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Affective states can propagate in a group of people and influence their ability to
judge others’ affective states. In the present paper, we present a simple mathematical
model to describe this process in a three-dimensional affective space. We obtained
data from 67 participants randomly assigned to two experimental groups. Participants
watched either an upsetting or uplifting video previously calibrated for this goal.
Immediately, participants reported their baseline subjective affect in three dimensions:
(1) positivity, (2) negativity, and (3) arousal. In a second phase, participants rated the
affect they subjectively judged from 10 target angry faces and ten target happy faces
in the same three-dimensional scales. These judgments were used as an index of
participant’s affective state after observing the faces. Participants’ affective responses
were subsequently mapped onto a simple three-dimensional model of emotional
contagion, in which the shortest distance between the baseline self-reported affect and
the target judgment was calculated. The results display a double dissociation: negatively
induced participants show more emotional contagion to angry than happy faces, while
positively induced participants show more emotional contagion to happy than angry
faces. In sum, emotional contagion exerted by the videos selectively affected judgments
of the affective state of others’ faces. We discuss the directionality of emotional
contagion to faces, considering whether negative emotions are more easily propagated
than positive ones. Additionally, we comment on the lack of significant correlations
between our model and standardized tests of empathy and emotional contagion.

Keywords: emotional contagion, facial expressions, evaluative space model, affective states, faces, emotions

INTRODUCTION

Emotions frequently involve reactions to events and people, influencing in turn our judgments
about the affective states of others. Various prominent theoretical frameworks (Hatfield et al.,
1993, 1994; Forgas, 1995; Peters and Kashima, 2015) comprise at least one type of psychological
mechanism by which humans and other mammalians automatically converge to the affective
states of their peers when it is socially appropriate (de Waal, 2012; Palagi et al., 2015). This
mechanism has been defined as “a tendency to automatically mimic and synchronize expressions,
vocalizations, postures and movements with those of another person’s, and, consequently, to
converge emotionally” (Hatfield et al., 1994, p. 5).
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Evidence of automatic affective convergence for facial
mimicry (Dimberg, 1982; Dimberg et al., 2000; Dimberg
and Thunberg, 2012; Varcin et al., 2019), vocalizations
(Cappella and Planalp, 1981; Fujiwara and Daibo, 2016)
and body postures (Condon and Ogston, 1966; Schmidt et al.,
2011), support the existence of an automatic mechanism
for emotional contagion. Of course, automatic transmission
of affect among dyads (Bruder et al., 2012; Butler, 2015)
and beyond (Dezecache et al., 2013; Kramer et al., 2014) is
not the only psychological process that modulates people’s
affective responses. Clearly, additional mechanisms linked to
individual differences (Doherty, 1997; Künecke et al., 2014),
specific appraisals (Fontaine et al., 2007), pragmatic goals
(Fischer and Hess, 2017) and social roles (Murray, 1933)
mediate the propagation of emotions. In fact, previous work
has significantly contributed to clarify basic concepts in the
field. For instance, clear differences exist today between deeply
related concepts such as mood, affect, and emotion (Forgas,
1995; Russell, 2003; Peters and Kashima, 2015) and between
related explanatory frameworks such as affect diffusion,
emotional contagion, and affect infusion (Dezecache et al., 2015;
Peters and Kashima, 2015).

However, to our knowledge, no specific framework exists
to quantify the amount of subjective emotional contagion
among individuals. Usually, emotional contagion is assumed
by observing whether participants’ affective responses (i.e.,
subjective ratings) or implicit automatic reactions (i.e., facial
electromyographic responses) converge to the valence of
previously presented stimuli (e.g., faces, videos, sounds, scenes,
actors, or peers). In our view, an ideal framework for quantifying
emotional contagion should describe how much affect is
transferred from the participant’s immediate emotional context
to subsequent emotional responses.

We believe that such a model could contribute to
understand the interaction between explicit and implicit
cognitive mechanisms involved in emotional contagion.
The need for a specific mathematical model for quantifying
subjective emotional contagion might be illustrated by
contemporary research concerned with the influence of
automatic facial mimicry responses – predominantly related
to implicit mechanisms – on subjective and affective ratings –
predominantly related to explicit mechanisms – (e.g., Fujimura
et al., 2010; Dezecache et al., 2013; Sato et al., 2013; Künecke
et al., 2014; Deng and Hu, 2018). For instance, Deng and
Hu (2018), collected subjective ratings of valence in a single
bipolar scale together with electromyography (EMG) recordings
from zygomaticus mayor (ZM) and corrugator supercilii (CS)
muscles, from participants exposed to positive (happy) and
negative (angry) faces. In two experiments, the authors found
a lack of correlation between ZM activity and subjective ratings
in response to positive stimuli. Similarly, in a conceptually
analogous manipulation of transitive affect, Dezecache et al.
(2013) found that explicit identifications of positive faces were
not above chance, while ZM activity increased for positive
faces (Dezecache et al., 2013). Furthermore, results from two
experiments conducted by Fridlund (1991) support the claim
that implicit facial expressions may be erratically associated

with explicit subjective reports of emotional experience –
for a detailed review, see Barrett et al. (2019). We believe
these results are puzzling because subjective measures either
collected in a single bipolar scale (Deng and Hu, 2018) or
as discrete identifications (Dezecache et al., 2013) do not
provide enough information to determine the amount of
subjective contagion experienced by participants. In our
view, research could benefit from disentangling the amount
of contagion triggered by the stimuli from the amount of
contagion that bias further affective judgments, pondering that
a single bipolar measure of valence might not fully describe
the subjective and affective processes of emotional contagion
experienced by individuals. For instance, as suggested in
the evaluative space model (ESM) (Cacioppo et al., 1997),
increases in negative affect are not necessarily proportional to
decreases in positive affect, and baseline subjective responses
to positive stimuli usually offset baseline activation for negative
stimuli. Therefore, using a single bipolar measure of valence
as an index of subjective affect could have obscured genuine
correlations between automatic mimicry and subjective affect in
previous studies.

