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Abstract

Mother-infant interactions are crucial for newborns to achieve self-regulation through
finely tuned-coregulation. In modern life, the pervasive use of smartphones and social
media influences these interactions, consequently affecting coregulation. This thesis
has investigated the impact of technoference and paper-ference on maternal and
infant thermal and behavioral responses during dyadic interactions.

Applying infrared thermal imaging (ITl), the study examined how maternal distraction
by smartphones (technoference) and paper-based tasks (paper-ference), which are
modified versions of the still-face paradigm, affected thermal and behavioral
expressions and dyadic attunement between mothers and infants.

Results indicated distinct patterns in maternal and infant thermal and behavioral
responses across episodes. Infants showed a decrease in forehead temperature
compared to baseline while no variation was observed in infants’ nasal temperature.
A decrease in maternal forehead temperature was observed during technoference and
paper-ference with a full recovery during the reunions. The thermo-behavioral
coregulation findings indicated a negative correlation between maternal touch and
infant negative affect during the reunion following the paper-ference. Interestingly,
mothers showed an increase in nasal temperature during the experiment episodes
compared to baseline. We also found an increase in infant negative affect and a
decrease in infant positive affect. Furthermore, a thermal coregulation was found in

nasal temperature during the reunion following technoference.

The findings underscore the complex interplay between technological distractions,
maternal caregiving behaviors, and infant emotional responses. This research
contributes to understanding the physiological and behavioral dynamics of mother-
infant interactions in today’s digital contexts.

Keywords: Coregulation, Infrared Thermal Imaging, Technoference, Peper-Ference,
Still-Face, Forehead temperature, Nasal Temperature, Thermo-Behavioral
Coregulation, Infant Affect, Maternal Touch






Prologue

All our endeavors in life are intended for one goal: achieving a sense of safety. As Dr.
Stephen Porges wisely stated, “if you want to improve the world, start by making
people feel safe”. We cannot be anchored in a state of safety unless we identify the
stressors in our environment and try to mitigate or reduce them. This fundamental goal
drove my first decision to initiate this project. A sense of safety can be experienced

from infancy onward.

Differently from reptiles, mammalians need extensive postnatal caregiving (Abney,
daSilva, et al., 2021; Neff, 2011; Porges, 2003a, 2003b) and among mammalians, the
brain of human newborns is particularly immature and needs a supportive caregiving
environment to properly grow and develop (Provenzi et al., 2018). In this sense,
parents, through the bidirectional interaction with the infant, have a key role in the bio-

psycho-socio-emotional development of their children (Montirosso et al., 2010).

Face-to-face mother-infant interaction is essential for the infant to reach mutual
regulation and consequently, self-regulation which is obligatory for adopting an
adaptive coping style (Swider-Cios et al., 2024). Previous studies have indicated that
less mutual regulation is related to lower self-regulation and later limited capacity for
coping with stressful conditions (Montirosso et al., 2010). During the infancy period,
reciprocal synchrony is shaped through the social interaction between mother and
infant which has sometimes been referred to as the “mother-infant dyadic dance”
(Provenzi et al., 2018) which occurs in the level of behaviors, emotions, and
physiological rhythms (Swider-Cios et al., 2024). This synchrony is considered the

basis of a variety of neurodevelopmental behaviors (Feldman, 2007a, 2007b).

Nowadays with the prevalence of technology usage, every aspect of life is influenced.
Using the smartphone while caregiving an infant might have an impact on mother-child
interaction. There is an increasing amount of research that demonstrates the
interruption of mother-child synchrony due to the usage of smartphones (Zivan et al.,
2022). One of the reliable as well as secure experimental procedures to explore the

early mother-infant dyadic interaction is the Still Face Paradigm (Provenzi et al., 2016).

As we were eager to realize how smartphones can affect early dyadic interaction, we
adapted this paradigm to investigate the impact of disruptions during the interaction



related to smartphone use. We also compared this condition to a disruption related to
paper use to highlight the potential specificity of maternal smartphone use while

interacting with an infant.

While distorted mother-infant communication brings about various future challenges
for newborns, it is important to emphasize that it affects the current autonomic and
behavioral system of both mother and child, as well (McFarland et al., 2020). It is
indicated through different research studies that there is an autonomic co-regulation
even if the behavioral responding is interrupted by some reasons such as still-face or
smartphone-adapted still-face (Ham & Tronick, 2006; Swider-Cios et al., 2024; Zivan
et al., 2022).

This mother-child coregulation can be explored by use of infrared thermal imaging
(I'TI), a unique and useful physiological measuring method by which we can explore
not only the autonomic co-regulation of child and parent (Nazzari et al., 2024) but also

the change of a single person’s autonomic system (loannou et al., 2014).

Although numerous studies using the still face have assessed links between the child’s
behaviors in stressful situations and maternal responsiveness, few studies have
explored autonomic co-regulation between mother and infant. By usage of thermal
imaging, we aimed to understand how behaviors are synchronized with the autonomic
changes in skin temperature. In addition, we tried to understand if there is any
behavioral and autonomic co-regulation among mothers and babies and how this
might be impacted by technoference.



Chapter 1. The early mother-infant dyadic dance: from theory to research

1.1 The mother-infant dyad as a dynamic system

Theories that consider the interaction of mother and infant mainly assume that both
mother and infant are active (and not passive) through communication (Kahya et al.,
2022). There are a variety of terms to refer to the dyadic interaction; coherence,
concordance, contingency, mutuality, reciprocity, = synchrony, maternal
responsiveness, maternal sensitivity attunement, coordination, and so on (Bornstein
& Esposito, 2023; Kahya et al., 2022; Mesman, 2010; Provenzi et al., 2018). Provenzi
and colleagues (2018) in a systematic review noted that the terms “reciprocity” and
“‘mutuality” evolve as broad constructs whereas the other terms mainly explain certain
procedures. In keeping with Stephen Porges (2021), in the current thesis, we will use
mostly the term “co-regulation”. Coregulation and all other terms mentioned above can
be described as a type of mother-infant dyadic dance (Provenzi et al., 2018). In the
following sections, we will provide a more detailed description of the, highlighting the

main theories and contributions.

The early mother-infant interaction has been frequently described as a “dyadic dance”.
Besides the scientific concept, we can consider the aesthetic aspects of scientific
terminology. Dyadic dance is a metaphor to indicate the mother-infant interaction in a
fine synchrony. Dyadic dance is coined to refer to the spontaneous patterns of macro
and micro expressions (Hoch et al., 2021) which can be relevant to different aspects
of social interaction including physical (behaviors), psychological (emotions),
biological (autonomic nervous system), and neural (brain activity); while every aspect
works independently, all of them are linked and can influence each other (Bell, 2020;
Leclere et al., 2014). During interacting, mother and child can appreciate and respond
to the micro displays of each other in a meaningfully integrated dispatch (Feldman,
2007a, 2007b). Behavioral coregulation can happen incidentally or due to a common
objective. Accurate concordance between mother and infant is the basis for them to
learn how to perform dyadic movements as well as personal motor skills (Feldman,
2007b); the most explicit instance is about dual dance “both partners must maintain
temporal and spatial synchrony as they move across the dance floor.”(Hoch et al.,
2021). The child’s overall development is the outcome of ongoing dynamic interactions



with the caregivers (Ceulemans et al., 2019). While children need a good partner to
learn it, for adults it seems easier to synchronize their behaviors in an interaction. No
matter if it is intentional or incidental, in any case, behavioral synchrony necessitates
the synchronization of perception and action. Dance associates are needed to
perceive the behaviors and actions of each other (Demos et al., 2012)

Behavioral dance or behavioral coregulation forms a basis for social interaction in
infants and young children and they get so upset if this concordance is interrupted for
any reason (Provenzi et al., 2018). In other words, the behavioral dance of the mother-
infant dyad refers to the contingent macro and micro behaviors from facial expression
and vocalization to gestures, movements, and playing together in a spatiotemporal
concordance happening between mother and newborn while interacting (Ceulemans
et al., 2019; Hoch et al., 2021).

Above them, a synchronous behavioral system can lead to better cooperation, an
increase in pain threshold, prosocial behaviors, altruism, compassion, trust, and self-
regulation (Bartkowski et al., 2023; Bell, 2020; Cirelli et al., 2014; Lang et al., 2017;
Valdesolo & DeSteno, 2011). And finally, this behavioral synchrony occurring during
dyadic interaction, as noted, can lead to better social interaction and emotional dance
(Ayache et al., 2024; Ceulemans et al., 2019; Crone et al., 2021). In the research field,
the social interaction between mother-infant dyads is studied through the still-face
paradigm which was introduced by Ed Tronick. He verifies the synchronization of the
dyads during the social exchange.

To explore the components of the early interaction, we need an analysis approach
toward behaviors and physiology (Feldman, 2012a, 2012b). These days, with the
development of technology, social media has been added to everyday life and
consequently, infants are exposed to new stressors that affect their interaction with
their caregivers, particularly mothers (Porter et al., 2024). In this chapter, we dive into
social interaction through the lenses of different theories.

While studying the mother-infant interactive signals, researchers should specify what
they are measuring; macro signals and micro signals (Mesman, 2010), or autonomic
and physiological changes which can be measured through cortisol tests (Provenzi et



al., 2016), cardiac signals (Kolacz et al., 2022), or face temperature (loannou et al.,
2021).

Macro expressions indicate observable behaviors and are mostly under control and
micro expressions are small movements of the muscles and body movements that are
difficult to inhibit (Ekman, 2003). So, it is not unlike to consider the macro signals as
last-longer expressions while the micro signals are happening in very short temporal
sections during the interaction (Mesman, 2010). Ekamn (2003) describes micro
behaviors as muscular movements associated with real emotions of the person during
a stressful situation or under pressure. In this way, it is considered that micro
expressions contain emotional meanings for clinical experiments. As the external
environment causes some changes through our senses (hearing, vision, taste, etc),
the micro-expressions including facial expressions change (Saffaryazdi et al., 2022);
which is accompanied by a change in autonomic responses including facial
temperature (Abbas et al., 2012). It is noteworthy to mention that micro-level behaviors
are not only related to a brief time frame but also intensity to the extent that some
micro behaviors are difficult to see by the naked eye and are unfolded by facial action
coding system (FACS) which breaks the facial signals into the components named
action units (AU) (Yan et al., 2015).

The majority of studies measure just one of the macro or micro-expressions (Mesman,
2010). Studies focusing on the overall characteristics of the interaction are categorized
under the label of macro-level studies, the ones that concentrate on certain modalities
through interactive face-to-face communication such as eye tracks and expressions
on the face are labeled as micro-level studies (Kahya et al., 2023). given this viewpoint,
the mother and infant mutuality theories present a model to analyze the dyadic
interaction more functionally (Beebe et al., 2010; Beebe et al., 2016).

There are few numbers of studies that employed both macro and micro analysis and
surprisingly they revealed that there is no correlation between macro and micro
maternal expressions (Mesman, 2010); so it is true that when the mother is asked to
ignore the child, while the obvious expression is being indifferent, she may show some
micro signals such as pressing or sucking the lips, wrinkling the nose, raising the
cheeks, and eyebrow movements (Yan et al., 2015; Zurloni et al., 2015) whereas the

macro behaviors are more under control, usually, micro level signals such as facial



expressions are involuntary and less, but of course not totally, under control; however,
for more reassurance, we can also assess anatomical and physiological body
(Saffaryazdi et al., 2022) such as facial temperature (Nazzari et al., 2024). Through
the parent's continuous synchronization with the infant's micro-level displays, infants
are more sensitive to the temporal components of emotional communication as soon
as they join the social environment, at roughly 2-3 months of age (Tronick & Cohn,
1989).

Signals at the macro level, as well as the micro level, can affect the mother-infant
dyadic interaction (Yan et al., 2015) and consequently result in autonomic changes in
a regulative approach (Porges, 2021). At a primary vision, we set out to explain the
theoretical bases of mother-infant interaction in general and then delve into
coregulation and its behavioral, emotional, and autonomic aspecits.

1.2 Main contributions to the study of mother-infant early interaction

The study of mother-infant early interaction has been a cornerstone of developmental
psychology and related fields for decades. Comprehending the interaction between
caregivers, typically mothers, and their infants during the pivotal early stages of life is
crucial for explaining various aspects of child development including social, emotional,

and cognitive growth (Rose, 2024).

Indeed, initial interactions between parents and newborns can serve as a predictor of
future socio-emotional development (Adamson & Frick, 2003; Russell & Gleason,
2018), emotion regulation (Harrington et al., 2020), self-regulation (Lengua et al.,
2021), anxiety (Butterfield et al., 2021), and various neurodevelopmental concerns
(Carozza & Leong, 2021). Numerous seminal contributions have significantly
advanced our understanding of mother-infant early interaction which will be explained
further.

1.2.1 Edward Tronick’s contribution

Edward Tronick emerged as a pioneering figure within the realm of parent-infant
interaction in the 1970s. He introduced the concept of consciousness and developed
the “mutual regulation” model, which relies predominantly on behavioral measures
observed in dyadic interactions (Tronick et al., 1978; Tronick & Cohn, 1989).



His studies have extended our knowledge of the dynamics, complexities, and
importance of parent-infant communication (Rose, 2024). The substructure of
Tronick’s studies is beyond the mother-infant synchrony to the biobehavioral aspect
of this synchrony (Tronick, 2007). One of his important contributions is the still-face
paradigm through which he has illustrated the significant role of responsiveness and
attunement in the socio-emotional development of infants (Beebe & Lachmann, 2015).
(Beebe & Lachmann, 2015)

1.2.1.1 The Face-to-Face Still-Face Paradigm

The Face-to-Face Still-Face (FFSF) paradigm is a good assessment to discover the
different aspects of mother-infant interaction. This paradigm looked at how a newborn
reacted when its mother chose to keep a frozen, unresponsive, and emotionless
expression instead of interacting socially with her child; the classical version of the
FFSF paradigm is characterized by three episodes. (Abney, daSilva, et al., 2021;
Abney, Lewis, et al., 2021; Procyk, 2020; Provenzi et al., 2016).

In the first episode, free play (FP), the mother communicates with her child in the
routine style that she uses in her normal life. This is the baseline for the mode of
interaction (Provenzi et al., 2015; Provenzi et al., 2016). The FP episode has been
found to inform about an infant’s attention, social responsiveness, and emotional
expressiveness (Giusti et al., 2018). This episode is indicative of typical interactive
behaviors such as gaze, vocalization, facial expressions, affect, and touch (Aureli et
al., 2015; Ebisch et al., 2012; Manini et al., 2013; Stockdale et al., 2020).

The second episode, still face (SF), refers to the mother having a neutral face with no
expressions through which she is unresponsive to the child's needs. During the still-
face episode, the infant’s attempts to re-engage with the mother —such as cooing,
crying, and squealing as well as physical actions like reaching, pointing, and smiling—
demonstrates the physiological impact of the mother's still face on the infant (Adamson
& Frick, 2003; Aureli et al., 2015; Chiodelli et al., 2020; Provenzi et al., 2016; Toda &
Fogel, 1993; Tronick et al., 2005).

The infant exhibits signs of discomfort in response to the caregiver's lack of response.
These behavioral responses are collectively referred to as the “still-face effect” (Giusti

et al., 2018). Research confirms that the classical still-face effect encompasses a



decrease in positive affect and gaze, alongside an increase in negative affect or
negative emotionality (Montirosso et al., 2010). It also provides insight into an infant’s

self-regulation and sensitivity to maternal unresponsiveness (Mesman, 2010).

Following the still-face exposure, the third episode ensues; the reunion during which
mother and infant resume their normal face-to-face interaction as it went through the
FP phase; phase which is called reunion (Barbosa et al., 2021; Fuertes et al., 2021;
Provenzi et al., 2015; Provenzi et al., 2016; Tronick et al., 1978).

Noteworthy, a full recovery from a still face does not occur during the reunion and
there remain observable variations in the infant’s behaviors compared to the baseline
(Mesman, 2010); a phenomenon referred to as the carry-over effect is usually
observed. The carry-over effect is characterized by the persistence of certain elements
of the infant’s negative emotionality into the reunion phase, which initially manifested

during the still-face episode (Giusti et al., 2018).

The reunion phase and carry-over effect offer specific information about the infant’s
capacity to seek parental support for recovery from the experienced stressful condition
as well as remembering prior interactive disruption. Additionally, it could serve as a
means to delve into caregiver's emotional expressiveness both verbal and none
verbal, as well as their physical interaction and emotional bonding with the infant
(Mesman, 2010).

Various facets of parents' and infants’ interactive behaviors can be assessed during
the different episodes of the FFSF paradigm. These include the still-face effect as well
as the carry-over effect through which we can investigate different elements of
development. For instance, if an infant’s exhibited behaviors are mature enough due
to their age (Ostfeld-Etzion et al., 2015).

Furthermore, we can examine the synchrony of behaviors with autonomic responses,
study behavioral and autonomic co-regulation between mother and infant, and analyze
the diverse self-soothing strategies and re-engagement behaviors exhibited by infants.
This Paradigm is often used in the context of developmental experiments to find out
how the infant reacts to the social stress imposed by the mother which can be used
for both healthy and disordered infants (Giusti et al., 2018; Pinna & Edwards, 2020).



There are different systems for Behavioral Coding of mother-infant behaviors during
the FFSF. Regarding maternal behaviors, gaze, smiling, motherese vocalization, and
affectionate touch are featured, and these behaviors are predictive of the newborn
neurobehavioral development, attachment security, and mental maturation (Feldman
& Eidelman, 2007). These factors including gaze direction, vocalization, and affect can
be considered also for the child (Feldman, 2007a). It is important to note that gaze
synchrony and co-vocalization are the interactive signals that indicate truly the
synchronization of mother and infant (Feldman and Eidelman, 2007).

Most of the data coding systems follow the Infant and Caregiver Engagement Phases
or ICEP (Weinberg & Tronick, 1998) which includes the interactive behaviors taking
place during the social exchange (facial expressions, direction of gaze, and
vocalizations); the behavioral expressions related particularly to the infant (passive—
withdrawn, protest, object—environment, social monitor, and social positive
engagement); and the behavioral expressions related particularly to the social partner
(hostile—intrusive, withdrawn, social monitor with no vocalizing, social monitor with
positive vocalizing, and social positive engagement). Oral self-comforting— mouthing,
self-clasping, distancing—turning away, and autonomic stress indicators (e.g., hiccups,
spitting up) refer to the further infant’s codes. Rough touches and violations of the still-
face instructions (i.e., touching or talking to the baby) are the further codes for the
social partner (Tronick et al., 2005)

Ebisch and colleagues (2012) for children of 38-42 months applied a system including
gaze direction, facial expression, bodily tension, actions, and verbalizations (Ebisch et
al., 2012). Manini and colleagues (2013) similarly used gaze and eye, bodily tension,
arms, repair, and verbalizations for children of 39-45 months (Manini et al., 2013).
Aureli and colleagues (2015) considered a similar coding system with some variations.
They applied a comprehensive collection of infant and social partner behaviors which
were tied to facial expressions, gaze direction, and vocalization. For the infant, they
applied the engagement codes: Protest, Withdrawn, Object/Environment
Engagement, Social Monitor, Social Positive Engagement, Sleep, and unscorable
(Aureli et al., 2015). Chiodelli and colleagues (2020) assigned three categories of
positive social orientation, negative social orientation, and self-regulation to the coding
system (Chiodelli et al., 2020). But in general, most of them are inspired by ICEP.



Aureli and colleagues (2015) found that during the still-face episode, there was a
significant difference in social positive engagement (decrease) and looking around
(increase) while there was no significant difference in protest, object engagement, oral
self-comforting, and self-clasp. Noteworthy, autonomic stress indicators were absent.
So, they confirmed that the infant's usual reactions to the SF such as a decrease in
smiling, gazing, and vocalizing but not the aversive states such as an increase in
negative facial expressions or self-regulatory behaviors. Consistently, there was no
negative effect from the FT phase transferred to the reunion phase. Allin all, this study
was not consistent with the other SF studies which denote negative emotion increase
in SF and cry-over it to the reunion phase (Aureli et al., 2015)

With a different approach, Kolacz and colleagues (2024) have studied different
aspects of the mother-infant relationship during the still-face; instead of behaviors,
they tended to discover autonomic synchronization (Kolacz & Porges, 2024).

1.2.2 Ruth Feldman’s contribution

Ruth Feldman is another pioneering figure in the field of development; particularly
known for parent-infant synchrony (Feldman, 2007b), social bonding (Feldman,
2012b), and early socio-emotional development (Feldman, 2007a). She has
contributed significantly to our comprehension of the complex interplay between
biological, psychological, and environmental elements influencing human
development with a main focus on earlier stages of life (Feldman & Eidelman, 2007;
Feldman et al., 2010). Through her work, she defines the term synchrony as the
dynamic process and interactive exchange of hormonal, physiological, and behavioral
signals between parent and young infant during social contact (Feldman, 2012a,
2012b)

Leclére and colleagues (2014) in a review paper affirmed that the term “synchrony” is
the most commonly used term for referring to mother-infant social exchange.
Synchrony explains the relation between the phenomena that happen which are linked
temporally in a way that makes a united experience; the time relations can be
concurrent, sequential, organized in a time series. When we talk about synchrony, it
includes diversity from neurons and genes to behavior and population (Feldman,
2007b).



As it comes to the mother-infant dyad, describes a biological process (McFarland et.al,
2020) that makes the newborns more sensitive to the timing of their actions concerning
others. It allows them to understand how their behaviors and those of others fit
together to create meaningful experiences (Feldman,2007a). This ability to
synchronize with others is essential for infants as they learn about themselves and the
world around them through interactions with caregivers and the environment (Toda &
Fogel, 1993). During the interaction of the mother-infant dyad, there is a following of
second-by-second shifts in the level of micro behaviors—such as tone of voice, gaze
direction, facial expressions, level of arousal, muscle tone, or body orientation— that
is crucial for engaging in emotional exchange during the interaction (Feldman, 2007a).

It is noteworthy to differentiate between synchrony and imitation as they are related
but different concepts. Synchrony emphasizes the temporal corresponding while
imitation brings out the spatial corresponding (Ayache et al., 2024). However, imitation
behavior can be synchronous or asynchronous. In other words, while they are two
different concepts, they are related to each other. So, it is true to claim that while both
synchronous and asynchronous imitation is helpful for motor skill development,
synchronous ones perform a more important role (Crone et al., 2021). Synchrony is
different from imitating and mirroring, instead, it refers to dyadic dance during the

mother-infant relationship (Leclére et.al, 2014)

Feldman and colleagues (2011) categorized the aspects of synchrony into three main
sections. Gaze synchrony (G) which identifies the long-lasting looking of the child and
parent in a matched way. Affect synchrony (A), which is characterized by the synched
indications of affects, is important to have an extended self-regulatory capacity.
Finally, vocal synchrony (V) refers to the pre-verbal interaction and includes the simple

and primary way of using spoken language for communication.

