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Abstract

Actions can convey information about the affective state of an actor. By the end of
the first year, infants show sensitivity to such emotional information in actions.
Here, we examined the mechanisms contributing to infants’ developing sensitivity
to emotional action kinematics. We hypothesized that this sensitivity might rely on
two factors: a stable motor representation of the observed action to be able to detect
deviations from how it would typically be performed and experience with
emotional expressions. The sensitivity of 12- to 13-month-old infants to happy and
angry emotional cues in a manual transport action was examined using facial EMG.
Infants’ own movements when performing an object transport task were assessed
using optical motion capture. The infants’ caregivers’ emotional expressivity was
measured using a questionnaire. Negative emotional expressivity of the primary
caregiver was significantly related to infants’ sensitivity to observed angry actions.
There was no evidence for such an association with infants’ own motor skill.
Overall, our results show that infants’ experience with emotions, measured as
caregivers’ emotional expressivity, may aid infants’ discrimination of others’
emotions expressed in action kinematics.

Keywords: emotion perception, actions, emotion expression, kinematics,

EMG, motion capture



Infants’ Sensitivity to Emotional Expressions in Actions: The Contributions of Parental

Expressivity and Motor Experience.

Infants grow up in a social world. For successful social interactions, it is fundamental that they
learn to recognize others’ emotions, and this ability develops rapidly during the first year of
life (Grossmann, 2010). By 3 months of age, for instance, infants can discriminate between
happy, angry, and surprised facial expressions (Barrera & Maurer, 1981; Young-Browne et al.,
1977). Furthermore, recent studies using facial electromyography (EMG) show that infants as
young as 7 months respond with differential facial mimicry to emotional facial expressions

(Datyner et al., 2017; Kaiser et al., 2017).

Importantly, facial expressions are not the only source of information that infants,
children, and adults can use to identify how another person feels. Emotions can also be
conveyed in vocal expressions, body postures, and body movement patterns (Dael et al., 2012;
Heberlein & Atkinson, 2009), and such emotional information is essential when others’
emotions need to be detected from a distance or when we do not have full view of the face (De
Gelder, 2009). For instance, adults can identify emotions in body movements and actions, such
as gait, arm movements, and dance movements (Dittrich et al., 1996; Gross et al., 2010;
Montepare et al., 1987, 1999; Nackaerts et al., 2012; Pollick et al., 2001; Walk & Homan,
1984). Emotional information in actions is conveyed by deviations in action kinematics. Happy
actions , for example, tend to have a longer duration, slower velocity, slower acceleration, and
less jerk compared to angry actions (Kang & Gross, 2015; Montepare et al., 1999; Pollick et
al., 2001), and adults can use this kinematic information to identify the emotion of the actor

(Montepare et al., 1999; Pollick et al., 2001).

A recent study provided the first evidence that by the end of the first year, infants are

sensitive to emotional information conveyed in action kinematics (Addabbo et al., 2019). Upon



watching happy expressions in the kinematics of transporting actions, 11-month-old infants
showed a greater response in the zygomaticus major muscle (‘smiling muscle’, or ZM)
compared to the corrugator supercilii muscle (‘frowning muscle’, or CS). Conversely, a greater
response in the CS compared to the ZM was found when infants observed angry kinematics.
This differential facial EMG response to happy and angry action kinematics provided evidence
that 11-month-old infants are sensitive to the emotional valence of action kinematics (Addabbo
et al.,, 2019). What are the developmental mechanisms underlying the emergence of this
sensitivity in infants? Here, we investigate whether motor experience and experience with
caregivers’ emotional expressions contribute to the development of the sensitivity to emotions

in action kinematics.

Motor experience

It has been suggested that action experience is essential for infants to develop action
understanding. Active experience with actions is thought to provide young children with
internal models of these actions that underlie their ability to recognize and predict them in
others (Hunnius & Bekkering, 2014). In accordance with this idea, action experience improves
infants’ prediction of another person’s actions (Cannon et al., 2012; Stapel et al., 2016),
enhances their attention to an actor’s goal (Gerson & Woodward, 2014; Sommerville et al.,
2005), and alters their brain response to another person’s actions (Bakker et al., 2016). In the
same manner, more experience with an action enhances adults’ action prediction and
interpretation (Abernethy et al., 2008; Aglioti et al., 2008; Brault et al., 2012; Diersch et al.,

2012; Jackson et al., 2006; Sebanz & Shiffrar, 2009).

