared to dog owners (M = 2.24 s). Thereby,
dog owners would underestimate time on the temporal
bisection when faced with neutral and angry emotional
faces compared to other subjects without dogs.

Analyses of the Temporal Bias for the Emotion of
Sadness

The same ANOVA was run on sad faces. Once again, the
ANOVA revealed no main effect of emotion, F(I,
129) = 1.87, p = .17, but a significant emotion x group
ownership interaction, F(1,129) =10.30, p =.002,1?, = .07.
When comparing the BP differences from neutral to sad

Figure 3. lllustration of the time distortion
between neutral and emotional faces for
each of our experimental conditions (angry,
sad, and happy faces). The error bars show
estimation variances divided by two.
BP = bisection point.

ODog owners

ENo Dog owners
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faces with zero, it appears that subjects without a dog
reproduce the typical lengthening effect caused by
emotion (¢(27) = 2.22, p = .037), while dog owners are
significantly generating an underestimation of time
t(103) = —2.11, p = .035). The ANOVA yielded no main
group effect in this model, F(1, 129) = 2.97, p > .05.

Analyses of the Temporal Bias for the Emotion of
Happiness

Finally, the ANOVA on happy faces only discloses the main
effect of group owners, F(1,129) =7.79, p = .006, 1?, = .06,
with a lower BP paired with dog owners (Myog owners = 2.25
8; Mpondog owners = 2.49 s). The effects of emotion and
emotion x group both failed to reach the level of signifi-
cance (F(1, 129) = 0.19, p = .67 ; F(1, 129) = 2.02, p = .16,
respectively).

Regression Analyses of the Interaction Time With
Canines Reported by Dog Owners on the Emotional
Temporal Estimation Bias

Finally, to answer our last hypothesis, linear regressions
were initiated to establish whether the time spent with
their dog can predict the reduced difference in BP from
neutral to emotional faces that we observed in dog owners.
We used both the average estimated interaction time
generally spent by owners with their dogs and the inter-
action time spent with their dogs the day before taking part
in the study as independent variables. The first measure
showed no significant regression equation (angry distor-
tions: F(1, 94) = 3.72, p = .057; sadness distortions: F(1,
94) = 2.60, p = .11; happiness distortions: F(1, 94) = 0.002,
p = .96). However, the regression equation regarding sad
distortion proved to be significant with the interaction time
subjects spent with their dogs the day before taking part,
F(1, 106) = 3.94, p = .05, with an n?, of .04. The partici-
pants’ distortion of time is equal to —.252 + 0.001 when
time interaction is reported in minutes. Participant dis-
tortion caused by sad faces thus decreases by 0.001 s for
each minute of interaction with their dog. Yet, equations
failed to reach the level of significance for the happy, F(1,
106) = 0.05, p = .82, and angry distortions, F(1,106) = 0.28,
p = .60.

Discussion

In summary, the results of Experiment 1 suggest that the
effect of emotional faces is a function of the dog own-
ership of participants. However, our first hypothesis that
dog owners should generate a less marked lengthening
effect for high-arousing expressions has only been
partially validated. While a greater time-lengthening
effect was observed in individuals without a dog
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compared to individuals with a dog, regarding the angry
faces, this was not the case with happy faces. Against our
expectations, this reduced lengthening effect of dog
owners was even observed in the sad face context. This
therefore raises concerns regarding our theoretical
hypothesis that the influence of dogs on time perception
would be based on reduced arousal. Furthermore, it is
worth noting that the underestimation of time observed
in dog owners with regard to the sad faces was not
related to the average amount of time subjects spend
with their dog each day but was a function of the amount
of time spent on the day of the experiment. This could
therefore suggest that the effect of dogs on temporal
distortions is of brief duration.