Feldman (2007a, 2007b) explained that the synchrony shaping during mother-infant
communication, including physiological rhythms, vocal congruence, and cognitive
functions is the base of many neurodevelopmental behaviors in newborns. When we
talk about synchrony, we also should differentiate between different types of behaviors
including verbal, non-verbal, and emotional parts (e.g., gestures, postures,
vocalization, etc.) (Delaherche et al., 2012). Concerning the latter, we can differentiate

three categories of emotion (Damasio, 2003): primary emotions, social emotions, and



background emotions. Primary emotions refer to basic emotions such as happiness,
sadness, etc. Social emotions are the ones that come up in the relationship with others
including empathy, shame, pride, etc. Background emotions are related to the rhythms
of the feelings. In other words, background emotion is not related to the obvious
emotions but more related to changes of emotion in time, appearing, fading,
accelerating, and so on. Background emotions characterize the continuous aspect of
emotions, and the social environment serves as the primary medium for their

manifestation (Feldman, 2007a).

Synchrony does not occur only at a behavioral level, indeed both mother and infant
can influence the other’s physiological reactivations during the social exchange while
sending moment-to-moment visual-affective cues. During the episodes of affective or
vocal synchrony, more physiological and autonomous synchrony are observable. It
asserts humans in contrast to other mammalians can access the autonomic nervous
system of each other not only by physical touch but also through visual-affective
expressions (Feldman, 2007a, 2007b, 2012a, 2012b)

Behavioral and physiological dyadic synchrony is defined as the temporal coordination
of social interaction and corresponding physiological reactivities (Feldman, 2012a;
Feldman et al., 2011). Feldman (2012b) mentions three physiological systems that
activate through biobehavioral synchrony: autonomic, hormones, and neurological

activity.

Infants can achieve self-regulation by passing a fine co-regulation with the caregiver.
The regulation explains the process of disparate elements to unify a cohesive system
which alters between excitation and inhibition regularly and applies the bio-behavioral,
and mental procedures to build a meaningful action and its mental representation. The
newborn human needs the caregiver to take care of them after birth because they
have a very immature self-regulatory system. For this reason, the parents should help
them to improve self-regulation through social interaction and co-regulation.
Vocalizations, face expressions, touch, and other macro and micro-expressions of the
mother are the external regulatory factors to interact with the infant. In addition, as
time passes, the autonomic nervous system of the mother and infant becomes finely
attuned to achieve an attachment. On the other hand, infants can regulate the mother

through rhythmic behaviors such as crying, gazing, and so on; and these displays



influence the mother to downregulate or upregulate the baby. We can observe these
kinds of synchronizations also through the release of hormones in mothers. Changes
in the hormone system of the mother help her to attune to the infant precisely. During
and after pregnancy there is an increase in oxytocin and prolactin for forming a better
attachment. These dyadic interactions build a neural network that can be regulated by
the social partner.

A growing body of research is investigating the link between dyadic synchrony and
coregulation of autonomic nervous systems or/and brain reactivity of parent and child
(Feldman et.al, 2011). The physiological synchrony during social interaction enhances
the physiological regulation in infants which is related to environmental cues, as well
(Feldman, 2006).

In a research, Feldman and colleagues (2011) tried to find out if there is an autonomic
synchrony in a mother-infant face-to-face social interaction and if the three aspects of
synchrony (vocal, gaze, and affect) enhance this synchrony. They discovered that
there is an autonomic coregulation during mother-infant interaction specifically during
the synchronous episodes; in other words, the autonomic coregulation significantly

increases during the synchronous interaction compared to non-synchronous one.

While Feldman used the term “synchrony” and it is a more commonly used term, we
use the term co-regulation to refer to the adjustment of biological and behavioral
changes between the social partners (here is mother-infant dyad) regarding the
partner conditions (Bornstein and et.al, 2023). Co-regulation will be discussed more in
the next chapter.

As was discussed in this chapter, the still-face paradigm is a good assessment to
discover the different aspects of mother-infant interaction including behavioral
responses of the children during the still-face phase, synchrony of behaviors with
autonomic responses, behavioral and autonomic co-regulation between mother and
infant, and the different self-soothing strategies and re-engagement behaviors
applying by infants.

For this aim, it is necessary to define a proper coding system through which the
behavioral, autonomic, neural, and other preferable aspects to be measured can be



coded scientifically. Related to the behavioral coding system, ICEP is the most well-
known system on which the other coding systems are mainly based.



Chapter 2. Bio-behavioral mother-infant co-regulation through Poly-Vagal

lenses
2.1 The autonomic nervous system

The autonomic nervous system (ANS), which is distinct from central nervous system
(CNS), is the part responsible for regulating visceral activities; in fact, it innervates
almost all parts of the body including smooth and cardiac muscles and glands
(Gibbons, 2019; Porges, 2011); through which can control visceral functions such as
cardiovascular activities, digestion, metabolism, and thermoregulation (Bonaz et al.,
2017; Porges, 2003a) by up-regulating or down-regulating mechanism which makes
the body remain in a homeostasis state (Bornstein & Esposito, 2023). The term

“autonomic” refers to autonomous and its automatic activation (Dana, 2021).

However, the autonomic nervous system (ANS), working mainly in the subconscious
domain, is in sync with the neural functions (Porges, 2003). The ANS is divided into a
sympathetic nervous system (SNS) and a parasympathetic nervous system
(PNS) (Bonaz et al., 2017); regarding the origin of autonomic nerves: brain or spinal
cord (Porges, 2011). Fibers which come from thoracic and lumbar segments of the
spinal cord characterize the SNS while the PNS comprises the cranial nerves of the
brainstem and sacral parts of the spinal cord (Porges, 2003) Recently one more
system named the enteric nervous system is also been taken into consideration in the
ANS (Gibbeson, 2019)

At first, the main focus was just on the motor fibers of the ANS, and this unfair viewpoint
ignored the important role of sensory fibers which accompany the majority of efferent.
With this consideration, we can focus on both efferent and afferent pathways of the
ANS. Furthermore, it was supposed that the SNS activates in fight/flight behaviors and
the PNS was involved in restorative states but after presenting the poly-vagal theory
a hierarchy took the place of two portions of ANS (Porges, 2003). First, it is important
to note that the vagus nerve is the most important element of the ANS which can play

a role in different psychiatric disorders.

The vagus nerve (VN), among 12 pairs of cranial nerves in the body, is the tenth cranial
nerve and the longest making a bidirectional link between the brain and the visceral



organs such as the heart, the lungs, and the gastrointestinal (Gl) tract (Bonaz et al.,
2017; Geller & Porges, 2014; Porges, 2003a). It connects the heart to the face, as well
(Yap et al., 2020). Cranial nerves are the ones that originate directly from the brain
and brainstem (Porges, 2011). Because of the VN'’s innervation to the visceral organs,
the nerves of the stomach and lungs are also known as the pneumogastric nerves. Its
name comes from the Latin word “vagary” which means “wandering”’; So the vagus

nerve can be called “the wandering nerve” (da Silva & Dorsher, 2014).

From a neuroanatomical point of view, the vagus nerve fibers in the brainstem have
four brain projection areas: the nucleus ambiguus (NA-ventral) dorsal motor nucleus
of the vagus (DMNXdorsal), which branches in vagal efferent fibers, and the nucleus
tractus solitarius or nucleus of the solitary tract (NTS) and spinal trigeminal nucleus,
which contain vagal afferent fibers. The dorsal nucleus projects to the stomach and
viscera. As such it is involved in digestion. The ventral nucleus (or nucleus ambiguous)
projects to the larynx, pharynx, esophagus, and heart. It is more involved in

parasympathetic regulation during stress (Porges, 1995).

As mentioned before, the VN is also a major component of the parasympathetic
nervous system (Porges, 2003; Bonaz et.al, 2017). As estimated, the VN is composed
of 80% afferents that send the state of internal organs to the brain (eg. heart, lungs,
stomach) and 20% efferent fibers or motor fibers (Porges, 2011; Bonaz et. al,2017).
Afferent fibers are important for relaying visceral, somatic, and taste sensations (C.-
H. Liu et al., 2020). However, most interest has been directed to the motor fibers that
regulate the visceral organs, including the heart and the gut (Geller & Porges, 2014).
VN links the heart and brain differently from the spinal cord and sympathetic system.
In addition, by linking the face and heart, participates in regulating emotions (Porges,
2003).

Research has manifested that stimulation of vagus afferents can be influential in
restructuring brain functions and consequently behavioral and affective disorders.
Situations such as epilepsy (Gonzalez et al., 2019), depression (C.-H. Liu et al., 2020),
anxiety (Austelle et al., 2022), and some other disorders. The core of vagal afferent
fibers is the solitary tract which is important for controlling the behavioral state,

respiration, and blood pressure and in conveying information to higher brain structures



(Porges, 2003). As the VN is stimulated, it affects the neurotransmitter “acetylcholine”

which is important for learning and memory as well as resulting in sooth and calmness.

2.2 The Polyvagal Theory by Stephen Porges

The Poly-vagal theory (PVT) was proposed by Stephen Porges in the 1990s due to
considering two branches of the vagus nerve each of which facilitates a specific
response system ordering through social communication (e.g., facial expression,
vocalization, and listening), mobilization (e.g., fight-flight behaviors) and
immobilization (e.g., feigning death, vasovagal syncope and behavioral shutdown)
(Porges, 2003). Based on PVT, the ANS is hierarchically shaped due to the

hierarchical emergence of the pathways (Kolacz & Porges, 2024).

The Vagus nerve links the heart and face. That's why one person’s autonomic
responses can be indicated through the face; in fact, Porges rediscovered the two
vagal pathways existing in ANS which makes a heart-face link to facilitate social
interactions (Dana, 2021). For a better understanding of the PVT, we should consider
its main three principles:

Principle1. Autonomic Hierarchy: The PVT indicates that ANS, through the
evolutionary changes, has been formed hierarchically among which there are two
different vagal pathways (Kolacz & Porges, 2024). The hierarchy is respectively
ventral vagal system (connection), responsible for the social engagement system and
therefore frontal cortex, sympathetic nervous system (activation), not vagal but it works
more efficiently while there is vagal suppression and is responsible for fight/flight
responses and therefore limbic brain, and dorsal vagal system (shutdown), part of
parasympathetic nervous system and responsible for freezing and immobility and
therefore brain stem (Provenzani, 2020; Stephen & Eichhorn, 2017). These three
systems reveal how our autonomic system reacts during social interaction and

challenges (Dana, 2020).

The ventral vagus nerve (vVWN) which is the most recent pathway through the evolution
and development is the part of social engagement system (which can be indicated by
respiratory sinus arrhythmia) and activates through a safe and secure interaction; in
fact, it provides ease and calm and guarantees the health and wellbeing (Dana, 2021).



The ventral pathway originates from an area of the brain stem called the ventral vagal
complex (VVC). This area of the brain stem encompasses the source nuclei of motor
fibers which oversee striated muscles of the face and head. From a poly-vagal point
of view, the ventral pathway is When the VVC system deactivates (through
experiencing the challenge, stress, threat, etc.), and the ANS switches to the older
systems which are in charge of defensive responses (Kolacz & Porges, 2024).

The sympathetic pathway is the system that activates when we face a threat or
stressful situation and we decide to fight or flight (Dana, 2020). When the VVC is
inhibited, the fight or flight mechanism can be experienced as hypervigilance or
anxiety, or — in the case of the oldest system — shut down. Deactivation of the social
engagement system leads to an increase in cardiac responses, which is an important
factor for behavioral activation such as fight-or-flight responses, and is supported by
the sympathetic nervous system (Kolacz & Porges, 2024). It seems when the situation
gets harder and overwhelming, we move one step down through the hierarchy from
the ventral vagal system to the sympathetic pathway; where there are more metabolic
activities to serve the mobilization (Dana, 2021)

The dorsal vagal pathway which is a set of pathways originating from the dorsal motor
nucleus of the VN (Kolacz & Porges, 2024) activates when the threat or stressful
condition continues and there is no possible way of management (Dana, 2021) In this
condition, the ANS declines one step to reach the dorsal vagus nerve (dVN) which
comes along with a feeling of collapse, shutdown, and disconnection. In this state, the
stressful situations do not matter anymore because the ANS began to shut down and

immobilization mechanism (Dana, 2021; Porges, 2021, 2022).



Table 1. The three phylogenetic stages of the neural control of the heart proposed by the Polyvagal
Theory (Porges, 2003)

Poly-genic stage ANS components behavioral functions Lower

motor neurons

- Social communication, self- Nucleus
. soothing and calming, inhibit ambiguus
I Myelinated vagus sympathetic-adrenal

influences.

Il Sympathetic Adrenal  Mobilization (active avoidance) Spinal cord

Immobilization (death feigning Dorsal motor
nucleus of

the vagus

I Unmyelinated vagus
and passive avoidance)

ANS as a whole system: The dorsal vagal system innervates the organs below the
diaphragm including the digesting system. The sympathetic mechanisms circulate
blood, monitor normal heart rhythms, regulate body temperature, respond to changes
in posture, and supply energy for the body to get activated and get through the
challenge. The ventral vagal system which innervates the organs above the diaphragm
including the heart, head, and face initiates interaction and social engagement. The
ventral vagus monitors the function of the autonomic nervous system, integrating the
sympathetic and the dorsal pathways. Activation of the ventral pathway reassures a

healthy homeostasis (Dana, 2020).

ANS

/\
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Principle 2. Neuroception: based on PVT, there is no need for conscious awareness
but requires the neural evaluation of cues of danger and safety distinguished in the
environment; We typically recognize the physiological change—interoception—even
though we are typically unaware of the stimuli that cause neuroception (Porges, 2021,
2022). Neuroception illustrates how the nervous system (neuro) is aware (caption) of
cues of danger and safety in the environment (Dana, 2020). Both defensive and
prosocial behaviors can be influenced by how safe one feels. When individuals feel
safe and secure in their environment, they are more likely to engage in prosocial
behaviors, such as helping others, cooperating, and forming positive social
connections. This is because feeling safe reduces the perceived threat in the
environment, allowing individuals to focus on building and maintaining social
relationships. On the other hand, when individuals feel threatened or unsafe, they are
more likely to exhibit defensive behaviors, such as avoidance, aggression, or
withdrawal. Feeling unsafe triggers the body's fight-or-flight response, leading
individuals to prioritize self-protection over social engagement. Feeling safe fosters
prosocial behaviors, while feeling threatened promotes defensive behaviors (Porges,
2003b).

Principle 3. Co-regulation: It refers to the physiological regulation of other people to
find safety and survival (Dana, 2020). During social engagement, through
neuroception, it is possible to co-regulate the vagal mode (Friedland-Kays & Dana,
2017). The facial and head muscles can effectively shorten or lengthen social distance
by influencing both the expression and responsiveness of social cues. This is evident
in actions such as head positioning, eye contact, vocal tones, and facial expressions.
Through actions like sustaining eye contact, using intonation in speech, displaying
responsive facial expressions, and adjusting middle ear muscles to better discern
human voices in noisy environments, the neural control of these muscles can minimize
social distance (Porges, 2003b). Conversely, a decrease in muscle tone in these
regions causes drooping eyelids, a reduction in prosodic variation, a decrease in the
expression of positive and responsive facial expressions, a compromise in the ability
to distinguish background noise from human speech, and a possible impairment in the
ability to perceive cues associated with social engagement from other people. As a
result, the cerebral regulation of the striated muscles in the face and head performs

two functions: it reduces psychological distance, which actively promotes social



engagement, and it filters information that may affect how one interprets the
engagement cues displayed by others (Porges, 1995, 2003a, 2003b, 2011, 2022).
During social engagement, through neuroception, it is possible to co-regulate the vagal
mode (Friedland-Kays & Dana, 2017).

2.2.1 Vagus Nerve Functions

The communication of the body’s internal state is termed interoception and underlies
what we later experience as feelings (Porges,2011). The VN, because of its role in
interoceptive awareness, is able to sense the microbiota metabolites through its
afferents, to transfer this gut information to the central nervous system where it is
integrated into the central autonomic network, and then generate an adapted or
inappropriate response (Bonaz et.al, 2018).

Neuro-Immune Axis: Neural mediation of myelinated vagus may affect Thymus and
together with inhibition of the sympathetic nervous system results in a neuro-
physiological balance that could enhance the immune procedures. Furthermore,
mobilization strategies resulting in a withdrawal of vagal tone to the heart, the
increased sympathetic tone, and the release of cortisol have been associated with
suppressed immune function (Porges, 2003)

HPA Axis: The VN plays a role in the HPA axis, as well. Vagal afferents have an
inhibitory effect on the HPA axis and decrease the release of cortisol. Research attests
that a decrease in cardiac vagal tone is accompanied by an increase in cortisol levels.
So, it should be a structure that takes place to enhance the metabolic procedures and
encourage the mobilization response system. This entails raising sympathetic activity
and activating the HPA axis while concurrently decreasing vagal tone via the
myelinated vagus (Porgs, 2003).

Vasovagal Syncope: Sudden activation of the vagus nerve can cause a "vasovagal
reflex," which is characterized by a sharp drop in blood pressure that affects heart rate.
This reflex may be brought on by a stomach ailment, as well as by pain, fear, or abrupt
stress. The vasovagal reflex is particularly prone to many people. Their heart rate and
blood pressure fluctuate, which can lead to "vasovagal syncope," a condition in which
they lose consciousness (Komisaruk & Frangos, 2022).



ANS: The sympathetic and parasympathetic nerve systems have mainly anatomical
meanings. The parasympathetic nervous system primarily receives input from the
vagus nerve. The nervus facialis, nervus glossopharyngeal, and nervus oculomotorius

are the other three parasympathetic cranial nerves (Komisaruk & Frangos, 2022).

Brain-Gut Axis: There is a connection between the CNS and ENS via the VN which is
called the brain-gut axis. It oversees regulating physiological homeostasis and
establishes connections between peripheral intestinal processes such as immune
activation, intestinal permeability, enteric reflex, and enteroendocrine signaling and
the cognitive and affective regions of the brain. The brain, spinal cord, autonomic
nervous system (ENS, SNS, PNS), and the hypothalamic-pituitary-adrenal (HPA) axis

make up the brain-gut axis (Frankiensztajn et al., 2020)

2.2.2 Studying bio-behavioral Co-regulation through a polyvagal perspective

As extensively detailed in chapter 1, co-regulation is defined as a synchrony in
behavioral, physiological, neural, and hormonal systems within and/or between
individuals; it means the co-regulation can happen between those systems in one
person or between both social partners (Abney, daSilva, et al., 2021). Arielle Schwartz
refers to co-regulation as “how one person’s autonomic nervous system sensitively
interacts with another person’s autonomic nervous system in a way that facilitates
greater emotional balance and physical health” (Procyk, 2020). Co-regulation can take
place trough voice, touch, and listening and can be measured by autonomic responses
such as cardiac and hormonal reactions (Kolacz & Porges, 2024; Schwartz, 2018).

When it comes to the mother-infant dyad, it is worthwhile to note that there is a co-
regulation not just in behaviors and affects but also in biological rhythms and
physiological responses (Abney, daSilva, et al., 2021; Feldman, 2007a, 2007b).

Co-regulation Through the Voice: Infants typically express their needs and states
through simple vocal cues such as cries and coos, which serve as signals to
caregivers. Meanwhile, caregivers employ a variety of vocalizations, including speech
and song, which not only reflect their states but also act as regulators of the infant's
autonomic states. This reciprocal interaction forms a crucial part of early social
development, fostering attachment and facilitating emotional regulation in infants. The



caregiver's responsive vocalizations can help soothe and regulate the infant's
physiological responses, contributing to the establishment of a secure attachment
bond between caregiver and child (Cirelli et al., 2020). In general, Vocalizations, which
convey internal states and influence the physiological states of listeners, enhance
infant and caregiver co-regulation. Early in life, these emotional facets of vocalizations
become a part of a person's social repertory, opening a route for interaction

coordination (Kolacz & Porges, 2024).

Co-regulation Through the Touch: Different studies support the function of touch in
affective co-regulation during early life development. Touch is one of the components
that co-regulates the communication between infant and caregiver (Procyk, 2020).
There is evidence indicating that touching during a stressful situation can reduce
perceptive pressure (Carozza & Leong, 2021; Feldman, 2012a, 2012b). Also during
the still-face procedure, infants smiled more, vocalized more, made greater eye
contact, grimaced less, and objected less when it was accompanied by touch (Moreno
et al., 2006).

Hormonal Co-regulation: Hormones have a major role in how the body develops and
how it adapts to changes in its surroundings (Wang et al., 2022). Hormonal co-
regulation refers to the synchronized hormonal activations between social partners
during the interaction (Daneshnia et al., 2024; Timmons et al., 2015). Some hormones
can be considered in parent-child co-regulation, including cortisol, oxytocin, and alpha-
amylase (Bornstein and Esposito, 2023).

Oxytocin (OXT) is a peptide hormone (Carter et al., 2020) that helps the body integrate
social and non-social sensory signals essential for survival (Quintana & Guastella,
2020) in addition to protecting against stress (Vittner et al., 2018) and autonomic
regulation (Tsai & Kuo, 2024) which brings about more synchronization during social
exchanges including mother-infant interaction (Moberg et al., 2020). It has been
affirmed that the level of oxytocin during infancy can be regulated by parental touch;
at the same time, this affectionate touch increases the mothers’ oxytocin level which
shows a coregulation in hormones between mother and infant (Scatliffe et al., 2019).

Cortisol is a glucocorticoid produced from cholesterol and discharged into the
bloodstream by the adrenal glands (Bozovic et al., 2013). Cortisol is known as a



biomarker of stress or a stress hormone (Pulopulos et al., 2020; Sheibani et al., 2021)
and is increased in infants as a response to stressful situations including still-face
procedures (Puhakka & Peltola, 2020). During a stressful situation, the HPA axis’s
activity increases. There is support for the HPA axis (hypothalamic—pituitary—adrenal
axis) activation during the still-face procedure (Provenzi et.al, 2016). The disrupted
interaction of mother and infant impacts this axis and consequently the salivary cortisol
reactivity during the SFP (Ginnell et. al, 2022). The parents must adopt a sensitive and
responsive approach toward their infant’s needs to guarantee a normal development

of stress regulation in the infant (Broeks et al., 2021; Suchecki, 2018).