In the present paper, we propose a simple mathematical
model to quantify emotional contagion to faces by computing
the distance between two emotional coordinates in a three-
dimensional affective space. The first coordinate represents the
affective state that participants subjectively self-reported after
observing a video. The second coordinate represents subjective
judgments about the affective state of unfamiliar faces. Given
that people tend to ascribe aspects of their own affective state
to others (Forgas, 1995; Van Boven and Loewenstein, 2003),
we assume that the distance between the first and second
coordinates, indexes the amount of emotional contagion to faces
experienced by participants. This is, how much convergence is
there between participant’s affective states before (T1) and after
seeing the faces (T2). The measure at T1 is the evaluation of
the video and the measure at T2 is the evaluation of each face.
We interpret participant’s evaluation of faces as an index of
their affective state after watching each face, based on previous
evidence suggesting that evaluation of other’s facial expressions
correlates with self-reported affective states (Blairy et al., 1999).
Additional evidence shows that activation of the amygdala during
a face evaluation-task correlates with participant’s subjective
evaluations of angry faces (Nomura et al., 2004). Therefore,
subjective judgments about the affective state of other’s faces
can be considered an index of participants’ affective state. This
evidence is in turn consistent with predictions from the Affect as
Information mechanism proposed in the Affect Infusion Model
(AIM) (Forgas, 1995), which suggests that people tend to use
their own emotional state as heuristic to attribute emotions
to others.

In short, we propose a model to quantify the distance between
two different subjective evaluations. The first one, induced
by a video, the second one, involved in the evaluation of
unfamiliar faces. In other words, the model calculates the distance
between participants’ self-reported affective state (triggered by
the video) and the influence exerted by this affective state on
the emotional contagion to unfamiliar faces. Shorter distances
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indicate more emotional contagion to faces and larger distances
indicate the opposite.

Computing the shortest distance between these two affective
states presupposes an efficient psychological mechanism
for emotional contagion based on minimal effort (Forgas,
1995) or energetic efficiency (Cacioppo et al., 1997). This
mechanism is conceived as an organism’s tendency to
adopt the shortest path and least effortful strategy to yield
a subjective affective response, if it satisfies minimal adaptive
requirements. We preferred a three-dimensional affective
space based on monopolar ratings similar to the one suggested
by Cacioppo et al. (1997) for two reasons. Firstly, because
contemporary evidence suggests that a three-dimensional
model does not exclude a bi-dimensional one (Mattek et al.,
2017) and that monopolar measures do not preclude additional
affective dimensions (e.g., dominance in the first case or net
predisposition in the second case). Second, a three-dimensional
space maps well into commonly used psychophysiological
measures such as EMG activity from ZM and CS muscles
for positivity and negativity, respectively, and electrodermal
activity (EDA) or heart rate variability (HRV) for arousal
(Bernat et al., 2006).

To extend the measurement framework for subjective
responses of emotional contagion, we designed an experiment
in which participants were induced to either a positive or a
negative affective state by watching an affectively laden video
clip. Immediately, we assessed their baseline subjective emotional
state by asking them to self-report how the video made them
feel in three dimensions: positivity, negativity, and arousal. In
a second phase, participants were asked to judge the affective
states of unfamiliar faces using the same three dimensions.
As mentioned above, given that people tend to use their own
affective states as a heuristic to judge the affective state of
others (Forgas, 1995; Van Boven and Loewenstein, 2003), we
reasoned that participant’s evaluations of faces could index
the amount of emotional convergence between the affective
state exerted by the video and the affective state associated to
each face. If emotional contagion is automatic and transitive
(Dezecache et al., 2013), then it should facilitate emotional
convergence by spreading the affective states triggered by the
video to the affective state involved in the participant’s judgments
of unfamiliar faces. Therefore, based on the principle of least
effort, we hypothesized that participants induced to a negative
affective state would show more emotional contagion to angry
than happy faces, while participants induced to a positive
affective state would show more contagion to happy than
angry faces.

Finally, we wanted to explore the relationship between
our suggested measure of subjective emotional contagion
and key psychometric measures of emotional contagion
and empathy. Consequently, participants responded to the
Emotional Contagion Scale (ECS; Doherty, 1997; Gouveia
et al., 2007), the Interpersonal Reactivity Index (IRI; Davis,
1980; Pérez-Albéniz et al., 2003), the Questionnaire of
Prosocial Conduct (QPC; Martorell et al., 2011), and the
Basic Empathy Scale (BES; Jolliffe and Farrington, 2006;
Merino-Soto and Grimaldo-Muchotrigo, 2015).

MATERIALS AND METHODS

Participants
Sixty-five undergraduate students from the National University
of Colombia participated in the study. Their average age was
21.6 years old (SD = 3.7); 50.7% were women. Thirty-two
participants were randomly assigned to the negative induction
group and 35 to the positive induction group. Boxplots revealed
outliers for two participants, whose data were excluded from
further analysis. All participants provided written informed
consent prior to participating in the experiment, in accordance
with the ethical principles of the Declaration of Helsinki.

