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Dynamics of Non-verbal Vocalizations and
Hormones during Father-Infant Interaction

Omri Weisman, Mohamed Chetouani, Catherine Saint-Georges, Nadège Bourvis, Emilie Delaherche,
Orna Zagoory-Sharon, David Cohen, Ruth Feldman

Abstract—Although researchers have established the roles of oxytocin (OT) in promoting affiliative bonds and cortisol (CT)
in adapting to stress, the investigation of their interplay with non-verbal behaviors has only recently begun. In this study,
we employed social signal-processing techniques to investigate relationships between non-verbal features: infant and father
vocalizations, infant-directed speech, speech turn-taking (STT) and hormonal dynamics (OT and CT). Thirty-five fathers were
asked to interact with their infants following the fathers self-administration of OT or placebo. We consider the three episodes of the
Still Face (SF) paradigm: (1) a baseline normal interaction episode, (2) the SF episode, in which the father becomes unresponsive
and maintains a neutral facial expression, and (3) a reunion in which parents and their infants re-engage in interaction. This
paradigm elicited stress in the infant. Statistical relationships are assessed by correlation analysis and linear mixed models
(LMMs). The results indicate that (i) infant vocalization and STT are key social cues regulating interactions during the stress-
inducing and reunion episodes, with infant vocalization leading the interaction dynamics; (ii) father empty pause was the main
adaptive behavior of fathers after SF; (iii) OT did not modulate infant STT or father STT/fatherese; (iv) CT appeared to modulate
the interaction.

Index Terms—Social Signal Processing, Parent-Infant Interaction, Hormonal modulation, Inter-personal Synchrony
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1 INTRODUCTION

Currently, in social signal processing and affective
computing, manual annotation, self-reports and ques-
tionnaires play a major role in both the design and
evaluation of computational models. The design of
machines capable of perceiving and understanding
human behaviors usually exploits automatic mapping
of non-verbal features (e.g., facial expressions, tone of
the voice, etc.) into psychometric measurements that
are collected by these methodologies. Most of the pre-
vious research on these domains has focused on the
processing of basic emotional states (e.g., the six basic
emotions) [1]; nevertheless, there has recently been a
shift toward continuous dimensional constructs, such
as arousal-valence [2].

However, training computational models with such
manual annotations is complex, and several methods
have been investigated to overcome this complexity,
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including crowdsourcing [3]. Another recently pro-
posed option in multimedia indexing is the exploita-
tion of behaviors displayed by users while perceiving
images and/or videos to automatically tag these ma-
terials (e.g., instead of asking users to use words) [4].

In this paper, we introduce a radically new frame-
work that uses biology as the ground truth (here,
hormones) to characterize social interactions. This
paper can be considered as a first step towards the
realization of this framework. Specifically, we investi-
gate the interplay between non-verbal features and
hormonal changes during parent-infant interaction
through correlation analysis.

The next section introduces the hormones that have
been studied, namely, oxytocin (OT) and cortisol (CT).
We also report the results of other studies of the
impacts of these hormones on behaviors and parental
bonding. The aims and hypotheses of this study are
reported in section 3. Section 4 describes the behav-
ioral paradigm that was employedparent-infant inter-
actionand the method used to measure the hormonal
changes. Next, we present the automatically extracted
non-verbal cues that were used to characterize the
interaction dynamics in section 5. In section 6, we
present the observed correlations between hormonal
changes and these non-verbal cues. Section 7 summa-
rizes and discusses our results, and we conclude in
section 8.
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2 SOCIAL BONDING AND STRESS

2.1 Nature of social cues
Several behavioral and physiological measures have
been used as indices of social bonding and stress. In
animal studies, depending on species and individuals,
observations have shed light on a variety of social
cues involved in bonding and affiliative behaviors.
These studies identify the source (infant vs. caregiver),
modality (e.g., audio modality) and direction (infant
towards caregiver vs. caregiver towards infant) (see
Table 1) of this bonding [5]. Intra-species social cues
are concordant, but their meaning and relevance for
each species may be different [6].

In small-brained mammals, social recognition and
bonding are primarily dependent on the olfactory
system, whereas in primates, the role of olfactory
cues is relatively limited. In humans, infants seem to
specifically exploit the audio modality to inform their
caregiver of their needs (e.g., an infant may express
herself by crying). Meanwhile, because caregivers are
sensitive to this modality, they also exploit vocaliza-
tion to regulate interactions. This type of vocalization
is called parentese or infant-directed speech [7] and
can be specified as motherese or fatherese depending
on the sex of the parent.

2.2 Hormonal basis of bonding and stress
These social cues play an important role in facilitating
maternal care and ensuring mother-infant bond for-
mation and stress adaptation. The biological basis of
these bonding and adaptability phenomena has also
been investigated. Several studies have shown that
OT plays a fundamental role in establishing social
and caregiver-infant bonds in animals [5] and humans
[19], [20]. OT is known to be implicated in mam-
malian sociality [21]. Conceptual models addressing
the mechanisms underlying the effects of OT on social
processes suggest two types of mechanisms. The first
one is the Social Salience hypothesis, which suggests
that OT increases the salience of social cues. The sec-
ond one is the Reward hypothesis, which postulates
that OT increases the brain’s reward response from
social stimuli. Both mechanisms may be active in the
context of the brain’s response under the effect of
OT [22]. Interestingly, OT modulates the strength of
the social bond, social emotion and behaviors, such
as trust, generosity, altruism, fidelity, empathy, and
social memory [23]. Regarding early infant/caregiver
interaction, OT levels in pregnant women predict the
expression of maternal behaviors in the post-partum
period, suggesting a priming effect of OT on the
initiation of parenting behavior [16], [24].