At this point, skeptics might claim that we do not know if
it is the dog that generates these reductions in temporal
distortion or whether people least affected by these dis-
tortions are more likely to own a dog. Furthermore, having
a breed dog may reflect different demographic variables
when compared with subjects without dog, such as eco-
nomic conditions, as a breed dog has a cost to purchase
and maintain or even physical condition as dog owners
may walk more than those people who have no dogs. In
addition, the fact of having carried out the study online can
also have consequences in relation to the equipment used
by users (e.g., screen size). Given the lack of control over
these variables, we initiated a second experiment in which
students, irrespective of dog ownership, were assigned to
one of the three waiting groups: waiting alone, with an-
other person, or with a dog. The aim of Experiment 2 was
thus to replicate the results of Experiment 1 based on a
more controlling, systematic approach. Thus, our hy-
pothesis was that subjects who waited with a dog would
display the least lengthening effect in response to sad and
angry faces compared to the two control groups, namely
subjects who waited alone or with another person.

Experiment 2

Method

Participants

Seventy-one subjects took part in this experiment (61 fe-
males and 10 males, M, = 20.33 years, SD = 3.05). The
participants were recruited via an announcement posted
publicly by the university. A dislike of dogs was an ex-
clusion criterion.

Material

The dog used was a 2.5-year-old Samoyed female. This
breed was selected for its sympathetic, comforting
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characteristics. The temporal stimuli used for the bisection
task were similar to those of Experiment 1.

Procedure

Participants were seated in a waiting room and were as-
signed to one of three waiting groups. They could wait
alone, with another unknown person, or with a dog. In the
second and third instances, the investigator said that they
were free to interact while waiting. The interaction time
was exactly 15 min as several recent studies have reported
physiological effects (i.e., subject’s salivary cortisol levels)
following just 10 min of interaction with a dog (Handlin
et al., 2011; Pendry & Vandagriff, 2019). The subjects were
then invited to enter another room, separately, to complete
the temporal bisection task which was identical to that of
Experiment 1.

Results

Data Analysis

Figure 4 shows the proportion of “long” responses
(p(long)) plotted against the comparison durations for each
emotional condition for subjects who waited alone, with
another person, or with a dog. As in Experiment 1, the WR
analyses did not show any significant effect (all p > .05),
suggesting that sensitivity to time remained constant
under the different experimental conditions. The ANOVAs
on p(long) are not shown because the results were similar
to those found for the BP.

Similar to Experiment 1, the BPs were calculated using
the PLM (Killeen et al., 1997) and provided good fits for the
bisection data under the different conditions (mean
R?=.89, SD = 0.08). A mixed ANOVA was launched on the
BP with emotion as a within-subjects factor (neutral, an-
gry, sad, and happy) and the waiting condition as a
between-subject factor (waiting alone, waiting with an-
other person, and waiting with a dog). Once again, the
main effect of emotions just failed to reach significance,
F(3, 68) = 2.15, p = .10. Interestingly, the effect of emotion
was function of the waiting condition, as suggested by the
significant emotion x waiting condition interaction, F(6,
68) = 2.57, p = .02, n?, = .07. The waiting condition was
devoid of main effect, F(2, 68) = 1.40, p = .25. As in Ex-
periment 1, we then launched a mixed ANOVA for each of
the three faces. Note that no main effect of waiting groups
was documented in any of these ANOVA (all ps > .05).

Analyses of the Temporal Bias for the Emotion of
Anger

The ANOVA relating to angry faces, that is, with the
within-subjects factor of emotion (neutral BP and angry
BP) and the waiting condition (waiting alone, waiting with