Materials
Inquisit 4 software was used to record subjective ratings and
present all instructions, surveys and prompts on a 23-inch
(1920 × 1980) computer screen. The approximate physical
distance between the participant and the screen was 20 inches.
Two scenes from the FilmStim (Schaefer et al., 2010) were
used for emotional induction: Dead Poets Society1 and American
History X. Twenty images of the Pictures Of Facial Affect
(POFA; Ekman, 1993) were used (10 happy and 10 angry).
Affective responses to these stimuli and a similar set of stimuli
were calibrated for the present population (see repository with
Supplementary Material2). Additionally, the ECS (Doherty,
1997; Gouveia et al., 2007) was used to estimate the correlation
between the proposed measurement model with individual
differences. Finally, three empathy questionnaires adapted to
Spanish were used: IRI (Davis, 1980; Pérez-Albéniz et al., 2003),
QPC (Martorell et al., 2011), and BES (Jolliffe and Farrington,
2006; Merino-Soto and Grimaldo-Muchotrigo, 2015)3.

Procedure
The experiment had four phases. In the first phase, participants
were induced to either negative or positive affective states
by watching a positive or a negative video clip taken from
the FilmStim database (Schaefer et al., 2010) according to
the randomly assigned experimental group. Immediately after
watching the video, the following question was presented to
participants: “How did this scene make you feel?” There were
three Likert scales bellow the question. The scales had one
label at each side and ranged from 0 to 100. In the scale that
measured the negativity dimension, the labels were “0 – not
bad at all,” and “100 – very bad”; in the scale that measured
the positivity dimension, the labels were “0 – not good at all,”
and “100 – very good”; in the scale that measured the arousal
dimension, the labels were “0 – not restless at all,” and “100 – very
restless.” In the present article, all prompts and instructions were
translated from Spanish. To maximize participants’ attention
to the questions, their order randomly changed for each trial.

1The FilmStim database offers two video clips taken from Dead Poets Society. We
used the second one.
2Videos and faces were quantitatively analyzed according to the assumptions of
ESM (Cacioppo et al., 1997) during previous experiments. Datasets are available
at: https://osf.io/52uj8/.
3Questionnaire responses were analyzed and made available at: https://osf.io/
52uj8/.
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The labels were red for the negativity dimension, green for the
positivity dimension, and blue for the arousal dimension. The
colors of labels remained constant throughout the experiment
and were used to help participants discriminate the dimension
to evaluate in each prompt.

In the second phase, 20 images of faces taken from the POFA
were shown in random order for each participant (10 positive and
10 negative). The randomization compensated possible carryover
effects produced by the faces. Before each image, a gray screen
with a white cross in the middle was shown for 1 s. Every face
was shown for 3 s. After each face, three questions with the
same statement were shown. The statement was: “How do you
think this person feels?” Participants answered using three Likert
monopolar scales, just like the ones presented after the video. The
scales had two labels (one in each side). The labels were different
for each question. In the question that measured the negativity
dimension, the labels were “0 – not bad at all,” and “100 – very
bad”; in the question that measured the positivity dimension, the
labels were “0 – not good at all,” and “100 – very good”; and in
the question that measured the arousal dimension, the labels were
“0 – not restless at all,” and “100 – very restless.”

In the third phase, participants were asked if they had
previously seen the video clip from FilmStim (Schaefer et al.,
2010), and two surveys used for the creation of the FilmStim
(Schaefer et al., 2010) were applied as a manipulation check.
These were the Positive and Negative Affect Schedule (PANAS)
(Watson et al., 1988) and a self-reported emotional arousal scale
(Schaefer et al., 2010).

Finally, in the fourth phase, participants were asked
to answer the questionnaires in the following order: IRI,
QPC, BES, and ECS.

Emotional Contagion Equation
We hypothesized that exposition to positive and negative videos
could bias emotional contagion to happy versus angry faces.
Therefore, we estimated the shortest distance between two
affective coordinates (video and face) in a three-dimensional
Euclidean space. The emotional distance between the affective
state induced by the video and the subjective evaluation of the
faces can be expressed using the equation:

ec = 1−


√(

nv − nf
)2
+
(
pv − pf

)2
+
(
av − af

)2

100×
√

3

 (1)

where nv, pv, and av represent participants’ affective state induced
by the video in the negativity, positivity, and arousal dimensions,
respectively, and nf , pf , and af represent participants’ evaluation
of the faces in the same dimensions. The value inside the
parenthesis is subtracted from one because (a) it represents
emotional distance analogously to the ESM (Cacioppo et al.,
1997) and (b) because we assume that emotional contagion to
faces is the inverse of this distance. To facilitate data analysis, we
rescaled values to a range from 0 to 1. Thus, we divided everything
inside the square root by the maximum possible distance between
the two affective coordinates.

