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Resumé

Contexte théorique et objectifs généraux : La régulation des émotions est cruciale pour
comprendre comment la relation parent-enfant fagonne le développement psychologique de
l'enfant. Cette étude se concentre sur la maniére dont les interactions précoces avec les parents
influencent la capacité des enfants a réguler leurs émotions, observables au niveau
physiologique. Alors que la recherche passée s'est principalement concentrée sur la relation
mere-enfant, I'impact spécifique de la relation pére-enfant sur la régulation physiologique de
I’enfant doit étre davantage investigué. Les comportements parentaux jouent un rdle crucial dans
le fagonnement des interactions précoces. Des études antérieures ont montré que les symptomes
dépressifs prénataux des parents et le temps partagé entre parent et enfant influencent les
comportements parentaux et les relations parent-enfant, et ont finalement une incidence sur les
interactions parent-enfant. Cependant, ces résultats sont principalement basés sur des études
impliquant des meres, négligeant ainsi l'influence des péres au sein de la famille. Les objectifs

généraux de cette thése visent a combler ces lacunes dans la recherche passée.

Méthodes : 119 familles ont été recrutées pendant la grossesse. Trois mois apres l'accouchement,
les familles ont été invitées a une rencontre dans un laboratoire de 1'Université de Geneve.
Chaque parent a été invité a interagir avec I’enfant pendant que l'autre attendait a I'extérieur de la
picce. Ces interactions ont été enregistrées, et des évaluations de la synchronie interactive ont été
menées pour mesurer la qualité des interactions. Pendant les interactions, un
¢lectrocardiogramme (ECQG) a également été enregistré chez I’enfant pour mesurer le tonus
vagal, un indicateur des capacités de régulation. De plus, les parents ont rempli des

questionnaires avant la naissance et dans les quatre semaines suivant la rencontre au laboratoire.



Résultats : Globalement, les résultats de cette étude confirment l'influence des interactions mére-
enfant sur la régulation physiologique de I'enfant. Les péres n'influencent pas directement les
processus de régulation physiologique de I'enfant, mais passer plus de temps avec lui en présence
de la meére augmente la probabilité d'influences directes. Les péres pourraient suivre un chemin
d'influence indirect en raison de leur impact sur les interactions mere-enfant et les processus de
régulation de I'enfant pendant ces interactions. Les résultats ont montré que les influences
mutuelles entre les membres de la famille jouent un role dans les processus de régulation des
enfants, car elles contribuent a l'impact négatif des symptomes dépressifs prénataux des parents

sur les interactions parent-enfant.

Conclusions : En conclusion, I'étude souligne I'importance de considérer les interactions
familiales au-dela de la dyade mére-enfant pour une compréhension plus approfondie du
développement des capacités de régulation émotionnelle de I'enfant. L'étude contribue également
a une meilleure compréhension du rdle des péres dans le développement de la régulation
émotionnelle des enfants et des interactions au sein de la famille, ce qui aide a clarifier 1'impact

des interactions familiales sur le développement socio-émotionnel précoce.



Abstract

Theoretical background and general objectives: Emotion regulation (ER) is crucial in
understanding how the parent-child relationship shapes the child's psychological development.
This study focuses on how early interactions with parents shape infants' ability to regulate
emotions, which are observable at a physiological level. While research has mainly focused on
the mother-infant relationship, the specific impact of the father-infant relationship on neonatal
physiological regulation needs to be more noticed. Parenting behaviors have a crucial role in
shaping early interactions. Previous studies indicate that parental prenatal depressive symptoms
and parent-infant shared time are influencing factors of parenting behaviors and parent-infant
relationships in early infancy, ultimately influencing parent-infant interactions. However, these
findings are mainly based on studies involving mothers overlooking the influence of fathers

within the family. The general objectives of this thesis are based on these gaps.

Methods: 119 families were recruited during pregnancy. At three months postpartum, the
families were invited to a meeting in a laboratory at the University of Geneva. Each parent was
requested to interact with the infant while the other waited outside the room. These interactions
were recorded, and interactive synchrony assessments were conducted to measure the quality of
interactions. During interactions, an electrocardiogram (ECG) was also recorded in the infant to
measure vagal tone, an indicator of ER abilities. Furthermore, parents completed questionnaires

before birth and in the four weeks following the meeting in the laboratory.

Results: Overall, the results of this study confirm the impact of mother-infant interactions on the
infant's physiological regulation. Fathers do not directly influence infants' regulatory processes,

but an increased time spent with the infant in the mother's presence heightens the likelihood of



direct influences. Fathers may follow an indirect pathway of influence, as they indirectly impact
mother-infant interactions and infants’ regulatory processes during interactions with the mother.
The results showed that mutual influences between family members play a role in infants’
regulatory processes as they might exacerbate the negative impact of parental depressive

symptoms during the prenatal period on parent-infant interactions.

Conclusions: In conclusion, the study highlights the importance of considering family
interactions beyond the mother-infant dyad in understanding the development of an infant's ER
abilities. It provides valuable insights into the nuanced role of fathers in shaping infant ER and
family dynamics, contributing to a better understanding of how family influences early

socioemotional development.



Preface

This thesis is part of a research project titled "A process-oriented study of infant's ER
during mother-father-infant interactions" (Project No. 10531C_179442), funded by the Swiss
National Science Foundation (SNSF). The data presented here is directly derived from this
project. This manuscript was written to obtain a Ph.D. in Psychology from the Faculty of
Psychology and Education Sciences at the University of Geneva. This manuscript follows the
format of an "article-based" thesis: four articles have been drafted and subsequently submitted
for peer-reviewed publication in scientific journals. These four articles, included in "The

empirical section" chapter, constitute the core structure of the manuscript.

The present manuscript is organized into five chapters. The "Theoretical background"
chapter introduces the research described in this manuscript; it notably outlines its theoretical
framework, defines its objectives, and illustrates the past research contribution. The "Methods"
chapter focuses on this research's methodological and practical aspects, including details on
recruitment, procedures, tools used, and a presentation of the research sample. The "Empirical
Section" chapter represents the empirical part of the manuscript, composed of the four articles
mentioned above. The "Discussion" chapter offers a summary of the results obtained and a
discussion of the various conclusions presented in each article. Finally, the "Conclusions"

chapter briefly summarizes the key aspects found in the research.



Table of contents

THEORETICAL BACKGROUND ..ottt s 1
1. EMOtION T€ZUIAtION. ....c.viiiiiiiiiieeiiic e 2

L1 DETINIEION 1.ttt ettt b e sbe e e e sreeene e 2

1.2. ER as an interpersonal PrOCESS ........c.cveiirireieeriieiiiniesieeiresee e 3

2. Parent-Infant Interactions ........ccocvviiiiiniiiiii i 4

2.1. The quality of parent-infant INtEractions..........cccevvvveriiiieriiieesriieessree e 6

2.2. Influencing factors of parent-infant interaction ...........cccvcvverrivveiiiiesiieessiee s 9

2.2.1. Parental prenatal depressive SYMPLOMS .......c.covverveererniieerieiieenee e 10

2.2.2. Father-infant shared time ............ccooiiiiiiiiii i 12

3. The physiological regulation of €MOtIONS..........cccvvvvirieiiiiiciierere e 13

3.1. Vagal tone as a physiological index of ER...........ccccoviiiiiiiiniinici e 14

3.2. The quality of parent-infant interactions and vagal tone ...........c.ccceeeververveennnn. 16

4. Gaps in the literature and aims of the study..........ccccovviiiiiniiii 18
IMETHODS ... bbbt h e bbbkt b e bbb bbb 20
5. Methodological aspects of the research ...........cccocvviiieiiiciic e 21

5.1. Recruitment and SAMPIE..........ceevueiiiiiiiiiiieiiee e 22

5.2  PrOCEAUIE ..ottt 22

S.2. 1. Prenatal ....oooveeiiiiiiice e 22

5.2.2. Three months post-Partum ...........cceciviriieriiniere e 23

5.3, IMIEASUIES ....eeevtieeiiie et ettt ettt ettt ettt sttt e st e e s st e e snb e e e st e e e st e e e nnb e e e nneas 25

5.3.1. Observational MEASUIES ...........ceerreereiriierie e 25

5.3.2. Physi0logical MEASUIES .........cciiverrieiiiiiiieriee e 25

5.3.3. QUESTIONMNATITES ... eeevvieeiiieeitieeteee st e sbb e et e e st e e st e e st e e e ssb e e e st e e e snneesnnneeens 26

THE EMPIRICAL SECTION ....oiiiiiiiiiiiiiiii e 29
6. Introduction to the empirical SECHION ........covviriiiiiiiiiec e 30

ATEICIE Lo 32

ATEICIE TLi e 61

ATEICIE TIL . e 85

ATHICIE TV e 111
DISCUSSION ...ttt bbbt b e bbb e bt e e b e s e nreene s 138
7. Synthesis 0f the TeSULLS........ccviiiiiiiiie e 139