CT is the most researched biomarker of the stress re-
sponse, and its release is highly sensitive to the social
context [25]. Extensive research has revealed increases
in CT, especially salivary CT, during moments of
stress that involve social evaluation, public speaking,

stressful interactions, or encountering fear- or anxiety-
promoting experiences (for a review, [26], [27]). Ad-
ditionally, studies have shown associations between
activations of brain circuits related to vigilance and
fear (e.g., the amygdala network) with elevations in
CT response (for a review, [28]). In the context of
early infant/caregiver interaction, a synchronous and
positive parent-child relationship is associated with
a lower baseline CT [29], while psychopathological
conditions, such as maternal anxiety and depression,
correlate with higher CT responses [30].

The associations between OT and CT are also of
interest. Several studies have revealed that OT ad-
ministration decreases CT production, for instance, in
the context of couple conflict discussion [31] or social
stress paradigms [32]. Additionally, in the context of
family interactions, OT and CT have been found to
each be independently predictive of a positive mutual
atmosphere within the family [33]. These findings
highlight the balance between the stress and affiliation
systems, particularly between OT and CT, and their
online interaction as important neuroendocrine un-
derpinnings of the individual’s physiological response
to social processes and stress.

2.3 The Still Face (SF) paradigm: promoting
bonding and eliciting stress
The developmental effects of caregiver-infant bond-
ing have also been studied through a specific ex-
perimental paradigm created to model consequences
of parental early deprivation: the Still Face (SF)
paradigm.

The SF paradigm considers three different phases:
(1) a baseline normal interaction episode, (2) the SF
episode, in which the parents become unresponsive
and maintains a neutral facial expression, and (3) a
reunion in which parents and their infants re-engage
in interaction. Over the past three decades, Tronick’s
observational paradigm [34] has been used in nu-
merous studies to understand infant socio-emotional
regulation strategies and stress coping.

The SF paradigm allowed characterizing the dy-
namics of the interaction (also known as dyadic flexi-
bility) and the change (or stability) in infant-caregiver
dyads. SF is a stressful condition for the infant because
the caregiver suddenly interrupts the interaction and
remains still for a given period of time [35]. This
stressful social situation appears to amplify individual
differences in emotionality [36], [34].

In the reunion episode, parents and their infants
re-engage in interaction. This episode usually high-
lights individual differences in dyadic coordination
and parental support of infants’ emotion regulation
[37].

3 STUDY AIMS AND HYPOTHESES
This paper aims to demonstrate that automatic behav-
ior analysis methods rooted in social signal processing
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TABLE 1
Social cues involved in bonding and affiliative behavior during infant caregiver early interaction

Modality Type of cues Species Reference
From Infant to Caregiver

Audio Ultrasonic vocalization Mice Branchi, 2001 [8]
Crying Human Falk, 2004 [9]

Olfactory Pup odor Mice Levy et al., 2004 [10]
Visual Gazing / eye contact Primate / human Bjorklund, 1987 [11]

Physical Stroking Primate / human Franceschini, 1989 [12]
From Caregiver to Infant

Audio Motherese Human Falk, 2004 [9]
Olfactory Nipple odor All mammals Moriceau, 2004 [13]

Visual Motionese Bird Lorenz, 1935 [14]
Imitating Human Paukner, 2011 [15]

Physical Holding / handling Primate / human Falk, 2004 [9]
Affectionate touch Primate / human Feldman, 2007 [16]

Social Synchronizing Human Fedlman, 2003 [17]
Shared parenthood Human Rilling, 2013 [18]

and affective computing may provide insights into
the interplay between social signals and hormonal
changes during the SF paradigm.

Figure 1 details the main steps of our approach.
Experiments were designed by psychologists by con-
sidering two parameters that should potentially mod-
ulate these social signals: treatment condition (OT
vs. placebo) and time condition (before vs. after
SF). This design did not initially involve any com-
putational dimension, and consequently, the audio-
visual conditions were challenging (e.g., moving
cameras/microphones and/or different resolutions).
Given these uncontrolled situations, we opted for a
manual segmentation of both infant and father vocal-
izations and the annotation of infant-directed speech
events (fatherese) (see section 5.1). This segmentation
follows a machine learning approach for the auto-
matic detection of fatherese. Then, individual and
dyadic features are extracted to capture the dynamics
of social exchanges (see section 5.2). Finally, these
features are correlated with hormonal changes (here,
OT and CT) (see section 6). LMMs are employed to
assess the interplay between experimental conditions
(OT, placebo, SF conditions, and visits), non-verbal
features and hormones.

This computational approach allows us to investi-
gate the following research questions: (1) OT dynam-
ics and parents’ vocalizations. In children aged 7-12
years, Seltzer et al. [38] showed that mothers’ vocal-
izations contributed to the OT regulation of social
bonding and adaptation to stressors. The automatic
characterization of parents’ vocalizations is investi-
gated for evaluating the influence of OT in the case
of parent-infant interactions. (2) Does baseline CT or
a change in CT during SF alter the quality of the
interaction? (3) Are infant or caregiver vocalizations
the only variables to consider? Should we consider
Speech Turn-Taking (STT) and dynamics as well?
Finally, how are the interaction dynamics expressed,
and what is the role of the affective dimension of
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Fig. 1. The computational framework for the study
of correlations between individual/dyadic non-verbal
features and hormonal modulation

infant-directed speech (here, fatherese)?
In addition, we tested whether intranasal OT ad-

ministered to the father may modulate the father-
infant STT characteristics and/or the father’s vocal-
ization (including fatherese) during interaction using
a SF paradigm. To this end, a double-blind, placebo-
controlled, crossover experimental design was em-
ployed. CT and OT were monitored during the ex-
periment to assess the dynamics of these hormones
(see Figure 2).