Recently, it has been suggested that motor representations also play a role when
deciphering emotions in others’ actions (Edey et al., 2017, 2020). Edey and colleagues (2017)

demonstrated that adults’ walking speed is related to their judgements about the emotions of a



point-light-display walker stimulus. More precisely, faster walkers rated high-velocity walkers
as less angry than slower walkers, while faster walkers rated low-velocity walkers as sadder
than slower walkers. This suggests that adults might use their own representation of an action
as an anchor point and compare it to what they observe in others to make judgements about the

emotional state of others (Edey et al., 2017).

Motor representations acquired through experience could likewise play a crucial role in
infants’ ability to detect emotions from action kinematics. Previous research has shown that
active experience with specific actions is crucial for the formation of mental models of these
actions (Gerson et al., 2015a, 2015b). As infants’ motor development progresses, their
movements become more stable and less variable, which likely is reflected in more fine-grained
motor representations. Thus, as infants’ own action capabilities develop, they might become
able to detect emotional deviations in others’ actions, because their own action representation
becomes more stable and detailed. Here, we examined whether infants’ motion kinematics
during a specific action contribute to their sensitivity to emotions conveyed in others’ action
kinematics. In particular, we hypothesized that infants who show less variable movements
themselves are more sensitive to the subtle deviations in another person’s actions that convey

emotional information.

Parental expressivity

Whereas their own motor experience might enable infants to detect relevant cues in others’
actions, their environment might provide them with the opportunities to learn to interpret them
correctly. From previous research, we know that parents differ in how frequently and strongly
they express different emotions and that these differences are related to infants’ responses to
emotional expressions (de Haan et al., 2004). For example, 7-month-old infants with mothers

expressing more positive affect have been shown to look longer at fearful expressions



compared to happy expressions, possibly because these are more novel to them (de Haan et al.,
2004). At the same time, there is evidence for a relationship between parental depression and
infants’ emotion perception, as for instance atypical emotion processing has been found in
infants with depressed mothers (Diego et al., 2004; Field et al., 1998; Hernandez-Reif et al.,
2006). It has also been shown that 5-month-old infants with depressed mothers were unable to
discriminate between neutral and happy faces, while infants with non-depressed mothers did
perceive the difference (Bornstein et al., 2011). This is likely due to depressed mothers

expressing their emotions less (Cohn et al., 1986; Field et al., 1985, 2009).

Here, we investigated whether the degree to which emotions are expressed by
caregivers contribute to infants’ sensitivity to another person’s action kinematics. We
hypothesized that infants with a primary caregiver who expresses a specific type of emotion
more would be more sensitive to this emotional information, as they have more opportunities

to observe and learn about this emotional expression.

The current study

In this study, we investigated which factors contribute to infants’ sensitivity to emotions in
others’ action kinematics. First, we aimed to replicate the results by Addabbo and colleagues
(2019) that infants produce a congruent facial response when presented with happy and angry
action kinematics. We expected infants to show increased activation in their ZM muscle and
decreased activation in their CS muscle in response to happy actions and a reversed activation
pattern in response to angry actions. Most importantly, we expected that both, infants’ own
motion kinematics and their caregivers’ emotional expressivity would enhance infants’
sensitivity to emotional information conveyed in action kinematics. We hypothesized that
infants with more stable movements and more expressive caregivers would be more sensitive

to emotional information conveyed in action kinematics compared to infants with more



variable movements and less expressive caregivers. Specifically, we expected infants to be

more sensitive to those emotions they experience frequently.

Our study consisted of two testing sessions. In the first session, infants’ own action
kinematics were assessed using optical motion capture. In the second session, the infants’ facial
EMG responses to emotional actions were measured. Caregiver emotional expressivity was

assessed using a questionnaire.

Method

Participants

A total of eighty-three 12- to 13-month-old infants (46 females, mean age = 12.8 months, SD
age = 0.38, range age = 12.1 to 13.8 months) participated in this study. Families were recruited
from a database of families interested in participating in research. Caregivers were informed
about the testing procedure prior to giving written informed consent. Families were given a
small thank-you gift for their participation. All procedures were approved by the local ethics

committee (number ECG20212-1201-006).