Experimental Psychology (2021), 68(2), 94-106

another person, and waiting with a dog), showed no main
effect of emotion, F(1, 68) = 1.70, p = .20. As suggested by
Figure 5, which highlights the difference between the
neutral and emotional faces, the faces x waiting condition
interaction proved to be significant, F(2, 68) = 6.55,
p =.003, 1%, = .16. An additional -test revealed that there
were no significant differences between the solo and dual
waiting conditions, t(53) = —0.474, p = .64, but that
subjects who waited with a dog systematically showed
reduced time lengthening from neutral to angry faces
(M = —0.16 s) than subjects waiting alone (M = 0.14 s)
1(45) = 2.81, p = .008 or with another person (M = 0.18 s)
t(53) = 3.27, p = .003. In summary, the prior 15-min in-
teraction with a dog significantly reduced the time dis-
tortion caused by angry faces when compared to
individuals who waited alone or with another person. A
paired t-test comparing these distortions with zero con-
firmed the lengthening effect for both waiting control
conditions (¢(27) = 2.19, p = .038; £(28) = 3.07, p = .005,
respectively). Of even greater interest, participants who
interacted with a dog did not showed lengthening effect
and even showed underestimation effect, £(18) = —3.07,
p =.005.

Analyses of the Temporal Bias for the Emotion of
Sadness

Similar mixed ANOVA was launched on sad faces and
reports similar results. Indeed, the ANOVA did not yield a
main effect of emotion, F(1, 68) = 1.12, p = .29, but a sig-
nificant emotion x waiting condition interaction, F(2,
68) = 4.81, p = .011, n?, = .12. Once again, only subjects who
waited with a dog differed from the other groups in terms of
a significantly reduced lengthening effect (M = —0.17 s)
compared to subjects who waited alone (M = 0.20 s)
t(44) = 3.07, p = .004, or with another person (M = 0.12 s)
t(44) = 2.41, p = .021. No differences emerged between the
two control groups (¢(53) = —1.15, p = .26). When comparing
the difference on BP from neutral to sad emotional faces
with zero, only the participants who waited with another
person reported a significant overestimation effect,
£(28) = 2.59, p = .02. The underestimation of time from
neutral to sad faces observed with dog owners in Ex-
periment 1 just failed to reach the level of significance in
this instance for participants who waited with a dog
(¢(18) = —1.84, p = .08).

Analyses of the Temporal Bias for the Emotion of
Happiness

The ANOVA with happy facial expression differs from
other emotions analyzed so far as the model revealed a
main effect of emotion, F(1, 68) = 6.62, p = .01, with a
bisection shift toward the left for happy faces compared to
neutral faces, thereby indicative of a lengthening effect. It
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also differs in that the effect of emotion does not change
with the waiting group, F(2, 68) = 0.65, p = .53. In sum-
mary, happiness was systematically overestimated, irre-
spective of the waiting condition.
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Figure 4. Proportion of long responses plotted against
probe durations for the neutral, sad, happy, and angry
facial expressions when waiting alone, with another
person, and with a dog.

Discussion

To sum up, the results of Experiment 2 confirmed that
prior interaction of only 15 min with a dog reduces the time
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lengthening effect on exposure to negative facial expres-
sions, namely sad and angry faces. The effect of a dog was
sufficiently powerful to eradicate main emotional effect
under these conditions. Nonetheless, a lengthening effect
was observed in all groups for happy facial expressions, as
suggested by the main effect of emotion.

General Discussion

The aim of our study was to analyze the effect of dogs on
typical human time distortion caused by emotional stimuli
(e.g., facial expressions) in a temporal bisection task. In our
two studies, the results found in our control conditions
replicated those reported in numerous studies showing a
lengthening effect of perceived durations in response to
emotions. Indeed, the psychophysical function obtained in
bisection for these subjects was shifted toward the left on
exposure to emotional expressions. Both our studies
showed that the BP for these subjects was indeed signifi-
cantly smaller for negative emotional facial expressions
(e.g., sad and angry faces) compared to neutral expressions.
As the lengthening effect on happy expressions was sig-
nificant only in Experiment 2, our study also corroborates
previous statements announcing that happiness is an
emotion which generates fewer temporal distortions (Droit-
Volet et al., 2004; Droit-Volet & Meck, 2007; Gil & Droit-
Volet, 2011a, 2011b). Furthermore, WRs were devoid of any
significant effect in our study, similar to published time and
emotion data (see Droit-Volet, 2013). This therefore sug-
gests that time sensitivity does not change according to
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Figure 5. Illustration of the time distortion between
neutral and emotional faces for each of our experi-
mental conditions (angry, sad, and happy faces) and
waiting condition groups. The error bars show esti-
mation variances divided by two. BP = bisection point.