RESULTS

Data were analyzed using a 2 × 2 mixed ANOVA, with negative
and positive emotional induction as between-group factor, happy
and angry faces as within-group factor. The dependent variable
was the magnitude of emotional contagion to faces, as defined
in Eq. 1. Outliers were detected in two participants whose
data were excluded from further analysis. Data were normally
distributed for all cells of the experimental design, as assessed by
Shapiro–Wilk test (p > 0.05). The assumption of homogeneity of
variances was met, according to Brown–Forsythe test (p > 0.05).
A statistically significant two-way interaction was found, F(1,
65) = 103.957, p < 0.001, η2

p = 0.615. A main effect for type
of face was found, F(1, 132) = 4.766, p = 0.031, η2

p =0.035.
A paired-samples t-test was conducted to compare the magnitude
of emotional contagion to happy and angry faces in each group.
A Bonferroni correction was applied. Emotional contagion was
significantly greater for angry (M = 0.76, SD = 0.08) than
happy faces (M = 0.41, SD = 0.18) in the negative group,
t(31) = , p < 0.001. The opposite tendency was found in the
positive group, where emotional contagion was significantly
lower for angry (M = 0.54, SD = 0.15) than for happy faces
(M = 0.71, SD = 0.13), t(34) = , p < 0.001. No main effect
for type of emotional induction was found, F(1, 65) = 3.353,
p = 0.072, η2

p = 0.049.
We were interested in analyzing the effect of gender on

emotional contagion to faces. This required a hierarchical model
because our sample size differed between each group (Huta,
2014, p. 21). Therefore, a linear mixed effects model was run to
analyze whether gender had an effect on emotional contagion
to faces. The fixed effects of the model where type of emotional
induction and gender. The random effects were the intercepts for
participants and type of face, as well as by-participant and by-
type-of-face random slopes for the effect of emotional contagion.
This model was compared to another model that had the same
parameters but did not have a fixed effect for gender. Results of
both models were compared using a Chi-squared test. Given that
no significant differences were found, we infer that participant’s
gender had no significant effect on emotional contagion to faces
(χ2(1) = 1.68, p = 0.195).

Responses about familiarity with the videos were recorded
for only 42 participants, due to a technical problem. Therefore,
we excluded this question from the analysis. Otherwise,
the manipulation check was successful. Overall, participants’
evaluations (see Table 1) were similar to the scores reported in
the FilmStim (Schaefer et al., 2010).

Results from the questionnaires were compared with the
emotional contagion ratings. We predicted that participants with
higher emotional contagion ratings would be more empathetic,
as assessed with the empathy questionnaires, or more prone to
emotional contagion, as assessed with the ECS (Doherty, 1997).
However, we did not find this result (see Table 2). A Pearson
correlation was performed between emotional contagion to faces
and each questionnaire separately. No Bonferroni correction or
similar was applied. There was a significant negative correlation
between emotional contagion toward happy faces in the negative
induction group and the IRI scores, r(30) = –0.40, p = 0.02 and

Frontiers in Psychology | www.frontiersin.org 4 January 2020 | Volume 11 | Article 97

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-00097 January 30, 2020 Time: 16:59 # 5

Pinilla et al. Affective States Bias Emotional Contagion

TABLE 1 | Summary of responses in the manipulation check and reported scores
in the FilmStim (Schaefer et al., 2010) for the two videos used in the experiment.

Experiment score FilmStim score

American History X

PA (positive affect) 2.55 2.04

NA (negative affect) 2.45 2.73

Arousal 5.44 5.84

Dead Poets Society

PA (positive affect) 3.01 2.82

NA (negative affect) 1.56 1.21

Arousal 4.8 5.66

Positive and negative affect are measured using a five-point scale, taken from the
PANAS (Watson et al., 1988), while arousal is measured using a seven-point scale,
proposed by the authors of the FilmStim (Schaefer et al., 2010).

ECS scores (Doherty, 1997), r(30) = –0.43, p = 0.01. In all the
other cases correlations were not significant.

DISCUSSION

Our findings suggest that participants minimized the emotional
distance between the affective state triggered by the video and
the affective state triggered by unfamiliar faces. When induced
to a negative affective state, participants judged both angry
and happy faces closer to a negative affective state. Conversely,
when induced to a positive affective state, participants judged
both happy and angry faces closer to a positive affective
state. Plainly, participants’ induced affective state biased their
emotional contagion to unfamiliar faces. Additionally, the results
also show a double dissociation, happy and angry faces were
differently evaluated by participants previously exposed to either
an uplifting or an upsetting video.

In our view, these results show key differences in the way
emotional contagion operates, when it is triggered by negative
versus positive emotions. Negative affective states generate more
bias than positive states. This can be observed in Figure 1,
where the highest emotional contagion is observed for the
negative induction group toward angry faces. This finding
is consistent with previous research suggesting that negative
affective states trigger more behavioral changes than positive ones
(Cacioppo et al., 1997).

In this experiment, we used two types of measures to assess
participants’ affective states. A direct measure for the video and
an indirect measure for the faces. The first was direct in the sense

that participants were asked explicitly about their feelings after
watching the video (“How did this scene make you feel?”). The
second was indirect in the sense that participants were asked to
rate the feelings they perceived from the faces (“How do you think
this person feels?”). We used this later measure to estimate the
amount of convergence between the affective states before and
after the presentation of faces. As mentioned above, we decided
to use an indirect (implicit) measure because (1) people tend
to use their own affective state as a heuristic to judge others’
affective states (Forgas, 1995; Van Boven and Loewenstein, 2003)
and (2) an indirect measure potentially reduces the noise caused
by individual explicit preferences. For instance, if the second
question would have been a direct measure, i.e., “how does this
person make you feel?” the corresponding answers might have
been biased by personal liking, and metacognitive judgments
about the self. Similarly, if the question were “how do you feel?”
the corresponding answer would imply a permanent higher-
order judgment about the self and not a temporary automatic
influence exerted by video on the judgment of each face. This
methodological approach was inspired by previous research
suggesting that people tend to misattribute the sources of their
affective states, and that implicit measures tap earlier emotional
processing-stages than direct measures do (e.g., Payne et al., 2010;
Payne and Lundberg, 2014). Therefore, if emotional contagion
involves basic and early emotional processing-stages as originally
suggested by Hatfield et al. (1993, 1994), then there are more
chances to measure it by indirectly estimating the influence it
exerts on implicit (indirect) measures.