Of the full sample, thirty-four infants (19 females, mean age = 12.8 months, SD = 0.34,
range = 12.3 to 13.5 months) were included in the analysis examining whether infants were
sensitive to emotional information conveyed in action kinematics. Forty-nine infants were
excluded, because they did not participate in the EMG session (n = 3), they did not want to
wear the EMG electrodes (n = 9), they were too fussy (n = 5), there was a technical or recording
error (n = 7), or there were not enough valid EMG trials (n = 25). This dropout rate is similar

to previous facial EMG studies (Addabbo et al., 2019; Vacaru et al., 2019).

Of the infants who participated in the EMG session, fourteen infants (6 females, mean
age = 12.9 months, SD = 0.35, range = 12.3 to 13.4 months) also participated in the task

assessing their movement kinematics. Twenty infants were excluded, because they did not want



to wear the motion capture markers (n = 3) or there were not enough valid trials for the motion

task (n = 17).

For twenty-seven infants (14 females, mean age = 12.9 months, SD = 0.34, range =
12.3 to 13.5 months) who participated in the EMG session, caregivers provided information on
their emotional expressivity. Seven infants were excluded, because there was only
questionnaire data of one caregiver available who spent relatively little time (less than 60%)

with the infant.
Procedure

In this study, three variables were assessed. Infants’ own action kinematics were investigated

in a transport task using optical motion capture during a first measurement session. In the
second session, infants’ sensitivity to others’ angry and happy kinematics was examined using
facial EMG. The second session was planned within 1 to 10 days after the first (M = 7.81 days,
SD = 5.50 days). Third, caregivers’ emotional expressivity was assessed with the Dutch

version of the Berkeley Expressivity Questionnaire (Gross & John, 1995, 1997; Swart et al.,
2009). The validation of the Dutch version of the BEQ is reported in Kupper and

colleagues (2020).
Infants’ action kinematics

During the first session, the infant was seated in an infant chair at a table next to their caregiver
with the experimenter opposite to the infant. Caregivers were asked about their infant’s
preferred hand. In case they were unsure, the right hand was assumed to be the preferred hand.
First, retro-reflective markers were placed on the knuckle of the infant’s middle finger (3™
metacarpal) and wrist of their preferred hand. Movements were recorded at 100 Hz using a 3D
optical motion capture system (Qualisys AB, Goteborg, Sweden) with eight infrared cameras

positioned around the table. The task was filmed using a synchronized video camera at 13 Hz.



Infants were encouraged to grasp a ball from a block and transport it to a bowl (Figure
1). The distance between the block and the bowl, which were placed at fixed locations, was 28
cm. Caregivers were instructed to encourage the infant to grasp the ball with their preferred
hand that had the markers attached. The experimenter demonstrated the transport action and
then encouraged the infant verbally and non-verbally (e.g., by pointing at the ball or the bowl)
to repeat the action at least 10 times. A second task during which infants transported the ball
from the block onto a track was excluded from the analysis because infants were not interested
in making the ball roll down the track and less than 30% of the sample produced any valid

trials.

Figure 1.

The experimental set-up of the transport task.

Infants’ sensitivity to emotional kinematics

During the preparation for the EMG measurements, the infants were seated on their caregiver’s
lap watching nursery thyme movies on a screen or bubbles, with the caregiver holding the
hands of the infant. First, the infant’s face was cleaned with a baby skin cleanser and Nuprep
Skin Prep Gel. Medical tape was used to attach the pre-gelled electrodes to the infant’s face.
Impedances of the EMG electrodes were kept as low as possible using conductive OneStep gel

(Addabbo et al., 2019; Vacaru et al., 2019. 2020, 2021).



EMG was recorded from the ZM muscle and the CS muscle on the left side of the face
(Figure 3A) with four Neuroline EMG Ag/AgCl electrodes in a bipolar configuration with 10-
mm inter-electrode distance (Cacioppo et al., 1986). Previous studies showed that ZM muscle
activation is a reliable indicator for happy expressions, while CS muscle activation indicates
anger (Cacioppo et al., 1986; Ekman & Friesen, 1976). Two additional electrodes were used;
the reference was positioned on the left mastoid and the ground was positioned below the
hairline on the middle of the forehead. The EMG signal was amplified using a Brain Products
Amplifier and recorded when viewing the emotional stimuli movies with a sampling rate of
2500 Hz and band-pass filtered (0.016 — 125 Hz) with Brain Vision Recorder (Brain Products

GmbH, Munich, Germany). The session was video-recorded.