Autonomic Co-regulation: in human beings, mothers help their infants not only
regarding survival issues but also by regulating the physiological responses (Abney,
daSilva, et al., 2021; Feldman, 2012a, 2012b; Feldman & Eidelman, 2007; Feldman
et al., 2011). Due to PVT (Porges, 2003a, 2003b, 2011, 2021) vagus nerve is
responsible for cardiac responses during the social stress situation through eye
contact, smiling, and vocalizing. The ventral fibers which are involved in the social
engagement system improve the visceral responses and an independent behavioral
system (Porges, 2022).

While there is no stressful or demanding situation, a vagal tone establishes
homeostasis. The VN acts as a brake (vagal brake) to reduce the cardiac responses.
In contrast, during a demanding situation, the vagal brake is released which brings
about vagal suppression and an increase in cardiac responses (Porges, 1995, 2003a,
2003b, 2011, 2021). The indicator of vagal tone is respiratory sinus arrhythmia (RSA)
which refers to the heart rate variability (HRV) within a whole breathing cycle (Abney,
daSilva, et al., 2021). Higher RSA is accompanied by a greater tendency to suppress
vagal tone to regulate the stressful situation in a better way (Porter et al., 2024).

Positive or Negative RSA Synchrony: It is noteworthy to consider that the RSA
synchrony can be positive or negative. Positive synchrony relates to the conditions in
which the RSA in both mother and infant change in the same way while negative
synchrony points to the conditions in which the RSA in mother and infant shifts in the
opposite way (Abney, Lewis, et al., 2021).



Vagal Responses to Stress: there are two different responses that vagal tone can
show; adaptive and maladaptive. The adaptive response refers to vagal suppression
during stressful conditions while the maladaptive response defines the vagal activation
in the stressful situation (Abney, daSilva, et al., 2021). It can be measured through
RSA suppression or reactivity (Porter et al., 2024) and cortisol (Haley, 2011; Provenzi
et al.,, 2016). The infants with dropped RSA during social stress (SF) are called
suppressors and the ones with RSA reactivity are called non-suppressors (Montirosso
et al., 2014; Provenzi et al., 2015) one reason for vagal activation or suppression
among infants can be parental conflict (Busuito & Moore, 2017).

2.3 Within and Between Individual Co-regulation During the Still-Face

Paradigm

Affects and behaviors of the caregiver can influence the affect and behavior of the
infant (Tronick & Cohn, 1989). The positive affect and behavior of the mother are not
just mirrored by the infant but also facilitate the infant’s positive affect and behavior
(Beebe et al., 2010) in other words they form a co-regulation which signifies that the

mother’s affect affects the child’s and vice versa (Somers et al., 2022).

In a study it was exhibited that the infants experience more negative affects during the
SF phase, indicating that an unresponsive face is a potential stress for the infants
compared to the free-play and reunion phase. They also showed that infants’ affect
was more negative during the reunion phase compared to the base line (free play),
proposing that infants are still tending to recover from the stress of the SF phase during
the reunion. During the SF phase, infants use self-regulatory behaviors to reduce
stress reduction and self-soothing. One more factor affecting the co-regulation is
mutual gaze which makes the infant feel more positive affects (MacLean et al., 2014).

In addition, there is proof that the mother and infant are in physiological co-regulation
because of their dyadic synchronicity. It is shown that mother-infant behavioral
mutuality was related to higher levels of oxytocin in both mothers and infants as well
as hormonal concordance in the dyad (Gordon et al., 2010). Consistent with this result,
Morre and Calkins (2011) indicate that when there is a stronger synchrony between
the mother and infant during the SFP, infants show better emotion regulation by a
higher vagal suppression in the SF phase (Moore & Calkins, 2004).



In their study, Abney and colleagues (2021) examined the possibility that, in the
presence of social stressors, physiological synchrony between mothers and infants
helps in the regulation of infants' emotions. Consistent with previous studies, they
perceived that during the SF phase, there is an increase in infant distress and a
decrease during the reunion phase. Furthermore, they indicated that if they consider
the physiological synchrony, they discovered that when there was a positive co-
regulation in the dyad, the infant’s emotion regulation improved but no improvement

during negative co-regulation (Abney, daSilva, et al., 2021).

Provenzi and colleagues (2015) in a study with 4-month-old infants explored vagal
suppression during the SFP. They indicated that suppressors show a better reparation
during the free-play and reunion phase compared to the non-suppressors indicating
the role of individual differences in RSA activation on stress regulation among young
infants (Provenzi et al., 2015).

Busuito and Moore (2017) in an FFSF study with 6-month-old infants discovered that
children who experienced more parental conflicts showed less vagal activity and less
flexibility during the reunion phase indicating that parental conflict can result in less
adaptive response during social stress and less effective recovery after a social stress
(Busuito & Moore, 2017). As the development of the physiological system of the infant
is co-regulated through the parent-infant interaction; so, seems predictable that parent
conflict can affect negatively on adaptive physiological regulation of the infant.

Montirosso and colleagues (2014) in an SF study with four-month-old infants have
shown that infants have a capacity for biological memory. They repeated an SF
experiment after two weeks with the same SF groups. They observed that while non-
suppressors showed no changes in RSA, suppressors showed no suppression any
more. It is interesting to note that there was no change in behavioral responses.
Suggesting that infants have a biological memory of social stress due to their RSA
reactivity (Montirosso et al., 2014).

Haley (2011) in an SF experiment tended to investigate the cortisol changes among
infants during the SF procedure. For this aim, the salivary cortisol was measured at
the beginning, after 20 and 30 minutes; proposing an increase in the HPA axis and
cortisol during the time (Haley, 2011).



Provenzi and colleagues (2016) in a meta-analysis investigated the HPA reactivity
during the SF procedure. They discovered that a 3-episode (single exposure) SF can
be a different stressful situation compared to a 5-episode (double exposure) procedure
for young infants. To find a significant HPA reactivity, a 5-episode SF procedure is
needed while for investigating the behavioral response, a 3-episode procedure can be
a reliable measure (Provenzi et al., 2016). The 5-episode SF procedure (A-B-A-B-A)
was applied for the first time by Haley and Stansbury (2003) to discover the infant’s
HPA reactivity during maternal unresponsiveness (Haley & Stansbury, 2003).

2.4 Infrared Thermal Imaging as a potential tool to study co-regulation

processes.

2.4.1 The thermal response

As previously mentioned, the autonomic nervous system (ANS) is in charge of
involuntary, mostly subconscious processes such as heart rate, digestion, respiratory
rate, perspiration, and cutaneous temperature (Cardone & Merla, 2017) that regulate
physiology by both up-regulation (arousing) and down-regulation (soothing)
processes. Blood pressure and cardiac activity are the important elements through
which it is possible to explore the ANS functions (Bornstein & Esposito, 2023). Blood
flow, which is regulated by vascular processes transfers the heat of visceral parts to
the skin. While a local drop-in skin heat is linked to Vasoconstriction, an increase in
skin temperature is associated with vasodilation (Nazzari et al., 2024).
Vasoconstriction is the condition in which the vessels narrow dawn while vasodilation
is the opposite (lJzerman et al., 2012).

Different measurements are available and accessible to study the autonomic and
physiological coregulation processes such as respiratory sinus arrhythmia (Skoranski
et al., 2017) and heart rate variability (Porter et al., 2022) which are
electrocardiographic measures, as well as skin conductance (loannou et al., 2021),
and peripheral vascular tone (lani et al., 2004). While these methods require the use
of sensors (Cardone & Merla, 2017), Infrared thermal imaging (ITl) is a non-invasive,
contactless, and ecological technique to reach temperature variations (Abbas et al.,
2012; Cardone & Merla, 2017; loannou et al., 2013; Nazzari et al., 2024). ITI methods
make it possible to investigate changes in the ANS activity and responses through



changes in skin temperature. Cutaneous temperature is a good measurement to
explore the ANS (Cardone & Merla, 2017).

Noteworthy, skin temperature serves as a significant factor in interpersonal
connections. Essentially, individuals who experience exclusion from social interactions
may indeed exhibit colder fingers, illustrating a physical manifestation of social
exclusion while secure interactions are linked to improved cardiac output and healthier
ANS activity, loneliness can cause physiological changes like increased total
peripheral resistance, which may worsen cardiovascular health. Perceptions of a
threat or fear can lead to vasoconstriction (lJzerman et al., 2012). ljzerman and
colleagues (2012) discovered that people who are excluded from social groups have

a decrease in fingertip temperature.

Warming up the fingertips artificially by holding a cup of tea can down-regulate the
negative affect happening after social suffering. What we refer to as social
thermoregulation emerged in 2008 (lJzerman et al., 2018) as Williams and Bargh
(2008) indicated that when people hold something warm in their hand, the evaluate
others more sociable and behave in a more friendly way (Williams & Bargh, 2008). In
another study, lJzerman and colleagues (2018) showed that while people hold
something warm in their hands, they think about loved ones more probably if they had
a positive experience in their relationships (compared to a negative experience). While
temperature affects cognition accessibility and social interaction (lJzerman et al.,
2018) the opposite way is also true. It means that social interaction can affect the

cutaneous thermal states.

Infrared thermography seems to be a proper and secure technique to investigate
behavioral and autonomic reactions, particularly among infants (Nakanishi & Imai-
Matsumura, 2008; Nazzari et al., 2024). Clarck and Stothers (1980) employed thermal
imaging to observe the skin temperature of newborns and it was the initiation of
thermal imaging utilization in infancy but with medical intention (Abbas et al., 2012;
Clark & Stothers, 1980). While it is highly employed in biomedical fields, the application
in developmental science is still low and it has a high capacity to be used particularly
during the communication between caregivers and infants (Nazzari et al., 2024).



Furthermore, the evidence has shown that emotions are linked to temperature
changes; for instance, anger is related to higher temperatures while sadness shows a
lower temperature (Ekman et al., 1983). Pleasant emotions are related to an increase
in facial skin blood flow of eyelids while unpleasant emotions can indicate a decrease
in nasal tip. One possible mechanism that accounts for it can be the sympathetic
vasoconstriction and parasympathetic vasodilation in the face. However, as both
sympathetic and parasympathetic nerves innervate the facial vessels, explaining the
vasomotion of facial skin is challenging and needs more investigation (lzumi, 1995;
Miyaji et al., 2019). The evidence only shows that the facial blood flows, in particular
the nose and eyelid, are regulated through autonomic vasomotion (Kashima &
Hayashi, 2011).

2.4.2 Facial thermal affective response during social interaction

The human face holds particular significance as it serves as a primary interface for
social communication and interaction. This makes it an ideal area for studying using
thermal infrared (IR) imaging. Through facial thermal analysis, different autonomic
responses can potentially be estimated (Cardone & Merla, 2017); such as heart rate
and breathing rate (Hu et al., 2018), breathing rate (Pereira et al., 2018), respiratory
sinus arrhythmia (Lewis et al., 2011), and cutaneous blood perfusion rate (Cardone &
Merla, 2017).

Thermal imaging is considered a proper technique in the neuroscience and
psychophysiology field particularly to explore ANS as it is possible to measure different
participants simultaneously without contact with the device (Cardone & Merla, 2017).
For these reasons, as well as keeping and ecological context of interaction, thermal
imaging is suitable for studying co-regulation during interaction, particularly in mother-
infant dyads. As applying sensors is a barrier to discovering the autonomic responses
of young children, a contact-free technique such as thermal imaging is very helpful.

In response to stressful or threatening situations, the facial skin temperature drops in
some patrticular regions such as the maxillary, nasal tip, and cheeks areas, whereas it
increases in periorbital and supraorbital areas (Aureli et al., 2015); among which the
nasal tip is the most reliable region (loannou et al., 2013). How ever, it seems that

periorbital and forehead are stress-insensitive in adults (Engert et al., 2014).



While evidence shows that variation in temperature of the nasal tip and maxillary areas
may reflect the sympathetic activation during the stress experience (Ebisch et al.,

2012) there is no consensus about how it affects the facial cutaneous temperature.

Complex interactions between skin tissue, internal tissue, the local vasculature, and
metabolic activity are involved in variations in cutaneous heat. Both the sympathetic
and parasympathetic nervous systems play key roles in regulating these variations
throughout the body. Essentially, these systems help the body respond to changes in
temperature by either conserving or dissipating heat through processes like
vasodilation and vasoconstriction. Given the polyvagal theory, this balance is an
important element of the social engagement system (Aureli et al., 2015; Porges,
2003Db).

2.4.3 Facial thermal affective response during parent-infant interaction

Thermal infrared imaging is an effective tool for examining the autonomic responses
of infants and caregivers during live interaction. As previously noted, various
techniques are available to explore parent-infant co-regulation. However, most
devices necessitate attaching sensors and electrodes to the infant’s body. In contrast,
thermal imaging is a safe and efficient alternative that overcomes this challenge. In
addition, unlike other methods, thermal imaging excels in its ability to capture a range
of physiological changes by monitoring the heat patterns on the face (Ebisch et al.,
2012).

As an illustration, Ebisch and colleagues (2012) explore dyadic coregulation using
thermal imaging. Based on thermal outputs, they asserted that thermal coregulation
occurs between the mother and her offspring. Specifically, a child’s distress can evoke
the mother’s arousal system. Notably, the variations in the mother’s facial cutaneous
temperature mirrored those of their children during the experiment. This is a sign of
emotional synchrony between mother and child.

In line with this, several other studies have investigated dyadic autonomic coregulation
through thermal imaging. These studies consistently exhibited a clear synchrony
between the facial temperature of the mother and the child (Aureli et al., 2015; Aureli
et al., 2022; Manini et al., 2013).



The majority of research confirms a decrease in particular facial temperatures such as
the maxillary, nasal tip, and cheeks areas, alongside an increase in temperature of
periorbital and supraorbital areas during stressful conditions (Ebisch et al., 2012;
loannou et al., 2013; Manini et al.,, 2013). However, there is some evidence that
exhibits varied results (Aureli et al., 2015).

There is limited knowledge about measuring skin temperature as a physiological
response to explore the infant's ANS and emotions. But the results are noteworthy.
For instance, considering the drop in forehead temperature of the infant, we can
understand their reaction is different to the absence and presence of their mother
compared to a stranger. In other words, when the infant experiences a stressful

moment, the facial skin temperature decreases (Mizukami et al., 1990).

In a similar study, loannou and colleagues (2021) achieved the opposite results. They
observed that the skin temperature of the maxillary area, the nose, and the forehead
in 2-month-old infants is higher when they interact with strangers compared to their
mothers. But in general, thermal investigation shows that the infant's thermal response
is different from the mother and stranger.

Nakanishi and Matsumura (2008) indicated a decrease in facial skin temperature
occurred when the infants were laughing; The decrease was in the nose, cheeks, and
forehead with the nose having the most profound temperature drop of as much as
2.0 °C in 2 min and this result was related to the infants 2 to 10 months of age. This
indicates that joyful emotion could be associated with a drop in facial skin temperature
which has been considered just as an indicator of unpleasant emotions such as fear
or threat. So, the thermal decrease is related to more than one affective state for the

infants.

The infants of 3 to 4 months old were observed during the interaction through the SFP.
They explored the thermal variation of facial cutaneous using the ITl technique based
on nasal tips. They intended to understand the autonomic responses to social stress
at a thermal level and found a decrease in facial skin temperature which indicates the
sympathetic activation of ANS over the parasympathetic. It reflects the infant's
autonomic reaction to the still-face presentation (Aureli et al., 2015). As there was no
significant increase in negative affects during the SF phase, in line with the behavioral


https://onlinelibrary.wiley.com/doi/full/10.1111/infa.12390?casa_token=zQW6Qm2HD8gAAAAA%3AQU6fY9iuEhOifAMAOCf98omLVIuXXfJ-m3om6BzX2QMhK76SYeeVzNEuHZhB5p7AesduoSqG97S1VOQ#infa12390-bib-0041

pattern, no significant decrease in facial skin temperature was observed during the
SF.

It is expected that while facing a stressful situation (like the SF), the sympathetic
system activates while the parasympathetic deactivates, but Aureli and colleagues
(2015) showed the opposite. They have exhibited that the nasal tip temperature had
an increase from free play to SF episode which can be a signal to parasympathetic
activation. This contrary is an important signal to express the necessity for more
research.



Chapter 3. Technoference: an emerging challenge to parent-infant

co-regulation processes

3.1 Technoference: definitions of the phenomenon

Today, lifestyles have changed with the penetration of technology in almost all aspects
of our lives (Lederer et al., 2022; Tharner et al., 2022). With the integration of
technology into our lives, we can discern between the beneficial aspects of technology
which enhance productivity and life facilitation, and the dark side which is detrimental
and intrusive negatively impacting human well-being (Golds et al., 2024; Sundqvist et
al., 2020).

The productive side can be observed through the significant advantages of increasing
leisure time (McDaniel et al., 2021), academic learning (Wang et al., 2023), education
(Ghazala & Elshall, 2021), health issues (Lell & Kachelrie, 2020), medical
achievement (Zhou et al., 2021), cancer treatment (Shiwlani et al., 2023) and so on.
Moreover, during the COVID-19 pandemic gadgets were consumed a lot to access
informative content and new data about the virus as well as communication (Tejedor
et al., 2020).

On the other hand, the dark side comes up. Smartphones and gadgets cause the
students’ academic achievement to decrease and academic procrastination to
increase (Turel & Dokumaci, 2022), affect relationships adversely (Turel & Dokumaci,
2022), lessen the quality of parenting (McDaniel & Coyne, 2016), learning deficit
(Morris et al., 2022) and other harmful effects that will be discussed in the following
sections. Many people act as if their smartphone is part of the self; in fact, they make
a strong connection to their device. The phenomenon which mostly refers to as self-
extended (Belk, 2016; Belk, 2013).

Following the prevalence of technology consumption, a new phenomenon known as
“technoference” emerged (McDaniel & Bruess, 2013); the combination of interference
and technology (McDaniel & Coyne, 2016). Technoference refers to the interference
of technology in modern life (Q. Liu et al., 2020; Tharner et al., 2022), in particular
within close relationships such as family members and romantic partners (Amaliyah &
Agustina, 2023). Technoference manifestations vary from checking the smartphone



during face-to-face interaction to choosing virtual communication over the face-to-face

form.

3.2 The impacts of technoference on social interaction

The technoference which is specifically related to phone usage is called “phubbing”
(Lapierre & Zhao, 2022); a combination of phone and snubbing (McDaniel & Drouin,
2019). The origin of the term “phubbing” is Australia and self-phubbing refers to the
act of being absorbed in one’s smartphone and ignoring the partner. The person who
is actively phubbing others is called a “phubber”. Conversely, partner-phubbing refers
to the state of feeling ignored and neglected by a partner who is obsessed with the
smartphone during the conversation. The daily use of technological devices makes
phubbing behaviors increase which can lead to more conflict and less satisfaction
(Mahmud et al., 2024). Phubbing behavior makes the phubbed person feel ignored. It
seems that looking at the smartphone to check the messages or the social media is
more important and more enjoyable than interacting with them. This perception makes
the phubbed person more dissatisfied (Mahmud et al., 2024). On the other hand,
evidence shows that fear of missing out and loneliness as well as boredom are two
strong predictors of problematic smartphone usage and phubbing behaviors (Al-
Saggaf & O'Donnell, 2019; Q. Liu et al., 2020). While shared technology use can
increase the amount of leisure time and shared-time satisfaction (McDaniel et al.,
2021) it is still lowering the quality of shared time as a result of a reduction in eye
contact and active conversations (McDaniel & Wesselmann, 2021).

Technoference in close relationships such as family members or romantic partners
demonstrates poor quality and dissatisfaction (Amaliyah & Agustina, 2023). However,
we need to take into consideration that only using the device does not lead to intruding
interaction and other negative results. Technoference has the potential to form conflict,
poor quality of relationship, less satisfaction, and other negative outcomes when it is
associated with distraction or phubbing (McDaniel & Coyne, 2016). As a clarification,
mobile phone usage during communication brings about repeated disconnections
between the people who interact as well as less engagement after the rematching
again (Reed et al., 2017).



When loneliness is observed through the lenses of “expectation violation theory”
demonstrates the social expectations which are not fulfilled by the social partner.
According to this theory, expectations are formed due to past experiences as well as
personal desires which if not met, lead to feeling disconnected and loneliness (van
Essen, 2024). For instance, when the phubber ignores the partner, it results in a gap
between the expectation (of the partner being emotionally available) and the
experience (Roberts & David, 2023).

It is common to ignore people while using smartphones. This made them feel
dissatisfied and excluded. It is interesting to note that in a study, individuals who were
phubbed felt more excluded and dissatisfaction regardless of the reason; but when
participants knew that the phone distraction was because of an emergency reason,
they felt less excluded. It shows that people consider the attributional information while
being ignored. So if there is a proper explanation for using the smartphone, maybe the
negative feelings can be alleviated (McDaniel & Wesselmann, 2021).

It seems that being snubbed by the smartphone can lead to an experience of social
exclusion. Based on survival functioning, social exclusion is considered a social threat.
The same as physical threat and physical pain, being rejected causes “social pain”
(broken heart, broken bones). The neurological pain system detects both physical and
social pain as a threat (Eisenberger & Lieberman, 2004). Technoference or phubbing
due to the disruption in conversation and eye contact indicates the signals of
exclusionary. So we can trace the pain system activation (McDaniel & Wesselmann,
2021). Evidence demonstrates that when people report more technoference, they
report an increase in negative mood. They also evaluated their interactions less
positive and more negative (McDaniel & Drouin, 2019).

3.3 The impact of technoference on infant development

Childhood is a sensitive period to enhances or damage the child’s development and
health (Konrad, Berger-Hanke, et al., 2021). Child development refers to different
aspects including gross and fine motor, language, social, and cognitive domains.
Furthermore, child health is characterized by biological health and psychological
health. Parental technoference can influence both realms of child health and child
development (Mackay et al., 2022) by impacting child-parent interaction (McDaniel &



Drouin, 2019). Besides, parent media usage is strongly associated with a child’'s
screen usage from infancy to 8 years of age (Konrad, Berger-Hanke, et al., 2021). It
seems parents are considered models to replicate the technology use behaviors
(Anderson & Hanson, 2017; Sundqvist et al., 2020)

Recent research indicates that technoference is growing in families (Anderson &
Hanson, 2017). Due to the interruption in the mother-infant interpersonal relationship,
technoference carries significant implications for infant development (McDaniel &
Coyne, 2016; Nguyen, 2024). Not just smartphones but any type of screen usage can
affect parent-child interaction; Anderson and colleagues (2017) Indicated that even
coviewing television can indirectly influence on reduction of child-parent

communication (Anderson & Hanson, 2017).