T L ATHCIE L 139



7.2 ATHCIE Il 140

7.3 ATECIE TIL oo 141

T4 ATEICIE TV oo 142

8. Perspectives 0N the TeSUILS ........c.oiiiiiiiiiiciec e 143

8.1. Father-infant interactions and infant’s ER ............ccccooiiiiiiiiiicce 143

8.2. The absence of direct paternal influences on infants' ER ............ccccccoiiirnnnnne 145

8.2.1. A critical view of the coding of interactive synchrony .............c.cccceveenee. 145

8.2.2. Father-infant shared times mMatter ..........ccoccvvviiieiiiieiiecee e 146

8.3. The indirect paternal influences on infants' ER ...........c.ccooeiiiiiiiiiiiiicne 150

8.3.1. The contribution of the mother-father relationship..........cccccooveiviiirnennn. 150

8.3.2. Insights from the functionalist perspective of ER..........ccccocviiiiiiiiinnnn. 153

8.4. Limitations Of the StUAY .......ccceiiiiiiiiiiiic e 154

9. FUUIE INVESTIZATIONS ... .eeivvieiii ettt e e e sre e e 155

10. Clinical and societal IMPlICALIONS .......cveiverieiriiierieie e 157
CONCLUSION ...ttt e bbbt bt b e e e nenr b 160
REFERENCES ...ttt nn e 163
ANNEXES ..ttt bbb bbbt bbbttt e bbb nre s 210



THEORETICAL BACKGROUND




1. Emotion regulation

1.1. Definition

Emotion regulation (ER) refers to the process by which individuals initiate and inhibit
actions and modulate responses triggered by emotions (Thompson, 1994). Thompson (1994)
defined ER as a “process responsible for monitoring, evaluating, and modifying emotional
reactions, especially their intensive and temporal features, to accomplish one’s goal” (p. 27).
This definition reflects a functionalist view of emotions, wherein ER is seen as an adaptive
process that enables an individual to achieve goals in the surrounding environment (e.g., coping
with situational demands; Campos et al., 1994; Cole et al., 1994). In this sense, the functionalist
perspective assumes the existence of a constant and mutual influence between intrapersonal
experiences of emotions (e.g., feelings) and their extrinsic regulation, which depends on the
environment (Walle & Campos, 2012). It follows that emotions and ER are part of the same
process. Within this process, emotions are regulated and regulatory. Precisely, individuals'
emotions are regulated by their intentions and their internal/external environment, and they are
regulatory when they serve as information that influences the individual’s relationship to the
environment. In light of these considerations, ER appears inherently relational because the
person and the environment are inseparable (Dempsey, 2017; Lafreniere, 2009). Therefore, to
understand ER processes, it is necessary to consider the individual as inseparable from their
environment, especially their social environment. In this regard, ER has an essential

interpersonal component.



1.2. ER as an interpersonal process

The interpersonal component of ER is crucial in early infancy when infants depend on
others to regulate their emotions. The immature infant develops patterns of ER during
interactions. Parents play a pivotal role in shaping these ER patterns because they are usually the
infant's principal interactants during early infancy. When interacting with the parents, the infant
may need to regulate a physical or emotional state. To this end, an emotional communication
system is activated between the infant and parents (Weinberg et al., 1999). This communication
system, according to theories of mutual regulation (e.g., Tronick & Reck, 2009) or bio-
behavioral synchrony (e.g., Feldman, 2012), enables parents and the infant to co-construct their
interactive behaviors moment by moment, with changes at a physiological level (e.g., the infant's
arousal). The mutual ability of each interactant to adapt to the other enables them to co-regulate
during interactions. This co-regulation significantly influences ER processes. For instance, the
infant uses her behavior as a signal to indicate intrapersonal (e.g., signaling hunger) or
interpersonal goals (e.g., signaling a desire to interact) to the parents (Cole et al., 2004; Tronick
& Cohn, 1989). The parent's ability to recognize and respond to signals from the infant
influences the infant's emotional experience and arousal. As time progresses, infants shift from
co-regulating emotions during interactions to advanced self-regulation, reducing their reliance on
external support. This is because, over time, the co-regulation processes between the parents and
the child allow the child to recognize internal states and learn how to self-regulate emotions.
These co-regulation processes typically enable the child to transition from reactive, co-regulated

emotions during interactions with parents to more advanced forms of emotional, cognitive, and



behavioral self-regulation in different life contexts (e.g., family and school; Kim & Cicchetti,

2010; Rutherford et al., 2015).

Considering these regulatory processes, the quality of interactions between parents and
children emerges as essential. It indeed shapes the patterns of ER, which, in turn, play a crucial
role in determining both the child’s health and well-being (Mennin & Farach, 2007; Spangler &
Zimmermann, 1999; Uvnés-Moberg et al., 2005). Therefore, studying how the quality of parent-
child interactions influences early ER is essential. It enhances our comprehension of the factors
contributing to a child's socio-emotional development (Cabrera et al., 2014; Cole et al., 2004;

Low et al., 2019; Morris et al., 2017; Tronick & Cohn, 1989).

2. Parent-infant interactions

In the initial months of life, infants interact with several adults (e.g., parents,
grandparents, aunts, uncles, and professional caregivers) to meet their needs (e.g., feeding) and
enhance their health and well-being. However, the most frequent interactions occur with parents,
who significantly contribute to the infant's healthy development. Additionally, early interactions
with parents are crucial, as they tend to repeat in quantity and quality, molding the parent-child
relationship. Moreover, these interactions serve as a model for the infant's future understanding
of the external environment and the associations between her behaviors and those of others
(Stern, 1985). During infancy, research on early interactions has mainly focused on mother-
infant interactions because, traditionally, the mother has assumed the role of the primary
caregiver, placing the father in a secondary role. However, research has increasingly focused on
fathers in line with the evolving socio-cultural perceptions of fatherhood. Since the 1970s, there

has been a more extensive investigation into father-infant interactions, comparing them with

4



mother-infant ones to discern similarities and differences. For example, previous studies have
found that fathers often adopt a play-oriented interactive style, while mothers lean towards
caregiving (Cabrera et al., 2014) and that children seem to respond more positively to physical
contact with fathers than mothers, possibly because mothers hold them for caregiving purposes,
while fathers do so for play (Flanders et al., 2013; StGeorge et al., 2018). This disparity may
manifest in the child's physiological response during interactions, with higher arousal levels with
the father and lower to moderate levels with the mother (Choi et al., 2021). These findings
suggest that children develop distinct expectations and learn different behavior patterns from
each parent during interactions. In this sense, evidence has shown that children seem to turn to
mothers for comfort and emotional support while seeking social and exploratory support from
fathers (Paquette et al., 2013). These sex-specific parenting differences have been found in
animal and human research alike, suggesting that they may be at least partially supported by
biology. Consistent with this, some hormones associated with parenting (e.g., oxytocin, prolactin,
vasopressin) have been shown to be present at similar levels in both parents but to have different
effects on parental behaviors. For example, oxytocin is associated with affectionate and nurturing
behaviors in mothers, while it promotes touch behaviors in fathers (Paquette & StGeorge, 2023).
These differences between mother and father can contribute differently to mother-infant and
father-infant interactions, which can have consequences on children’s ER development. These
differences can also contribute to the creation of distinct bonds, depending on the specificities of
each relationship. In this sense, Paquette (2004) has proposed considering the father-child
relationship as an "activation relationship" and the mother-child relationship as an "attachment

relationship," although children develop an attachment relationship and an activation relationship



with each parent. The activation relationship would address the child's need to be activated and
take risks while protected from potential dangers. Within this activation relationship, the child
would learn to understand her or his abilities in the face of the physical and social environment.
Conversely, the attachment relationship would allow the child to respond to the need to be
soothed and reassured. Differences in parental behavior between mother and father could be at

the origin of each relationship and how each relationship influences the child’s development.

Based on previous evidence suggesting that parent-child relationships have varying
impacts on socio-emotional development, as well as that social interactions play a crucial role in
shaping emotional regulation patterns, it’s important to assess the quality of interactions with

both parents to understand the infant's socio-emotional functioning.