The same stimulus videos were used as in a previous study (Addabbo et al., 2019) and
presented using Presentation (version 18.0, Neurobehavioral Systems, Inc., Berkeley, CA). The
videos displayed transportation actions that were identical, aside from the models expressing
different emotions in their movement (angry or happy). Kinematic analyses of the video stimuli
showed that actions with angry kinematics were associated with faster velocity compared to
actions with happy kinematics (Appendix A). An adult rating study for the video stimuli is

reported in Appendix B.

There were 64 different stimulus movies (32 angry and 32 happy) featuring four
different actors (2 female) and five different objects, and both left and right movement
directions. The face of the actor was not visible. Videos were presented in a pseudo-random
sequence created by the program ‘Mix’ (van Casteren & Davis, 2006) with the constraint that
no emotion could occur more than two times successively. The whole experiment consisted of
three blocks with in total 256 trials, but the testing session ended when the child became fussy

or inattentive.
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As shown in Figure 2, each trial started with a fixation cross, which turned twice
accompanied by a beep sound before remaining still for 500 ms. Next, the stimulus video with
a duration of 2800 ms was shown. The trial ended with a grey screen, shown for an inter-trial
interval of 500 ms. Stimuli were presented on a 17-inch monitor (1280 x 1024 pixels) at a

distance of approximately 50 cm.

Figure 2.

Example frames from the video stimuli illustrating two successive trials with fixation cross and

inter-stimulus-interval.

ITI (500 ms)

|]) Fixation cross
(600 - 1000 ms)

Happy (2800 ms)

l"l] (500 ms)

|] Fixation cross
(600 - 1000 ms)

Angry (2800 ms)

Time

Caregivers’ emotional expressivity

Both caregivers were asked to fill in the BEQ questionnaire online (through LimeSurvey;
Schmitz, 2012). They were sent a link to the questionnaire via e-mail. The BEQ assesses
emotional expressivity. It consists of 16 items on 3 subscales: negative emotion expressivity,

positive emotion expressivity and impulse strength (Gross & John, 1995, 1997). Only the
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negative emotion expressivity and positive emotion expressivity subscales were used in our

analyses.

Moreover, caregivers were asked to indicate how much time they spent with their infant
in a typical week. The primary caregiver was determined as the caregiver that spent the most
time with the infant. Our primary caregiver sample consisted of 21 females and 6 male
caregivers. If both caregivers spent an equal amount of time with their infant, one of them was
randomly included as primary caregiver. If the data from the second caregiver was absent, we
only included the questionnaire data from the one caregiver if the time spent with the infant
was more than the average spent by the primary caregivers. Primary caregivers in our final
sample (n = 27) spent on average 65% (SD = 20.75) of the infant’s awake time with their

infant.

Data-analysis

Infants’ action kinematics

The analysis focussed on the transport phase of the movement. The start and end of each
transport movement was determined offline. Most sessions (78%) were double-coded, with
excellent agreement (maximum disagreement for start and end point of movement < 200 ms).
Trials were valid if the infant transported the ball with one hand, started from the block, and
ended in the bowl, and if there was kinematic data for the whole transport movement. Trials in
which the infant transported the ball with two hands or the non-preferred hand and trials in

which the caregiver helped the infant were excluded. Moreover, trials with a different starting

or end point (i.e., that did not start from the block or end in the bowl) or with a pause in the
movement as well as trials with more than one consecutive missing marker location were
excluded. Infants needed minimally 3 valid trials to be included in the analysis. To ensure

comparability across infants, we analysed the first three valid trials of each infant.
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Based on visual inspection, the marker on the knuckle represented the movement
kinematics of the transport better than the wrist marker and was thus used for the analysis. All
pre-processing steps and filter settings were based on previous research (Cook et al., 2013;
Schroer et al., 2021). The data was pre-processed in MATLAB (version R2018b, MathWorks,
Inc., Natick, Massachusetts, United States). Trials with one missing frame were interpolated
using a linear method. Position vectors were padded with 1s before and 1s after the transport
movement, and these position vectors were low-pass filtered using a Butterworth 2™ order filter
with a low-pass of 10-Hz. To calculate the final score, we performed the following steps: First,
velocity vectors were calculated as the square root of the sum of square differentials for the x-

, y-, and z-vectors. Second, acceleration and jerk vectors were calculated as the first and second

order differentials of velocity vectors.