Our results provide independent support to the claim that
emotional contagion is not always a linear process (Dezecache
et al., 2015). Negative emotions seem to propagate more than
positive emotions, and other people’s affective states are perceived
more negatively when the observer is also in a negative affective
state. This suggests that stronger emotional contagion occurs
when a person, in a negative affective state, observes someone in
a similar affective state.

This is interesting because previous research (Kramer et al.,
2014) suggests that Facebook users tend to display more positive
emotions when exposed to positive emotional content and
more negative emotions when exposed to negative emotional
content. Our results are consistent with these findings as well.
Therefore, increasing exposition to negative emotional content
might intensify negative emotions in the observer, which in turn
increases sensitivity to emotional contagion to negative stimuli.
Conversely, increasing exposition to positive emotional content

TABLE 2 | Summary of Pearson correlations between questionnaires (p-values in parenthesis) and emotional contagion assessed with Eq. 1.

Questionnaire Negative induction group Positive induction group

Happy faces Angry faces Happy faces Angry faces

ECS −0.43 (0.015)* −0.28 (0.127) −0.28 (0.101) −0.02 (0.929)

IRI −0.40 (0.024)* −0.18 (0.330) −0.21 (0.219) −0.04 (0.809)

BES −0.30 (0.096) −0.30 (0.099) −0.10 (0.549) −0.10 (0.559)

QPC −0.19 (0.307) −0.26 (0.148) −0.23 (0.180) −0.08 (0.658)

*p < 0.05.
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FIGURE 1 | Mean emotional contagion toward angry and happy faces for the groups exposed to a negative and a positive video clips, as assessed with Eq. 1. Error
bars depict 95% CI.

might intensify positive emotions in the observer, magnifying
emotional contagion to positive stimuli.

On the other hand, we did not find systematic correlations
between psychometric questionnaires and our emotional
contagion measure. In most cases, significant correlations were
absent. In two cases where significant correlations were present,
they were negative, suggesting that people displaying higher
levels of empathy rated lower in our emotional contagion
measure. However, the fact that these correlations were
significant only for happy faces in the negative group (see
Table 2) implies that those results cannot be generalized to all
emotional contagion processes. In our view, these results are
not completely surprising because questionnaires tap into a very
different psychological process related to emotional contagion.
Questionnaires are conceived as a personality-trait measure
influenced by stable metacognitive judgments about the self in
social situations. They are mainly based on explicit propositional
knowledge (i.e., “I sometimes feel helpless when I am in the
middle of a very emotional situation”; Davis, 1980). Instead, our
measuring framework directly taps into specific momentarily
states of emotional contagion hardly assessed by rationalized
judgments about the self.

Based on our study, future experiments might investigate
whether participants’ affective states influence automatic
imitation of facial expressions. Do people imitate negative
faces faster or with greater accuracy when induced to a
negative affective state? We believe that the answer would
be affirmative. In those experiments, automatic emotional
responses could be assessed using electrophysiological signals.
Previous research points out that activation of CS and ZM
muscles are associated with negative and positive emotions,
respectively (Dimberg, 1982). Additional research has found that
activation of the sympathetic system is associated with HRV

(Appelhans and Luecken, 2006). Thus, activity of the CS-muscle,
ZM-muscle, and HRV would be equivalent to the negativity,
positivity, and arousal dimensions used in our study, which are
similar to the dimensions of the ESM (Cacioppo et al., 1997).
However, it is important to consider that facial expressions might
not always correlate with self-reported subjective affective states
(Fridlund, 1991). Yet, the magnitude of the dissociations between
subjective (i.e., participant’s ratings of positivity, negativity and
arousal) and objective measures (e.g., EMG and HRV) could be
assessed using a mathematical approach similar to Eq. 1. This
approach would consist on calculating the emotional distance
between subjective and objective emotional responses. This
model would analyze individual differences in the magnitude
of these dissociations, which in turn could help to quantify the
relative contribution from each type of measure to the final
affective state.

In short, our study provides evidence suggesting that people
induced to a positive affective state show higher levels of
emotional contagion to positive faces, while people induced to a
negative affective state show higher levels of emotional contagion
to negative faces. Furthermore, we provide evidence suggesting
that subjective biases induced by current affective states are easily
estimated by a simple mathematical model mapped onto a three-
dimensional affective space. However, in scenarios where these
two affective coordinates are similar due to factors not directly
related to emotional stimulation (e.g., both states are neutral), the
output of the model would indicate high emotional contagion,
regardless of how much emotional change has been actually
produced. This is a boundary condition of our model, which
is exclusively useful for conditions where emotional contagion
processes are reasonably assumed to be in operation.

Finally, the main contributions of this study are (1) to
provide a measurement framework to analyze how affective
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states influence the directionality of emotional contagion and
(2) to propose a methodological approach to analyze emotional
contagion, not only as a binary outcome, but as a continuous
quantitative variable.