B solo
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facial emotional expression and the various groups. This
paper thus corroborates recent findings showing no influ-
ence of cortisol concentration on empathy and emotion
recognition (Duesenberg et al., 2016).

It is particularly interesting to note that our results
highlight the important role of dogs in modulating time
distortion caused by emotion. Both studies involving dog
owners in Experiment 1 and subjects who waited with a dog
in Experiment 2 significantly showed a reduced lengthening
effect on exposure to both angry and sad faces compared to
neutral faces. To our knowledge, this is the first time that
such an effect has been reported. Furthermore, Experiment
2 replicates the effects of Experiment 1 with more control
over variables, allowing us to conclude with supporting
evidence on the existence of this effect. The question that
remains to be clarified is that of the mechanism behind the
reduction of this “lengthening effect.” We first postulated
that, because dogs decrease autonomic arousal (Jennings,
1997), a reduced lengthening effect should be observed in
relation to high-arousal faces, regardless of their valence.
Indeed, according to the pacemaker-accumulator-like
model (Gibbon et al., 1984), this overestimation in per-
ceived time results from acceleration of the internal clock
rate, associated with an increase in arousal level (Droit-Volet
& Meck, 2007; Gil & Droit-Volet, 2011a, 2011b). Based on
the results associated with the emotional condition of anger,
it seems that we can logically assume that dogs decrease
autonomic arousal, which consequently prevents or at least
reduces modulations in the rhythm of our internal clock.

Nonetheless, if arousal was the only explanation of the
influence of dogs on reducing the typical lengthening
effect caused by emotion, one could wonder why such an

© 2021 Hogrefe Publishing. Distributed under
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effect was not constantly found on happy faces, while it
was significant through our two studies upon the emotion
of sadness. Yet, it has been demonstrated that happy faces
are more arousing than sad faces (Balconi & Pozzoli,
2009; Balconi & Lucchiari, 2008). There are two possi-
ble explanations for this result. The first explanation could
be related with studies having linked the regulation of
salivary cortisol with the presence of animals (Handlin
et al.,, 2011; Pendry & Vandagriff, 2019). These studies
showed that, after interacting with a dog for just 10 min,
individuals present significantly lower levels of saline
cortisol than those having waited alone. As cortisol is the
biological response to stress (Mason, 1975; Selye, 1956),
the authors have concluded that dogs effectively relieve
stress. Thus, the presence of a dog would not decrease the
general arousal of the subject but would modulate par-
ticipants’ sensitivity to stress generating stimuli. This is
particularly interesting when linked to studies showing
connections between stress, anger, and sadness (Martin &
Dahlen, 2005). The fact that the reduction of the temporal
bias was linked with the time spent with their dog the day
they completed the study is in line with the recent findings
of Petersson et al. who demonstrated that cortisol levels of
dog owners are directly associated with the way the owners
interact with their dogs (Petersson et al., 2017). This hy-
pothesis of a greater emotional regulation associated with
negative emotions allowed by the reduction in salivary
cortisol could also be in adequacy with the absence of
significant differences between our groups regarding the
temporal estimations associated with the neutral faces.
The second explanation that could be put forward to
explain the lack of the significant influence of dogs on the
reduction of the lengthening effect caused by faces of
happiness can be related with studies on mood. It is now
well documented that a person’s mood biases the pro-
cessing of emotional events, resulting in a processing
benefit for mood congruent emotional stimuli. In other
words, people who feel and experience an emotion are
more likely to be responsive to this specific emotion,
which, in turn, can amplify their time distortion in the
presence of these specific stimuli. This effect is more
commonly known as the mood congruency hypothesis or
mood-facilitation hypothesis (for a review, see Droit-Volet
et al., 2013). A hypothesis that must therefore be taken into
consideration since previous research demonstrated that
pet-dog interaction increases positive feelings (Holen,
2012; Le Roux & Kemp, 2009). Thus, we would not ob-
tain a reduction in the temporal bias caused by the facial
expression of happiness following an interaction with a dog
because this interaction creates both an increase in the
feeling of happiness and a decrease in arousal. In other
words, if the more positive mood following the interaction
with a dog increases the time lengthening, the effect
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should be altered, diminished as the reduction in arousal
following the interaction with a dog decreases the tem-
poral bias and interacts with the mood effect.