Given the background described above, we for-
mulated the following hypotheses: (1) Before SF, we
expected STT synchrony features, father vocalization
and fatherese to increase under OT conditions and to
be associated with OT elevation in infants. (2) Because
the SF paradigm elicits a brief period of social stress,
we also hypothesized that infants’ vocalizations and
CT will increase after SF. However, these increases,
which represent a natural response to stress (e.g., an
infant attempting to attract and maintain his fathers
attention), could be modulated under OT conditions.

We also hypothesize that (3) after SF, fathers should
regulate the interaction and adapt themselves to their
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child to re-establish the previous level of vocal syn-
chrony. More generally, the current work sought to
investigate the interplay between various non-verbal
cues and hormonal changes.

4 DATA AND ANNOTATIONS

The current work exploits a protocol that was de-
signed for investigating the biological and develop-
mental dimensions of parent-infant interactions [39],
[40]. Consequently, the interaction duration satisfied
the requirements of both the SF paradigm and the
timing needed to measure the hormones (see Figure
2).

4.1 Participants
Thirty-five healthy fathers (average age 29.7 years,
s.d. = 4.2, range 22-38) participated with their five-
month-old infants (s.d. = 1.25 months, range 4-8) in
two laboratory visits, one week apart (total N = 70).
Females were not enrolled in this study because of the
physiological effects of OT manipulation (e.g., uterus
contraction) and the need to control for menstrual
cycle.

4.2 Procedure and OT administration
Following their arrival at the laboratory, fathers were
asked to self-administer IU of either OT (Syntocinon
Spray, Novartis, Basal, Switzerland) or a placebo.
The administration order was counterbalanced, and
participants and experimenters were blind to the con-
ditions (OT or placebo administration). Forty minutes
after administration, the infant joined his or her father
in the observation room. The infant was seated in an
infant seat mounted on a table. Father-infant inter-
action began approximately 45 min after substance
administration.

4.3 Recording father-infant interaction
Each father-infant interaction lasted for 8 min: 3 min
of free play, 2 min of parental SF and another 3 min
of free play. Interactions were videotaped using a Flip
Mino HD digital camcorder (Cisco, Irvine, CA) for off-
line coding of the behavior.

4.4 Salivary oxytocin and cortisol collection
A full description of salivary OT collection and ELISA
analysis is provided in a previous publication by
Weissman el al. [41]. Saliva samples from the fa-
thers and infants were collected by Sallivatte (Sarst-
edt, Rommelsdorft, Germany) at multiple time-points
(Figure 2): T1 (before inhaling) - before substance ad-
ministration (father only); T2 (baseline) - prior to inter-
action, 40 min after OT administration; T3 (reactivity)
- 20 min after interaction began; and T4 (recovery)
- 20 min thereafter. The ratio of the change in the

Father'inhala+on'
OT'or'PBO'

40#mn# 20#mn# 20#mn# OT#and#CT#
salivary#
collec5on#

3#mn# 2#mn# 3#mn#

S"ll$Face$Paradigm$

Free$play$ Free$play$S"ll$face$

Fig. 2. Still-Face paradigm: dynamics of OT and CT
salivary collection

infant’s salivary OT after and before the father-infant
interaction (i.e., infant OT at T3/ infant OT at T2) was
calculated. Log transformation was applied to this
ratio, and the variable exhibited a normal distribution
according to the Kolmogorov-Smirnov test.

CT levels were assayed using a commercial ELISA
kit (Assay Design, MI, USA). Measurements were
performed in duplicate according to the manufac-
turers instructions at multiple time-points, as done
for OT. CT levels were calculated using Mathworks
Inc Matlab (version 7.0) according to the relevant
standard curves. CT change was defined as [T3 - T2].

5 NON-VERBAL FEATURE EXTRACTION

We present in this section the extracted non-verbal
features that we hypothesized to be linked with the
hormonal changes (Figure 1).

5.1 Speech turn-taking (STT)
As previously mentioned, the data employed here
were collected in uncontrolled settings, making the
use of voice activity detection systems difficult. There-
fore, infants’ and fathers’ utterances were labeled ac-
cording to the following categories by two annotators
(blind to the conditions): father vocalization (mean-
ingful vocalizations, laughing, singing, and animal
sounds), infant vocalization (babbling vocalizations,
laughing, and crying), and other non-speech sounds
(clap the hand, snap fingers or the tongue, and mouth
noise, for example). Cohen’s kappa between the two
annotators was calculated for each dyad, each task
and each item of the grid. For all items, the kappa
values were between 0.82 and 1. We obtained 20193
segments of vocalization (9706 before SF and 10487
after SF). The duration of the segments ranged from
0.1 and 7.79 s.