Third, for each vector, the standard error of the mean absolute velocity, absolute
acceleration and absolute jerk were calculated. Fourth, the mean standard error of the mean
(SEM) absolute velocity (in mm/frames), absolute acceleration (in mm/frames?) and absolute
jerk (in mm/frames?) were calculated to assess variability in movements. The SEM was
considered to reflect variability from the mean in velocity, acceleration, and jerk within each
trial. The mean SEM is a measure of the average variability for each participant over the first
three valid trials. Last, to obtain a single score that reflected the infant’s movement variability,
a factor analysis on the three scores was performed using the regression method to calculate a
‘kinematic score’ (Cook et al., 2013)2. The obtained kinematic score was used as the variable

reflecting stability of the infant’s motor representation.

! The wrist marker was often attached to the infant’s sleeve. Moreover, the wrist marker did not capture any
movements that were made when the wrist was still (e.g., when the hand was moved up and down). The knuckle
marker, on the other hand, accurately captured the left/right and up/down movements of the hand. For example,
the wrist marker and hand marker are not aligned in Figure 1.

2 The three scores loaded highly on the kinematic score (SEM velocity: .927, SEM acceleration: .978; SEM jerk:
.966).
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Infants’ sensitivity to emotional kinematics

Trials in which the infant looked away from the video stimuli were excluded during the offline
coding using ELAN annotation software (Max-Planck Institute for Psycholinguistics,
Nijmegen, The Netherlands). Fifteen percent of the sessions were double-coded with a good
agreement (Cohen’s kappa = .75). The EMG signal was pre-processed using Brain Vision
Analyser version 2.1 (Brain Products, GmbH, Munich, Germany) following the same
procedure as the previous study (Addabbo et al., 2019). The signal was filtered using an infinite
impulse response zero-phase 8 " order Butterworth filter with 20-Hz high-pass frequency and
500-Hz low-pass frequency. A 50-Hz band pass rejection filter was used to remove power line
interferences. After rectification, trials with signal noise or motion artefacts that contaminated
the signal due to face (i.e., coughing, sneezing, vocalizing, sucking, crying), head or body
movements were discarded based on offline video coding and visual inspection of the EMG
signal. Infants were included in the final analysis with a minimum of 3 trials. On average, the
mean number of angry trials in our sample was 14.38 (SD = 10.69, range = 3-50 trials), and

the mean number of happy trials was 15.56 (SD = 10.74, range = 3-47 trials).

Mean activation values of the ZM and CS muscles were calculated for each 100-ms
interval starting from 500 ms prior stimulus onset to the end of the stimulus movie (2800 ms
post-stimulus onset). The fixation cross was used as a baseline window in the analysis. The
activation data was baseline corrected by subtracting the average amplitude over the baseline
from each 100 ms post-stimulus amplitude. Raw amplitude data was transformed into z-scores
within participants and within muscles. The activity within the 700- to 2800-ms time window
(cf. Addabbo et al., 2019) for each muscle and each emotion was averaged and used as
dependent variable. The composite scores used in the regression models were calculated by
subtracting the non-corresponding muscle activation from the corresponding muscle activation

for each emotion (cf. de Klerk et al., 2018; Vacaru et al., 2019).
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Emotional expressivity questionnaire

For the primary caregiver, we calculated the positive and negative expressivity scores,
averaging the items for each subscale. These two expressivity scores were used as independent

variables reflecting the caregiver emotional expressivity.

Results

Infant’s sensitivity to emotional actions

First, we aimed to replicate the EMG results of Addabbo and colleagues (2019) that showed a
differential facial EMG response to happy and angry action kinematics in infants. We used a 2

x 2 ANOVA with Stimulus emotion (Happy, Angry) and Muscle (ZM, CS) as within-subject
factors and z-scores of activation as dependent variable (Figure 3B). The EMG activation
pattern descriptively matches the findings described by Addabbo and colleagues (2019), but

the statistical analysis did not yield a significant Emotion x Muscle interaction effect (F(1,33)
=3.46, p = .072), as expected. No main effects were significant (all p > .700). The average

time course of muscle activation in response to angry and happy actions is shown in Figure 3C

and 3D.

Correlations between all variables to be used in the regression models were calculated
(Table 1). Composite EMG scores for happy and angry stimuli showed a high correlation (7(34)
=.909, p <.001), indicating that infants who were more sensitive to angry kinematics were

also more sensitive to happy action kinematics.
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Figure 3.