2.1. The quality of parent-infant interactions

Previous studies on parent-infant interactions have identified the characteristics of
positive social interactions for the infant, such as “dyadic reciprocity,” “dyadic conflict,”
“maternal sensitivity,” and “dyadic synchrony” (for a review, see Lotzin et al., 2015). This study
focuses on interactive synchrony, one characteristic that has been shown to be crucial between
the parent and infant during their interactions. Provenzi et al. (2018) defined interactive
synchrony as the “degree of congruence between trans-modal behaviors of two partners, which is
lagged in time and which promotes infants’ learning of emotional regulation skills and the
emergence of expectations on interactive repertoires.” (p.12.). Interactive synchrony implies the
parent’s and infant’s joint efforts in interaction to increase or decrease mutual involvement and
positive arousal (Feldman, 2012). In previous research, interactive synchrony has been used as

an index of the quality of interactions. It has also been shown to be linked with better cognitive
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development, fewer externalizing and internalizing symptoms, and adaptive self-regulation, with
effect sizes ranging from small to large (e.g., Feldman & Eidelman, 2009; Hinnant et al., 2013;
Kochanska et al., 2008; Laible & Thompson, 2000; Pesonen et al., 2010; Suveg et al., 2016).
Interactive synchrony has temporal characteristics of "correspondence" or "co-occurrence," that
is, the temporal relation of correspondence and co-occurrence between the behaviors (e.g.,
smiles, vocalizations) and affective states (e.g., matching of arousal level) of parent and infant
(Brazelton et al., 1975; Papousek, 1995). Interactions are considered synchronous when there is a
correspondence or co-occurrence between behaviors and affective states. Interactions are
considered non-synchronous when this correspondence or co-occurrence is lacking. Parent-infant
interactions typically contain mistakes and interactive errors that can reduce interactive
synchrony (Abney et al., 2021; Lindsey et al., 2009; Tun¢gen¢ & Cohen, 2018). For example,
mistakes and interactive errors could be present when a parent continues stimulating a highly
aroused infant or when a parent provides little stimulation to an infant awake and willing to
interact. When the parent fails to repair mistakes and interactive errors, the infant will likely have
difficulties regulating, with negative consequences for the infant's activation state and the need to
increase infant regulatory efforts. However, if the parent responds promptly, flexibly, and
adaptively to interactive errors, they facilitate the repair of the interaction. This, in turn, leads to
an increase in interactive synchrony, allowing the infant to reduce regulation efforts. As a result,
the infant becomes calmer and more attentive to the parent, fostering positive consequences for
the infant's activation state. Regarding the ability to synchronize in face-to-face interactions,

previous studies have shown that fathers, like mothers, can synchronize with infant signals



(Feldman, 2003), influencing children’s ER and socio-emotional development (Rodrigues et al.,

2021).

However, synchrony during interaction is rarely permanent, as suggested by evidence on
mother-infant interactions (McFarland et al., 2020). There are at least three challenges that the
parent-infant dyad must face to maintain constant synchrony during interaction. First, it proves
challenging to consistently identify and correct interactive errors (Tronick & Gianino, 1986).
Second, it might be challenging for parental behaviors to always be contingent upon those of the
infant. Contingency is defined as a correspondence between the infant's signals and the parent's
response, both in type and timing (Ainsworth et al., 1974; Bell & Ainsworth, 1972). For instance,
a contingency in an interaction between a mother and an infant occurs when the mother smiles at
the infant, eliciting a smile in return from the infant, demonstrating mutual responsiveness and
engagement. Third, it might happen that parents sometimes unintentionally propose stimuli that
are less appropriate for the infant's age and state. For example, during interaction with a 3-
month-old infant, the parent can offer simple stimuli such as eye contact, smiles, vocalizations,
and a toy, but quickly and without a specific order of presentation. These stimuli should be
presented slowly and sequentially at this age to allow the infant to maintain an optimal level of

arousal, neither too high nor too low, in order to be engaged and participate in the interaction.

As moments of reduced interactive synchrony are common, it is crucial to underline that
non-synchronous interactions can be adaptive depending on the situation. To better understand
how non-synchronous interaction can be adaptive, we propose three examples based on evidence
in the scientific literature. First, non-synchronous interactions may contribute to the

diversification of communication strategies within parent-child dyads, fostering resilience and
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adaptability in response to changing environmental demands (Abney et al., 2015). Second, non-
synchronous interactions could decrease the risk of synchronizing with a stressed interacting
partner, thereby reducing the likelihood of heightened tensions (Wass et al., 2019). Third, non-
synchronous interactions between a caregiver and an infant can demonstrate the infant's sense of
security in their relationship. When the caregiver briefly steps away, the infant continues playing
independently, confident in the caregiver's return for synchronous interaction later. This reflects
the infant's trust in the caregiver's availability and fosters a secure attachment bond between

them (Feniger-Schaal et al., 2016).

2.2. Influencing factors of parent-infant interaction

During early infancy, the quality of interaction is mainly influenced by the parent's ability
to adapt their behavior to the signals and behaviors of the infant. Given the crucial role of
parental behaviors, past research on parenting has focused on factors that may influence them,
such as parents’ own (problematic) child-rearing histories, personality disorders, and inadequate
social support (Belsky & Jaffee, 2006). In this study, we focus on two factors that have been
shown to be crucial for parental behaviors and parent-infant relationships during early infancy:
parental prenatal depressive symptoms and parent-infant shared time (Crouter & Crowley, 1990;
Larson et al., 1996). However, these findings are mainly based on studies involving mothers,
overlooking the influence of fathers. From fatherhood literature, we can highlight three key
aspects that underline the importance of looking at paternal influences on infants (Barker et al.,
2017; Cabrera, 2020). First, fathering behaviors influence early socio-emotional development;
second, there is a trend of contemporary fathers increasingly participating in infant care; and

third, fathers, like mothers, can experience depressive symptoms during the prenatal period. In

9



light of these aspects, we think that a better understanding of how paternal prenatal depressive
symptoms and the time fathers spend with infants influence early interactions within the family
will provide valuable insights into how these interactions relate to infants’ ER. In the following
paragraphs, we delve into insights from past research on the influence of parental prenatal
depressive symptoms and parents’ shared time with the infant on parenting behaviors, with an

emphasis on fathers.

2.2.1. Parental prenatal depressive symptoms

Previous research on early interactions has highlighted that the presence of depressive
symptoms, both in mothers and fathers, constitutes a risk factor for parenting and family
dynamics, subsequently influencing the well-being of children. Indeed, findings from previous
studies suggest that parental depressive symptoms are correlated with a reduced capacity to
interact with the child, leading to consequences on the quality of parent-child interaction
(Lindstedt et al., 2021; Medina et al., 2022; Parfitt & Ayers, 2014; Sethna et al., 2015). It has
been suggested in past research to differentiate between prenatal and postnatal symptoms
because, despite their similar manifestation, their effects may be independent (Evans et al., 2012;
Pawlby et al., 2011). In light of this suggestion, the results of a recent meta-analysis by Golds et
al. (2022) appear surprising. The authors revealed that only a few studies conducted on mothers
have investigated prenatal symptoms as predictors of interactive synchrony. The conclusions of
these studies were inconsistent, as associations between maternal prenatal depressive symptoms
and interactive synchrony after birth were negative in some studies and positive in others.
Another result of this meta-analysis was to highlight the absence of studies on fathers. These

findings reveal a need to further explore the effects of prenatal depressive symptoms in both
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parents, with a specific emphasis on fathers, for many reasons. First, a growing body of research
supports the idea that the father-child relationship is at least as meaningful as the mother-child
relationship in the early months of life (Cabrera et al., 2007; Lamb & Lewis, 2004). Second, over
the last 20 years, studies have found that a significant portion of fathers experience depression
during the prenatal period (Barker et al., 2017; Top et al., 2016), indicating the need to consider,
similarly to mothers, the influence of prenatal symptoms in fathers on the father-child
relationship. Lastly, maternal and paternal depressive symptoms correlate with each other in the
perinatal period (Paulson & Bazemore, 2010), necessitating a dual focus on maternal and
paternal prenatal symptoms. A dual focus can allow us to investigate how mothers’ and fathers’
influences can be cumulative, mutual, and reciprocal on the infant and the interactions of each
parent with the infant (Cabrera, 2020). This dual focus on both parents’ symptoms aligns with the
family-system approach, which suggests studying the interdependencies among family members
(Cox & Paley, 1997; Minuchin, 1974). Examples of interdependencies among family members
are the spillover and the crossover effects. The spillover effect refers to the transfer or diffusion
of emotions, feelings, behaviors, or experiences generated in one subsystem (e.g., the marital
relationship) to another (e.g., the parent-child relationship; Engfer, 1988; Erel & Burman, 1995).
For example, satisfaction in the marital relationship influences the quality of the parent-child
relationship, such as when parents transfer negativity in the marital relationship to their
interactions with their children (Golds et al., 2022; Medina et al., 2022). The crossover effect
refers to the transfer of experiences or affects between individuals. For example, a crossover
effect occurs when parents support their children to compensate for the depressive symptoms of

their spouse (Kouros et al., 2014; Nelson et al., 2009) or when their interactions with the child
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are negatively affected by their spouse’s symptoms (Goodman et al., 2014; Ponnet, Mortelmans,
et al., 2013). Based on these premises, this study focuses on maternal and paternal depressive
symptoms before birth and how they may influence the quality of interactions with the infant

while considering the influence of interdependencies among family members.

2.2.2. Father-infant shared time

The time parents spend with infants influences their relationship, with consequences on
their interactions. However, the time fathers spend with infants is often reduced compared to that
of mothers during the perinatal period. Usually, most mothers assume the role of the primary
caregiver, aligning with the traditional idea that the maternal figure is central in providing direct
care to the infant, such as breastfeeding. Consequently, fathers may assume a secondary role in
direct care, prioritizing indirect support, such as managing financial aspects, in line with the
“breadwinner” father model. This unequal distribution of time spent with the infant by parents
poses challenges as it reduces the occurrence of father-infant interactions and overlooks the
potential effect of shared time by the father. Indeed, extended periods the father spends with the
infant strengthen the parent-child bond, influencing the perception of intimacy, closeness, and
mutual support. These perceptions, in turn, impact interactions between father and child and the

child's regulation of emotions during such moments.