Parents use their mobile devices while playing with their children, going to the
restaurant, feeding the infant, and other situations (Gutierrez & Ventura, 2021).
Mothers report smartphone usage while caring for their infants in different conditions
(Corkin et al., 2021).

Parent distraction has a negative effect also on parenting quality (McDaniel & Coyne,
2016) including less verbal and non-verbal communication as well as responding more
harshly (Porter et al., 2024). By technoference affecting the parenting style, parents
who are absorbed in smartphones skip the critical moments for attachment and
bonding with their children which can adversely impact the child's socio-emotional

development (Zayia et al., 2021).

Evidence indicates that technoference is associated with infants’ language
development as well as socio-emotional development (Beamish et al., 2019). Nguyen
(2024) demonstrated no association between parental phone text and child learning
in the lab whereas he revealed an effect of parental screen time in real life on the
language vocabulary of 16-month-old children (Nguyen, 2024). This contradiction may
arise from the important indirect effects of technoference on dyadic interaction rather
than those direct ones (Anderson & Hanson, 2017).

Corkin and colleagues (2021) conducted research illustrating that higher parental

technoference is associated with lower infant vocabulary (Corkin et al., 2021).



Furthermore, this distraction can lead to child externalized and internalized behaviors
such as hyperactivity, aggression, anxiety, and depression.

Additionally, phone calls on mobile devices seem to influence children’s learning. In
an investigation, mothers were asked to teach two new words to their infants. The
results suggest that infants learn more when there is no interruption from mobile
devices compared to the existence of technoference. There was no difference in
children’s performance even when mothers provided an explanation regarding their
phone calls (Reed et al., 2017).

In another study, scholars sought to demonstrate the effect of text interruption during
a teaching episode on subsequent infant learning. Through the study, parents
performed three specific actions for their infants four times. Text interruptions took
place either before or between demonstrations. There were also two baseline control
groups, one of which infants were exposed to no demonstration and the other no
interruption. The parent’s still face was affirmed during the text interruptions. However,
the infants’ performance was higher than the base line group with no demonstration
indication learning can occur despite interruption. Higher reported maternal reliance
on mobile devices was linked to poorer infants’ imitation performance. Conversely,
parents who found multitasking easier had infants with higher performance. These
outcomes reveal that newborns can learn with limited exposure to technoference, and
that learning in impacted by individual differences in media usage patterns (Konrad,
Berger-Hanke, et al., 2021).

The impact of technoference is not confined solely to infancy but also extends into
childhood and adolescence. In this regard, Sundqvist and colleagues (2020) have found
how parental self-report of technoference is linked to the behaviors of 4- to 5-year-old
children. In this study, parents reported an association between technoference and
heightened externalized and internalized behaviors of children. Parents also reported
experience of technoference not just due to their own DM use but also due to their
child’s use (Sundqvist et al., 2020).

Another research has examined how adolescents’ perception of their own and their
parents' conference is linked to various adolescent positive and negative behaviors
including anxiety, depression, cyberbullying, prosocial behaviors, and civic
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engagement. The results revealed that adolescent perceptions of parental
technoference correlated with heightened levels of anxiety, depression, cyberbullying,
and prosocial behaviors with parental warmth acting as a mediator in these
associations. Noteworthy, adolescent technoference was linked to higher levels of
cyberbullying, anxiety, and depression, as well as lower rates of prosocial
behavior and civic participation. However, it was not related to perceived parental
warmth (Stockdale et al., 2020).

3.4 Technoference: implications for parent-infant relationship and co-
regulation processes

Numerous studies emphasize the importance of fine coregulation between parent and
child as the newborn achieves self-regulation through passing coregulation with
parents (Lobo & Lunkenheimer, 2020). Considering the importance of the bidirectional
relationship between mother and infant states including behaviors, affective states,
and biological rhythms (Feldman, 2007b), any intrusive factor can have the potential
to harm the coregulation (Gutierrez & Ventura, 2021). For instance, using more
technology devices is reported to be associated with more behavioral and emotional
problems (Q. Liu et al., 2020); in other words, mothers exposing their children to
technoference describe their child as more difficult and problematic (McDaniel &
Drouin, 2019; McDaniel & Radesky, 2018).

It aligns with other research showing that maternal technoference during feeding and
caring for the infant significantly predicts the infant's negative affectivity and lower
attachment quality (Gutierrez & Ventura, 2021). As an illustration, mothers confirm the
difficulty of keeping the attention in balance between the child and mobile device and
they should divide their attention between them. This divided attention can interfere
with the coregulation process through dyadic interaction (Kushlev & Dunn, 2019).

The literature suggests that while studying technoference and its impacts on mother-
infant interaction, additional risk factors should be taken into consideration. In a study,
Gold and colleagues (2024) used cluster analysis to find out if there are specific risk
and protective factors associated with problematic smartphone usage and mother-
infant responsiveness. They studied 450 participants and ultimately, the analysis
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ended up with three distinct clusters: infants at risk (38%), mothers at risk (15.1%),

and low risk (46.9%) group.

‘Infants at risk” describes a high level of maternal technoference and low
responsiveness. Mothers of infants at risk indicated a medium level of depression,
stress, and anxiety symptoms alongside with medium level of wellbeing and perceived
social support. They also defined their infants with higher levels of socio-emotional
development concern. In the second cluster, “mothers at risk” mothers revealed lower
levels of infant development concerns but high depression, anxiety, and stress as well
as lower wellbeing. Lower concerns in this cluster may be attributed to maternal
inattentiveness resulting from being absorbed in smartphone use. In the last cluster,
‘low risk”, a lower level of smartphone use was reported by mothers. They also
announced lower levels of depression and anxiety alongside higher levels of well-
being (Golds et al., 2024). Persistently, it has been found that a longer duration of
maternal smartphone use is associated with being less sensitive and less responsive

to infants. This issue disrupts mother-infant interactions (Tharner et al., 2022).

Align with it, Liu and colleagues (2020), proposing a “risky family model”, identified
parental technoference as a predictor of adolescent smartphone addiction. They
highlighted the mediating role of loneliness signifying that parental technoference
induces feelings of loneliness in adolescents within the family context. This makes
them more vulnerable to smartphone addiction (Q. Liu et al., 2020).

There is evidence indicating that the maternal technoference impacts behavioral and
physiological responses. In a study, mother-infant dyads were assigned in three
different conditions to interact with their infant. The first condition was disrupted by
technoference, the second condition was disrupted by another adult, and the third
condition was interrupted undisrupted. The technoference condition indicated the
highest heart rate and negative effect in infants compared to other conditions. This
physiological and behavioral reactivity posits that technoference is a stressful
condition for infants (Gutierrez & Ventura, 2021).

Furthermore, studies suggest that maternal technoference results in a lower maternal
sensitivity. This disruption is related to the negative affect and regulatory capacity of
the infant, but the magnitude of this association is related to the infant’s age. It signifies



the smaller infants need more responsiveness and better coregulation (Davis et al.,
2022).

3.5 Adapting the Still Face paradigm to study technoference: available
studies

Studies indicate parents frequently display a neutral face when silently reading content
on their cellphone; The lack of social expression when engaging with digital screens
can be perceived by young children as a still face (Konrad, Berger-Hanke, et al., 2021).

With the expansion of smartphone usage, a modified version of the still-face
experiment was created which has been applied in many studies. The difference is
related just to the still-face episode. Thus, instead of looking at the child with a masked
face, the mother is engaged in working with the smartphone; mostly, filling out a survey
(Konrad, Hillmann, et al., 2021; Stockdale et al., 2020).

In a study, scholars used a technoference-based version of the still face. They
indicated a decrease in positive affect and an increase in negative affect from free play
to technoference with no total recovery during the reunion episode. Infants showed
more engagement during the free play compared to the reunion. In addition, infants
displayed social bids and room exploration during technoference more than a reunion.
The results were also indicative of the association between frequent maternal
smartphone usage with less room exploration and positive affect during the
technoference as well as less recovery. It suggests that phubbing infants may
influence their ability to emotional recovery (Myruski et al., 2018).

In line with Myruski and colleagues (2018), Stockdale and colleagues (2020)
conducted a study through which parent-infant dyads were engaging in technoference-
based SF in a home-planned visit. They discovered a still-face effect across the three
episodes of the experiment. In this research, infant behavior was investigated through
the presence or absence of positive or negative vocalization.

Results of this research showed a drop in positive affect from free play to
technoference and less positive vocalization in reunion compared to free play.
Conversely, negative affect increased significantly during the technoference
compared to free play and did not return to the base line during the reunion.



Noteworthy, older infants (older than 9 months) demonstrated more negative affect
across all three phases compared to younger infants. They explained this variation
regarding the age of children through the higher motor ability of the older children. So,
the conditions of the SF are more restrictive for them compared to the younger infants
who are used to the sitting conditions (Stockdale et al., 2020). Besides, some other
studies are confirming this explanation regarding the importance of age (Yato et al.,
2008).

In another study, scholars demonstrated the variations of mother-infant interaction
through different phases of technoference-based SF as well as an analog medium in
children aged 20 to 22 months. Through technoference, mothers had to fill in a form
with a smartphone whereas in the analog group, mothers were supposed to fill in the
same form but through pen and paper. The result showed that maternal
responsiveness decreased during the interruption episode for both groups. In addition,
children’s positive affect decreased in both groups and texting was not more
interruptive than writing on paper. It posits the fact that the decrease in the quality of
interrupting is not related to digital media but is related to any kind of interruption
(Konrad, Hillmann, et al., 2021).

In another smartphone-adapted SF study, researchers explored
interactive behavior and brain-to-behavior association. They measured frontal alpha
asymmetry (FAA) through EEG hyperscanning. The outputs indicated an obvious still-
face effect through the technoference episode. In this exploration, they clarified that
higher negative affect in infants is associated with more leftward FAA during
technoference (Swider-Cios et al., 2024). It seems that during the technoference, the
mother-child neural synchrony decreases (Zivan et al., 2022).

In addition to brain-to-behavior association, developmental neuroscientists are
interested in physiological responses due to behavioral expressions, as well. Porter
and colleagues (2024) conducted an investigation to illustrate toddlers’ physiological
responses to the parental technoference-adapted version of still-face. They indicated
that toddlers, during technoference, showed a decrease in positive affect while they
did not show any increase in negative affect, compared to the initial phase as well as
recovery. The behavioral expressions were also reflected in cardiac responses by an
increase in heart rate (HR) and a decrease in RSA (vagal withdrawal). However, some
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toddlers were indicating vagal tone increase to the technoference. They also posited
that greater vagal suppression was linked to decreased and heightened negative

affect during parental phone distraction (Porter et al., 2024).

A review of the available literature reveals varied results regarding infants’ behavioral
and autonomic responses to still-face and technoference during the mother-infant
interaction. Consequently, further research is necessary to explore this field in fine

detail and address the gaps in existing knowledge.



Chapter 4. The ARIEL Study

4.1 Introduction

The Autonomic Regulatory Interaction in Early Life (ARIEL) study, led by Dr. Sarah
Nazzari, is an ongoing project conducted at the Developmental Psychobiology (dpb)
laboratory within the Department of Brain and Behavioral Sciences of the University
of Pavia and of the IRCCS Mondino Foundation.

The research began by exploring how infants and their caregiver co-regulate their
autonomic nervous system, particularly through thermal cutaneous mechanism during
face-to-face interactive exchanges, and how this physiological coregulation is
influenced by technoference, distraction occurs by smartphone absorption (Provenzi,
2023).

In this project, we assessed both behavioral and thermal responses within the mother-
infant dyads through an adapted version of the FFSF paradigm. In ARIEL, we tended
to extend beyond the three typical episodes and add two more, including the initial
episode describing free play (FP) which serves as a baseline for dyadic interactive
signals. The initial phase was always followed by a varied still face/distraction episode,
which could be either technoference (TF) or paper-ference (PF) after each of which a
reunion (R) occurred. Dyads were randomly assigned to two groups in one of which
the initial distraction was technoference, and in the other the initial distraction was
paper-ference.

4.2 Aims and Hypothesis

In this project, we aim to investigate the mechanism of face thermal coregulation in
mother-infant dyads during an adapted version of still face, and how this mechanism
impacts on behavioral responses of mother-infant dyads. In this way, we can divide
our aims into three categories, exploring thermal responses, behavioral expressions,

and co-regulation processes.

Ouir first objective is to quantify infant and maternal thermal variations during the two
stressful conditions and two recovery episodes, comparing them to baseline



temperatures. Our second objective is to examine behavioral responses in correlation
with facial temperature in both infants and mothers across the five episodes. Finally,
we investigate the behavioral and thermal coregulation patterns within mother-infant
dyads during these different episodes.

Hypothesis 1. Infants show significant thermal changes during technoference and
paper-ference.

Hypothesis 2. Infants show significant behavioral changes during technoference and
paper-ference.

Hypothesis 3. Mothers show significant thermal changes during technoference and
paper-ference.

Hypothesis 4. Mothers show significant behavioral changes during technoference and
paper-ference.

Hypothesis 5. There is a dyadic thermal coregulation in the initial phase and recovery
episodes.

Hypothesis 6. The thermal coregulation is disrupted during technoference and paper-
ference episodes.

4.3 Methods
4.3.1 Participants

Mothers and their infants were recruited through the collaboration with IRCCS San
Matteo, a leading research hospital located in Pavia, Italy. Eligibility criteria included
parental age of at least 18 years old with proficiency in the Italian language and infant
gestational age at birth of at least 37 weeks with no major pre-or-post natal
complications. In the present thesis, 37 mother-infant dyads were included. Details of
the study samples are provided below. To estimate the required sample size for the
ARIEL study within a single participant group, an a priori power analysis was
performed. The objective of the analysis was to provide sufficient statistical power to
detect significant changes over time. For this aim, G*Power 3.1.9.7 software was used.
A two-tailed test was chosen to assess the differences within the group, with an effect
size of 0.5, which corresponds to a moderate effect. A significance level (a) of 0.05



and a desired statistical power (1 - B) of 0.80 were selected. This power level means
an 80% probability of detecting true effects, if they exist, and thus minimizes the risk
of type Il errors. The analysis revealed that a sample size of 34 participants was
necessary to achieve the desired statistical power.

4.3.2 Procedure

4.3.2.1 Pre-session coordination

Participant preparation and scheduling:

Consent participants received guidelines and consent forms to review and sign. In this
way, they could understand the objective of the study and the potential benefits and
side effects, as well as particular instructions that were supposed to be taken into
consideration to ensure the validity of the experimental session. After the participants’
confirmations, the experimental session was scheduled on a convenient date and time
for the participants. Detailed guidelines were emailed to the participants including
specifying that on the day of the experiment, mothers should refrain from using facial
makeup, lotion, sunscreen, and oil. Additionally, participants were also asked to avoid
smoking, consuming vasoactive substances, engaging in physical exercise, and
drinking caffeine or sparkling water, in accordance with ITI guidelines (Monitoring &
Join, 2015).

Experimental room preparation

To ensure high-quality thermal and behavioral assessment the setting was carefully
designed. Blackout curtains were applied to prevent outside infrared radiation from
entering the room. Additionally, the air conditioner was turned on about 45 minutes
before participants arrived to set the temperature to 23°C (Monitoring & Join, 2015).

A convenient ergonomic infant seat and a flexible swivel chair for the mother were
utilized. They ensured an optimal distance interaction for the dyads, allowing minor
adjustments without interfering with the thermal imaging. Three tripods were also
strategically positioned, two of which were equipped with Samsung smartphones and
FLIR One thermal cameras placed at proper angles for effective monitoring.



4.3.2.2 Experimental session

A single data-collection session was conducted when infants were 3-4 months old.
Upon arrival, participants were instructed to wait for 10-15 minutes to allow their body
temperatures to acclimate to the ambient conditions and to reach a stable autonomic
baseline. During this acclimation period, the procedure was thoroughly re-explained
to the mothers to ensure they were fully informed about their responsibilities during
the session.

The experimental procedure consists of an adapted version of the FFSF paradigm
with 5 episodes incorporating modifications including the use of a smartphone and a
paper survey as modifications of the still-face episode. The 5 episodes are as follows:

1) Free play episode: lasting for 2 minutes, this episode involves the mother engaging

with her infant as usual, providing a baseline for interaction.

2) Technoference: this episode lasts for 1 minute and is characterized by smartphone
interference. Here the mother is asked to fill out a survey on her smartphone and does

not respond to the infant’s signals or bids.

3) Reunion episode: this 2-minute episode is characterized by a natural interaction
resume, where the mother and infant engage in interaction following the previous

distraction phase.

4) Paper-ference: this paper-based counterpart of technoference lasts for 1 minute
and involves the mother being engaged with a paper survey, leading to a temporary

interruption in interaction with the infant.

5) Reunion episode: this episode, the same as the other reunion episode, lasts for 2
minutes and marks the return to natural interaction between the mother and infant after
the paper interference episode.

It is important to note that the order of the two conditions, technoference and paper-
ference episodes, was counter-balanced in the sample.



4.3.2.3 After session coordination

After completion of the experiment, the participants were asked to complete the
questionnaires and were given a symbolic certificate as a token of appreciation.
4.3.3 Behavioral assessment

A Samsung 360 camera was utilized to record dyadic behaviors throughout the five
episodes of the experiment. A behavioral coding system was implemented to measure
mother and infant behavioral expressions, based on previous studies (Aureli et al.,
2015; Ebisch et al., 2012; Manini et al., 2013) and previous coding systems such as
the Infant and Caregiver Engagement Phases or ICEP (Weinberg & Tronick, 1998).
Noldus observer XT software was employed for the behavioral assessment.

Behavioral analyses for both the mother and the infant were conducted continuously
using the scales categorized by measurement type: time duration (state events) and
frequency (point events).

Infant Affect (State Event):

Infant affect was measured based on the duration of negative, neutral, and positive
affect.

¢ Negative Affect: Includes negative vocalizations, and facial or body expressions
such as screeching, screaming, crying, fussiness, protesting, withdrawal,

arching, twisting back, and yawning.

e Neutral Affect: Defined as the absence of clear positive or negative emotionality
in facial expression or other modalities.

e Positive Affect: Includes positive vocalizations or facial expressions such as
laughing, cooing, smiling, and vocalizations with a positive tone.

Infant Self-Comforting (State Event):

Infant self-comforting describes self-comforting behaviors such as thumb-sucking,
rubbing the face or head, holding the ear, and rubbing feet or hands together
repetitively (excluding spastic movements).



Infant Gaze (State Event):
Infant gaze was assessed depending on the object of interest. The following were

coded

e Gaze to mother’s face: When the infant’s gaze is directed toward the mother’s

face.

e Gaze to mother’'s hands: The infant’s attentional focus is on maternal hands or

held objects (i.e., smartphone or questionnaire).

e Gaze to objects in the room: The infant's attentional focus is on an object
(different from maternal hands, smartphone, or questionnaire), the infant might

be exploring or scanning visually the object (e.g. 360 camera).

e Gaze aversion: When the infant's attention is not on objects or the mother, the
gaze appears lost with no eye movements indicating active visual scanning or
exploration of the environment. Also used when the infants are distressed and

close their eyes.

Infant Social Bid (Point Event):

Infant social bid refers to attempts by the infant to gain the parent's attention either
physically or vocally, in negative, positive, or neutral ways. This includes gestures to
be picked up, leaning forward, and attention-seeking vocalizations.

Maternal Touch (State Event):
Maternal touch was assessed concerning the following categories:
e No Touch: When the parent does not touch the infant.

e Negative Touch: Non-contingent, intrusive touch that provokes negative
responses and stress in the infant, such as being intrusive, awkward,

overwhelming, or rough.

e Scaffolding: Touch that has instrumental, pragmatic (e.g., supporting the
infant's posture), cognitive (e.g., attention-getting), or "static" functions.

e Nurturing Touch: Touch that can be playful or affectionate.

Maternal Voice (State Event):



Maternal voice during the procedure was assessed for the following:
e No Voice: When the parent is silent.

e Negative Voice: Verbalizations that communicate rejection or negative

comments on the infant's behavior.

e Scaffolding Voice: Verbalizations that include requests, explanations, attempts

to gain the infant's attention, and directiveness.

e Nurturing Voice: Verbalizations that include playful vocal productions such as
singing and laughing, mirroring previous vocal or gestural outputs of the infant,
affectionate comments, soothing speech, and mind-related comments.

Control Codes

Maternal control and infant control codes were used for any duration of the video
where vocal, facial, or physical components were not codable due to technical

reasons.

4.3.4 Thermal assessment

The autonomic responses of the mother and infant were inferred from regional facial
thermal imprints as captured by two FLIR cameras. Following recommendations from
previous ITI studies in early childhood, we selected the nose and forehead as regions
of interest (ROI) for the facial thermal analysis (Aureli et al., 2015; Filippini et al., 2020;
loannou et al., 2021; Manini et al., 2013).

Image sequences were obtained at a rate of 1 frame every five seconds for each
thermal video using Virtual Dub software. Thermal data analysis was performed with
a customized Python script. The ROIls were manually selected for each ITI frame to
adjust for head movements, capturing the temperature of the nasal tip and forehead.
The Python code converted the thermal image frames to greyscale, averaged the pixel
values to reflect the regional temperature, and exported these thermal values to an
Excel file. The Mean temperature change in the nasal tip and forehead across the 4
episodes was used as a proximal measurement of autonomic activation.



Figure 1. A visual example of the mother's raw ITl data and temperature extraction at the nasal tip and
forehead regions of interest

Figure 2. A visual example of the infant’s raw ITI data and temperature extraction at the nasal tip and
forehead regions of interest

4.3.5 Statistical Analyses

The data for this thesis was processed using Jamovi, an open-source statistical
analysis software that fulfilled all our analytic requirements. The analyses were
conducted with data on 37 dyads to investigate infants' thermal and behavioral
responses to maternal smartphone use and possible associations with maternal
thermal and behavioral responses. This analytic work possibly reveals trends that lead

to investigating autonomic coregulation in mothers and their infants.

Within-individual changes in behavior and temperature across the 5 episodes of the
procedure were examined using repeated measured analysis of variance (ANOVA).
Post-hoc tests were employed to explore significant ANOVA tests.