AUTHOR’S NOTE

The dataset used in this article was previously used in the
Master’s Thesis of AP (Pinilla, 2017). This work was supervised by
RT. The thesis is available at: http://bdigital.unal.edu.co/59467/1/
1020759173.2017.pdf.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available at https://osf.
io/52uj8/.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

RT and AP proposed the experimental design. JN worked
on acquisition of the data. All authors analyzed and
interpreted the results.

FUNDING

We acknowledge support by the Universidad Nacional de
Colombia, Hermes Project No. 37456, the German Research
Foundation, and the Open Access Publication Fund of
TU Berlin.

ACKNOWLEDGMENTS

We appreciate help of Diego Useche formulating the
mathematical model and acknowledge the effort of Deisy
Valcárcel, Nicolás Buitrago, and Daniel Avilán gathering the data.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2020.00097/full#supplementary-material

REFERENCES
Appelhans, B. M., and Luecken, L. J. (2006). Heart rate variability as an index of

regulated emotional responding. Rev. Gene. Psychol. 10, 229–240. doi: 10.1037/
1089-2680.10.3.229

Barrett, L. F., Adolphs, R. Marsella, S. Martinez, A. M. and Pollak, S. D. (2019).
Emotional expressions reconsidered: challenges to inferring emotion from
human facial movements. Psychol. Sci. Public Interest 20, 1–68. doi: 10.1177/
1529100619832930

Bernat, E. Patrick, C. J., Benning, S. D., and Tellegen, A. (2006). Effects of picture
content and intensity on affective physiological response. Psychophysiology 43,
93–103. doi: 10.1111/j.1469-8986.2006.00380.x

Blairy, S., Herrera, P., and Hess, U. (1999). Mimicry and the judgment of emotional
facial expressions. J. Nonverbal Behav. 23, 5–41. doi: 10.1023/A:102137082
5283

Bruder, M., Dosmukhambetova, D., Nerb, J., and Manstead, A. S. R. (2012).
Emotional signals in nonverbal interaction: dyadic facilitation and convergence
in expressions, appraisals, and feelings. Cogn. Emot. 26, 480–502. doi: 10.1080/
02699931.2011.645280

Butler, E. A. (2015). Interpersonal affect dynamics: it takes two (and time) to tango.
Emot. Rev. 7, 336–341. doi: 10.1177/1754073915590622

Cacioppo, J. T., Gardner, W. L., and Berntson, G. G. (1997). Beyond bipolar
conceptualizations and measures: the case of attitudes and evaluative space.
Personal. Soc. Psychol. Rev. 1, 3–25. doi: 10.1207/s15327957pspr0101_2

Cappella, J. N., and Planalp, S. (1981). Talk and silence sequences in informal
conversations: III. Interspeaker influence. Hum. Commun. Res. 7, 117–132.
doi: 10.1111/j.1468-2958.1981.tb00564.x

Condon, W. S., and Ogston, M. B. (1966). Sound film analysis of normal and
pathological behavior patterns. J. Nervous Ment. Dis. 143, 338–347.

Davis, M. H. (1980). A multidimensional approach to individual differences in
empathy. Catalog Sel. Doc. Psychol. 10, 1–17.

de Waal, F. B. M. (2012). The antiquity of empathy. Science 336, 874–876. doi:
10.1126/science.1220999

Deng, H., and Hu, P. (2018). Matching your face or appraising the situation: two
paths to emotional contagion. Front. Psychol. 8:2278 doi: 10.3389/fpsyg.2017.
02278

Dezecache, G., Conty, L., Chadwick, M., Philip, L., Soussignan, R., Sperber, D., et al.
(2013). Evidence for unintentional emotional contagion beyond dyads. PLoS
One 8:e67371. doi: 10.1371/journal.pone.0067371

Dezecache, G., Jacob, P., and Grèzes, J. (2015). Emotional contagion: its scope and
limits. Trends Cogn. Sci. 19, 297–299. doi: 10.1016/j.tics.2015.03.011

Dimberg, U. (1982). Facial reactions to facial expressions. Psychophysiology 19,
643–647. doi: 10.1111/j.1469-8986.1982.tb02516.x

Dimberg, U., and Thunberg, M. (2012). Empathy, emotional contagion, and rapid
facial reactions to angry and happy facial expressions: empathy and rapid facial
reactions. PsyCh J. 1, 118–127. doi: 10.1002/pchj.4

Dimberg, U., Thunberg, M., and Elmehed, K. (2000). unconscious facial reactions
to emotional facial expressions. Psychol. Sci. 11, 86–89. doi: 10.1111/1467-9280.
00221

Doherty, R. W. (1997). The emotional contagion scale: a measure of individual
differences. J. Nonverbal Behav. 21, 131–154. doi: 10.1023/A:1024956003661

Ekman, P.. (1993). Pictures of Facial Affect (POFA). Washington, DC: Paul Ekman
Group, Llc.