Based on this manual segmentation of the speakers’
turns, we extracted several features to describe the
dynamics of speech turns during the task:

• Vocalization durations. A speech turn is a contin-
uous time segment during which one participant
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is speaking: Father Vocalization and Infant Vocaliza-
tion. To describe the dynamics of these events, we
computed standard statistics on the duration of
the segments (mean, median, standard deviation,
range, minimum and maximum).

• Empty Pause Durations. Silence >150 ms between
two vocalizations. We extracted all pauses for
each participant and calculated standard statistics
on the duration of the segments.

• Overlap Ratio. We measured the percentage of
interaction time when both father and infant were
talking simultaneously.

• Silence. Silence is defined as sequences of time
during which neither of the participants spoke
for more than 150 ms. Statistics on silence events
will provide insights regarding the dynamics of
social interactions.

• Synchrony Ratio. This parameter is the number
of infant’s responses to his father vocalization
within a time limit of 3 s divided by the number
of father vocalizations during the time paradigm.
The 3-s window was based on the available liter-
ature on synchrony [16], [42], [43].

By definition, during SF, fathers remain still, and
thus, the use of STT is inappropriate. However, the
infant is free to vocalize, so we applied the same
annotation for each infant during SF and extracted
his/her vocalizations.

5.2 Automatic fatherese detection

Previous works on parent-infant interaction have
shown that parents vocalizations play a role in sev-
eral developmental dimensions, such as bonding and
language acquisition [44], [7]. These vocalizations,
often termed infant-directed speech, are considered
in their affective dimension nature and referred to as
”parentese” (”fatherese” or ”motherese”) [7].

In this paper, we automatically detect those vocal-
izations (see Figure 1). Several statistical classifiers
were designed [45]. The first one exploits a Gaussian
mixture model (GMM), while the second one is a k-
nearest neighbors (k-NN) classifier. For feature extrac-
tion, we employed Mel frequency cepstral features
(MFCC), and the classifier was considered to be seg-
mental due to the window length analysis employed
for computing the features (20 ms). In contrast, when
we used a set of functionals (mainly statistics: mean,
maximum, minimum, variance and range) applied to
the fundamental frequency, energy and duration of
events, the classifier was considered to be a supra-
segmental classifier because features are computed for
only voiced segments. Each one of these classifiers is
designed to produce posteriori probabilities: Pseg and
Psupra [46], [47]. The classifiers were fused by a simple
weighted sum of likelihoods for the different classi-

fiers. That is, for a given utterance Ux, we compute:

C = arg max
l

[λ logPseg(Cl|Ux)+(1−λ) logPsupra(Cl|Ux)]

(1)
where l = 1 (”fatherese”) or 2 (”other vocalization”).
λ denotes the weighting coefficient.

To train the classifiers, we manually annotated 200
sequences from fathers (100 parentese vs. 100 other
speech) that were validated by two psycholinguists
[Cohen’s kappa = 0.82; 95% Confidence Interval (CI)
= 0.75-0.90]. The fathers were all speaking Hebrew.
The classifiers were trained and evaluated using a 10-
fold cross-validation scheme, and we compute:

• Accuracy, ACC =TruePositive/(Number of Exam-
ples)

• Positive Predictive Value, PPV =TruePosi-
tive/(TruePositive + FalsePositive)

• Negative Predictive Value, NPV (=FalsePosi-
tive/(TruePositive + FalsePositive)

PPV evaluates the proportion of correctly detected
fatherese utterances out of all utterances labelled as
fatherese. PPV can be viewed as the reliability of
positive predictions induced by the classifier. NPV
gives similar information regarding the detection of
other vocalizations.

The system’s performance was as follows: ac-
curacy= 84% (95%CI= 64.27-92.26%); PPV= 79.3%
(95%CI= 57.79-82.70%); and NPV= 90.47% (95%CI=
62.16- 88.53%). In its most effective configuration,
the detector used only the GMM classifier for both
segmental and supra-segmental features (M, number
of Gaussians for the GMM Classifier: M=12 and M=15,
respectively, and λ=weighting coefficient used in the
equation fusion: λ=0.4). We also evaluated the system
in a speaker-dependent condition: accuracy= 87.5%
(95%CI= 82.91-92.08%); PPV= 88.47% (95%CI= 83.03-
95.18%); and NPV= 86.41% (95%CI= 79.4-92.88%) [45].

Based on the automatic detection of fatherese, we
extracted several features to describe the dynamics of
speech turns:

• Fatherese Ratio. Duration of fatherese vocaliza-
tion/Duration of all father’s vocalizations.

• Non Fatherese Ratio. Duration of non fatherese vo-
calization/ Duration of all father’s vocalizations.

• Synchrony Fatherese Ratio. Ratio of time during
which the infant vocalizes in response to his/her
father fatherese.

• Synchrony Non Fatherese Ratio. Ratio of time dur-
ing which the infant vocalizes in response to
his/her father other vocalizations.

As done for speech turns, we extracted statistical
features: mean, median, standard deviation, range,
minimum and maximum.

6 CORRELATION ANALYSIS
6.1 Methods
We performed a linear mixed effects analysis of the
relationship between hormonal and non-verbal vocal-
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ization dynamics by considering the following condi-
tions: group OT vs. placebo, visit 1 vs. visit 2, and
before vs. after SF. The LMMs were fit using R Core
Team [48].

The statistical Shapiro-Wilk test was applied in
order to determine whether the variables follow a
normal distribution. In the case of the Synchrony
Ratio, because the variables did not show normal
distributions, a transformation was necessary before
processing the LMM (see 6.2). The Overlap Ratio
variable was assessed by a paired Wilcoxon non-
parametric test because of both the non-normal dis-
tribution and the number of samples. Predictions of
infant OT increase according to the father’s turn-
taking variables were also performed with LMM.