In the early months of life, fathers and infants can share two main types of time: dyadic
time, where father and infant are together without the presence of others, and social time, where
father and infant are in the presence of others, usually the mother in the early months (Bryant &
Zick, 1996; Lam et al., 2012). These two types of time can have different influences on the

father-child relationship. In addition to developing additional social and regulatory skills
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compared to those acquired with the mother, dyadic time provides opportunities to foster father-
child relational intimacy, with potential effects on the quality of interactions and infant ER
(Amodia-Bidakowska et al., 2020; Crouter & Crowley, 1990; Larson et al., 1996; Palkovitz,
2019). Father-child social time in the presence of the mother represents an opportunity for the
infant to develop social and regulatory skills in the presence of multiple individuals (e.g., joint
attention and request, shared laughter, shared enjoyment) and for fathers, an opportunity to
contribute to family processes essential for the socio-emotional development of the infant (e.g.,
coordination and collaboration of parents to raise their infant and the amount and intensity of
positive affection directed toward the spouse as facial expressions, verbalizations with a positive
tone/content, or physical signs of affection in front of the infant). For the father, who typically
spends less time with the infant than the mother, shared mother-father-infant moments can be an
opportunity to observe and learn from the mother's experience, that is, to observe and learn the
mother's behaviors, gestures, and general ways of doing things with the infant. The influence of
social time refers to the existence of mutual influences among family members, resulting from

the interdependencies among its members, as previously mentioned.

3. The physiological regulation of emotions

Most studies have assessed ER in infants through observing behaviors (e.g., qualified in
terms of emotional reactivity, distress regulation, ER strategy, regulatory behaviors, and recovery
from a stressful situation; Ham & Tronick, 2006; Thompson, 2011). However, observed
behaviors are influenced by physiological or neural processes involved in ER (Calkins & Hill,
2007; Moore et al., 2009). Therefore, supplementing observational methods with physiological

measures appears essential for achieving a more comprehensive understanding of the modulation
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of ER behaviors. Physiological-biological indicators provide an objective measure of the
physiological or neural processes involved in ER, thereby offering insights into the modulation
of ER behaviors (Dennis et al., 2012; Zeegers et al., 2018). An appropriate way to measure the

physiological processes involved in infants’ ER is to measure the vagal activity.

3.1. Vagal tone as a physiological index of ER

Vagal tone is an index of physiological regulation, as it contributes to the physiological
mechanisms of the autonomic nervous system related to ER. According to Porges' polyvagal
theory (2007), there is an association between autonomic regulation and social, emotional, and
communicative regulation during interactions. Porges (2007) suggested that the two branches
constituting the autonomic nervous system (ANS) —the sympathetic nervous system (SNS) and
the parasympathetic nervous system (PSNS)— support adaptive behavioral strategies. Both
systems are antagonists and regulate homeostatic functions. The SNS enables the mobilization of
resources to cope with environmental demands, while the PSNS allows the activation of growth
and restoration systems. The activity of these two systems is measurable through changes in

vagus nerve activity (i.e., the tenth cranial nerve).

The vagus nerve has afferent and efferent fibers originating in the brainstem and
projecting onto various organs. These fibers permit the vagus nerve to modulate organ activity
and physiological processes related to ER through dynamic regulatory feedback between the
brain and the organs (Montirosso et al., 2014). The vagus nerve fibers come from a dorsal and a
ventral branch. The dorsal branch regulates visceral functions (i.e., respiration and digestion).
The ventral branch is associated with motion, emotion, and communication processes. The

evolution of the nuclei from which the two branches of the vagus nerve originate is linked to
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three neurophysiological subsystems. These subsystems are phylogenetically ordered and
behaviorally linked to social communication (e.g., facial expression, vocalization, listening),
mobilization (e.g., fight—flight behaviors), and immobilization (e.g., feigning death, vasovagal
syncope, and behavioral shutdown; Beauchaine et al., 2007). The most recent subsystem, unique
to mammals, is the social communication one, associated with the ventral vagal branch. The
second is the mobilization subsystem, linked with the dorsal vagal branch. The last, notably the

most primitive, is the immobilization subsystem associated with the dorsal vagal branch.

The activation of these subsystems is hierarchically organized, as stated by the theory of
dissolution (Jackson, 1958), according to which more recent subsystems inhibit the older ones.
This means that the next subsystem takes over when the recent subsystem does not permit
responses adapted to the events in the environment. Since the simultaneous operation of these
neurophysiological subsystems is incompatible, the polyvagal theory (Porges, 2007) proposes the
same incompatibility of simultaneous functioning between subsystems to describe the
organization of the ANS's responses to environmental challenges. Once the environment is
perceived as secure, the ANS exerts a parasympathetic influence on the heart by activating the
vagus nerve (Porges & Furman, 2011). Therefore, increased vagal tone will be associated with
reduced heartbeat and a calm state that fosters social engagement (Porges et al., 1994). However,
vagal tone decreases when faced with a stressful event, leading to diminished parasympathetic
influence (i.e., deactivation of the social communication subsystem). This allows the SNS to
intervene, mobilizing metabolic resources necessary for the appropriate response (fight—flight, or
freezing behavior if fight—flight fails) to the situation. Once the stress is reduced, the vagal tone

is quickly restored to inhibit the SNS's influence (Muhtadie et al., 2015). As vagal tone reflects
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changes in the body's needs, increasing or decreasing its influence, it is seen as an indicator of
stress and the body's ability to organize its physiological resources appropriately (Porges &
Furman, 2011). A low vagal tone index, if prolonged over time, can have adverse psychological
and somatic effects such as inflammation, depression, chronic anxiety, negative moods, heart

attacks, and strokes (Porges et al., 1994).

The vagal tone is more than a specific individual's way of functioning, allowing the
explanation of vulnerabilities and socio-emotional difficulties. Indeed, due to its strong relational
component, the vagal tone plays a crucial role in the development of ER. It enhances
physiological arousal modulation and facilitates positive social interactions by regulating various
parts of the body involved in communication, for instance, facial muscles and vocal cords
(Porges & Furman, 2011). In a way, the vagal tone is representative of the influence of the
environment —including the social environment— on the individuals, as well as the individual's
capacity to respond to environmental demands. The influence of social interactions on vagal tone

is at the core of this study.

3.2. The quality of parent-infant interactions and vagal tone

In early interactions, parental behaviors set the context for the quality of the infant’s
social experience, with consequences for ER behaviors. Besides the behavioral level, social and
interactive experiences between the parent and the infant may impact the infant’s development of
ER at the physiological level. In line with the principles of the polyvagal theory (Porges, 2007),
the study of vagal tone in parent-infant interactions, predominantly in the mother-infant dyad,
has shown that the vagal tone decreases in presence of negative social and interactive

experiences and increases when interaction return to “normal” to support the child’s behavioral
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organization during social involvement (e.g., gaze sharing and shared attention; Bazhenova et al.,
2001; Feldman, 2003; Feldman et al. 2010; Field & Diego, 2008; Ham & Tronick, 2006;
Lunkenheimer et al., 2020; Moore & Calkins, 2004). However, there are interindividual
variations among children in how they physiologically regulate themselves, which could be
explained by the quality of mother-infant interactions to which the child is exposed. The
influence of the quality of interaction has been demonstrated as distinct from the impact of the
characteristics of the interactive situation, for instance, in those studies using the Still-Face
paradigm! (SF paradigm; Tronick et al., 1978) and measure of interactive synchrony. Children
experiencing less synchrony in mother-infant exchanges have shown greater difficulty regulating
themselves physiologically during the SF paradigm (Moore & Calkins, 2004). These children do
not decrease their vagal tone during the stressful episode (i.e., the SF episode) and show no
significant physiological differences between the different parts of the paradigm. In their study of
infant physiological reactions during the phases of the SF paradigm, Pratt et al. (2015) have

found that among low-reactive infants, synchrony builds a social repertoire for managing

! The SF paradigm consists of three phases, each lasting two minutes. The first phase is a “normal” dyadic
interaction between an adult, usually the parent, and the infant. During the second phase, the proper Still-Face phase,
the parent no longer responds, adopts a neutral facial expression, and remains silent. In the third phase, the parent
returns to behaving normally. From comparing the "normal" mother-infant dyadic interaction with the interaction
containing an SF episode (in the SF phase), it has been observed that an infant discerns that something different is
happening and adjusts their behavior accordingly. Typically, during the SF phase, an infant initially tries to “get the
mother back” using various strategies, soliciting her, then making brief smiles before turning away and throwing
glances. Since these strategies do not work, an infant eventually disengages. Some infants may disengage or display
high distress when the parent returns after the SF episode. However, there are interindividual variations in the
infant’s reactions. For example, infants of depressed mothers, who are often exposed to unadjusted parental
behaviors, show fewer behaviors aimed at “getting the mother back™ in the SF phase, as if they are accustomed to
this situation (Field et al., 2007); and they show fewer positive reactions in the third phase, the reunion with the
parent (Field et al., 1995).
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interpersonal stress, while in highly reactive infants, it constructs a platform for repeated repair
of momentary interactive "failures" and reduces the natural tendency of stressed infants to
disengage from the source of stress. Similarly, Provenzi et al. (2015) have observed a higher
frequency of affective state matching and repair in dyads with optimal vagal functioning. While
previous studies have demonstrated the contribution of mother-infant interactions to the
physiological regulation of emotions through vagal activity, less is known about the contribution
of the quality of father-infant interactions. This is particularly true when considering father-infant

interactive synchrony and the infant's vagal tone.