Schematic representation of the EMG electrodes and the EMG data

(A) EMG electrodes position (B) mean EMG activation
ARE
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-~ "/Ground @ zygomaticus Major
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! tﬁ‘ \ r\ =
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& Reference w z
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. Zygomaticus
major (ZM) o
Angry Happy
Emotion
(C) Facial muscle activation for angry actions (D) Facial muscle activation for happy actions

EMG activation (z-score)
0.0

EMG aclivation (z-score)
0.0

1] 5 10 15 20 25 o 5 10 15 20 25

Time from stimulus onset (in 100ms bins) Time from stimulus onset (in 100ms bins)

Note. A: Schematic representation of the locations of the EMG electrodes to measure activation
of the CS and ZM muscles. B: The mean and standard error of EMG activation z-scores over
the time window (700 — 2800 ms) for the CS (red) and ZM (blue). C: The EMG activation for
each 100 ms time bins for angry stimuli of both muscles: CS (red) and ZM (blue). D: The EMG
activation for each 100 ms time bin for happy stimuli of both muscle: CS (red) and ZM (blue).
All error bars reflect the standard error.



Table 1.

Correlations between the variables

16

M SD 2. 3. 4. 5.

1. Angry score (EMG) 0.15 0.09 r(34) =.909, r(14)=-297, r(27)=.395, r(27)=.548,

p<.001* p=.303 p=.041% p=.003*
2. Happy score 0.17 0.09 - rs(14) = .055, r(27)=.247, r(27)=.322,
(EMG) p = .852 p=.215 p =.101
3. Kinematic score 0.00 0.27 - rs(11)y = - r(11) = -
(Motion Capture) A10, p = 283, p =

748 399

4.Positive expressivity 5.38  0.18 - r(27) =.657,
(BEQ questionnaire) p <.001%
5.Negative 394 0.14 -
expressivity (BEQ
questionnaire)

Note: Correlations are Pearson, except any correlations with kinematic score. The kinematic
score was not normally distributed, therefore non-parametric Spearman correlations were used.
Testing was performed two-tailed. * reflects a significant correlation at alpha = .05.

To investigate the mechanisms potentially underlying infants’ sensitivity to emotion

kinematics, we had planned to run linear regression models (one with angry and one with happy

EMG scores as dependent measure) with caregivers’ emotional expressivity and infants’ own

movement kinematics as predictors. However, we were unable to test our hypothesis in one

regression model per emotion, because too few infants had data for all three assessments (n =

11). Instead, we thus analysed separately whether infants’ own motor kinematics and their

caregiver’s emotional expressivity predicted their sensitivity to emotion kinematics. The

results of these univariate regression models

correlations reported in Table 1.

Infants’ action kinematics

were naturally in line with the bivariate

The regression models investigating whether infants’ own motor kinematics predict their

sensitivity to emotional actions are given in Table 2. The kinematic score did not significantly
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predict the angry or happy score of emotion sensitivity (Table 2). There was thus no evidence
that infants’ motor representations contribute to their sensitivity to emotional information
conveyed in action kinematics. However, the final sample size in this analysis was small (n =

14) and might not be sufficient to detect an effect.

Table 2.

The regression models predicting infants’ angry and happy scores from their action
kinematics.

b SE B t P

Model 1: Angry score .887
Intercept -0.01 0.15 -0.08 939
Kinematic score -0.02 0.15 -0.04 -0.15 .887
R>=.002

Model 2: Happy score 734
Intercept 0.01 0.13 0.09 927
Kinematic score 0.05 0.14 0.10 0.35 734
R’=.010

Caregivers’ emotional expressivity

The regression models investigating whether caregiver expressivity is related to infants’
sensitivity to emotional actions are given in Table 3. Here, we tested whether the BEQ negative
expressivity subscale was related to the angry EMG score and whether the BEQ positive
expressivity subscale was related to the happy EMG score. Negative expressivity by the
primary caregiver was a significant predictor of the angry EMG score, and this model explained
27% of the total variance. However, positive expressivity by the primary caregiver was not

significantly related to the happy score, in contrast to our predictions.
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Table 3.