4.4 Results

4.4.1 Demographics



All participants including infants and parents were ltalians. Among 37 infants, 16 (43.2
%) were females and 21 (56.8 %) were males. Maternal education ranged from high
school and master's degree, with 10.8 % having completed high school, 54.1 %
holding a bachelor’s and 35.1 a master’s degree or post-graduation specialization. On
the paternal side, education level ranged from medium high school to master’s degree,
with 40.5 % and 5. % having completed medium high school and high school,
respectively. Additionally, 2.7 % had attended some university courses, while 29.7%
held bachelor's degrees and 21.6 % held master’s degrees. 23 parents were married

and 12 of them were cohabitant partners.

The mean age of infants was 3.89 months (SD=0.94). Additionally, the mean ages of
mothers and fathers were 34.6 (SD=3.97) and 36.8 (SD=5.53), respectively. Among
the infants, 51.4 % were the first child, 43.2 % were the second child, and 5.4 % were

the third child in their family.

4.4.3 Thermal Analyses

Objective 1: Quantifying infant and maternal thermal variations across the
procedure

The first objective was to quantify the thermal variations in both infants and mothers
during two stressful conditions and two recovery episodes, comparing them to
baseline responses. To achieve this, we analyzed the temperature variations in the
infant’s forehead, infant’s nose, mother’s forehead, and mother’s nose across five

episodes using separate repeated measures ANOVA.

Repeated Measures ANOVA Results

The repeated measures ANOVA indicated significant temperature variations across
the five episodes for both infants and mothers.

Infant Forehead Temperature

To investigate the difference in infant forehead temperature across episodes, we
applied repeated measures ANOVA. A significant difference among the episodes was
found (F (4,120) = 4.42, P = 0.002). To specify the precise variations, we conducted
post-hoc pairwise comparisons. The results are summarized in table 2 and figure3.



Table 2. Post Hoc Pairwise Comparisons for Infant Forehead Temperature

Infant Infant Mean SE df t p

Forehead Forehead Difference

Play - Smart 0.2581 0.0747 30.0 3.456 0.002
- RU Smart 0.0396 0.0973 30.0 0.408 0.687
- Paper 0.1588 0.0830 30.0 1.913 0.065
- RU Paper -0.0166  0.0772 30.0 -0.215 0.831

Smart - RU Smart -0.2185  0.0790 30.0 -2.766 0.010
- Paper -0.0993 0.0649 30.0 -1.531 0.136
- RU Paper -0.2747  0.0747 30.0 -3.677 <.001

RU Smart - Paper 0.1191 0.0877 30.0 1.359 0.184
- RU Paper -0.0562  0.0639 30.0 -0.879 0.386

Paper - RU Paper -0.1754 0.0802 30.0 -2.187 0.037

The post-hoc comparisons indicated that the infant forehead temperature during the
Play (free play) episode was significantly higher compared to the Smart
(technoference) episode with a mean difference of 0.2581 (t (30) = 3.456, p = 0.002)
and marginally higher compared to Paper (paper-ference) episode with a mean
difference of 0.1588 (1 (30) = 1.913, p = 0.065). Also, forehead temperature during the
Smart episode was significantly lower than reunion following technoference (reunion
of technoference) episode with a mean difference of -0.2185 (t (80) = -2.766, p =
0.010) as well as Reunion following paper-ference (reunion of paper-ference) episode
with a mean difference of -0.2747 (t (30) = -3.677, p < 0.001). Furthermore, forehead

temperature during Paper was significantly lower than the temperature at the



subsequent reunion with a mean difference of 0.0802 (t (30) = -2.187, p = 0.037)

Dependent

36.8 4

T T
Flay Smart RU Smart Paper RU Paper

Infant Forehead

Figure 3. Estimated Marginal Means in Infant Forehead Temperature Across Episodes

Infant Nose Temperature

For infant nose temperature, no significant differences were found among the
episodes (F (4, 120) = 0.690, p = 0.600).

Mother Forehead Temperature

Similarly, we applied repeated measures ANOVA across episodes to examine
maternal forehead temperature, indicating significant differences (F (4, 104) = 7.45, P
< 0.001). Post-hoc comparisons further exhibited the differences between episodes.

Table 3 and figure 2 summarize these comparisons.

. Table 3. Post Hoc Comparisons for Mother Forehead Temperature

Comparison
Mother Mother Mean SE df t p
Forehead Forehead Difference
Play - Smart 0.1442 0.1319 26.0 1.093 0.284
- RU Smart -0.1299  0.0877 26.0 -1.480 0.151

- Paper 0.3665 0.1197 26.0 3.062 0.005



- RU Paper -0.1102 0.1102 26.0 -1.000 0.327
Smart - RU Smart -0.2741  0.1090 26.0 -2.515 0.018
- Paper 0.2223  0.0930 26.0 2.390 0.024
- RU Paper -0.2543  0.1023 26.0 -2.486 0.020
RU Smart - Paper 0.4964 0.0953 26.0 5.211 <.001
- RU Paper 0.0197  0.0975 26.0 0.202 0.841
Paper - RU Paper -0.4766  0.1121 26.0 -4.252 <.001

Maternal forehead temperature was significantly lower during the Play episode
compared to the Paper-ference episode with a mean difference of 0.3665 (t (26) =
3.062, p = 0.037). Conversely, comparisons between Play vs. other episodes such as
Technoference, Reunion following technoference, and Reunion following paper-
ference did not show any significant differences. However, a significant decrease was
observed in maternal forehead temperature from Technoference to reunion following

technoference episode with mean differences of -0.2741 (t (26) = -2.515, p = 0.018).

It has been also exhibited that the maternal forehead temperature during the
Technoference episode is significantly higher than the paper-ference episode with a
mean difference of 0.2223 (t (26) = 2.390, p = 0.024) and lower than the reunion
following the paper-ference episode with a mean difference of -0.2543 (t (26) = -2.486,
p = 0.020). Additionally, the Paper is significantly lower than Reunion following paper-
ference and Reunion following technoference with mean differences of -0.4766 (p
<0.001) and -0.0197 respectively (p < 0.001).
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Figure 4. Estimated Marginal Means for Mother Forehead Temperature

Figure 4 illustrates the variations from one episode to the next as well as the
differences between episodes regarding the maternal forehead temperature.

Mother Nose Temperature

Repeated measures ANOVA for maternal nasal tip temperature exhibits thermal variations
across the episodes (F (4, 112) = 10.7, P < 0.01).

As illustrated in table 10, post hoc tests posit the significant variation in temperature
of the nose between free play episode as the base line and 4 other episodes as

T T
Play Smart RU Smart Paper RU Paper

follows.
Table 4
Mother Nose Mother Nose Mean SE df t p
Difference
Play - Smart -1.3468 0.326 28.0 -4.135 <.001
- RU Smart -1.6596 0.408 28.0 -4.063 <.001
- Paper -1.0560 0.240 28.0 -4.395 <.001
- RU Paper -1.2666 0.242 28.0 -5.229 <.001
Smart - RU Smart -0.3127 0.156 28.0 -2.003 0.055
- Paper 0.2909 0.276 28.0 1.055 0.300
- RU Paper 0.0802 0.211 28.0 0.380 0.707



RU Smart - Paper 0.6036 0.335 28.0 1.801 0.083
- RU Paper 0.3929 0.258 28.0 1.525 0.138
Paper - RU Paper -0.2107 0.192 28.0 -1.096 0.283

Maternal nose temperature during the Play episode was significantly lower compared
to the Technoference episode (mean difference = -1.3468, 1(28) = -4.135, p < 0.001),
Reunion following technoference episode (mean difference = -1.6596, 1(28) = -4.063,
p < 0.001), Paper-ference episode (mean difference = -1.0560, t(28) = -4.395, p <
0.001), and Reunion following paper-ference episode (mean difference = -12666, t(28)
= -5.229, p<0.001). The findings also reveal that thee is a marginally significant
increase from the Technoference episode to the Reunion following technoference
episode with a mean difference of -0.3127 (t (28) = -2.003, p = 0.055).
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Figure 5. Estimated Marginal Means for Mother Nose

Figure 3 illustrates the variations in maternal temperature of the nose through
episodes. As shown, all episodes had an increase from base line. Furthermore, we
observe an obvious increase in thermal responses from technoference to reunion of

technoference.



4.4.4 Behavioral Analysis

Objective 2. Examining behavioral responses in both infants and mothers
across the five episodes.

The second objective focused on understanding the differences in infant and mother
behavioral responses across episodes. The behavioral variables analyzed included
infant negative and positive affect, infant self-comforting behaviors, infant social bids,
infant gaze, and maternal touch. To achieve this, we analyzed infant and mother
behavioral variations across the five episodes using repeated measures ANOVA.

Repeated Measures ANOVA Results

The repeated measures ANOVA indicated significant infant’s and mother’s behavioral

variations across the five episodes.

Negative Affect

The repeated measures ANOVA for infant negative affect revealed a significant effect
among the episodes (F (4, 100) = 4.55, P = 0.002). This analysis underscores the
differences observed in infant negative effects across the evaluated episodes. To
examine differences in infant negative affect across episodes, pairwise comparisons
were conducted. Table 12 summarizes the mean differences, standard errors (SE),

t-values, and p-values for each comparison.

Table 5. Infant Negative Affect

Negative Mean Difference SE df t P

Affect

Play - Smart -0.23105 0.0553 25.0 -4.1794 <.001
- RUSmart -0.18111 0.0599 25.0 -3.0220 0.006
- Paper -0.18349 0.0398 25.0 -4.6111 <.001
- RU Paper  -0.15663 0.0499 25.0 -3.1367 0.004

Smart - RUSmart  0.04994 0.0529 25.0 0.9436 0.354
- Paper 0.04756 0.0545 25.0 0.8732 0.391
- RU Paper 0.07442 0.0710 25.0 1.0477 0.305

RU Smart - Paper -0.00238 0.0722 25.0 -0.0329 0.974
- RU Paper 0.02448 0.0660 25.0 0.3710 0.714

Paper - RU Paper  0.02686 0.0564 25.0 0.4765 0.638




As shown in table 12, significant differences in infant negative affect were found
between several conditions. Specifically, the comparisons between Play and
Technoference episode with the mean difference of -0.23105 (t (25) = -4.1794, p <
0.001), Play and Reunion following technoference episode with the mean difference
of -0.18111 (t (25) = -8.0220, p = 0.006), Play and Paper-ference episode with the
mean difference of -0.18349 (t (25) = -4.6111, p < 0.001), and Play and Reunion
following paper-ference episode with the mean difference of -0.15663 (t (25) = -
3.1367, p = 0.004). The results are indicative of a significant increase in infants’

negative affect from free play episode to the other four episodes.
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Figure 6. Infant Negative Affect

Positive Affect

The repeated measures ANOVA examining the effect of different episodes on infant
positive affect indicates a significant difference in positive affect among the episodes
(F (4,100) = 12.9, p < 0.001).

Post-hoc pairwise comparisons showed a significant decrease in infant positive affect
from the Play episode to the technoference episode, with a mean difference of
0.17192 (t (25) = 0.2502), and the Paper-ference episode, with a mean difference of
0.17072 (t (25) = 4.4438, p < 0.001).

Conversely, we observed a significant increase in infants’ positive affect from



Technoference episode to Reunion following technoference episode with a mean
difference of -0.16028 (t (25) = -4.9970, p < 0.001) and to the Reunion following
paper-ference episode, with a mean difference of -0.17009 (t (25) = -5.1846, p <
0.001). Similarly, positive affect during the Paper-ference episode was significantly
lower than during the Reunion following technoference episode, with a mean
difference of -0.15908and (t (25) = -5.0818, p < 0.001), and the Reunion following
paper-ference episode, with a mean difference of -0.16889 (t (25) = -4.8951, p <
0.001). These differences are also illustrated in Figure 7.

Table 6. Post Hoc Comparisons — Positive Affect

Positive Positive Mean SE df t p

Affect Affect Difference

Play - Smart 0.17192 0.03968 25.0 4.3327 <.001
- RU Smart 0.01164 0.04653 25.0 0.2502 0.804
- Paper 0.17072 0.03842 25.0 4.4438 < .001
- RU Paper 0.00183 0.04373 25.0 0.0418 0.967

Smart - RU Smart -0.16028 0.03208 25.0 -4.9970 < .00f1
- Paper -0.00120 0.00893 25.0 -0.1345 0.894
- RU Paper -0.17009 0.03281 25.0 -5.1846 <.001

RU Smart - Paper 0.15908 0.03130 25.0 5.0818 <.001
- RU Paper -0.00981 0.03860 25.0 -0.2542 0.801

Paper - RU Paper -0.16889 0.03450 25.0 -4.8951 <.001
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Figure 7. Estimated Marginal Means- Positive Affect

The repeated measures ANOVA indicates a significant difference in infant self-
comforting behaviors among the episodes (F (4, 100) = 5.41, p < 0.001).

To further understand these differences, post-hoc pairwise comparisons were
conducted (table 7). The results revealed the following significant variations:

Table 7. Post Hoc Comparisons for Infant Self-Comforting Behaviors

Comparison

Self-Comforting Self-Comforting Mean SE df t o]

Behaviors Behaviors Difference

Play - Smart -0.11374  0.0640 25.0 -1.776 0.088
- RU Smart -0.15229  0.0599 25.0 -2.544 0.018
- Paper 0.01495 0.0424 25.0 0.353 0.727
- RU Paper 0.01004  0.0354 25.0 0.284 0.779

Smart - RU Smart -0.03855 0.0547 25.0 -0.705 0.488
- Paper 0.12869  0.0425 25.0 3.025 0.006
- RU Paper 0.12378  0.0512 25.0 2418 0.023

RU Smart - Paper 0.16724  0.0483 25.0 3.461 0.002



RU Paper 0.16233 0.0431 250 3.764 <.001
Paper - RU Paper -0.00491 0.0249 25.0 -0.197 0.845

The play episode and Reunion following technoference episode showed a significant
difference in self-comforting behaviors with a mean difference of -0.15229 (t (25) = -

2.544, p = 0.018). In addition, the Technoference episode and Paper-ference episode
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Figure 8. Estimated Marginal Means for Infant Self-Comforting Behaviors

comparison showed a significant difference with a mean difference of 0.12869 (t (25)
= 3.025, p = 0.006). The other comparisons showed a significant decrease from the
Technoference episode to Reunion following paper-ference episode with a mean
difference of 0.12378 (t (25) = 2.418, p = 0.023). Infant self-comforting behaviors
during the Reunion following technoference episode was significantly higher than self-
comforting behaviors during the Paper-ference episode with a mean difference of
0.16724 (t (25) = 3.461, p = 0.002) and the Reunion following paper-ference episode
with a mean difference of 0.16233 (t (25) = 3.764, p < 0.001). As illustrated in the graph
in figure 8, the estimated marginal means for infant self-comforting behaviors across
different episodes shows that self-comforting behaviors are in the lowest amount
during the Play, Paper-ference, and Reunion following paper-ference episodes. We
observe a significant increase during Technoference and Reunion following

technoference episodes.



Social Bid

The repeated measures ANOVA for infant social bid revealed no significant
differences across episodes (F (4, 112) = 2.29, p = 0.064).

Infant Gaze to Parent

The repeated measures ANOVA for infant gaze toward parent revealed a significant
difference across the episodes (F (4, 96) = 30.1, P < 0.001).

To further understand the differences, post-hoc pairwise comparisons were conducted
(Table 19). As shown in Figure 9, the results revealed a significant decrease in gaze
toward the parent from the Play episode to the Technoference episode with a mean
difference of 0.3272 (t (24) = 5.782, p < 0.001), and from the Play episode to the Paper-
ference episode with a mean difference of 0.4063 (t (24) = 7.307, p < 0.001).

Additionally, we observe that gaze to parent during the Technoference episode is
significantly lower than the Reunion following technoference episode (Mean Difference
=-0.3796, t (24) = -7.565, p < 0.001) and Reunion following paper-ference episode
(Mean Difference = -0.3414, t (24) = -5.991, p < 0.001). Furthermore, we found out
that gaze to parent during the Paper-ference episode was significantly lower than the
Reunion following paper-ference episode (Mean Difference = -0.4204, t (24) = -6.552,
p < 0.001) and the Reunion following technoference episode (Mean Difference =
0.4586, t (24) = -7.932, p < 0.001).

Table 8. Post Hoc Comparisons for Infant Gaze to Parent

Gaze Gaze parent Mean Difference  SE df t p

parent

Play - Smart 0.3272 0.0566 24.0 5.782 <.001
- RU Smart -0.0523 0.0489 24.0 -1.070 0.295
- Paper 0.4063 0.0556 24.0 7.307 <.001
- RU Paper -0.0141 0.0594 24.0 -0.237 0.814

Smart - RU Smart -0.3796 0.0502 24.0 -7.565 <.001
- Paper 0.0791 0.0495 24.0 1.597 0.123
- RU Paper -0.3414 0.0570 24.0 -5.991 <.001

RU Smart - Paper 0.4586 0.0578 24.0 7.932 <.001

- RU Paper 0.0382 0.0549 24.0 0.697 0.493



Paper - RU Paper -0.4204 0.0642 24.0 -6.552 <.001

0.6 1

]t ]

0.4 +

0.2 1

Dependent

3 080

0.1 4

¢

Play Smart RU Smart Paper RU Paper

Gaze parent

Figure 9. Estimated Marginal Means for Infant Gaze to Parent

Infant’s Gaze to Parent’s Hands

The repeated measures ANOVA for infant gaze to parent’s hand suggested no

significant differences across episodes (F (4, 96) = 0.468, p = 0.759).

Infant Gaze Aversion

The repeated measures ANOVA posited a significant difference in infant gaze
aversion across the episodes (F (4, 96) = 5.76, p < 0.001).

As shown in Table 9 and illustrated in Figure 10, there is a significant decrease in
gaze aversion from the Play episode to the Technoference episode (Mean difference
=-0.2572 (t (24) = -4.678, p < 0.001), the Reunion following technoference episode
(Mean difference = -0.1390 (t (24) = -2.468, p = 0.021), the Paper-ference episode
(Mean difference = -0.2463 (t (24) = -4.564, p < 0.001), and the Reunion following
paper-ference episode (Mean difference = -0.1160 (t (24) = -2.940, p = 0.007). Other
comparisons did not reach statistical significance or showed a less notable effect.

Table 9. Post Hoc Comparisons for Infant Gaze Aversion

Gaze avert  Gaze avert Mean Difference = SE df t p

Play - Smart -0.2572 0.0550 24.0 -4.678 <.001



- RU Smart -0.1390 0.0563 24.0 -2.468 0.021

- Paper -0.2463 0.0540 24.0 -4.564 <.001
- RU Paper -0.1160 0.0394 24.0 -2.940 0.007
Smart - RU Smart 0.1183 0.0646 24.0 1.832 0.079
- Paper 0.0109 0.0668 24.0 0.164 0.871
- RU Paper 0.1413 0.0647 240 2.185 0.039
RU Smart - Paper -0.1073 0.0872 24.0 -1.230 0.231
- RU Paper 0.0230 0.0517 24.0 0.445 0.660
Paper - RU Paper 0.1303 0.0701 240 1860 0.075
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Figure 10. Estimated Marginal Means for Infant Gaze Aversion

4.4.5 Mother-Infant Behavioral and Thermal Coregulation

Objective 3. investigating the thermal coregulation patterns within mother-infant
dyads during these different episodes.

To explore behavioral coregulation and thermal coregulation patterns within mother-
infant dyads across five episodes, correlations between behavioral expressions as
well as thermal responses in both mothers and infants were examined.

Thermal Coregulation
Pearson correlation analysis was indicative of no significant correlations between the

mother and the infant's forehead temperature during the procedure.

We applied the same method to explore the thermal coregulation between the mother

and infant nose during the five episodes. Results from Pearson correlation analysis



revealed a significant positive correlation between mother and infant nose temperature

during the reunion episode following technoference (Pearson’s r = 0.349%, p = 0.047).
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Figure 11. Scatterplot. The Correlation between mother-infant nose temperature during the RU Smart Episode

Figure 11 presents a scatterplot depicting the correlation between mother-infant nose
temperature during reunion following the technoference episode. As shown, there is a
direct positive relationship between maternal and infant temperatures, suggesting
coordinated thermal responses between mothers and infants at this time.

Behavioral Coregulation: Maternal Touch with Infant Affect

To explore the dyadic behavioral coregulation, we evaluated the correlation between
Maternal Touch and, respectively, Infant Negative Affect, Infant Positive Affect, and

Infant Gaze Aversion.

The results from Pearson’s r analysis indicated a negative correlation between
maternal nurturing touch and infant negative affect (r = -.494**, p = 0.009) during the
reunion following paper-ference episode, indicating greater negative affect during the
reunion in infants of mothers showing less nurturing touch A positive correlation also
has been found between maternal nurturing touch and infant positive affect during
reunion of paper-ference (r=0.477*, p =0.012), suggesting maternal nurturing touch,

positively, accompanied by infant positive affect.

No significant associations between maternal touch and infant gaze aversion were

found.



Chapter 5. Discussion

Our study aimed to explore the variations in thermal and behavioral responses of
infants aged 3 to 4 months and their mothers during interactions using an adapted
version of the still-face paradigm, including technoference and paper-ference. In these
scenarios, the dyadic interaction was interrupted as the mother was involved in filling
out a questionnaire either on paper (paper-ference) or digitally (technoference). This
disruption created a stressful situation for the infant.

Evidence from former research highlights the importance of safe and secure mother-
infant interaction during infancy and early childhood (Swider-Cios et al., 2024).
Through such interaction, the infant is more likely to achieve more efficient self-
regulation skills as well as less serious psychological and social developmental issues
(Montirosso et al., 2010). As infants express their emotions and inner states through
behavioral physiological responses, we can track the signs of infants’ stress and
insecurity through their behavioral expressions and facial temperature reactivities.
Porter and colleagues (2024) indicated that toddlers’ autonomic responses are

consistent with their experiencing affects.

Interestingly, emotional situations can influence not only infant affects and behaviors
but also their skin temperature. Ekman and colleagues (1983) expressed that higher
temperature is related to anger while lower temperature is related to sadness. Miyaji
and colleagues (2019) further indicated that pleasant and unpleasant emotions are
linked to different thermal responses. A possible mechanism underlying this variation
can be sympathetic vasoconstriction and parasympathetic vasodilation in the face
(Kashima & Hayashi, 2011). Both the sympathetic and parasympathetic systems
innervate the facial muscles and skin (Dana, 2020; Gibbons, 2019), assisting the body
to respond to thermal changes by either up-regulating or down-regulating through
vasomotion. According to the polyvagal theory, this regulation is a critical component
of the social engagement system (Aureli et al., 2015; Porges, 2003b). Yet, explaining
the emotions given the vasomotion and facial temperature variations would be

challenging, and further exploration is warranted.