Fischer, A., and Hess, U. (2017). Mimicking emotions. Curr. Opin. Psychol. 17,
151–155. doi: 10.1016/j.copsyc.2017.07.008

Fontaine, J. R. J. Scherer, K. R., Roesch, E. B., and Ellsworth, P. C. (2007). The
world of emotions is not two-dimensional. Psychol. Sci. 18, 1050–1057. doi:
10.1111/j.1467-9280.2007.02024.x

Forgas, J. P. (1995). Mood and judgment: the affect infusion model (AIM). Psychol.
Bull. 117, 39–66. doi: 10.1037/0033-2909.117.1.39

Fridlund, A. J. (1991). Sociality of solitary smiling: potentiation by an implicit
audience. J. Personal. Soc. Psychol. 60, 229–240. doi: 10.1037/0022-3514.
60.2.229

Fujimura, T., Sato, W., and Suzuki, N. (2010). Facial expression arousal level
modulates facial mimicry. Int. J. Psychophysiol. 76, 88–92. doi: 10.1016/j.
ijpsycho.2010.02.008

Frontiers in Psychology | www.frontiersin.org 7 January 2020 | Volume 11 | Article 97

http://bdigital.unal.edu.co/59467/1/1020759173.2017.pdf
http://bdigital.unal.edu.co/59467/1/1020759173.2017.pdf
https://osf.io/52uj8/
https://osf.io/52uj8/
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00097/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00097/full#supplementary-material
https://doi.org/10.1037/1089-2680.10.3.229
https://doi.org/10.1037/1089-2680.10.3.229
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1111/j.1469-8986.2006.00380.x
https://doi.org/10.1023/A:1021370825283
https://doi.org/10.1023/A:1021370825283
https://doi.org/10.1080/02699931.2011.645280
https://doi.org/10.1080/02699931.2011.645280
https://doi.org/10.1177/1754073915590622
https://doi.org/10.1207/s15327957pspr0101_2
https://doi.org/10.1111/j.1468-2958.1981.tb00564.x
https://doi.org/10.1126/science.1220999
https://doi.org/10.1126/science.1220999
https://doi.org/10.3389/fpsyg.2017.02278
https://doi.org/10.3389/fpsyg.2017.02278
https://doi.org/10.1371/journal.pone.0067371
https://doi.org/10.1016/j.tics.2015.03.011
https://doi.org/10.1111/j.1469-8986.1982.tb02516.x
https://doi.org/10.1002/pchj.4
https://doi.org/10.1111/1467-9280.00221
https://doi.org/10.1111/1467-9280.00221
https://doi.org/10.1023/A:1024956003661
https://doi.org/10.1016/j.copsyc.2017.07.008
https://doi.org/10.1111/j.1467-9280.2007.02024.x
https://doi.org/10.1111/j.1467-9280.2007.02024.x
https://doi.org/10.1037/0033-2909.117.1.39
https://doi.org/10.1037/0022-3514.60.2.229
https://doi.org/10.1037/0022-3514.60.2.229
https://doi.org/10.1016/j.ijpsycho.2010.02.008
https://doi.org/10.1016/j.ijpsycho.2010.02.008
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-00097 January 30, 2020 Time: 16:59 # 8

Pinilla et al. Affective States Bias Emotional Contagion

Fujiwara, K., and Daibo, I. (2016). Evaluating interpersonal synchrony: wavelet
transform toward an unstructured conversation. Front. Psychol. 7:516. doi:
10.3389/fpsyg.2016.00516

Gouveia, V. V., Gouveia, R. S. V., Guerra, V. M., Santos, W. S., and de Medeiros,
E.-D. (2007). Midiendo contagio emocional: adaptación de la escala de Doherty.
Rev. Psicol. Soc. 22, 99–111. doi: 10.1174/021347407780705401

Hatfield, E., Cacioppo, J. T., and Rapson, R. L. (1993). Emotional contagion. Curr.
Dir. Psychol. Sci. 2, 96–100. doi: 10.1111/1467-8721.ep10770953

Hatfield, E., Cacioppo, J. T., and Rapson, R. L. (1994). Emotional Contagion.
Cambridge: Cambridge University Press.

Huta, V. (2014). When to use hierarchical linear modeling. Q. Methods Psychol. 10,
13–28. doi: 10.20982/tqmp.10.1.p013

Jolliffe, D., and Farrington, D. P. (2006). Development and validation of the basic
empathy scale. J. Adolesc. 29, 589–611. doi: 10.1016/j.adolescence.2005.08.010

Kramer, A. D. I., Guillory, J. E.., and Hancock, J. T. (2014). Experimental evidence
of massive-scale emotional contagion through social networks. Proc. Natl. Acad.
Sci. 111, 8788–8790. doi: 10.1073/pnas.1320040111

Künecke, J., Hildebrandt, A., Recio, G., Sommer, W., and Wilhelm, O. (2014).
Facial EMG responses to emotional expressions are related to emotion
perception ability. PLoS One 9:e84053. doi: 10.1371/journal.pone.0084053

Martorell, C., González, R., Ordóñez, A., and Gómez, O. (2011). Estudio
confirmatorio del Cuestionario de Conducta Prosocial (CCP) y su relación con
variables de personalidad y socialización. Rev. Iberoam. Diagnóstico Eval. Psicol.
2, 35–52.