4. Gaps in the literature and aims of the study

This study has two aims. The first aim is to investigate the association between the
quality of father-infant interactions (measured by interactive synchrony) and the infant's
physiological regulation of emotions (measured by vagal tone). The second aim is to investigate
the impact of some factors influencing parental behaviors during the perinatal period—notably
parental prenatal depressive symptoms and father-infant shared time—on the association
between the quality of interactions and the physiological regulation of the infant’s emotions in
early infancy. These two aims are based on some gaps identified in the literature, as mentioned in

the introductory paragraphs of this thesis. These gaps are summarized below.

First, ER abilities are crucial for socio-emotional functioning. The quality of interactions
between the infant and parents influences the infant's regulation of emotions, which is observable
at a physiological level. The quality of interactions can be measured through interactive
synchrony, which refers to the parent and infant's way of being in synchrony during interactions.

Past studies have shown that both mother-infant and father-infant interactions influence the
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development of ER abilities. However, to date, no studies have investigated, unlike those
focusing on mothers, the influence of interactive synchrony between father and infant on the
physiological regulation of the infant's emotions. Investigating the influence of father-infant
interactive synchrony, besides mother-infant synchrony, will allow for a better understanding of
the physiological regulation of infants’ emotions. Second, previous studies have shown that
parental prenatal depressive symptoms and the time a parent spends with the infant have
emerged as influential factors of parental behaviors during the perinatal period. However, these
findings are primarily focused on mothers, with fathers often overlooked. With an emphasis on
both parents, investigating these influencing factors will contribute to a better understanding of
their impact on the association between the quality of interactions and the physiological

regulation of the infant’s emotions in early infancy.
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METHODS

20



5. Methodological aspects of the research

This study was conducted following the guidelines of the Declaration of Helsinki. This
study used data from a primary study on infant ER and family functioning that received approval
from the Ethical Committee of the State of Geneva and support from the Swiss National Science
Foundation (grant no. 10531C 179442). The main aims of the primary study were, first, to
monitor the infant’s vagal tone (as an index of emotion regulation) during a sequence of mother-
father-infant interactions and to assess the extent to which the infant’s vagal activity is related to
the quality of triadic interactions (assessed in terms of family alliance), and, second, to assess the
links between infant’s vagal tone and infant’s psychosocial outcomes (e.g., sleep and eating
behaviors). Various measurement methods have been used in the primary study to pursue its
main aims, notably observational (e.g., interactive behaviors), physiological (e.g., infant's
electrocardiogram), and self-reported methods (questionnaires filled out by parents). The primary
study was a longitudinal study with three measurement points: T1, between the 36th and 38th
week of pregnancy, to recruit parents and to collect data through questionnaires; T2, between
three and four months postpartum, to record mother-father-infant interactions, to collect infant’s
vagal tone during interactions, and to assess several variables through questionnaires; and T3 at
18 months postpartum, to collect infant’s and family outcomes data through questionnaires. This
study focused on measures at T1 (i.e., prenatal) and T2 (i.e., three months post-partum) to assess,
first, the extent to which the infant’s vagal activity is related to the quality of father-infant
interaction besides mother-infant ones, and, second, the influence of perinatal parental variables
(i.e., prenatal depressive symptoms, parent-infant shared time) on parenting behaviors, ultimately

influencing the quality of parent-infant interactions.
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5.1. Recruitment and sample

Recruitment occurred from December 10, 2018, to September 1, 2021, and involved 119
families. At T1, a midwife recruited parents at the maternity unit of the Geneva University
Hospitals (HUG), during routine check-ups, in the waiting room, or at birth preparation classes.
The midwife explained to the parents that the study's focus was the infant's emotions. She
presented the research objectives and then gave the parents a consent form that the interested
participants had signed. The average age was 33.6 (SD = 4.1) for mothers and 35.8 (SD =5.6)
for fathers. About 50.6% of parents were married, while others were in informal partnerships,
some having experienced divorce or separation from a previous relationship. Most mothers
(64.9%) and fathers (52.4%) had attained an academic degree, and 79.8% of mothers and 91.7%
of fathers were actively employed. Between T1 and T2, 20 families dropped out of the
longitudinal research without providing a specific reason, and we had to cancel the participation
of 4 families due to the Covid lockdown. Consequently, the final sample comprises 95 families,
46 girls and 49 boys. The families included in the study represent a convenience sample, as the
only requirement for inclusion was an adequate understanding of the French language to

complete diverse questionnaires.

5.2. Procedure
5.2.1. Prenatal

The initial phase of the study took place at HUG. Between the 36th and 38th week of
pregnancy, the couple (or the mother individually) attended a consultation with the midwife in
charge of recruitment. During this consultation, fetal cardiac monitoring was conducted for five

minutes while the mother lay in a calm environment. This ensured a check for any cardiac issues
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in the infants. Families were informed during this consultation that they would receive a set of
online questionnaires to complete before childbirth. These questionnaires covered

sociodemographic information, prenatal stress, depression, and marital satisfaction.

5.2.2. Three months post-partum

The study's second phase occurred at Uni-Mail, University of Geneva, between the third
and fourth month after childbirth. Two researchers of the Unit of Clinical Psychology of
Interpersonal Relationships (in French, Unité de Psychologie Clinique des Relations
Interpersonnelles [UPCRI]) contacted families approximately two months after birth to schedule
an appointment. During the meeting, one of the researchers welcomed the families and managed
the consultation. In contrast, the other researcher handled technical aspects such as videos and
physiological signals, observing everything from the control room. At the beginning of each
meeting, both researchers introduced themselves and explained their roles to the families.
Initially, a discussion moment was dedicated to summarizing the overall context of the study,
describing the appointment procedure, and addressing any questions. Once the parents and the
infant were ready, the infant was placed on a changing table and undressed to allow the
application of three pediatric electrodes on the chest to record the electrocardiogram (ECG).
After placing and connecting the electrodes, the parents positioned themselves around the infant.
At the same time, a baseline heart rate recording was performed while a researcher transmitted
the instructions. The researcher asked the parents to interact with the infant following an adapted
version of the Lausanne Trilogue Play paradigm (LTP; Fivaz-Depeursinge & Corboz-Warnery,
1999). The adapted version included four parts of 2 minutes each. In the first part, one parent

played with the infant while the other was outside the room. In the second part, the parents
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changed roles. We counterbalanced the order of the parts to have an equal distribution between
the mothers and fathers who interacted first. In the third part, the two parents played with the
infant during a triadic interaction. Finally, in the fourth part, the parents had a discussion, leaving
the child on his or her own for a short while. Before starting the interactions, the researchers
indicated the position of the cameras. They specified that the experiment could be interrupted if
the infant showed excessive fatigue or distress. The researchers instructed the parents to interact
with the infant as usual, avoiding objects if possible. At the end of the interactive play, interested
parents were offered an additional meeting for a debriefing in the form of video feedback.

Additionally, parents were provided with a link to complete online questionnaires.

We modified the original LTP paradigm to overcome challenges in collecting
physiological data. In the initial setup, the infant's position on a chair interfered with the ECG
signal. To address the interference of the ECG signal, we opted for a changing table, a setup
validated for family assessments (Rime et al., 2018). Additionally, we adjusted the first two
phases of the LTP to analyze the dyadic and triadic interactions separately. As discussed in the
introduction, parental behaviors of one parent toward their infant are influenced by the other
parent, particularly in the initial phases of the original LTP setup, where the second parent is
present but not actively involved. Thus, we modified the original paradigm by incorporating two
exclusively dyadic interactions. This adjustment enables us to analyze the quality of these
interactions without interference from the second parent's presence. In this study, we considered

only the first two parts of the adapted LTP paradigm: each parent's interactions with the infant.
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5.3. Measures
5.3.1. Observational measures
Interactive synchrony

We assessed mother- and father-infant interactive synchrony at T2 with the Child-Adult
Relationship Experimental Index (CARE-Index; Crittenden, 2006). The CARE-Index is an adult-
infant interaction assessment that can be used from birth to 25 months. The coding system
assesses global dyadic synchrony, that is, parents’ sensitive behavior and infants’ cooperative
behavior, within the context of parent-infant interactions. Scores ranged from 0 to 14, with
higher scores indicating better dyadic synchrony. To ensure inter-rater reliability, a random
sample of 23.8% of the video recordings (20 videos of 847 families at T2) was initially coded by
two researchers of the UPCRI team, both trained and certified as research raters in February
2022. The intraclass correlation (two-way random absolute agreement) on the synchrony scores
was excellent, with a coefficient of .982 (Koo & Li, 2016). The entire sample of parent-infant
interactions was coded from March 2022 to August 2022. Coders were blind to the results of the

other analyses presented in the following sections.