The LMM was expressed as:

yij = µ+ β1Iij + β2Oij + β3Tij + γDi + εij (2)

where yij is the outcome variable, which is a non-
verbal feature (vocalization, pause, synchrony param-
eter, cf. section 5) computed for the dyad Di for each
visit j = 1, 2. The other predictor variables are the
treatment condition Iij (OT or placebo group), the
time Tij (before, during and after SF, see section 4.4)
for each dyad Di and the administration order Oij ,
which was counterbalanced. Participants and experi-
menters were blind to the conditions (OT or placebo
administration and visits).

LMMs allow estimations of the effect of a variable
considering the other variables fixed or not. Thus, we
fixed the effect of each independent variable (treat-
ment, visit, and SF) and estimated their effect of each
on each dependent variable (vocalization, pause, and
synchrony parameters).

To assess infant vocalization change during the
three study periods (before SF, during SF and after
SF), a secondary analysis using the same LMM was
used with three independent variables: group Iij (OT
vs. PL), order (visit j = 1, 2) and time Tij (before,
during and after SF). In the case of significant results,
post hoc analyses were conducted to compare infant
vocalization change in terms of consecutive temporal
segments.

OT and CT variations were also explored using
LMM to assess the effect of treatment group and/or
time (see fig 2). To assess how the CT and OT base-
line values were associated with STT variables and
fatherese, we used correlation analyses within OT and
CT baseline values and STT variables during the first
free play period before SF under the placebo con-
dition. Finally, we explored the association between
the dynamics of OT and CT (e.g., baseline values
and changes) and STT variables with time Tij and
treatment condition Iij in a LMM.

6.2 Results

6.2.1 Description of the data
We computed the features described in section 5 to
describe (1) individual dynamics of fathers (Vocaliza-
tion, Pauses, Fatherese Ratio and Non-Fatherese Ratio)
and children (Vocalization and Empty Pauses); and
(2) dyadic dynamics, such as STT: Silence, accord-
ing to the Synchrony Ratio, Synchrony Fatherese Ratio,
Synchrony Non-Fatherese Ratio, and Overlap Ratio. For
each feature, we computed standard statistics (mean,
median, standard deviation, range, minimum and
maximum), which are employed as outcome variables
of LMM.

Table 2 presents the descriptive statistics of the
speech variables we selected. We list them separately
under OT or placebo condition and before or after SF.

Figure 3 summarizes the dynamics of OT and CT
during the experiment. As previously reported [39],
there was a significant treatment and time effect for
OT in both fathers (who inhaled OT: time effect:
p < 0.001; treatment effect: p < 0.001; time x treatment
effect: p < 0.001) and infants (time effect: p < 0.001;
treatment effect: p < 0.001; time x treatment effect:
p < 0.001). Father CT showed a significant time effect
(p < 0.001) with a higher value at baseline and before
inhaling than during reactivity or recovery but no
treatment effect (p = 0.97). Contrary to our expecta-
tions, infant CT did not show treatment (p = 0.09) or
time effects (p = 0.15).

6.2.2 Variation of STT and fatherese according to
treatment and time
Because of the possible different influence of the three
variables (group OT vs. placebo, visit 1 vs. visit 2,
and before vs. after SF), we used LMM to assess
their respective associations with father/infant STT
and fatherese variables. Thus, we fixed the effect of
the each independent variable (treatment, visit, SF)
and estimated their own effect on each dependent
variable (vocalization, pause, synchrony parameters).
The results are presented in Table 3.

Despite our hypotheses, we found very few signifi-
cant associations between OT and STT parameters in
fathers or infants or between OT and STT synchrony.
Only the maximum duration of Father Empty Pause
was significantly higher and the Non-Fatherese Ratio
was significantly lower under OT. However, the mean
durations of both Father Pause and Father Vocaliza-
tion were not significantly different whether fathers
received OT or placebo. The maximum duration of
Silence was significantly lower at the second visit, but
we found no effect on mean duration. In addition,
Fatherese Ratio was significantly higher at the second
visit.

We concluded that the effect of the visit had a
limited influence on STT variables during father-
infant interaction, although fathers anticipated the
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TABLE 2
Description of the speech turn taking and fatherese variables during father/infant interaction before and after still

face, and under Oxytocin or Placebo conditions

Before Still Face
Father parameters Oxytocin Placebo
Vocalization: Mean (SD) Max 1.37 (0.61) 3.27 1.38 (0.63) 2.75
Empty Pause: Mean (SD) Max 1.61 (0.87) 4.92 1.45 (0.67) 3.86
Fatherese ratio: Mean (SD) Max 0.06 (0.09) 0.44 0.05 (0.08) 0.37
Non Fatherese ratio: Mean (SD) Max 0.39 (0.16) 0.68 0.42 (0.17) 0.71
Infant parameters
Vocalization: Mean (SD) Max 0.74 (0.31) 1.28 0.75 (0.55) 2.87
Empty Pause: Mean (SD) Max 1.01 (1.02) 4.54 1 (0.84) 3.91
Speech turn taking synchrony
Silence: Mean (SD) Max 1.70 (0.9) 4.49 1.54 (0.79) 3.86
Overlap Ratio: Mean (SD) Max 0.03 (0.05) 0.21 0.03 (0.06) 0.29
Synchrony Ratio: Mean (SD) Max 0.28 (0.19) 0.64 0.3 (0.19) 0.77
Synchrony Ratio > Fatherese: Mean (SD) Max 0.32 (0.3) 1 0.43 (0.36) 1
Synchrony Ratio > Non Fatherese: Mean (SD) Max 0.27 (0.19) 0.64 0.29 (0.19) 0.66