Thermal variations can be observed in the nasal tip, nose, forehead, cheeks, perioral,
maxillary areas, periorbital, and supraorbital areas (Cardone & Merla, 2017). Previous



studies have displayed that stress is associated with a temperature decrease in facial
regions, particularly in the maxillary region, nasal tip, and cheeks. In contrast, an
increase in temperature in the periorbital and supraorbital areas corresponds to the
experience of pleasant emotions (Aureli et al., 2015). However, the periorbital and
forehead regions seem to be stress-insensitive in adults (Engert et al., 2014), and the
nasal tip shows more reliability among the regions (loannou et al., 2013). Evidence
exhibits that thermal variation in the nasal tip and maxillary area exposes sympathetic
activation while experiencing stressful moments (Ebisch et al., 2012) Yet, there is not
a solid consensus among the outcomes. In the current study, the behavioral and
thermal responses of infants and their mothers were recorded during the episodes of
still-face (through technoference and paper-ference) and reunions compared to a
baseline.



Chapter 5. Discussion

5.1 Thermal Findings

Previous studies have indicated that infant stress is accompanied by cardiac and
hormonal responses. For example, Haley (2011) found infant’s cortisol increases
during the still-face procedure, showing the HPA axis activation. Similarly, various
studies have concluded that cortisol, a biomarker of stress, increase in infants in
response to stressful situations, including still-face (Ginnell et al., 2022; Haley, 2011;
Provenzi et al., 2016). Furthermore, other investigations have revealed the association
of cardiac responses with the still-face procedure to discover how infants’ ANS
responds to the still-face procedure (Kolacz et al., 2022). Consistent with the findings
of autonomic responses to stress experience, we tried to discover autonomic

reactivation at the thermal level, as well.

Given objective 1, we measured the forehead and nasal tip temperatures of young
infants and their mothers during the experimental procedure. The results from
repeated measure ANOVA for infant forehead temperature demonstrated a significant
decrease during technoference and a marginally significant paper-ference compared
to free play (baseline) which might be indicative of sympathetic activation (Cardone &
Merla, 2017). Mizukami and colleagues (1990) confirm that infant facial skin
temperature decreases during stressful conditions. In line with this, Aureli and
colleagues (2015) found that infants’ forehead temperatures were higher during the
toy play episode compared to the still-face episode; suggesting that variations in
thermal levels may reflect the infants’ arousal and soothing mechanisms. Similarly,
Glney and colleagues reported an increase in skin temperature after shifting from the
baseline to relaxation (Okur Giiney et al., 2015).

Although the forehead temperature drops suggested a still-face effect during the
technoference and paper-ference, no significant variation was detected in nasal
temperature. In varied studies, infant nasal temperature was reported as a region of
interest in studying temperature changes during social interactions (Cardone & Merla,
2017; loannou et al., 2014; Nazzari et al., 2024). Although the nasal tip has been
identified as a reliable region for detecting stress signatures in adulthood, similar data
are lacking in early infancy. In a study, Aureli and colleagues (2015) observed an



increase in infant nose and forehead temperature during the still-face procedure,
suggesting a parasympathetic activation during the experiment.

Some methodological explanations might underline this null finding. During the
procedure (except for technoference and paper-ference episodes), mothers were
allowed to touch their infants. Touching and physical closeness can cause variations
in skin temperature (lJzerman et al., 2012; |Jzerman et al., 2018). In addition, as
presented in Figure 2 in Chapter 3, a rectangular box was used to record the forehead
temperature and a circle for the nose temperature (10x10 pixels). Due to the small
size of the infants’ noses, the circle measurement may not have been accurately taken
for the nose temperature. We also found that the infants’ forehead temperature during
technoference and paper-reference conditions was significantly lower than in both

reunion episodes.

We discovered a significant increase from the technoference condition to the reunion
following the technoference and the reunion following the paper-ference. Besides, we
observed an increase from the paper-ference condition to the reunion of the paper-
ference condition showing the full recovery during the reunion episode. As a
clarification, facial temperature, involving vasomotion, is a coordinated function of both
the sympathetic and parasympathetic nervous systems (Kashima & Hayashi, 2011).
An increase in cutaneous temperature is indicative of parasympathetic reactivation
while facing a soothing condition (Cardone & Merla, 2017). Scientific evidence has
shown that pleasant experiences are related to an increase in facial temperature as a
result of the parasympathetic vasodilation mechanism which brings about a
heightened facial skin blood flow (lzumi, 1995; Miyaji et al., 2019). In a mishap
paradigm project, loannou and colleagues (2013) found that the mishap of the toy
caused sympathetic arousal reflected in nasal temperature drop compared to the
baseline. Conversely, during the soothing episode following the mishap, there was an

increase in children’s nose temperature, reflecting the parasympathetic activation.

Regarding the maternal thermal responses, we found a significant decrease in
maternal forehead temperature from the free-play episode to paper-ference;
suggesting that the paper-ference episode was distressing for mothers. However,
such a decrease was not observed in the technoference episode. In addition, maternal
forehead temperature during the technoference episode was significantly higher than



the paper-ference episode, whereas this variation was not observed for infant thermal
analysis. Moreover, we discovered a thermal increase from technoference to the
reunions following the technoference and paper-ference episodes as well as an
increase from paper-ference to the reunion of paper-ference. The findings suggest that
the emotional dynamics and thermal cutaneous responses of mothers may vary

between episodes of distraction and re-engagement with the infant.

The observed variations in maternal thermal responses between technoference and
paper-ference episodes underscore how technological distractions influence maternal
stress levels, contrasting with smartphones' consistent impact on personal
engagement and attention. Smartphones have become integral to personal life and
many people are strongly connected to their devices, treating them as part of
themselves. This phenomenon, known as self-extended, makes people nervous while
putting their gadgets away and relaxed when connecting with them again (Belk, 2016;
Belk, 2013; Clayton et al., 2015; Okur Gliney et al., 2015; Turkle). Additionally, the
distracting effect of smartphones can reduce individuals' attentiveness to important
matters and commitments (Oraison et al., 2020). However, our results indicated that
the distracting effect does not impact engagement in paper tasks. So, technoference
is not more stressful than free play for mothers while paper-ference is. Ewin and
colleagues (2021) indicated that both digital and non-digital devices interfere with
dyadic interaction; however, parents tend to interact more with their children while
using non-digital tools compared to digital ones (Ewin et al., 2021). It may occur
because parents are less distracted by non-digital tools and more attuned to their inner

states.

Our findings also reveal a significant increase in maternal nasal temperature from the
free play episode to all other four episodes, suggesting a pattern of thermal response
to different levels of engagement and disengagement. Interestingly, we also observed
a marginal yet noteworthy increase in nasal temperature from the technoference
episode to the reunion following technoference. This shows that although
technological distractions (phubbing) generally lead to a decrease in maternal nasal
temperature, there may be a subsequent increase when the mother reengages with
the infant after a phubbing experience.



5.2 Behavioral Findings

In pursuit of objective two, repeated measures ANOVA for infant affect revealed a
significant increase in negative affect from the free play episode to all subsequent
episodes, including technoference, reunion of technoference, paper-ference, and
reunion of paper-ference. Additionally, Infant positive affect significantly decreased
during technoference and paper-ference compared to free play and both reunions.
These results suggest that infants exhibited higher levels of distress during
technoference and paper-ference. So, the experimental procedure overall may have

caused stress in the infants.

The infant comforting behaviors indicated an increase from free play to technoference
and reunion of technoference; the increase in the technoference phase was not
statistically significant while the reunion of technoference was. Additionally, infant
self-comforting behaviors in technoference and reunion of technoference were
significantly lower than paper-ference and reunion of paper-ference. Furthermore, the
analysis for the infant social bid indicated no differences across the episodes.
Additionally, the findings suggest that infants had a significant decrease in gaze at
parents during technoference and paper-ference. However, infants showed an
increase in gaze aversion from free play to the other four episodes, which suggests

the whole stressful procedure of the experiment.

The free-play episode serves as a baseline to measure infant attention and socio-
emotional expressions (Giusti et al., 2018). Through this episode, typical interactive
behaviors including gaze, vocalization, facial expressions, affective displays, and
tactile interactions are taken into consideration (Aureli et al., 2015; Ebisch et al., 2012;
Manini et al., 2013; Stockdale et al., 2020). Traditional studies of still-face have shown
that after the free-play episode, we observe a still-face effect which is characterized
by infant attempts, including cooing, crying, etc. to re-engagement which is
accompanied by loss of positive affect and increase in negative affect (Adamson &
Frick, 2003; Aureli et al., 2015; Chiodelli et al., 2020; Provenzi et al., 2016; Toda &
Fogel, 1993; Tronick et al., 2005). Our findings indicated that this still-face effect
occurs not only in the traditional version of still-face but also in the technoference and
paper-ference versions. Aligning with our findings, Porter and colleagues (2024)
demonstrated that toddlers experience less positive affect during a technoference



episode, reflected in an increase in heart rate and a decrease in respiratory sinus
arrhythmia. However, no variation in negative affect was reported across the episodes.

We did not see any recovery from technoference and paper-ference to the reunions
for the negative affect. Infants in both reunion episodes showed a significant increase
from baseline to reunions following technoference and paper-ference. Previous
studies have illustrated that a full recovery does not occur during the reunion and the
infant responses do not return to the baseline (Mesman, 2010). Yet, our findings did
not show any recovery in negative affect during the reunions following technoference
and paper-ference. Interestingly, regarding the positive affect, we observed a full
recovery in reunions following technoference and paper-ference. In other words, the

positive affect during reunion episodes returned to the baseline (free-play episode).

Myruski and colleagues (2018) utilized a technoference-modified version of the still-
face paradigm. They observed a decrease in infants' positive affect and an increase
in negative affect from free play to technoference, with no full recovery during
subsequent reunion episodes. Infants exhibited higher engagement levels during free
play compared to the reunion phases. Additionally, during technoference, infants
showed more social bids and explored their environment more actively than during the
reunion phases. In another study, scholars demonstrated that both maternal
smartphone usage and reading a magazine negatively affect the dyadic interaction
with the children compared to uninterrupted conditions (Lederer et al., 2022).

Gutierrez & Ventura (2021) indicated that maternal technoference during caring the
newborns predicts the infant's negative affectivity and lower attachment quality.
Tharner and colleagues (2022) found that maternal smartphone use is linked to being
less sensitive and less responsive to infants. This issue disrupts mother-infant

interactions, increasing the infant’s social distress.

5-3 Coregulation Findings

According to the poly-vagal theory, the parasympathetic system, specifically the
ventral vagal system, is responsible for social engagement (Porges, 2003b, 2021).
Myelinated vagal pathways facilitate parasympathetic regulation of the heart by
lowering heart rate and promoting calmness. These pathways contribute to social



engagement. The development of these systems occurs in early childhood which
improves the capacity for inter-personal coregulation and supports the soothing
system for social interaction. In the current study, while the Pearson correlation
analysis showed no significant dyadic thermal coregulation in the forehead, it was
found a nasal temperature coregulation during the reunion of technoference as
indicated by a positive correlation between maternal and infant nasal temperature. In
previous research projects, scholars have found some instances of thermal
coregulation between mother and child.

Ebisch and colleagues (2012) reported mother-child thermal coregulation through a
mishap paradigm involving children aged 38-42 months. Children were asked to play
with a toy that the experimenter introduced as her favorite. The toy was pre-
manipulated to break on the child’s hands, causing the impression that the child had
accidentally broken it. This experiment included 5 episodes: presenting the toy, the
child playing with it, the mishap of the toy breaking, the experimenter re-entering and
silently observing the top, and finally, soothing the child. Children’s mothers were
observing the entire procedure through a one-way mirror. They suggested empathy
as a core element impacting the autonomic coregulation in particular in thermal levels.
Compared to our study, since the children were more than 3 years old, they were
capable enough to show their distress, which their observing mother could more easily
perceive. If mothers closely observed their children while undergoing a stressful
paradigm, a higher degree of coregulation was found which was hypothesized to be
due to empathetic responses. So, it can be speculated that when mothers engage in
smartphone and paper tasks, this coregulation is interrupted.

Coregulation during the interaction is indicative of a heightened parasympathetic
activation, particularly in the ventral vagal system (Kolacz & Porges, 2024). Infants
achieve self-regulation through passing coregulation with parents (Lobo &
Lunkenheimer, 2020). Mothers admitted the fact that it is difficult to keep their attention
balanced between their children and smartphones. This attention division can interfere
with the coregulation process through dyadic interaction (Kushlev & Dunn, 2019).

Our findings from dyadic thermo-behavioral coregulation indicated a negative

correlation between maternal nurturing touch and infant negative affect during the



reunion of paper-ference. This means that infants and mothers show biobehavioral
coregulation. A positive correlation also has been found between maternal nurturing
touch and infant positive affect during reunion following paper-ference. Specifically,
greater maternal nurturing touch is associated with greater infant positive affect.

Moreno and colleagues (2006) showed that maternal touch is associated with infant
smile, vocalization, and eye contact during still-face (Moreno et al., 2006). The positive
maternal behaviors are mirrored by the infant's affect (Beebe et al., 2010); they form a
co-regulation; signifying that the mother’s affect affects the child’s and vice versa
(Somers et al., 2022).

Kolacz and colleagues (2021) posited that infant physiological responses are
coregulated with the mother during the interaction. In their study, they showed that
higher maternal prosody is associated with lower infant heart rates and reduced
behavioral distress. Tharner and colleagues (2022) found that maternal distraction
from the child is linked to being less sensitive and less responsive to infants. This issue

disrupts mother-infant interactions.

Physiological and biobehavioral coregulation during early childhood is the foundation
of later well-being and social interaction (Feldman, 2012b). Having an immature self-
regulatory system, newborns need to achieve self-regulation by passing a fine co-
regulation with the caregiver (Feldman, 2007b). As time passes, the autonomic
nervous system of the mother and infant becomes finely attuned to achieve an
attachment (Feldman et al., 2011). Infants can also regulate the mother through
rhythmic displays including crying, gazing, and so on; and these displays influence the
mother to downregulate or upregulate the baby (Adamson & Frick, 2003). We can
observe these kinds of synchronizations also through the release of hormones in
mothers. Changes in the hormone system of the mother help her to attune to the infant
precisely (Feldman, 2012a, 2012b)

Abney and colleagues (2021) discovered dyadic physiological synchrony in RSA
between mother and infant, indicating the role of the vagus nerve in autonomic
coregulation. Also, Feldman and colleagues (2011) found that autonomic coregulation
is enhanced during the presence of elements of synchrony including vocalization,

gaze, and affect are present. Therefore, it can be expected that during maternal



distractions, less coregulation happens, particularly regarding technoference and

paper-ference,

Limitations

As infrared thermal imaging is a novel measuring tool for recording autonomic
responses in dyadic interactions, its application in studies of mother-infant interaction
remains limited. This restricted application makes it challenging to interpret and
generalize the results confidently.

Furthermore, we lost some of our participants due to the challenges related to their
age. As the infants were less than 5 months old. This led to complications such as
infants arriving asleep or starting to cry, which interrupted and sometimes stopped the
session. It is also noteworthy that maternal distraction due to smartphone usage in

experimental settings is different from real-life experiences.

Moreover, our study was conducted with a relatively small sample size which can limit
the strength of conclusions. We were eager to classify participants into thermal
suppressors (infants showing a decrease in thermal response during interferences)
and non-suppressors (infants not showing a decrease in thermal response during
interferences) and conduct separate analyses for each group. However, due to the

small number of participants, we were unable to do so.

Additionally, our study employed a cross-sectional design, where the order of the two
conditions (technoference and paper-ference episodes) was counterbalanced within
the sample. Roughly half of the participants experienced technoference before paper-
ference, while the other half experienced them in the reverse order. The
counterbalancing of conditions might affect the generalizability of findings. The order
effectimplements a potential challenge, as any observed differences may be attributed
to the sequence rather than the actual conditions of technoference and paper-ference.

Future directions

In this thesis, we measured autonomic responses at the thermal level. It would be
beneficial and informative to examine other autonomic responses, such as cardiac

reactivity, to see if they align or not. Previous studies (e.g., Porter and colleagues,



2024) have demonstrated differentiation between vagal suppressors and non-
suppressors. With a larger sample size, it would be possible to investigate this aspect
in thermal responses, as well.

Touch, gaze, and vocalization are important elements for enhancing autonomic
coregulation. Future research could explore whether these synchronized interactions
lead to enhanced thermal coregulation. Ebisch and colleagues (2012) identified
empathy as an important factor in autonomic coregulation. It remains to be
investigated whether there are differences in autonomic coregulation between the
traditional face-to-face still-face paradigm and a technoference-modified version. It is
also noteworthy to explore the effect of maternal touch on facial temperature variations
during technoference.

Thermal regulation of facial skin is regulated through vasomotion mechanism which is
a function of ANS. Considering the role of the vagus nerve, it is suggested to study the
role of the vagus nerve in thermal regulation, in addition to exploring the differences

between vagal suppressors and non-suppressors.

Conclusions

The current study has pursued three objectives: examining thermal and behavioral
responses of infants and mothers to free play, still-face including technoference and
paper-ference, and reunions following the still-face conditions; exploring dyadic
thermal and behavioral coregulation.

Stressful conditions can impact infants’ autonomic responses. Interestingly, we found
a decrease in infant forehead temperature during maternal involvement in
technoference and paper-ference. However, during the reunions following the
technoference and paper-ference, we noted a recovery from these autonomic
variations. But no carry-over effect has appeared, signifying that the forehead
temperature returned to the baseline during the reunions following technoference and
paper-ference. It confirms the facial temperature decreases during stressful
conditions, but it returns to the baseline level after a brief recovery. It appears that
thermal changes are not steady and long-lasting, making them a suitable tool for
measuring short-term autonomic changes during the interactions. Yet, we found no
nasal temperature variation across episodes, highlighting the need for future studies
to address limitations and overcome current methodological and technical challenges.



We also found that maternal forehead temperature decreased in the paper-ference
condition compared to the baseline, while no similar change occurred during
technoference. It suggests that the extent to which paper-ference and technoference
are stressful for mothers varies. It seems that technoference is less stressful than
paper-ference. Reasons for these differential findings are still unknown but might
include, the level of distractibility involved compared to the baseline. Paper-ference
keeps mothers more aware of the situation and less absorbed than technoference.
Variations in maternal forehead temperature also indicated the recovery from both
technoference and paper-ference was complete, with temperatures returning to
baseline levels, similar to the pattern observed in infants’ forehead temperature. This
finding further confirms the short-lasting nature of the facial temperature. Nasal
temperature analysis for mothers suggested an increase in nasal temperature across
the remaining episodes. Notably, we observed an increase in maternal nasal
temperature from the baseline episode to the rest. Thus, it seems the overall
procedure is not as stressful for the mothers as it is for the infants. However, we still
observe the subtle soothing effects of reunions following technoference and paper-

ference in thermal level, evidenced by the increase in mothers’ nasal temperature.

Furthermore, we investigated thermal coregulation between mother and infant. As
expected, no thermal coregulation happened during technoference and paper-
ference. Autonomic coregulation strongly relies on cognitive and emotional
engagement, including empathy towards the other person. However, during
technoference and paper-ference there is no vocal, observational, or tactile
synchronization and thus no sensory connection. Noteworthy, we found a nasal
temperature coregulation during reunion following technoference. Further research is
needed to better understand the additional factors influencing thermal coregulation.

In conjunction with thermal changes, we also observed an increase in infant negative
affect throughout the procedure compared to baseline, with no changes found across
other episodes. Additionally, there was a decrease in infant positive affect during
technoference and paperference while no differences were found among the reunions
following technoference and paper-ference compared to baseline. Generally, we
observed increased infant negative affect and decreased infant negative affect during
technoference and paper-ference compared to the baseline. While there was no
recovery for the negative affect and a full recovery for the positive affect. It signifies



that during reunions of technoference and paper-ference, both negative affect and
positive affect were observed. In other words, we observed a still-face effect for
technoference and paper-ference and a carry-over effect only for infant negative
affect, as the infant positive affect showed full recovery.

Infants displayed heightened self-comforting behaviors across episodes compared to
baseline. It suggests that infants may use these behaviors to manage their stress
during interactions. Interestingly, they expressed more self-comforting behaviors
during the technoference section compared to paper-ference, as well as during the
reunion of technoference compared to the reunion of paper-ference, indicating that
infants perceive technoference as more disruptive or stressful, causing a stronger

need for self-comforting behaviors.

While maternal involvement in technoference and paper-ference, infants gaze less at
their mothers compared to baseline. Additionally, no carry-over effect was observed
in infants’ gaze toward mothers during subsequent interactions. Similarly, gaze
aversion increases from baseline across other episodes. Alongside behavioral
responses, behavioral coregulation was also explored. A negative association was
found between maternal nurturing touch and infant negative affect during the reunion
following paper-ference. It appears that when infants experience more negative affect,

mothers tend to increase nurturing touch to comfort them.

In conclusion, the ARIEL study explored how maternal distraction through smartphone
usage can influence an infant’s affect and distress, reflected in thermal cutaneous
responses. Given the pervasive role of smartphones in personal life, it is essential to
understand how they affect mother-infant interactions. Individual self-regulation stems
from dyadic coregulation during early childhood, making it vital to identify challenges
and address them securely. While the majority of studies have focused on behavioral
responses, autonomic reactivities also play a crucial role in the formation of self-
regulation. Infrared thermal imaging is a suitable technique in the neurodevelopmental
field to record and measure the autonomic responses at a thermal level during the
dyadic interaction. Due to the limited findings available with this method, further
investigations and research directions in this area are needed.



References

Abbas, A. K., Heimann, K., Blazek, V., Orlikowsky, T., & Leonhardt, S. (2012). Neonatal
infrared thermography imaging: analysis of heat flux during different clinical scenarios.
Infrared Physics & Technology, 55(6), 538-548.

Abney, D. H., daSilva, E. B., & Bertenthal, B. I. (2021). Associations between infant—-mother
physiological synchrony and 4-and 6-month-old infants’ emotion regulation.
Developmental psychobiology, 63(6), e22161.

Abney, D. H., Lewis, G. F., & Bertenthal, B. I. (2021). A method for measuring dynamic
respiratory sinus arrhythmia (RSA) in infants and mothers. Infant Behavior and
Development, 63, 101569.

Adamson, L. B., & Frick, J. E. (2003). The still face: A history of a shared experimental
paradigm. Infancy, 4(4), 451-473.