5.3.2. Physiological measures
Vagal tone
An ECG was recorded during the baseline and the three subsequent parts of the

interactive play. However, in this study, we focus on ECG recorded during the mother-infant and

2 The number of videos mentioned in this section may differ from those reported in the articles due to the
sample selection used for the analyses.
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father-infant interactions. Physiological data were collected with a Biopac MP160 system
(Biopac Systems, Inc.) and recorded on AcqKnowledge 5.0 software (Biopac Systems, Inc.). The
infants’ cardiac activity was processed on Kubios HRV v2.2 software to obtain heart rate
variability measures reflecting vagal tone. Analyses allowed us to derive the root mean square of
successive differences (RMSSD), which represents the activity of the parasympathetic system
and 1s widely considered a valid measure of vagal activity (Laborde et al., 2017). A high RMSSD
indicates significant heart rate variability, with larger and more variable intervals between
consecutive heartbeats, suggesting increased parasympathetic nervous system activity. This
variability is often interpreted as an indicator of healthy cardiac regulation, highlighting the
body's ability to adapt and respond effectively to the surrounding environment. In contrast, a low
RMSSD indicates reduced heart rate variability, suggesting lower parasympathetic nervous

system activity.

5.3.3. Questionnaires

In each of the three phases of the longitudinal study, parents were invited to respond to a
series of online-accessible questionnaires (further details in Figure 1). This study focuses on a
questionnaire at T1 related to parental depressive symptoms and on one at T2 concerning fathers'
shared time with the infant. Although other questionnaires were not extensively analyzed in this
study, they will be discussed in the final section of this thesis. This will allow considerations for

possible supplementary analyses concerning the results obtained in this study.
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Figure 1. Questionnaires in each phase of the longitudinal study

Phase | (prepartum) Phase Il and 111 (postpartum)
Variable Questionnaire  Nb of items Questionnaire Nb of items
Maternal Stress APSI 19 PNPSI 19
Depression EPDS 10 EPDS 10
Marital satisfaction RAS 7 RAS 7
Parental self-esteem - - BAP 12
Romantic attachment - - ECR-R 36
Involvement in childcare - - PICQ 14
Gatekeeping - - PGS 9
Coparenting - - PAM 20
Infant behaviors - - IBQ 37
Infant sleep - - BISQ 10

Note. APSI = Antenatal Perceived Stress inventory (Razurel et al., 2014); EPDS = Edinburgh postnatal Depression Scale (Cox, Holden, &
Sagovsky, 1987; Guédeney & Fermanian, 1998); RAS = Relationship Assessment Scale (Hendrick, 1988); PNPSI = PostNatal Perceived Stress
Inventory (Razurel, Kaiser, Dupuis et al., 2013); BAP = Being a Parent (Johnston & Mash, 1989); ECR-R = Experiences in Close Relationships-
Revised (Favez, Tissot, Ghisletta, Golay, & Cairo Notari, 2016; Fraley, Waller, & Brennan, 2000); PICQ = Parental Involvement in Childcare
Questionnaire (Hossain & Roopnarine, 1994); PGS = Parental Gatekeeping Scale (Fagan & Barnett, 2003; Favez, 2015); PAM = Parenting
Alliance Measure (Abidin & Konold, 1999); IBQ = Infant Behavior Questionnaire-Revised, very short form (Putnam, Helbig, Gartstein,
Rothbart, & Leerkes, 2014); BISQ = Brief Infant Sleep Questionnaire (Sadeh, 2004).

Parental prenatal depressive symptoms

We assessed mothers’ and fathers’ depressive symptoms at T1 through the Edinburgh
Perinatal/Postnatal Depression Scale (EPDS; Cox et al., 1987). The EPDS is a 10-item self-
report scale that assesses the symptoms of depression between 28—-32 weeks in all pregnancies
and 6-8 weeks postpartum. Responses are scored from 0 to 3. The lowest and the highest scores
to be obtained from the scale are 0 and 30. Items 1, 2, and 4 are scored from 0 to 3, but items 3,
5,6,7,8,9, and 10 are in reverse score order. The EPDS has been validated in women and men

(Areias et al., 1996; Massoudi et al., 2013; Matthey et al., 2001). A cut-off of 14/15 was found to
27



be optimal for prenatal screening for major depression (Murray & Cox, 1990). In this study, we
used the French version of the test (Guedeney & Fermanian, 1998) and computed a total score
for mothers (a=.81, n = 86) and fathers o= .79, n =77) by summing the item scores at T1. The
French version of the test established a cutoff score of 11 points for clinical depression; however,
in the present study, our primary focus was on the continuous scores on the scale. The higher the

score, the more prenatal depressive symptoms were reported by the parent.

Father-infant shared times

At T2, both parents filled out questionnaires to report fathers’ involvement in day-to-day
care in terms of the number of parts of the day per week (morning, afternoon, evening, night)
that they spend with the infant (either alone or accompanied by the infant’s mother or other
persons, such as grandparents, nanny, others). Given the aims of this study, we focused on the
sum of the parts in which the father shared time alone with the infant to calculate the dyadic time
shared with the infant and the sum of the parts in which the father was involved together with the
mother to calculate the social time shared with the infant. Measuring the amount of dyadic time
and social time allowed us to estimate the recurrence of these two times and, regarding the aims
of this study, how their recurrence influences the associations between the quality of interactions
and the infant’s physiological regulation of emotion. Although fathers were shown to be reliable
reporters of their involvement with young children (Wical & Doherty, 2005), we controlled
fathers' reports of father-infant shared time by comparing them to mother-reported data. As we
did not find any significant differences between fathers’ and mothers’ reports, we used only

fathers’ reports of their involvement in this study.
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THE EMPIRICAL SECTION
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6. Introduction to the empirical section

This study consists of four articles submitted to or published in scientific journals. There
are two main aspects common to the four articles. Firstly, they share a common focus on the
associations between parental behaviors, the quality of interactions with the infant, and the
regulation of the infant's emotions. Secondly, they highlight the influence of fathers. Overall,
these aspects contribute to a better understanding of fathers' impact on the physiological
regulation of the infant. Moreover, they provide greater insight into parental behaviors within the

family.
The four articles are as follows:

- The first article is a literature review on the associations between father
involvement—both in terms of quality and quantity—and child ER during early

childhood (0-5 years).

The second, third, and fourth articles present and discuss scientific data collected within

the longitudinal research described in the previous section:

- The second article investigates the association between father-infant synchrony and
infant vagal tone, examining whether father-infant shared times moderate this link.

- The third article investigates the associations between interactive synchrony and
vagal tone during mother-infant and father-infant interactions, considering mutual
influences among family members.

- The fourth article investigates how the prenatal depressive symptoms in mothers and

fathers relate to the quality of parent-infant interactive synchrony at three months
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post-birth. It investigates two effects: the influence of each parent's depressive
symptoms on their interactive synchrony with the infant (actor effect) and the impact
of their partner's depressive symptoms on their interactive synchrony with the infant

(partner effect).
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Article I

Father involvement and emotion regulation

during early childhood: a systematic review

Nilo Puglisi', Valentine Rattaz!, Nicolas Favez!, and Hervé Tissot!-?

1 Faculty of Psychology and Educational Sciences, University of Geneva, Geneva, Switzerland
2 Center for Family Studies, Department of Psychiatry, Lausanne University Hospital and University of

Lausanne, Switzerland

This article is under review in the BMC Psychology journal.
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Abstract
Father involvement, defined in terms of both the quantity and quality of father-child interactions,
affects the child's development. How specifically father involvement links to emotion regulation
during early childhood (0-5 years) is, however, less clear. This literature review synthesizes
research on the links between father involvement and emotion regulation during early childhood,
as well as the measurement methods used to assess them. Ten relevant studies were identified via
four databases (up to August 2023). Results showed no significant direct links, but significant
links appeared between high father involvement and better emotion regulation when moderated
by variables related to the assessment of father involvement and emotion regulation, as well as
the characteristics of the father and the child. Future research should continue to use
observational measures of father behaviors and child emotion regulation, increase the use of
physiological measures of emotion regulation, and consider the influence of maternal and family

variables.
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Father Involvement and Emotion Regulation during Early Childhood: A Systematic

Review

Over the last 40 years of research, father involvement has emerged as a determining
factor in children’s social and emotional development. Defined in terms of both the quantity and
quality of father-child interactions, father involvement is acknowledged as a factor that
influences the development of emotion regulation (ER) capacities in children, which are central
processes in their early socio-affective development (Blandon, 2015; Cabrera et al., 2007; Lang
et al., 2014). ER can be defined as “the extrinsic and intrinsic processes responsible for
monitoring, evaluating, and modifying emotional reactions, especially their intensive and
temporal features, to accomplish one’s goals” (Thompson, 1994, pp. 27-28). The development
of ER is a central process, as the competence of a child to regulate emotions may prevent several
mental health disorders and sustain the development of positive skills (e.g., prosocial behaviors
and the ability to cope with stress; Barnett et al., 2021; Chen et al., 2015; Cole et al., 2009;
Djambazova-Popordanoska, 2016, Morris et al., 2010). Some studies in the field have, however,
yielded contrasting results regarding the nature of the contribution of father involvement to ER
development in children. To date, no review has been dedicated to synthesizing findings on this
topic regarding children during early childhood (05 years), despite ER being of paramount
importance during the first years of life. The aim of this review was thus to fill this gap by

synthesizing the results of previous studies and the measurement methods that have been used.
Father Involvement and Early ER in Children