After Still Face
Father parameters Oxytocin Placebo
Vocalization: Mean (SD) Max 1.24 (0.39) 2.08 1.29 (0.48) 2.65
Empty Pause: Mean (SD) Max 1.45 (0.81) 4.04 1.32 (0.72) 3.54
Fatherese ratio: Mean (SD) Max 0.06 (0.08) 0.41 0.05 (0.07) 0.29
Non Fatherese ratio: Mean (SD) Max 0.37 (0.15) 0.66 0.41 (0.17) 0.65
Infant parameters
Vocalization: Mean (SD) Max 1.42 (1.32) 5.80 1.56 (1.56) 7.15
Empty Pause: Mean (SD) Max 1.19 (1.27) 6.41 0.92 (0.63) 2.47
Speech turn taking synchrony
Silence: Mean (SD) Max 1.47 (0.73) 3.59 1.34 (0.86) 4.46
Overlap Ratio: Mean (SD) Max 0.07 (0.09) 0.3 0.09 (0.14) 0.6
Synchrony Ratio: Mean (SD) Max 0.4 (0.25) 1 0.41 (0.25) 1
Synchrony Ratio > Fatherese: Mean (SD) Max 0.44 (0.33) 1 0.55 (0.36) 1
Synchrony Ratio > Non Fatherese: Mean (SD) Max 0.39 (0.25) 1 0.41 (0.26) 1

Fig. 3. Father (left) and infant (right) hormonal changes during the experiment: In this figure, we present the
course of father (left) and infant (right) hormonal values during the experiment (cortisol is up, oxytocin is down).
Values under placebo condition are given in green, where values under oxytocin condition are given in yellow.
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TABLE 3
Linear Mixed Model of speech turn taking and fatherese during father infant interaction using a still face

paradigm under Oxytocin or Placebo

Father parameters
Oxytocin effect Visit effect Still face effect

Father Vocalization Mean -0.01 (p=0.79) 0.01 (p=0.79) -0.05 (p=0.17)
Father Vocalization Max -0.075 (p=0.26) -0.01 (p=0.86) -0.11 (p=0.11)
Father Pause Mean 0.08 (p=0.24) -0.05 (p=0.46) -0.14 (p=0.027)
Father Pause Max 0.24 (p=0.046) -0.09 (p=0.53) -0.21 (p=0.078)
Fatherese Ratio 0.22 (p=0.83) 2.67 (p=0.0143) 0.38 (p=0.72)
Non Fatherese Ratio -0.03 (p=0.044) -0.02 (p=0.17) -0.015 (p=0.32)

Infant parameters
Oxytocin effect Visit effect Still face effect

Infant Vocalization Mean -0.05 (p=0.59) -0.06 (p=0.52) 0.46 (p<0.001)
Infant Vocalization Max -0.039 (p=0.76) -0.01 (p=0.9) 0.69 (p<0.001)
Infant Pause Mean 0.05 (p=0.69) 0.07 (p=0.62) -0.006 (p=0.96)
Infant Pause Max 0.17 (p=0.43) 0.11 (p=0.61) 0.08 (p=0.69)

Speech Turn Taking and Synchrony
Silence Ratio Mean 0.1 (p=0.086) -0.11 (p=0.067) -0.17 (p=0.007)
Silence Ratio Max 0.26 (p=0.065) -0.3 (p=0.033) -0.31 (p=0.027)
Overlap Ratio Mean V=213.5 (p=0.82) Invalid V=224 (p<0.001)
Synchrony Ratio -0.01 (p=0.68) -0.02 (p=0.40) 0.09 (p<0.001)
Synchrony Fatherese Ratio -0.11 (p=0.12) -0.06 (p=0.36) 0.12 (p=0.11)
Synchrony Non Fatherese Ratio -0.02 (p=0.63) -0.04 (p=0.28) 0.13 (p<0.001)

experiment at visit 2 and used less silence and more
fatherese.

This was not the case for the SF variable (last col-
umn Table 3). Infant mean vocalizations were longer
after SF than before SF (β = 0.46, p < 0.001). The
maximum duration of infant vocalization was also
significant (β = 0.69, p < 0.001), while the infant
pause characteristics did not change. For the father,
we did not observe any significant changes in vocal-
ization (either mean or maximum). However, we did
find a significant decrease in father pause characteris-
tics after SF. The mean duration of Empty Pauses was
shorter after SF than before SF (β = −0.14, p = 0.027),
and there was a trend in the maximum duration
(β = −0.21, p = 0.078).

Regarding STT synchrony parameters, we found
that the mean (β = −0.17, p = 0.007) and maximum
(β = −0.31, p = 0.027) durations of Silence were
shorter after SF than before SF. Because the visit effect
was significant, we introduced both visit (visit 1 vs.
visit 2) and time (before SF vs. after SF) into the
LMM. A significant difference was found (β = 0.8, p =
0.003), suggesting a larger difference in in the silence
maximum value between before and after SF during
the second visit.