Yet, in a recent study in which fear was induced in
participants by film excerpts, the typical temporal over-
estimation of fearful faces did not occur (Eberhardt et al.,
2016). Authors concluded on the importance of dissoci-
ating stimulus, state, and trait emotionality to gain a clear
understanding of the interplay between emotions and
time. Theories of emotion like the state-trait distinction
proposed by Cattell and Scheier (1961) differentiate be-
tween a “state” from “trait” category as the first reflects a
person’s current emotions while the second refers to stable
characteristics of emotional processing. The mood-
facilitation hypothesis was derived from data in which
traits between participants were varied, rather than shorter
lasting emotional states, i.e., mood. The fact that an un-
derestimation effect was recorded in Experiment 1 for sad
expressions while we obtained an underestimation of time
for angry faces in Experiment 2 could reflect the dis-
tinction made in the literature between state category (dog
owners) and trait category (interaction with a dog). That is,
the variable influence of dogs in the short (interaction with
a dog) or medium/long term (dog owners). Here, a
comparison can be made with meditation studies between
novices (state) and meditators (traits) showing differences
in brain activations, especially in the anterior cingulate
cortex and dorsolateral prefrontal areas (Cahn & Polich,
2006) as well as differences in time perceptions (Droit-
Volet et al., 2018). The difference could also lay on the
nature of the interaction with the dog, which could have
been different with an unfamiliar compared with a familiar
dog. Since we have not gathered information about the
interaction with dogs in both Experiments 1 and 2, we
cannot analyze the difference of the interaction subjects
may have had with the dog, and we cannot rule on this
point.

At this point, it is important to highlight that the original
contribution of our study is to reveal the important role
that dogs have on our time perception. Yet, as previous
studies showed both increases in positive feelings (Holen,
2012; Le Roux & Kemp, 2009) and decreases of arousal
(Jennings, 1997) following the interaction with a pet-dog, it
seems necessary in the future to control for these variables
to be able to rule on these effects, but also to be able to
analyze the interaction between these variables. If future
results demonstrate that these effects are caused by the
subject’s mood, then someone should develop the mood-
facilitation hypothesis, distinguishing shorter and lasting
emotional states. Irrespective of the causative mechanism,
the results of our studies suggest that the effect is short-
lasting. Indeed in our first study, the underestimation of
time by dog owners exposed to sad facial expressions was
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not linked to the average amount of time spent with dogs in
general, but with the length of time spent with their dog on
the day of the experiment.

In summary, this paper raises many theoretical ques-
tions to be answered in the future by the research com-
munity. While the conclusion can be made that dog
interaction modulates participants’ sensitivity to arousing
stimuli, it remains to elude the influence of mood and its
possible interactions with arousal, as well as the duration
of these effects. This could easily be answered by running
specific experimental protocols. Yet and for the first time,
our paper reports a reduced lengthening effect in pet
owners as well as in subjects who had interacted for just
15 min with an unknown dog, on exposure to negative
facial expressions (anger and sadness). This opens up a
wide avenue for research. Animal-assisted therapy has
become a hotly debated topic in psychology in the past
decade because of its broad implications in daily life. It is
easily accessible for many populations and is one of the few
therapeutic interventions that can continue at home.
Finding out more about human-dog interactions and its
temporal dynamics could prove to be crucial, especially in
a therapeutic context.
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