The regression models with questionnaire data for angry and happy score.

b SE B t p

Model 1: Angry score .003
Intercept -1.14 0.44 -2.58 .016
Negative Expressivity 0.36 0.11 0.55 3.27 .003
R =27

Model 2: Happy score 214
Intercept -0.39 0.55 -0.71 486
Positive Expressivity 0.13 0.10 0.25 1.27 214
R’ =.02

Discussion

This study investigated the mechanisms contributing to infants’ developing sensitivity
to emotional action kinematics. We hypothesized that that this sensitivity might rely on two
factors: a stable motor representation of the observed action and experience with emotional
expressions. Our study yielded no evidence for a relationship between infants’ own motor
kinematics and their sensitivity to emotional cues in others’ action kinematics. Interestingly,
though, we show that negative emotional expressivity by the primary caregiver was associated
with infants’ sensitivity to actions with angry kinematics. This study thus provides the first
evidence that parental expressivity of negative emotions contributes to their sensitivity to angry
emotional information conveyed in action kinematics. This result is consistent with earlier
research that demonstrated that parental emotional expressivity is related to the development

of responses to emotional expressions in typically developing infants (de Haan et al., 2004).

Concerning infants” EMG responses to the observed action kinematics, our study shows
descriptively the pattern that was expected based on the findings of Addabbo and colleagues
(2019), namely a greater response in the ZM compared to the CS muscle when observing happy
action kinematics and the opposite pattern of a greater response in the CS compared to the ZM
muscle for angry kinematics. However, the expected interaction effect was not significant (p =

.072). There were some differences between our current and the previous study that might
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potentially explain these results, such as a larger minimum number of trials in the original
research (Addabbo et al., 2019), but more research is needed to fully understand infants’

sensitivity to emotional information in action kinematics.

Interestingly, we found no indication for an effect of positive expressivity of the
caregiver on infants’ sensitivity to happy action kinematics. The expressivity subscale for
negative emotions has six items reflecting several negative emotions such as fear, anxiety, and
anger, whereas the positive emotional subscale only included four items about happy
expressions. It is possible that infants learn most about emotions from caregivers who express
a wide range of emotions, and the negative expressivity subscale might capture this aspect of

emotional expressivity best.

Another possible explanation for the lack of a role of positive expressivity for
sensitivity to positive action kinematics could be that all infants learn about positive emotions
because they observe these emotions frequently in their daily life anyway. Adults report to
most frequently experience positive emotions (Carstensen et al., 2000). In addition, mothers
are likely to model positive emotional expression to their infants during face-to-face
interactions, but rarely express negative emotions (Malatesta & Haviland, 1982). Infants will
thus often see adults expressing positive emotions, which provides them with plenty of
opportunities to learn about positive emotions, whereas opportunities to learn about how

negative emotions are expressed might be scarce.

Whereas infants’ sensitivity to happy action kinematics was not related to caregivers’
expressivity, their sensitivity to angry kinematics was related to both, caregivers’ negative and
positive expressivity which is in line with the second explanation. This could indicate that

infants learn about positive emotions anyway through their everyday experiences, but
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caregivers’ emotional expressivity is beneficial for learning about negative emotions. Further

research is needed to confirm this.

A last potential explanation might be that our happy stimuli might not have displayed
happiness optimally, which led to the relationship with expressivity not being detected.
However, nine out of 10 happy action stimuli were rated as happy in our rating study with a

sample of adults, but the variability in rating was bigger than for the angry action stimuli.

One limitation of the current study is the use of a questionnaire on caregivers’ emotional
expressivity rather than the direct assessment of the infants’ experiences with emotional
expressions. Furthermore, the emotional expressivity of only the primary caregiver was
assessed. However, previous research has shown that in the first year of life, the faces infants
see belong to only relatively few individuals, and about 40 to 60% of the exposure to faces is
accounted for by one face (Jayaraman et al., 2015). This is why we assumed for our study that
the primary caregiver would be the most important source of information on emotional
expressions during the first year of life. Furthermore, one assumption made in this paper is that
emotional expressivity measured using a questionnaire reflects the caregivers’ real-life
emotional behavior well. A previous study has indeed found that the negative and positive
expressivity scale of the BEQ predicted behavioural expressions of emotions in a lab study

(Gross & John, 1997).

Another important limitation of our study is its correlational character that does not
allow for conclusions about the exact directionality and workings of the found effect. For
instance, there might parental negative expressivity might be related to infants’ sensitivity to
emotional actions because of the genetic relationship between parent and infant. Moreover, it
is unfortunate that only a small number of infants completed all tasks. Especially the analysis

of the relationship between infants’ own movement kinematics and their sensitivity to
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emotional information in actions had limited power, as our final sample was quite small (n =
14). Many infants turned out to not be interested in transporting balls from one location to
another. An alternative could be to test this potential relationship starting with an older age
group using a paradigm similar to Edey and colleagues (2017; 2020) to investigate whether

walking speed in toddlers is related to their perception of emotions of another person.