Given the non-normal distribution of the Synchrony
Ratio, the following transformation was performed:√

(SynchronyRatio+ 0.1). The association with the
SF paradigm was significant (β = 0.09, p < 0.001),
meaning that there was an increase in the Synchrony
Ratio after SF. Further analysis showed that the in-
crease was particularly evident for the Synchrony Non-
Fatherese Ratio, meaning that the infants response to
the father’s vocalizations was higher after SF, even
when fathers did not use fatherese. Finally, the Overlap

Ratio was significantly increased after SF (as assessed
by a paired Wilcoxon non-parametric test).

To explore whether the increase in the mean du-
ration of infant vocalization occurred during SF, the
LMM was employed before, during and after SF.
There was no effect of OT treatment (β = 0.005, p =
0.95) or order of visit (β = 0.037, p = 0.64). There
was a significant effect of time (during SF: β =
0.41, p < 0.001; after SF: β = 0.46, p < 0.001). Post hoc
analyses showed that an increase in infant vocaliza-
tion occurred during SF, and a significant difference
was observed between the during-SF and before-SF
values (β = 0.415, p < 0.001) but not between the
during-SF and after-SF values (β = −0.044, p = 0.89).
However, the difference remained significant between
the before-SF and after-SF values (β = 0.46, p < 0.001).

6.2.3 Association of OT and CT baseline values and
changes with STT variables
To assess whether STT variables predicted infant OT
increases after father-infant interaction, we used LLM
with the log of OT increase as the variable to be ex-
plained. No significant association other than whether
the father was exposed to OT was found with the STT
variables.

We investigated correlations between OT and CT
baseline values and STT variables during the first
period of free play before SF under the placebo con-
dition only. Indeed, massive OT inhalation in fathers
and the resulting infant OT increase prevent any
interpretation of correlations with previous OT or CT
values.

Under placebo conditions, father salivary CT at
baseline was correlated with better Synchrony Ratio
(ρ = 0.43, p = 0.015) and with the Fatherese Ratio
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(ρ = 0.42, p = 0.013) and Non-Fatherese Synchrony
(ρ = 0.42, p = 0.018). We explored STT variables
showing a significant association with time and/or
condition using LMM, including OT and CT baseline
values and changes in the model. We found a sig-
nificant association for infant vocalization with time.
Infant vocalization showed an increase after SF (β =
0.46, p < 0.001) and no effect of treatment condition.
Additionally, no effect of hormones was observed,
except a tendency to be positively associated with ∆
infant CT (β = 0.00026, p = 0.065).

7 DISCUSSION

7.1 OT does not shape vocalization, including fa-
therese
In contrast to our hypothesis, OT did not influence
STT, father vocalization, or synchrony parameters
during the free play or during the reunion after the
SF social stressor. OT appeared to slightly increase the
fathers maximal duration of empty pauses, but this
single effect is too marginal to allow further interpre-
tation. Based on previous works showing differential
response to the SF stressor in infants’ CT response [49]
and infants’ vagal regulation [36], we also estimated
the prediction of infants’ increased OT according to
fathers’ STT variables. None of the fathers’ parameters
were significantly linked with infants’ OT levels.

Previous works have shown that (1) parentese plays
a major role in early infant-caregiver interaction [7]
and (2) OT production and action are both modu-
lated by the emotional valence of the stimuli [50].
We investigated the effect of fatherese vocalization
and did not find any effect of OT. However, fathers
seemed to anticipate the experiment at the second
visit (see section 4) and used less silence and more
fatherese. These findings suggest that the dynamics
of vocalization features, including fatherese, are not
correlated with OT, although they are both essen-
tial in social interaction and infant-caregiver relation.
Previously, we have shown that OT administration
increased affectionate touch [39] and shaped parental
motion during father-infant interaction [40]. Building
on these findings, the current study suggests that
OT modulates physical and visual cues rather than
speech/audio cues.

To understand these results that challenge our hy-
pothesis, we propose the following interpretations.
First, the influence of OT on parenting emotion and
behavior is modulated by several contextual and
inter- and intra-individual parameters. This is also the
case for infant response [49].

Second, it is likely that changes in social cues for
bonding during evolution (see also Table 1) [51] that
are shaped by OT may occur during development.
Indeed, the study of Seltzer et al. [38], which showed
that social vocalizations could release OT in humans,
was performed in much older subjects (children aged

7-12 years). Similarly, in a previous work [40], we
did not find that the distance between father and
infant during free play interaction was shaped by
OT but that motion and acceleration were [40], while
Scheele et al. [52] reported that OT modulates social
distance between adult males and females, promot-
ing fidelity within monogamous human relationships.
These examples illustrate that, despite the key role
of OT neuroendocrine regulation of social interaction
and partnership, the social cues involved may differ
according to age.

Regarding CT, we expected a significant time in-
teraction in infants. This was not the case, although
the standard deviation values were larger (Figure 3).
In contrast, we observed a significant time interaction
in fathers, meaning that fathers were stressed by par-
ticipating in the experiment, which resulted in some
type of anticipation, whether under OT or placebo.
This finding may explain why father salivary CT at
baseline was correlated with a higher fatherese ratio
and better synchrony and non-fatherese synchrony,
which means that fathers used more fatherese during
free play.

7.2 Vocalization and STT across the SF paradigm

We summarized in Figure 4 the role of infant vo-
calization, father vocalization and STT during the SF
paradigm, taking into account the significant results
and time course. First, fathers remained still, and
infant vocalizations (mean and maximum durations)
increased in response to this dialogue interruption,
which occurred after the first 3 min of free play. The
increase in infant mean and maximum empty pause
durations can be related to the silence of the fathers
during this period.