Despite growing recognition of the role of paternal involvement in children's

development, there are fewer studies on its influence compared with that of maternal
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involvement, especially in early childhood (Blandon, 2015; Cabrera et al., 2007). Several factors
may explain this difference. First, for several decades (until 1970-1980), studies on parenting,
especially in the early childhood period, focused only on mothers, primarily because most
households were traditionally organized according to specialized roles, with mothers taking care
of the child(ren) and fathers being the breadwinners. Since the 1970s, sociocultural changes in
the conception of fatherhood and family organization have led to a general increase in the
involvement of fathers during early childhood in Western countries. An imbalance between
women and men in family life still exists, however, and mothers, whether working or not, still
assume the role of primary caregiver for children in most families (Goldscheider et al., 2015).
Indeed, there is far more variation in father involvement than there is in mother involvement
toward children. This imbalance is also spurred by family policies in many Western countries,
where mothers are encouraged to take (or receive) maternity leave, whereas paternity leave
remains marginal or even nonexistent in some countries (Huebener et al., 2019). Although
imbalance persists, the fact remains that father involvement with young children has increased
steadily over the past 50 years. As a consequence, scholars have started to conduct more studies

about father involvement and its influence on child development.

Research on fatherhood has shown that fathers play a unique role in children’s
development, as they exhibit distinct parenting behaviors compared with those of mothers. For
example, fathers engage more in physical play, encourage children to take risks, are more likely
to help children deal with scary situations, and elicit higher emotional arousal in children during
interactions (Anderson et al., 2019; Baker, 2017). The unique parenting behaviors displayed by

fathers have suggested that their involvement can have a unique influence on the cognitive,
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social, and emotional development of their children. This suggestion has been highlighted by
previous studies, whose results have been synthesized in several reviews, although they did not
specifically focus on ER (Adamson & Johnson, 2013; Amato & Gilbreth, 1999; Diniz et al.,
2021, 2023; Rodrigues et al., 2021; Sarkadi et al., 2008). An exception is a recent literature
review that specifically emphasized the role of fathers in the child's ER development during the
first 18 years of life, revealing that “a good modelling of ER by fathers, supportive emotion-
related parenting practices, and a positive father—child emotional climate were associated with
higher ER skills in children” (Islamiah et al., 2023, p. 35). However, this review did not
specifically focus on father involvement during the early childhood period (0-5 years), a pivotal
period for socioemotional development during which the majority of self-regulatory abilities are
built and parents’ involvement is crucial in shaping them (Bariola et al., 2011; Volling et al.,
2002). During the early childhood period, children typically move from reactive, coregulated
emotions during interactions with adults (primarily parents in the early years) to more advanced
forms of emotional, cognitive, and behavioral self-regulation in different life environments (e.g.,
family, and school; Kim & Cicchetti, 2010; Rutherford et al., 2015). The progression toward
more advanced forms of self-regulation is a continuous process that can significantly be
influenced by challenges experienced in the early years (e.g., the transition from home to formal
schooling; Chen et al., 2015; Cole et al., 2009; Djambazova-Popordanoska, 2016). Father
involvement may increase or decrease the quality of the children’s ability to self-regulate. In
summary, the early years of life are crucial for children’s socioemotional development as they

become progressively able to self-regulate. Within this period, the active involvement of fathers
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plays a crucial role in the ongoing process of developing ER skills, as children depend on others,

especially the parents, to learn how to self-regulate emotions.

Models and Measures of Father Involvement and Child’s ER

The fields of research on father involvement and ER are marked by methodological,
conceptual, and theoretical heterogeneity. This heterogeneity within both fields poses challenges
in forming a clear picture about which aspects of father involvement relate to those of ER.
Regarding the field of research on father involvement, a first observation is that there is no
consensus on a model conceptualizing father involvement and that many conceptual and
theoretical models have been formulated and serve as conceptual bases for operationalizing
father involvement in research (e.g., Lamb, Pleck, & Levine [1987] tripartite model; Paquette’s
[2004] theory of the father—child activation relationship; Pleck’s [2012] multidimensional model
of father involvement; Cabrera and colleagues’ [2014] heuristic model; Palkovitz & Hull’s
[2018] resource theory of fathering; Volling & Cabrera’s [2019] developmental ecological
systems framework). Although these models partially overlap each other, each may contain a
different set of central dimensions (e.g., direct engagement, accessibility, warmth, control,
responsibility, presence/absence of fathers, frequency of caregiving, physical and cognitively
stimulating activities, indirect care), which may make it difficult to synthesize the results of
studies in the field (Cabrera, 2020). A second observation is that there is no clear consensus on
the naming of phenomena related to father involvement. For example, interchangeable terms,
such as “father involvement,” “father engagement,” and “fathering,” have been used to refer to
“father involvement” (Rowbotham et al., 2011). Nonetheless, there is a relative consensus that

fathers can be involved in different ways (such as directly interacting with the child, overseeing
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activities, and meeting their needs) and that the concept of father involvement can be defined
either in terms of quantity (time spent with the child) or quality (the nature of paternal behavior
during interactions with the child; Cabrera, 2020; Lamb, 2000; Pleck, 2012). However, this
consensus is less generalized when it comes to determining how to measure the quantity and
quality of father involvement. Indeed, a third observation is that there is no clear consensus on
the “optimal” method for assessing father involvement. This lack of consensus on assessment
methodologies poses a significant challenge in synthesizing the results of the field. This is
because different sets of surveys, behavioral observations, and interviews have been used in the
research to assess the quantity and quality of father involvement. Survey-based research has
mainly focused on the quantity of father involvement in order to assess, for example, the number
of tangibles: concrete activities that fathers perform for or with their children and the amount of
time (e.g., hours per day, days, or times per week) spent together (Cano et al., 2019; Gaertner et
al., 2007). Through surveys or interviews, studies have also investigated the quantity of
continued presence of fathers in the household, in the child's life, or in providing economic
support to the mother (Dyer et al., 2011; Jampaklay et al., 2018). When researchers could not
easily recruit fathers, they often used mothers to obtain information on father involvement in
terms of the quantity and continuous presence of the father, which potentially leads to biased
data (Adamsons, 2018; Dubeau et al., 2013). Conversely, observational measures have often
been used to investigate the quality of father involvement as, for example, the quality of the
father-child relationship or parenting style (Hirschler-Guttenberg et al., 2015; Pleck, 2010).
Studies on the quality of father involvement have also resorted to surveys, observations, or

interviews to assess overall indicators of father involvement. These overall indicators typically
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encompass information on various domains of father involvement such as care, hygiene, nurture,
discipline, learning, and play with the child (Amodia-Bidakowska et al., 2020; Betancourt et al.,

2020; Wang & Liu, 2018; Wilson & Prior, 2010).

Similar to the field of research on father involvement, research on ER in young children
has used several measures for assessing ER, leading to debates on how each measure may be the
“gold standard” to assess children's ER (Adrian et al., 2011; Larsen & Prizmic-Larsen, 2006;
Mazefsky et al., 2021). Previous reviews have highlighted three main methods to assess ER in
young children, to which the present paper will refer: informant report (parent, teacher, or peer),
naturalistic or laboratory observation, and physiological-biological indicators. As self-reports are
not an appropriate method in early childhood because of the limited verbal capacities of infants
and toddlers, researchers have frequently resorted to informant reports (mostly from parents).
Informant reports have the advantage of being quick to administer and easy to analyze; however,
they are subject to various biases, including extreme responses and social desirability influences
(Paulhus & Vazire, 2007). Existing questionnaires (for a review, see Freitag et al., 2022)
investigate different aspects of children’s ER, such as the degree of emotion dysregulation, the
use of regulatory strategies, or overall ER scores calculated from one or more subscales of a
child's development questionnaire (for a review of different aspects of ER assessed by self- and
informant reports, see Mazefsky et al., 2021). Naturalistic or laboratory observation measures
have frequently been used to assess children’s ER during early childhood. They often involve
situations that elicit emotions of frustration, anger, or fear in the child (e.g., the mother
disappears for a few minutes and the child remains alone in the room; Ham & Tronick, 2006).