Mattek, A. M., Wolford, G. L., and Whalen, P. J. (2017). A mathematical model
captures the structure of subjective affect. Perspect. Psychol. Sci. 12, 508–526.
doi: 10.1177/1745691616685863

Merino-Soto, C., and Grimaldo-Muchotrigo, M. (2015). Validación Estructural de
la Escala Básica de Empatía (Basic Empathy Scale) modificada en adolescentes:
un estudio preliminar. Rev. Colomb. Psicol. 24, 261–270. doi: 10.15446/rcp.
v24n2.42514

Murray, H. A. (1933). The effect of fear upon estimates of the maliciousness of
other personalities. J. Soc. Psychol. 4, 310–329. doi: 10.1080/00224545.1933.
9919325

Nomura, M., Ohira, H., Haneda, K., Iidaka, T., Sadato, N., Okada, T., et al. (2004).
Functional association of the amygdala and ventral prefrontal cortex during
cognitive evaluation of facial expressions primed by masked angry faces: an
event-related fMRI study. NeuroImage, 21, 352–363. doi: 10.1016/j.neuroimage.
2003.09.021

Palagi, E., Nicotra, V., and Cordoni, G. (2015). Rapid mimicry and emotional
contagion in domestic dogs. Royal Soc. Open Sci. 2:150505. doi: 10.1098/rsos.
150505

Payne, B. K., Hall, D. L., Cameron, C. D., and Bishara, A. J. (2010). A process
model of affect misattribution. Personal. Soc. Psychol. Bull. 36, 1397–1408.
doi: 10.1177/0146167210383440

Payne, K., and Lundberg, K. (2014). The affect misattribution procedure: ten
years of evidence on reliability, validity, and mechanisms: affect misattribution
procedure. Soc. Personal. Psychol. Compass 8, 672–686. doi: 10.1111/spc3.
12148

Pérez-Albéniz, A., de Paúl, J., Etxeberría, J., Montes Paz, M., and Torres, E. (2003).
Adaptación de Interpersonal reactivity index (IRI) al español. Psicothema 15,
267–272.

Peters, K., and Kashima, Y. (2015). A multimodal theory of affect diffusion. Psychol.
Bull. 141, 966–992. doi: 10.1037/bul0000020

Pinilla, A. (2017). Contagio Emocional: Incidencia de los Estados Emocionales Sobre
la Imitación de expresiones Faciales. Master’s Thesis, Universidad Nacional de
Colombia, Bogotá.

Russell, J. A. (2003). Core affect and the psychological construction of emotion.
Psychol. Rev 110, 145–172. doi: 10.1037/0033-295X.110.1.145

Sato, W., Fujimura, T., Kochiyama, T., and Suzuki, N. (2013). Relationships among
facial mimicry, emotional experience, and emotion recognition. PLoS One
8:e57889. doi: 10.1371/journal.pone.0057889

Schaefer, A., Nils, F., Sanchez, X., and Philippot, P. (2010). Assessing
the effectiveness of a large database of emotion-eliciting films: a new
tool for emotion researchers. Cogn. Emot. 24, 1153–1172. doi: 10.1080/
02699930903274322

Schmidt, R. C., Fitzpatrick, P., Caron, R., and Mergeche, J. (2011). Understanding
social motor coordination. Hum. Mov. Sci. 30, 834–845. doi: 10.1016/j.humov.
2010.05.014

Van Boven, L., and Loewenstein, G. (2003). Social projection of transient
drive states. Personal. Soc. Psychol. Bull. 29, 1159–1168. doi: 10.1177/
0146167203254597

Varcin, K. J., Grainger, S. A., Richmond, J. L., Bailey, P. E., and Henry, J. D. (2019).
A role for affectivity in rapid facial mimicry: an electromyographic study. Soc.
Neurosci. 14 1–10. doi: 10.1080/17470919.2018.1564694

Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and validation of
brief measures of positive and negative affect: the PANAS scales. J. Personal. Soc.
Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.1063

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Pinilla, Tamayo and Neira. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org 8 January 2020 | Volume 11 | Article 97

https://doi.org/10.3389/fpsyg.2016.00516
https://doi.org/10.3389/fpsyg.2016.00516
https://doi.org/10.1174/021347407780705401
https://doi.org/10.1111/1467-8721.ep10770953
https://doi.org/10.20982/tqmp.10.1.p013
https://doi.org/10.1016/j.adolescence.2005.08.010
https://doi.org/10.1073/pnas.1320040111
https://doi.org/10.1371/journal.pone.0084053
https://doi.org/10.1177/1745691616685863
https://doi.org/10.15446/rcp.v24n2.42514
https://doi.org/10.15446/rcp.v24n2.42514
https://doi.org/10.1080/00224545.1933.9919325
https://doi.org/10.1080/00224545.1933.9919325
https://doi.org/10.1016/j.neuroimage.2003.09.021
https://doi.org/10.1016/j.neuroimage.2003.09.021
https://doi.org/10.1098/rsos.150505
https://doi.org/10.1098/rsos.150505
https://doi.org/10.1177/0146167210383440
https://doi.org/10.1111/spc3.12148
https://doi.org/10.1111/spc3.12148
https://doi.org/10.1037/bul0000020
https://doi.org/10.1037/0033-295X.110.1.145
https://doi.org/10.1371/journal.pone.0057889
https://doi.org/10.1080/02699930903274322
https://doi.org/10.1080/02699930903274322
https://doi.org/10.1016/j.humov.2010.05.014
https://doi.org/10.1016/j.humov.2010.05.014
https://doi.org/10.1177/0146167203254597
https://doi.org/10.1177/0146167203254597
https://doi.org/10.1080/17470919.2018.1564694
https://doi.org/10.1037/0022-3514.54.6.1063
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	How Do Induced Affective States Bias Emotional Contagion to Faces? A Three-Dimensional Model
	Introduction
	Materials and Methods
	Participants
	Materials
	Procedure
	Emotional Contagion Equation

	Results
	Discussion
	Author's Note
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