Al-Saggaf, Y., & O'Donnell, S. (2019). The role of state boredom, state of fear of missing out,
and state loneliness in state phubbing. The 30th Australasian Conference on
Information Systems: ACIS 2019,

Amaliyah, S., & Agustina, M. (2023). Technoference: Technology as' Third Person'in Romantic
and Family Relationships. Journal of Psychology and Instruction, 7(2).

Anderson, D. R., & Hanson, K. G. (2017). Screen media and parent-child interactions. Media
exposure during infancy and early childhood: The effects of content and context on
learning and development, 173-194.

Aureli, T., Grazia, A., Cardone, D., & Merla, A. (2015). Behavioral and facial thermal variations
in 3-to 4-month-old infants during the Still-Face Paradigm. Frontiers in Psychology, 6,
156156.

Aureli, T., Presaghi, F., & Garito, M. C. (2022). Mother-infant co-regulation during infancy:
Developmental changes and influencing factors. Infant Behavior and Development, 69,
101768.

Austelle, C. W., O'Leary, G. H., Thompson, S., Gruber, E., Kahn, A., Manett, A. J., Short, B.,
& Badran, B. W. (2022). A comprehensive review of vagus nerve stimulation for
depression. Neuromodulation: Technology at the Neural Interface, 25(3), 309-315.

Ayache, J., Dumas, G., Sumich, A., Kuss, D. J., Rhodes, D., & Heym, N. (2024). The «jingle-
jangle fallacy» of empathy: Delineating affective, cognitive and motor components of
empathy from behavioral synchrony using a virtual agent. Personality and Individual
Differences, 219, 112478.

Barbosa, M., Beeghly, M., Moreira, J., Tronick, E., & Fuertes, M. (2021). Emerging patterns of
infant regulatory behavior in the Still-Face paradigm at 3 and 9 months predict mother-
infant attachment at 12 months. Attachment & human development, 23(6), 814-830.

Bartkowski, W., Nowak, A., Czajkowski, F. |., Schmidt, A., & Mduller, F. (2023). In Sync:
Exploring Synchronization to Increase Trust Between Humans and Non-humanoid
Robots. Proceedings of the 2023 CHI Conference on Human Factors in Computing
Systems,



Beamish, N., Fisher, J., & Rowe, H. (2019). Parents’ use of mobile computing devices,
caregiving and the social and emotional development of children: a systematic review
of the evidence. Australasian Psychiatry, 27(2), 132-143.

Beebe, B., Jaffe, J., Markese, S., Buck, K., Chen, H., Cohen, P., Bahrick, L., Andrews, H., &
Feldstein, S. (2010). The origins of 12-month attachment: A microanalysis of 4-month
mother-infant interaction. Attachment & human development, 12(1-2), 3-141.

Beebe, B., & Lachmann, F. M. (2015). The expanding world of Edward Tronick.
Psychoanalytic Inquiry, 35(4), 328-336.

Beebe, B., Messinger, D., Bahrick, L. E., Margolis, A., Buck, K. A., & Chen, H. (2016). A
systems view of mother-infant face-to-face communication. Developmental
psychology, 52(4), 556.

Belk, R. (2016). Extended self and the digital world. Current Opinion in Psychology, 10, 50-
54.

Belk, R. W. (2013). Extended self in a digital world. Journal of consumer research, 40(3), 477-
500.

Bell, M. A. (2020). Mother-child behavioral and physiological synchrony. Advances in child
development and behavior, 58, 163-188.

Bonaz, B., Sinniger, V., & Pellissier, S. (2017). The vagus nerve in the neuro-immune axis:
implications in the pathology of the gastrointestinal tract. Frontiers in immunology, 8,
293876.

Bornstein, M. H., & Esposito, G. (2023). Coregulation: a multilevel approach via biology and
behavior. Children, 10(8), 1323.

Bozovic, D., Racic, M., & lvkovic, N. (2013). Salivary cortisol levels as a biological marker of
stress reaction. Med Arch, 67(5), 374-377.

Broeks, C. W., Kok, R., Choenni, V., Van, R., Hoogendijk, W., Hillegers, M., Kamperman, A.,
& Lambregtse-Van den Berg, M. P. (2021). Salivary cortisol reactivity in 6-month-old
infants of mothers with severe psychiatric disorders: findings from the face-to-face Still-
Face paradigm. Comprehensive Psychoneuroendocrinology, 7, 100078.

Busuito, A., & Moore, G. A. (2017). Dyadic flexibility mediates the relationship between parent
conflict and infants’ vagal reactivity during the Face-to-Face Still-Face. Developmental
psychobiology, 59(4), 449-459.

Butterfield, R. D., Silk, J. S., Lee, K. H., Siegle, G. S., Dahl, R. E., Forbes, E. E., Ryan, N. D.,
Hooley, J. M., & Ladouceur, C. D. (2021). Parents still matter! Parental warmth predicts
adolescent brain function and anxiety and depressive symptoms 2 years later.
Development and Psychopathology, 33(1), 226-239.

Cardone, D., & Merla, A. (2017). New frontiers for applications of thermal infrared imaging
devices: Computational psychophysiology in the neurosciences. Sensors, 17(5), 1042.

Carozza, S., & Leong, V. (2021). The role of affectionate caregiver touch in early
neurodevelopment and parent-infant interactional synchrony. Frontiers in
neuroscience, 14, 613378.



Carter, C. S., Kenkel, W. M., MacLean, E. L., Wilson, S. R., Perkeybile, A. M., Yee, J. R.,
Ferris, C. F., Nazarloo, H. P., Porges, S. W., & Davis, J. M. (2020). Is oxytocin “nature’s
medicine”? Pharmacological reviews, 72(4), 829-861.

Ceulemans, E., Bodner, N., Vandesande, S., Van Leeuwen, K., & Maes, B. (2019). Parent-
child interaction: A micro-level sequential approach in children with a significant
cognitive and motor developmental delay. Research in Developmental Disabilities, 85,
172-186.

Chiodelli, T., Rodrigues, O. M. P. R., Pereira, V. A., Santos, P. L. d., & Fuertes, M. (2020).
Interactive behaviors between mothers and their prematurely born infants in the face-
to-face Still-Face Paradigm. Estudos de Psicologia (Campinas), 37, e180164.

Cirelli, L. K., Einarson, K. M., & Trainor, L. J. (2014). Interpersonal synchrony increases
prosocial behavior in infants. Developmental Science, 17(6), 1003-1011.

Cirelli, L. K., Jurewicz, Z. B., & Trehub, S. E. (2020). Effects of maternal singing style on
mother-infant arousal and behavior. Journal of cognitive neuroscience, 32(7), 1213-
1220.

Clark, R., & Stothers, J. (1980). Neonatal skin temperature distribution using infra-red color
thermography. The Journal of Physiology, 302(1), 323-333.

Clayton, R. B., Leshner, G., & Alimond, A. (2015). The extended iSelf: The impact of iPhone
separation on cognition, emotion, and physiology. Journal of computer-mediated
communication, 20(2), 119-135.

Corkin, M. T., Henderson, A. M., Peterson, E. R., Kennedy-Costantini, S., Sharplin, H. S., &
Morrison, S. (2021). Associations between technoference, quality of parent-infant
interactions, and infants’ vocabulary development. Infant Behavior and Development,
64, 101611.

Crone, C. L., Rigoli, L. M., Patil, G., Pini, S., Sutton, J., Kallen, R. W., & Richardson, M. J.
(2021). Synchronous vs. non-synchronous imitation: Using dance to explore
interpersonal coordination during observational learning. Human Movement Science,
76, 102776.

Da Silva, M. A. H., & Dorsher, P. T. (2014). Neuroanatomic and clinical correspondences:
acupuncture and vagus nerve stimulation. The Journal of Alternative and
Complementary Medicine, 20(4), 233-240.

Dana, D. (2020). Polyvagal Exercises for Safety and Connection: 50 Client-Centered Practices
(Norton Series on Interpersonal Neurobiology). WW Norton & Company.

Dana, D. (2021). Anchored: How to befriend your nervous system using polyvagal theory.
Sounds True.

Daneshnia, N., Chechko, N., & Nehls, S. (2024). Do Parental Hormone Levels Synchronize
During the Prenatal and Postpartum Periods? A Systematic Review. Clinical Child and
Family Psychology Review, 1-19.

Davis, M. |, Delfosse, C. M., & Ventura, A. K. (2022). Infant Age Moderates Associations
between Infant Temperament and Maternal Technology Use during Infant Feeding and
Care. International journal of environmental research and public health, 19(19), 12858.



Delaherche, E., Chetouani, M., Mahdhaoui, A., Saint-Georges, C., Viaux, S., & Cohen, D.
(2012). Interpersonal synchrony: A survey of evaluation methods across disciplines.
IEEE Transactions on Affective Computing, 3(3), 349-365.

Demos, A. P., Chaffin, R., Begosh, K. T., Daniels, J. R., & Marsh, K. L. (2012). Rocking to the
beat: effects of music and partner's movements on spontaneous interpersonal
coordination. Journal of Experimental Psychology: General, 141(1), 49.

Ebisch, S. J., Aureli, T., Bafunno, D., Cardone, D., Romani, G. L., & Merla, A. (2012). Mother
and child in synchrony: thermal facial imprints of autonomic contagion. Biological
Psychology, 89(1), 123-129.

Eisenberger, N. |., & Lieberman, M. D. (2004). Why rejection hurts: a common neural alarm
system for physical and social pain. Trends in cognitive sciences, 8(7), 294-300.

Ekman, P. (2003). Darwin, deception, and facial expression. Annals of the New York Academy
of Sciences, 1000(1), 205-221.

Ekman, P., Levenson, R. W., & Friesen, W. V. (1983). Autonomic nervous system activity
distinguishes among emotions. science, 221(4616), 1208-1210.

Engert, V., Merla, A., Grant, J. A., Cardone, D., Tusche, A., & Singer, T. (2014). Exploring the
use of thermal infrared imaging in human stress research. PloS one, 9(3), €90782.

Ewin, C. A., Reupert, A., McLean, L. A., & Ewin, C. J. (2021). Mobile devices compared to
non-digital toy play: The impact of activity type on the quality and quantity of parent
language. Computers in Human Behavior, 118, 106669.

Feldman, R. (2006). From biological rhythms to social rhythms: Physiological precursors of
mother-infant synchrony. Developmental psychology, 42(1), 175.

Feldman, R. (2007a). On the origins of background emotions: from affect synchrony to
symbolic expression. Emotion, 7(3), 601.

Feldman, R. (2007b). Parent—infant synchrony and the construction of shared timing;
physiological precursors, developmental outcomes, and risk conditions. Journal of
Child Psychology and Psychiatry, 48(3-4), 329-354.

Feldman, R. (2012a). Bio-behavioral synchrony: A model for integrating biological and
microsocial behavioral processes in the study of parenting. Parenting, 12(2-3), 154-
164.

Feldman, R. (2012b). Parent-infant synchrony: A biobehavioral model of mutual influences in
the formation of affiliative bonds. Monographs of the Society for Research in Child
Development, 77(2), 42-51.

Feldman, R., & Eidelman, A. I. (2007). Maternal postpartum behavior and the emergence of
infant-mother and infant—father synchrony in preterm and full-term infants: The role of
neonatal vagal tone. Developmental psychobiology, 49(3), 290-302.

Feldman, R., Magori-Cohen, R., Galili, G., Singer, M., & Louzoun, Y. (2011). Mother and infant
coordinate heart rhythms through episodes of interaction synchrony. Infant Behavior
and Development, 34(4), 569-577.



Feldman, R., Singer, M., & Zagoory, O. (2010). Touch attenuates infants’ physiological
reactivity to stress. Developmental science, 13(2), 271-278.

Filippini, C., Perpetuini, D., Cardone, D., Chiarelli, A. M., & Merla, A. (2020). Thermal infrared
imaging-based affective computing and its application to facilitate human-robot
interaction: A review. Applied Sciences, 10(8), 2924.

Frankiensztajn, L. M., Elliott, E., & Koren, O. (2020). The microbiota and the hypothalamus-
pituitary-adrenocortical (HPA) axis, implications for anxiety and stress disorders.
Current opinion in neurobiology, 62, 76-82.

Friedland-Kays, E., & Dana, D. (2017). Being polyvagal: The polyvagal theory explained.
Windhorse Integrative Health.

Fuertes, M., da Costa Ribeiro, C., Barbosa, M., Gongalves, J., Teodoro, A. T., Almeida, R.,
Beeghly, M., Lopes dos Santos, P., & Laménica, D. A. C. (2021). Patterns of regulatory
behavior in the still-face paradigm at 3 months: A comparison of Brazilian and
Portuguese infants. PloS one, 16(6), €0252562.

Geller, S. M., & Porges, S. W. (2014). Therapeutic presence: neurophysiological mechanisms
mediating feeling safe in therapeutic relationships. Journal of Psychotherapy
Integration, 24(3), 178.

Ghazala, A. F., & Elshall, S. E. (2021). Application of National Education Technology
Standards as Perceived by Nursing Students and Its Relation to Their Problem-Solving
Skill during COVID-19 Disaster. International Journal of Higher Education, 10(2), 172-
187.

Gibbons, C. H. (2019). Basics of autonomic nervous system function. Handbook of Clinical
Neurology, 160, 407-418.

Ginnell, L., O’Carroll, S., Ledsham, V., Sanchez, L. J., Stoye, D. Q., Sullivan, G., Hall, J.,
Homer, N. Z., Boardman, J. P., & Fletcher-Watson, S. (2022). Emotion regulation and
cortisol response to the still-face procedure in preterm and full-term infants.
Psychoneuroendocrinology, 141, 105760.

Giusti, L., Provenzi, L., & Montirosso, R. (2018). Frontiers in Psychology, 9, 362422.

Golds, L., Gillespie-Smith, K., & MacBeth, A. (2024). Associations between maternal
smartphone use and mother-infant responsiveness: A cluster analysis of potential risk
and protective factors. Infant Mental Health Journal, 45(3), 341-353.

Gonzélez, H. F., Yengo-Kahn, A., & Englot, D. J. (2019). Vagus nerve stimulation for the
treatment of epilepsy. Neurosurgery Clinics, 30(2), 219-230.

Gordon, I., Zagoory-Sharon, O., Leckman, J. F., & Feldman, R. (2010). Oxytocin and the
development of parenting in humans. Biological psychiatry, 68(4), 377-382.

Gutierrez, S. A., & Ventura, A. K. (2021). Associations between maternal technology use,
perceptions of infant temperament, and indicators of mother-to-infant attachment
quality. Early human development, 154, 105305.

Haley, D. W. (2011). Relationship disruption stress in human infants: A validation study with
experimental and control groups. Stress, 14(5), 530-536.



Haley, D. W., & Stansbury, K. (2003). Infant stress and parent responsiveness: Regulation of
physiology and behavior during still-face and reunion. Child development, 74(5), 1534-
1546.

Ham, J., & Tronick, E. (2006). Infant resilience to the stress of the still-face: Infant and maternal
psychophysiology are related. Annals of the New York Academy of Sciences, 1094(1),
297-302.

Harrington, E. M., Trevino, S. D., Lopez, S., & Giuliani, N. R. (2020). Emotion regulation in
early childhood: Implications for socioemotional and academic components of school
readiness. Emotion, 20(1), 48.

Hoch, J. E., Ossmy, O., Cole, W. G., Hasan, S., & Adolph, K. E. (2021). “Dancing” together:
Infant—mother locomotor synchrony. Child development, 92(4), 1337-1353.

Hu, M., Zhai, G., Li, D., Fan, Y., Duan, H., Zhu, W., & Yang, X. (2018). Combination of near-
infrared and thermal imaging techniques for the remote and simultaneous
measurements of breathing and heart rates under sleep situation. PloS one, 13(1),
e0190466.

lani, C., Gopher, D., & Lavie, P. (2004). Effects of task difficulty and invested mental effort on
peripheral vasoconstriction. Psychophysiology, 41(5), 789-798.

IJzerman, H., Gallucci, M., Pouw, W. T., WeiBgerber, S. C., Van Doesum, N. J., & Williams,
K. D. (2012). Cold-blooded loneliness: Social exclusion leads to lower skin
temperatures. Acta Psychologica, 140(3), 283-288.

I[Jzerman, H., Neyroud, L., Courset, R., Schrama, M., Post, J., & Pronk, T. M. (2018). Socially
thermoregulated thinking: How past experiences matter in thinking about our loved
ones. Journal of Experimental Social Psychology, 79, 349-355.

loannou, S., Ebisch, S., Aureli, T., Bafunno, D., loannides, H. A., Cardone, D., Manini, B.,
Romani, G. L., Gallese, V., & Merla, A. (2013). The autonomic signature of guilt in
children: a thermal infrared imaging study. PloS one, 8(11), e79440.

loannou, S., Gallese, V., & Merla, A. (2014). Thermal infrared imaging in psychophysiology:
potentialities and limits. Psychophysiology, 51(10), 951-963.

loannou, S., Morris, P., Hassanain, H., Baker, M., Alkattan, F., Aimakadma, A. H., & Raddaoui,
L. (2021). Under the skin: Exploring 2-month-olds' thermal reactions in different social
interactions with mother and stranger. Infancy, 26(3), 352-368.

lzumi, H. (1995). Reflex parasympathetic vasodilatation in facial skin. General Pharmacology:
The Vascular System, 26(2), 237-244.

Kahya, Y., Ulug, S., Lee, S. H., & Beebe, B. (2023). Associations of maternal postpartum
depressive and anxiety symptoms with 4-month infant and mother self-and interactive
contingency of gaze, affect, and touch. Development and Psychopathology, 1-18.

Kahya, Y., Ulug, S., & Yusuf, K. (2022). The bidirectional view of mother-infant interaction by
gaze and facial affect. Turk Psikiyatri Dergisi, 33(1), 32.

Kashima, H., & Hayashi, N. (2011). Basic taste stimuli elicit unique responses in facial skin
blood flow. PloS one, 6(12), €28236.



Kolacz, J., daSilva, E. B., Lewis, G. F., Bertenthal, B. I., & Porges, S. W. (2022). Associations
between acoustic features of maternal speech and infants’ emotion regulation
following a social stressor. Infancy, 27(1), 135-158.

Kolacz, J., & Porges, S. W. (2024). Social Co-regulation of the Autonomic Nervous System
Between Infants and Their Caregivers. In WAIMH Handbook of Infant and Early
Childhood Mental Health: Biopsychosocial Factors, Volume One (pp. 169-183).
Springer.

Komisaruk, B. R., & Frangos, E. (2022). Vagus nerve afferent stimulation: projection into the
brain, reflexive physiological, perceptual, and behavioral responses, and clinical
relevance. Autonomic Neuroscience, 237, 102908.

Konrad, C., Berger-Hanke, M., Hassel, G., & Barr, R. (2021). Does texting interrupt imitation
learning in 19-month-old infants? Infant Behavior and Development, 62, 101513.

Konrad, C., Hillmann, M., Rispler, J., Niehaus, L., Neuhoff, L., & Barr, R. (2021). Quality of
mother-child interaction before, during, and after smartphone use. Frontiers in
psychology, 12, 616656.

Kushlev, K., & Dunn, E. W. (2019). Smartphones distract parents from cultivating feelings of
connection when spending time with their children. Journal of Social and Personal
Relationships, 36(6), 1619-1639.

Lang, M., Bahna, V., Shaver, J. H., Reddish, P., & Xygalatas, D. (2017). Sync to link:
Endorphin-mediated synchrony effects on cooperation. Biological Psychology, 127,
191-197.

Lapierre, M. A., & Zhao, P. (2022). Problematic smartphone use versus “technoference”:
Examining their unique predictive power on relational and life satisfaction. Psychology
of Popular Media.

Leclere, C., Viaux, S., Avril, M., Achard, C., Chetouani, M., Missonnier, S., & Cohen, D. (2014).
Why synchrony matters during mother-child interactions: a systematic review. PloS
one, 9(12), e113571.

Lederer, Y., Artzi, H., & Borodkin, K. (2022). The effects of maternal smartphone use on
mother-child interaction. Child development, 93(2), 556-570.

Lell, M. M., & Kachelrie3, M. (2020). Recent and upcoming technological developments in
computed tomography: high speed, low dose, deep learning, multienergy. Investigative
radiology, 55(1), 8-19.

Lengua, L. J., Ruberry, E. J., McEntire, C., Klein, M., & Jones, B. (2021). Preliminary
evaluation of an innovative, brief parenting program designed to promote self-
regulation in parents and children. Mindfulness, 12(2), 438-449.

Lewis, G. F., Gatto, R. G., & Porges, S. W. (2011). A novel method for extracting respiration
rate and relative tidal volume from infrared thermography. Psychophysiology, 48(7),
877-887.

Liu, C.-H., Yang, M.-H., Zhang, G.-Z., Wang, X.-X., Li, B., Li, M., Woelfer, M., Walter, M., &
Wang, L. (2020). Neural networks and the anti-inflammatory effect of transcutaneous
auricular vagus nerve stimulation in depression. Journal of Neuroinflammation, 17, 1-
11.



Liu, Q., Wu, J., Zhou, Z., & Wang, W. (2020). Parental technoference and smartphone
addiction in Chinese adolescents: The mediating role of social sensitivity and
loneliness. Children and Youth Services Review, 118, 105434.

Lobo, F. M., & Lunkenheimer, E. (2020). Understanding the parent-child coregulation patterns
shaping child self-regulation. Developmental psychology, 56(6), 1121.

Mackay, L. J., Komanchuk, J., Hayden, K. A., & Letourneau, N. (2022). Impacts of parental
technoference on parent-child relationships and child health and developmental
outcomes: a scoping review protocol. Systematic reviews, 11(1), 45.

MacLean, P. C., Rynes, K. N., Aragon, C., Caprihan, A., Phillips, J. P., & Lowe, J. R. (2014).
Mother-infant mutual eye gaze supports emotion regulation in infancy during the still-
face paradigm. Infant Behavior and Development, 37(4), 512-522.

Mahmud, I., Supramaniam, K., Jahan, N., Begum, A., & Masud, A. (2024). Dark Side of Mobile
Phone Technology: Assessing the Impact of Self-Phubbing and Partner-Phubbing on
Life Satisfaction. Interdisciplinary Journal of Information, Knowledge, and
Management, 18, 893-914.

Manini, B., Cardone, D., Ebisch, S. J., Bafunno, D., Aureli, T., & Merla, A. (2013). Mom feels
what her child feels: thermal signatures of vicarious autonomic response while
watching children in a stressful situation. Frontiers in human neuroscience, 7, 299.