This result is in line with those of previous studies.
Based on several clinical observations, infant behavior
modification during SF includes emotional changes
(decreased smiling and increased signals of distress),
behavior encouraging the caregiver to re-engage in
interaction (vocalizing and gesturing at the caregiver),
and averted gaze when efforts to re-engage in inter-
action fail [53], [54]. Two studies focusing on infant
vocalization confirmed that during SF, infants’ vocal-
izations were a way to revive infant/caregiver dialog
[55], [53]. They were able to identify two functions
for this signal: emotional expression/reaction and
interactional regulation. Here, using SSP methods, we
delve even deeper and describe infant-father adapta-
tion during reunion after SF in terms of both each
partners vocalization and STT variables.

After SF, infant mean vocalization duration re-
mained increased, but the maximum duration was
shorter. The mean and maximum duration of Empty
Pauses were also shorter. We can conclude that in-
fants continue to produce vocalizations after SF. We
argue that the effect of SF on infants’ vocalizations
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during the reunion episode may be explained by the
persistence of the distress. Although not significant,
the statistical tendency associating increased infant
vocalization and CT changes further supports this
argument. This finding helps to confirm that infants
use vocalization as a way to regulate and restore
interaction.

Fathers’ empty pauses and vocalization character-
istics reflected the dynamics of paternal adaptation.
After SF, the mean duration of empty pauses was
shorter, but the mean, maximum durations of vo-
calization and the maximum of empty pauses did
not increase. Fathers seemed to produce more fre-
quent vocalizations but shorter empty pauses after
SF than before. This adaptation may provide more
opportunities for infants to interact with them (more
empty pauses) while maintaining a certain interaction
dynamic (shorter duration of vocalization). Fathers
seemed to intend to elicit infant responses without
overstimulation. They contributed to supporting and
helping infants in re-establishing synchrony by modu-
lating the dynamics of their own vocalization. Sravish
et al. [35] also reported an increase in dyadic flexibility
after an SF episode. Those findings highlight the regu-
latory function of dyads, which tend to spontaneously
repair the broken synchrony.

The analysis of STT synchrony parameters, com-
bined with the previous analysis, allowed us to high-
light the mutual contingency between partners and
their reciprocal non-verbal regulation. Indeed, the
mean value of the Silence ratio was lower after SF,
showing more mutual responses between both part-
ners. The increase in the infants’ responses to their
fathers was confirmed by the synchrony ratio, which
was highly significant here. Knowing that infants’
vocalizations are more frequent after SF and that
fathers make more frequent but briefer empty pauses,
the Overlap Ratio describes the difficulty experienced
by partners in mutually adapting their interactions
during the reunion time.

7.3 Limitations, strengths and research to be
done

The current study should be interpreted within the
context of its limitations and strengths. The limitations
include (i) the sample size; (ii) the experimental na-
ture of the interaction and the cross-over design that
induced a visit effect; (iii) the bias regarding volunteer
and motivated fathers, meaning that generalization
may be speculative; and (iv) differences in time points
regarding SF course and hormonal dosage because we
chose saliva samples.

The strengths include (i) the choice of fathers for the
experiment, who do not experience lactation-related
OT variation as mothers do, (ii) the homogeneous age
of the infants, (iii) the experimental design allowing
LMM and blind segmentation, (iv) the use of SSP to
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Fig. 4. Impact of father SF on interaction dynam-
ics in terms of speech turn-taking. In this figure, we
summarize the effect of father SF on the interaction
dynamics in terms of speech turn-taking. (1) Fathers
remain still and stop interaction. (2) During the SF,
infants increase their vocalizations. (3) When interac-
tion restarts after SF, infants maintain a high level of
vocalization, which impacts the synchrony parameters.
(4) After SF, silence decreases and the overlap and
synchrony ratios increase, particularly the synchrony
non-fatherese ratio.

assess both low and high level audio features, and (v)
the multimodal approach that included physiological
signals (e.g., hormones).

8 CONCLUSION AND FUTURE WORK
In this work, we proposed a computational frame-
work for the evaluation of parent-infant interaction
using non-verbal cues and hormonal modulation. To
the best of our knowledge, this is the first attempt
to automatically detect and analyze the interplay be-
tween hormonal dynamics and non-verbal behaviors.

The long-term goal is to develop a new framework
that exploits cues that have not been previously con-
sidered in automatic behavior analysis. Our research
focus is two-fold: 1) to systematically examine so-
cial bonding and synchrony between the two part-
ners, and 2) to automatically analyze the interplay
between hormonal modulation dynamics and both
speech turns and affective speech (”fatherese”).

In the future, we plan to extend modeling of the
interplay between the various multimodal cues and
hormonal modulation. This can be achieved by in-
vestigating other paradigms, such as those of adults,
that are usually employed by the automatic behavior
analysis research community. From a theoretical per-
spective, it will be interesting to compare modeling-
based results to traditional psychometric measure-
ments (e.g., manual annotation and questionnaires)
and hormonal changes to investigate interaction qual-
ity. We are currently evaluating multi-task learning
schemes for this purpose.

Recently, Meltzoff et al. [56] described how research
in developmental psychology may provide a good
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opportunity for enhancing computational models of
such phenomena and vice-versa. We conclude that the
methods developed for this study may be applied in
other contexts and that is also opens new avenues of
research applications.
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