Nonetheless, this study yields new insights into the development of emotion perception
in infancy. Emotions expressed by caregivers provide the infants with the opportunity to learn
about emotions that others express. Importantly, this does not only hold for facial expressions
or body expressions, but also for emotional cues conveyed in action kinematics. In fact, studies
involving videotaping infants’ daily visual input indicate that the frequency of seeing hands
increases with age, while the frequency of seeing faces decreases with age. Infants experience
this transition from seeing relatively more faces to relatively more hands (typically in contact
with objects) in the first years of life (Fausey et al., 2016), providing infants with increasingly
more opportunities to learn about emotions in actions. Again, this study adds to a wide range
of literature showing that emotional information from facial expressions are not the only source
of information about emotions that can be used to recognize how another person feels

(Addabbo et al., 2019; Dael et al., 2012; Heberlein & Atkinson, 2009).

Conclusions

In sum, this study extends previous research by showing that, by the end of the first year of

life, infants’ daily experiences with negative emotional expressions are related to their
perceptual sensitivity to angry emotional information. Caregivers thus likely provide their
infants with an environment that supports them in their learning about emotions conveyed in

others’ action kinematics.
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Appendix A

Of the 64 stimulus videos, 15 angry and 22 happy stimuli movies were analyzed for their
kinematics characteristics by tracking in MATLAB the object that was moved by the actor.

(The MATLAB script did not succeed in tracking the objects in the other videos accurately).

The script yielded a measure of the movement velocity, acceleration, and jerk in each stimulus
video. An independent-samples t-test with velocity as dependent variable and emotion (angry,
happy) as independent variable showed a significant effect (#(15.97) =-3.61, p = .002, Cohen’s

d =-1.42). Angry movements had a significantly higher velocity (M = 34.09, SD = 12.83)
compared to happy movements (M = 34.09, SD = 4.11). Independent-samples t-tests showed

no significant effect of emotion (angry, happy) on acceleration (#(35) = .45, p = .650) or jerk
(#(35) =-1.02, p = .313).

Furthermore, the mean standard deviation of the three measures — velocity, acceleration and
jerk — was calculated for each movie. The variability in velocity was significantly larger in
angry videos (M = 1.15, SD = 0.58) than in happy videos (M = 0.85, SD = 0.27; #18.20) = -
4.21,p =.001, Cohens’ d =-1.60). Moreover, the variability in acceleration was significantly
larger in angry videos (M = 1.12, SD = 0.68) than in happy videos (M = 0.39, SD = 0.41;
#21.06) =-.3.69, p =.001, Cohens’ d =-1.35). The variability in jerk was larger in angry
videos (M = 1.68, SD = 1.14) than in happy videos (M = 0.59, SD = 0.76; #(22.46) =-.3.26, p
=.004, Cohens’ d = -1.18).

Appendix B

A validation study of the video stimuli was performed. Twenty Dutch

adults (M = 34.45 years, SD = 28.5 years, range = 21 to 68 years, 16 females)

participated in this study. Participants watched each video once and were then asked to indicate
through a button press whether the actor was angry, happy, sad, surprised, fearful, or disgusted.
Participants were asked to identify the emotion of the person acting and were also instructed
that some emotions might never or rarely occur, while others might occur often. One participant

did not finish the rating study and was excluded.

The results showed that all angry actions were rated most frequently as angry (M = 82.0%, SD
= 8.0%, range: 68.4 % - 100%, Figure A.1). Happy actions were most often identified as happy
(M = 58.4%, SD = 21.6%, range = 5.3% - 94.7%, Figure A.2). Only for 3 of the 32 happy

stimulus videos, participants chose another emotion as frequently or more frequently (H39:
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31.6% sadness vs. 21.1% happy; H41: 31.6% happy vs. 31.6% fear; H48: 57.9% disgust vs.

10.5% happy). None of the angry actions was identified as a different emotion more frequently.
Figure A.1.

The percentage of participants that rated the angry stimulus videos as surprised, fearful, sad,
disgusted, angry, or happy (separate for each angry stimulus video).
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Figure A.2.

The percentage of participants that rated the happy stimulus videos as surprised, fearful, sad,

disgusted, angry, or happy (separate for each happy stimulus video).
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