McDaniel, B., & Bruess, C. (2013). Technoference”: Everyday intrusions and interruptions of
technology in couple and family relationships. Family communication in the age of
digital and social media.

McDaniel, B. T., & Coyne, S. M. (2016). “Technoference”: The interference of technology in
couple relationships and implications for women’s personal and relational well-being.
Psychology of popular media culture, 5(1), 85.

McDaniel, B. T., & Drouin, M. (2019). Daily technology interruptions and emotional and
relational well-being. Computers in Human Behavior, 99, 1-8.

McDaniel, B. T., Galovan, A. M., & Drouin, M. (2021). Daily technoference, technology use
during couple leisure time, and relationship quality. Media Psychology, 24(5), 637-665.

McDaniel, B. T., & Radesky, J. S. (2018). Technoference: Parent distraction with technology
and associations with child behavior problems. Child development, 89(1), 100-109.

McDaniel, B. T., & Wesselmann, E. (2021). “You phubbed me for that?” Reason given for
phubbing and perceptions of interactional quality and exclusion. Human Behavior and
Emerging Technologies, 3(3), 413-422.

McFarland, D. H., Fortin, A. J., & Polka, L. (2020). Physiological measures of mother—infant
interactional synchrony. Developmental psychobiology, 62(1), 50-61.

Mesman, J. (2010). Maternal responsiveness to infants: Comparing micro-and macro-level
measures. Aftachment & human development, 12(1-2), 143-149.

Miyaji, A., Hayashi, S., & Hayashi, N. (2019). Regional differences in facial skin blood flow
responses to thermal stimulation. European journal of applied physiology, 119, 1195-
1201.



Mizukami, K., Kobayashi, N., Ishii, T., & Iwata, H. (1990). First selective attachment begins in
early infancy: A study using telethermography. Infant Behavior and Development,
13(8), 257-271.

Moberg, K. U., Handlin, L., & Petersson, M. (2020). Neuroendocrine mechanisms involved in
the physiological effects caused by skin-to-skin contact-With a particular focus on the
oxytocinergic system. Infant Behavior and Development, 61, 101482.

Monitoring, C., & Join, W. (2015). Clinical Thermography Standards & Guidelines.
https://iactthermography.org/medical-infrared-imaging/#quideline2

Montirosso, R., Borgatti, R., Trojan, S., Zanini, R., & Tronick, E. (2010). A comparison of
dyadic interactions and coping with still-face in healthy pre-term and full-term infants.
British Journal of Developmental Psychology, 28(2), 347-368.

Montirosso, R., Provenzi, L., Tronick, E., Morandi, F., Reni, G., & Borgatti, R. (2014). Vagal
tone as a biomarker of long-term memory for a stressful social event at 4 months.
Developmental psychobiology, 56(7), 1564-1574.

Moore, G. A., & Calkins, S. D. (2004). Infants' vagal regulation in the still-face paradigm is
related to dyadic coordination of mother-infant interaction. Developmental psychology,
40(6), 1068.

Moreno, A. J., Posada, G. E., & Goldyn, D. T. (2006). Presence and quality of touch influence
coregulation in mother—infant dyads. Infancy, 9(1), 1-20.

Morris, A. J., Filippetti, M. L., & Rigato, S. (2022). The impact of parents’ smartphone use on
language development in young children. Child Development Perspectives, 16(2),
103-109.

Myruski, S., Gulyayeva, O., Birk, S., Pérez-Edgar, K., Buss, K. A., & Dennis-Tiwary, T. A.
(2018). Digital disruption? Maternal mobile device use is related to infant social-
emotional functioning. Developmental science, 21(4), e12610.

Nakanishi, R., & Imai-Matsumura, K. (2008). Facial skin temperature decreases in infants with
joyful expression. Infant Behavior and Development, 31(1), 137-144.

Nazzari, S., Darvehei, F., Jensen, E., Samoukina, A., & Provenzi, L. (2024). Infrared thermal
imaging as a potential tool for investigating early social interaction: a developmental
perspective. Authorea Preprints.

Neff, K. (2011). Self-compassion: The proven power of being kind to yourself. Hachette UK.

Nguyen, D. (2024). Is there a Relationship between Parents' Screen Usage and Young
Children’s Development? University of Plymouth].

Okur Giney, Z., Sattel, H., Cardone, D., & Merla, A. (2015). Assessing embodied
interpersonal emotion regulation in somatic symptom disorders: a case study. Frontiers
in psychology, 6, 68.

Oraison, H., Nash-Dolby, O., Wilson, B., & Malhotra, R. (2020). Smartphone distraction-
addiction: Examining the relationship between psychosocial variables and patterns of
use. Australian Journal of Psychology, 72(2), 188-198.


https://iactthermography.org/medical-infrared-imaging/#guideline2

Ostfeld-Etzion, S., Golan, O., Hirschler-Guttenberg, Y., Zagoory-Sharon, O., & Feldman, R.
(2015). Neuroendocrine and behavioral response to social rupture and repair in
preschoolers with autism spectrum disorders interacting with mother and father.
Molecular autism, 6, 1-13.

Pereira, C. B., Yu, X., Goos, T., Reiss, ., Orlikowsky, T., Heimann, K., Venema, B., Blazek,
V., Leonhardt, S., & Teichmann, D. (2018). Noncontact monitoring of respiratory rate
in newborn infants using thermal imaging. IEEE transactions on Biomedical
Engineering, 66(4), 1105-1114.

Pinna, T., & Edwards, D. J. (2020). A systematic review of associations between interoception,
vagal tone, and emotional regulation: Potential applications for mental health,
wellbeing, psychological flexibility, and chronic conditions. Frontiers in psychology, 11,
1792.

Porges, S. W. (1995). Orienting in a defensive world: Mammalian modifications of our
evolutionary heritage. A polyvagal theory. Psychophysiology, 32(4), 301-318.

Porges, S. W. (2003a). The polyvagal theory: Phylogenetic contributions to social behavior.
Physiology & behavior, 79(3), 503-513.

Porges, S. W. (2003b). Social engagement and attachment: a phylogenetic perspective.
Annals of the new York Academy of sciences, 1008(1), 31-47.

Porges, S. W. (2011). The polyvagal theory: Neurophysiological foundations of emotions,
attachment, communication, and self-regulation (Norton series on interpersonal
neurobiology). WW Norton & Company.

Porges, S. W. (2021). Polyvagal Safety: Attachment, Communication, Self-Regulation (IPNB).
WW Norton & Company.

Porges, S. W. (2022). Polyvagal theory: A science of safety. Frontiers in integrative
neuroscience, 16, 871227.

Porter, C. L., Coyne, S. M., Chojnacki, N. A., McDaniel, B. T., Reschke, P. J., & Stockdale, L.
A. (2024). Toddlers’ physiological response to parent's mobile device distraction and
technoference. Developmental psychobiology, 66(2), e22460.

Porter, C. L., Yang, C., Jorgensen, N. A., & Evans-Stout, C. (2022). Development of mother-
infant co-regulation: The role of infant vagal tone and temperament at 6, 9, and 12
months of age. Infant Behavior and Development, 67, 101708.

Procyk, S. M. (2020). The Magic of Polyvagal Theory: Inviting Vulnerability and Facilitating
Safety Through Coregulation, Touch, and Micro Interactions. Pacifica Graduate
Institute.

Provenzani, U. (2020). Emotional processing and heart activity. Brain and Heart Dynamics,
213-227.

Provenzi, L. (2023). https://www.devpsychobiology.com/projects

Provenzi, L., Casini, E., De Simone, P., Reni, G., Borgatti, R., & Montirosso, R. (2015).
Mother—infant dyadic reparation and individual differences in vagal tone affect 4-
month-old infants’ social stress regulation. Journal of experimental child psychology,
140, 158-170.


https://www.devpsychobiology.com/projects

Provenzi, L., Giusti, L., & Montirosso, R. (2016). Do infants exhibit significant cortisol reactivity
to the Face-to-Face Still-Face paradigm? A narrative review and meta-analysis.
Developmental Review, 42, 34-55.

Provenzi, L., Scotto di Minico, G., Giusti, L., Guida, E., & Mdiller, M. (2018). Disentangling the
dyadic dance: theoretical, methodological and outcomes systematic review of mother-
infant dyadic processes. Frontiers in psychology, 9, 319961.

Puhakka, I. J., & Peltola, M. J. (2020). Salivary cortisol reactivity to psychological stressors in
infancy: A meta-analysis. Psychoneuroendocrinology, 115, 104603.

Pulopulos, M. M., Baeken, C., & De Raedt, R. (2020). Cortisol response to stress: The role of
expectancy and anticipatory stress regulation. Hormones and behavior, 117, 104587.

Quintana, D. S., & Guastella, A. J. (2020). An allostatic theory of oxytocin. Trends in cognitive
sciences, 24(7), 515-528.

Reed, J., Hirsh-Pasek, K., & Golinkoff, R. M. (2017). Learning on hold: Cell phones sidetrack
parent-child interactions. Developmental psychology, 53(8), 1428.

Roberts, J. A., & David, M. E. (2023). Partner Phubbing and Relationship Satisfaction among
High and Low Reward Romantic Partners: An Expectancy Violations Theory
Perspective. International Journal of Human—-Computer Interaction, 1-10.

Rose, J. (2024). Critical processes for infant development—an interview with Professor Edward
Tronick. Norland Educare Research Journal, 2(1), 1-6.

Russell, D., & Gleason, M. M. (2018). Starting early: Promoting emotional and behavioral well-
being in infant and toddler well-child care. Pediatric Annals, 47(8), e317-e322.

Saffaryazdi, N., Wasim, S. T., Dileep, K., Nia, A. F., Nanayakkara, S., Broadbent, E., &
Billinghurst, M. (2022). Using facial micro-expressions in combination with EEG and
physiological signals for emotion recognition. Frontiers in psychology, 13, 864047.

Scatliffe, N., Casavant, S., Vittner, D., & Cong, X. (2019). Oxytocin and early parent-infant
interactions: A systematic review. International journal of nursing sciences, 6(4), 445-
453.

Schwartz, A. (2018). Connection and co-regulation in psychotherapy. Dr. Arielle Schwartz.

Sheibani, S., Capua, L., Kamaei, S., Akbari, S. S. A., Zhang, J., Guerin, H., & lonescu, A. M.
(2021). Extended gate field-effect-transistor for sensing cortisol stress hormone.
Communications materials, 2(1), 10.

Shiwlani, A., Khan, M., Sherani, A. M. K., & Qayyum, M. U. (2023). Synergies of Al and Smart
Technology: Revolutionizing Cancer Medicine, Vaccine Development, and Patient
Care. International Journal of Social, Humanities and Life Sciences, 1(1), 10-18.

Skoranski, A. M., Lunkenheimer, E., & Lucas-Thompson, R. G. (2017). The effects of maternal
respiratory sinus arrhythmia and behavioral engagement on mother-child physiological
coregulation. Developmental psychobiology, 59(7), 888-898.



Somers, J. A., Luecken, L. J., McNeish, D., Lemery-Chalfant, K., & Spinrad, T. L. (2022).
Second-by-second infant and mother emotion regulation and coregulation processes.
Development and psychopathology, 34(5), 1887-1900.

Stephen, P., & Eichhorn, N. (2017). The pocket guide to the polyvagal theory: The
transformative power of feeling safe. Norton.

Stockdale, L. A., Porter, C. L., Coyne, S. M., Essig, L. W., Booth, M., Keenan-Kroff, S., &
Schvaneveldt, E. (2020). Infants’ response to a mobile phone modified still-face
paradigm: Links to maternal behaviors and beliefs regarding technoference. Infancy,
25(5), 571-592.

Suchecki, D. (2018). Maternal regulation of the infant's hypothalamic-pituitary-adrenal axis
stress response: Seymour ‘Gig’Levine's legacy to neuroendocrinology. Journal of
Neuroendocrinology, 30(7), e12610.

Sundqvist, A., Heimann, M., & Koch, F.-S. (2020). Relationship between family technoference
and behavior problems in children aged 4-5 years. Cyberpsychology, Behavior, and
Social Networking, 23(6), 371-376.

Swider-Cios, E., Turk, E., Levy, J., Beeghly, M., Vroomen, J., & van den Heuvel, M. |. (2024).
The association of maternal-infant interactive behavior, dyadic frontal alpha
asymmetry, and maternal anxiety in a smartphone-adapted still face paradigm.
Developmental Cognitive Neuroscience, 66, 101352.

Tejedor, S., Cervi, L., Pérez-Escoda, A., & Tusa, F. (2020). Smartphone usage among
students during COVID-19 pandemic in Spain, ltaly and Ecuador. Eighth International
Conference on Technological Ecosystems for Enhancing Multiculturality,

Tharner, A., Mortensen, A. H., Holmsgaard, E. M., & Vaver, M. S. (2022). Mothers’
smartphone use and mother-infant interactive behavior in the postpartum period.
Pediatric Research, 91(1), 8-11.

Timmons, A. C., Margolin, G., & Saxbe, D. E. (2015). Physiological linkage in couples and its
implications for individual and interpersonal functioning: A literature review. Journal of
family psychology, 29(5), 720.

Toda, S., & Fogel, A. (1993). Infant response to the still-face situation at 3 and 6 months.
Developmental psychology, 29(3), 532.

Tronick, E. (2007). The neurobehavioral and social-emotional development of infants and
children. WW Norton & Company.

Tronick, E., Brazelton, T. B., & Als, H. (1978). The structure of face-to-face interaction and its
developmental functions. Sign Language Studies(18), 1-16.

Tronick, E., Messinger, D., Weinberg, M., Lester, B., LaGasse, L., Seifer, R., Bauer, C.,
Shankaran, S., Bada, H., & Wright, L. (2005). Cocaine exposure is associated with
subtle compromises of infants' and mothers' social-emotional behavior and dyadic
features of their interaction in the face-to-face still-face paradigm. Developmental
psychology, 41(5), 711.

Tronick, E. Z., & Cohn, J. F. (1989). Infant-mother face-to-face interaction: Age and gender
differences in coordination and the occurrence of miscoordination. Child development,
85-92.



Tsai, S.-F., & Kuo, Y.-M. (2024). The Role of Central Oxytocin in Autonomic Regulation.
Journal of Physiological Investigation, 67(1), 3-14.

Tarel, Y. K., & Dokumaci, O. (2022). Use of media and technology, academic procrastination,
and academic achievement in adolescence. Participatory Educational Research, 9(2),
481-497.

Turkle, S. alone together why we expect more from technology and less from each other. pdf.

Valdesolo, P., & DeSteno, D. (2011). Synchrony and the social tuning of compassion.
Emotion, 11(2), 262.

van Essen, C. M. (2024). Associations Between Expectancy Violations and International
Students' Perceptions of Acculturation, Loneliness and Emotional Well-Being.

Vittner, D., McGrath, J., Robinson, J., Lawhon, G., Cusson, R., Eisenfeld, L., Walsh, S.,
Young, E., & Cong, X. (2018). Increase in oxytocin from skin-to-skin contact enhances
development of parent—infant relationship. Biological research for nursing, 20(1), 54-
62.

Wang, J. C., Hsieh, C.-Y., & Kung, S.-H. (2023). The impact of smartphone use on learning
effectiveness: A case study of primary school students. Education and Information
Technologies, 28(6), 6287-6320.

Wang, P., Wang, S. C., Liu, X, Jia, S., Wang, X,, Li, T., Yu, J., Parpura, V., & Wang, Y.-F.
(2022). Neural functions of hypothalamic oxytocin and its regulation. ASN neuro, 14,
17590914221100706.

Weinberg, M. K., & Tronick, E. Z. (1998). The impact of maternal psychiatric illness on infant
development. Journal of clinical psychiatry, 59(2), 53-61.

Williams, L. E., & Bargh, J. A. (2008). Experiencing physical warmth promotes interpersonal
warmth. science, 322(5901), 606-607.

Yan, W.-J., Wang, S.-J., Chen, Y.-H., Zhao, G., & Fu, X. (2015). Quantifying micro-
expressions with constraint local model and local binary pattern. Computer Vision-
ECCV 2014 Workshops: Zurich, Switzerland, September 6-7 and 12, 2014,
Proceedings, Part | 13,

Yap, J. Y., Keatch, C., Lambert, E., Woods, W., Stoddart, P. R., & Kameneva, T. (2020).
Critical review of transcutaneous vagus nerve stimulation: challenges for translation to
clinical practice. Frontiers in neuroscience, 14, 284.

Yato, Y., Kawai, M., Negayama, K., Sogon, S., Tomiwa, K., & Yamamoto, H. (2008). Infant
responses to maternal still-face at 4 and 9 months. Infant Behavior and Development,
31(4), 570-577.

Zayia, D., Parris, L., McDaniel, B., Braswell, G., & Zimmerman, C. (2021). Social learning in
the digital age: Associations between technoference, mother-child attachment, and
child social skills. Journal of school psychology, 87, 64-81.

Zhou, S. K., Greenspan, H., Davatzikos, C., Duncan, J. S., Van Ginneken, B., Madabhushi,
A., Prince, J. L., Rueckert, D., & Summers, R. M. (2021). A review of deep learning in



medical imaging: Imaging traits, technology trends, case studies with progress
highlights, and future promises. Proceedings of the IEEE, 109(5), 820-838.

Zivan, M., Gashri, C., Habuba, N., & Horowitz-Kraus, T. (2022). Reduced mother-child brain-
to-brain synchrony during joint storytelling interaction interrupted by a media usage.
Child Neuropsychology, 28(7), 918-937.

Zurloni, V., Diana, B., Cavalera, C., Argenton, L., Elia, M., & Mantovani, F. (2015). Deceptive
behavior in doping related interviews: the case of Lance Armstrong. Psychology of
Sport and Exercise, 16, 191-200.



Appendix

INFANT BEHAVIORAL RESPONSE TO TECHNOFERENCE CODING
SYSTEM

This system has been adapted from Stockdale et al., 2020 and is a tool to assess
infants’ micro-analytical response to episodes of technoference during mother-infant
interaction using the Noldus Observer XT.

Scales Description Variable | Noldus Noldus
Type coding key

Infant Affect | 1) Negative: Negative State A. Negative al = start
vocalizations, facial or body event aff a2 = start
expressions: screeching, (duration) | A. Neutral aff | a3 = start
screaming, crying, fussiness, A. Positive aff
protesting, withdrawn,
arching, twisting back, yawn. “initial-

2) Neutral: The infant does not state:
display clear positive or Neutral
negative emotionality through
facial expression or other
modalities

3) Positive: Positive
vocalizations or facial
expressions: laughing,
cooing, smiling, vocalizations
with a positive tone etc.

Infant self- | Any kind of self-comforting | State B. Self- s1= start

comforting behaviors such as sucking | event comforting s2= stop

thumb, rubbing face or head, | (duration)

holding ear, rubbing feet or

hands together repetitively(not

spastic movements) etc. (not

including chewing or sucking lip

behaviors)

Infant gaze | 1) Gaze to mother face: State C. Parent g1= start
infant’s gaze is directed event orientation g2= start
toward mother’s face (duration) | C. Hands g3 = start

2) Gaze to parent’s hands: the orientation g4 = start
infant’s attentional focus is on C. Object
maternal hands or held orientation
objects (i.e., smartphone or C. Averting
questionnaire) * use only “initial-
when very confident state:

3) Gaze to other objects in the parent
room: The infant's attentional orientation
focus is on an object (default)
(different from maternal




hands, smartphone or
questionnaire), the infant
might be exploring or
scanning visually the object
(e.g. 360 camera).

4) Avoiding/averting gaze: The
infant attentional focus is not
on objects or mother. The
gaze appears lost. There is
no eye movements
suggesting that the infant is
engaged in active visual
scanning or exploration of the
environment. Use also when
an infant is distressed and
closing eyes.

Infant social | Making attempt to get the | Point D. Social Bid | b =yes
bid attention of the parent either | event
physically or vocally, either in a
negative, positive or neutral way.
It includes gesturing to be picked
up, leaning forward,attention-
seeking vocalizations etc. (may
be useful to have a second coder
confirm)
Infant The infant face is totally or | State E. Infant face | n1 = start
control partially covered and/or is not | event is not visible | (non-
possible to code the infant | (duration) | and/or cannot | codable
behavior for technical issues. be coded for | part)
technical y1 = stop
reasons.
Maternal 1) No touch: The parent does State F. No touch t1 = start
touch not touch the infant. Use this | event F. Negative t2 = start
code also for “cannot see”, (duration) | F. Scaffolding | t3 = start
“accidental” and “unspecified” F. Nurturing | t4 = start
touch occurrences.
2) Negative: Parent touch is
somehow non-contingent, “initial-
intrusive and provokes state: No
negative responses and touch

stress in the infant. The touch
may be intrusive, awkward,
overwhelming, rough, etc. For
instance, code was used
when mother disrupts infant
self-regulating behavior (ie.
removing hand from mouth)
resulting in infant distress.




3) Scaffolding: Touch that has
an instrumental/utilitarian,
pragmatical (such as
supporting the posture or
moving the body of the
infant), cognitive function
(such as attention getting).
Use this code also for the
“static” touch.

4) Nurturing: touch that can be
playful or affectionate

Maternal 1) No voice: The parent is State G. No voice | vl = start
voice silent. Use this code also for | event G. Negative | v2 = start
“cannot hear” or unspecified” | (duration) | G. v3 = start
vocal occurrences by the Scaffolding v4 = start
parent. G. Nurturing
2) Negative: Verbalizations that
communicate rejection or
negative comments on “initial-
infants’ behavior state: No
3) Scaffolding: Verbalizations voice
that includes requests,
explanations, attempts to get
the attention to the infant,
directiveness.
4) Nurturing: Verbalizations
that includes playful vocal
productions (singing,
laughing, nursery rhymes),
mirroring previous vocal or
gesture outputs of the infant,
affectionate comments,
soothing speech, mind-
related comments.
Maternal Maternal hands are totally or State H. maternal n2 = start
control partially covered and/or it is not | event hands are not | (non-
possible to code maternal (duration) | visible and/or | codable
behavior for technical reasons touch or part)
voice cannot | y2 = stop
be coded for
technical
reasons.
Episode 1) Trash (before/after the SF State l. trash e0 = start
procedure) event l. free play el = start
2) Free play (duration) | I. techno e2 = start
3) Technopherence l. paper e3 = start
4) Paperpherence l. reunion e4 = start
5) Reunion techno techno e5 = start
6) Reunion paper l. reunion

paper




*initial-
state:
Trash
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