The behaviors that the child displays during these situations can be coded by the experimenter as
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ER strategies, distress regulation, and recovery from a stressful situation. In non-stressful
situations, (e.g., free play; Fox, 1989), designed to elicit no specific response from the child, the
child's behaviors can be assessed as strategies of emotion management (Thompson, 2011).
Although observational methods allow researchers to objectively measure ER in children, their
administration and analysis are time-consuming. Physiological-biological indicators are also
used to assess physiological or neural processes involved in ER (Calkins & Hill, 2007; Moore et
al., 2009). These indicators (e.g., heart rate variability and cortisol; Dennis et al., 2012; Zeegers
et al., 2018) provide an objective measure of the processes involved in ER, which are crucial in
the modulation of ER behavior. However, each indicator allows for measuring one aspect of ER
processes, and so it is recommended to use them in combination with other ER measures (Weiss
et al., 2014). The heterogeneity of measures for assessing ER makes it necessary to summarize
which have been used in relation to father involvement so that the links between the two

constructs can be better identified, gaps highlighted, and future research guided.

Taking these considerations about father involvement and ER into account, in the present
paper, we aimed to (1) synthesize the literature on the links between father involvement and ER
during early childhood, (2) describe the methods used to study the link between father
involvement and ER in children's first 5 years, and (3) identify and discuss gaps in the literature
and provide directions for future research on the link between father involvement and children's

ER in early childhood.
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Method

The systematic review protocol was developed by following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA; see Figure 1) recommendations

(Moher et al., 2009).
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Figure 1. Prisma flow diagram of the article search and select process

A research algorithm was created with terms related to father involvement (e.g., “father
accessibility,” “father engagement”) and ER (e.g., “socioemotional development,” “affect
regulation,” “psychophysiology”). Search algorithms are available online as supplementary
material in Appendix A. Four international web databases were searched (PubMed, PsycNET,
EMBASE, and Web of Science) by the first author, with the first search conducted on March 3,
2020, the second on May 9, 2022, and the third on August 9, 2023. The articles were selected by
the first and second authors according to the following criteria: (1) studies including men
presented as involved paternal figures, despite marital status or biological relation; (2) studies

involving 0- to 5-year-old children; (3) studies involving no fathers or children with a diagnosis
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that affects ER; (4) studies with measures related to “father involvement”; (5) parenting studies
that distinguished results for fathers from those for other caregivers (e.g., mother); (6) studies
reporting at least one measure of child ER collected between 0 and 5 years of age; (7) studies
published in a peer-reviewed journal; (8) studies published in English; (9) only empirical studies;
and (10) no guidelines, syntheses, systematic or non-systematic reviews, meta-analyses,

perspective articles, or theoretical or conceptual models.

Studies identified in database searches were exported to EndNote 20.1. Two reviewers
(first and second authors) independently evaluated titles and abstracts, and then full texts.
Consensus meetings were held at each stage to determine progression to the next stage, and the
fourth author resolved discrepancies. Reasons for exclusion were documented in a spreadsheet
and disagreements were resolved by consensus. A total of 8107 studies were found from the
extended search. After duplicate articles were removed (n = 1927), 6056 non-relevant articles
were excluded based on the title and abstract. The remaining 124 articles were screened based on
the full text, and 114 studies were excluded according to the inclusion/exclusion criteria. Finally,
10 articles were included in the systematic review, with data derived from 10 studies. The
extended details of the included articles are available online as supplementary material in

Appendix B.

Results

We organized the results by grouping the studies according to the two categories in which
father involvement can be defined, namely, quantity and quality of father involvement. For each
of the two categories of father involvement, we present the studies that have measured ER as

informant reports, naturalistic or laboratory observation, and physiological-biological indicators.
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The extended details of data from the included articles are available as supplementary material in

Appendix B.
Population

Several studies included in this review reported partial or incomplete information about
the characteristics of their samples, thus limiting an accurate summary of available
characteristics (see supplementary material in Appendix B). All studies were conducted in the
United States, except for one (Italy). Of the 10 studies included, seven were longitudinal and
three were cross-sectional. Fathers’ education was diverse in most studies, ranging from no

formal education to university education.

Although most studies did not consider or provide more details on the socioeconomic
status of fathers, the available information indicates that a majority were middle-class fathers,
except for three studies with a mix of lower-, middle-, and upper-class fathers, and one study
with low-income fathers. In seven of the 10 included studies, fathers lived with the mother and
their child. Children’s mean age ranged from 3 to 42.36 months. Of the 10 studies included, three
focused on infants (0—12 months), three on toddlers (13—35 months), and three on preschoolers
(3-5 years), whereas one contained mixed ages. Fathers’ mean age ranged from 25.51 to 35.86
years. Most of the included studies focused on fathers of mixed ages (i.e., range 35-64 years; n =
6), two studies focused on young fathers (1835 years), and two studies did not mention the age
of the fathers. The living arrangements of families were reported as follows: not specified (n =
2), married (n = 1), married or cohabiting (n = 2), mostly married (n = 3), mostly married or
cohabiting (n = 2). All studies concentrated on different-sex parents (three of them explicitly

mentioned focusing on heterosexual families). In six of the 10 included studies, there was a
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disparity in the sample between female and male infants or toddlers. Eight of the 10 included
studies were published after 2019, indicating a recent trend in investigating the links between
father involvement and ER during early childhood. The data collection period was approximately
deduced by using available information, such as the reported study’s grant number, as none of
the included studies explicitly indicated the years in which the data were collected. In two of the
10 studies, details about the data collection period were unavailable. In the remaining eight
studies, data collection occurred before 1999 in one study, between 2000 and 2015 in three
studies, and after 2016 in four studies. Considering the information about the publication years
and data collection years in the included studies, we recommend that forthcoming research
explicitly specify the years of data collection. This step could improve the interpretability of the
results in the context of socio-cultural changes related to the conception of fatherhood and the

roles assumed by “new” fathers.

Methodological Characteristics

Father Involvement. Of the 10 included studies, five considered father involvement in
terms of quantity, four in terms of quality, and one in terms of both quantity and quality. In these
studies, the quantity of father involvement was reported by fathers (n = 4), mothers (n = 1), or
both parents (n = 1). In all five studies that assessed the quality of father involvement,
researchers used direct observation of father-infant interactions. Among the included studies, the
quantity and quality of father involvement were measured by referring to several aspects of
father involvement, in many cases considering two or more aspects simultaneously. In most of
the studies targeting the quality of father involvement, the authors considered a set of the fathers’

behaviors during interaction with the child, computing global or subscale scores (e.g., the
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average score of the father’s positive emotions coded for each 30-s interval of interaction with
the child) that indicated the quality of involvement during these interactions (n = 5). The
remaining studies focused on the quantity of father involvement in diverse care, play, and
teaching activities (n = 4). One study focused on father involvement as the quantity of fathering
styles (e.g., fathers’ authoritative and permissive parenting), and one study investigated father
involvement as the father’s continuous physical presence or absence. Of the 10 studies included,
three assessed father involvement during the first 12 months of infants’ lives, three when toddlers
were between 13 and 36 months old, and three when preschoolers were between 3 and 5 years
old. In the study that assessed father involvement in terms of both quantity and quality, the
assessment of quantity was conducted within the infant's first 12 months of life, whereas the
assessment of quality occurred once within the initial 12 months and then again when the toddler

was 24 months.

Emotion Regulation. Most studies examined ER during naturalistic or laboratory
observation (n = 4), and researchers assessed children’s ER during interactions with fathers (n =
1), during interactions with both parents (n = 1), or during tasks with no parents involved (n = 2).
Of the remaining studies, three investigated ER with informant reports (father’s report, n = 1;
mother’s report, n = 1; both parents’ report, » = 1) and three as physiological-biological
indicators. Of the 10 studies included, three assessed ER during the first 12 months of infants'
lives, four when toddlers were between 13 and 36 months old, and three when preschoolers were

between 3 and 5 years old.
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Narrative Synthesis of the Results
Quantity of Father Involvement

ER as Informant Reports. The only study that investigated informant-reported ER
found no significant direct link between the variables, but significant links appeared that were
based on the informant. Indeed, links between the greater quantity of father involvement and
better child ER appeared when the mother, not the father, reported the quantity of father
involvement (De Stasio et al., 2020). Although no definitive conclusion can be drawn, the results
of this particular study encourage investigations of the links between the quantity of father

involvement and the reported ER and how the informants may reveal these links.

ER as a Naturalistic or Laboratory Observation. Of the three studies that investigated
observed ER, only one found significant direct links, notably between the greater quantity of
father involvement and better child ER (Aquino et al., 2023). The other two studies found that
significant links between the greater quantity of father involvement and better child ER appeared
when other variables were considered: assessment time of ER and father’s ethnicity (Bocknek et
al., 2014), and assessment characteristics of ER and measured aspects of the infant's
temperament (Planalp & Braungart-Rieker, 2015). In the first of the two studies, Bocknek et al.
(2014) found positive links between mothers' reports of a more consistent father presence and
greater child ER, as evaluated by researchers. Notably, these links were significant at 24 and 36
months, but not at 14 months. In addition, positive links were observed for fathers of Caucasian
ethnicity, but not for fathers who were African-American or Hispanic. These findings highlight
the cultural aspect inherent in the concept of involvement, as proposed by certain fatherhood

models (Santis & Barham, 2017), and align with the idea that a father’s influence evolves during
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a child’s development (Jeynes, 2016). Nevertheless, caution is warranted in interpreting the
results of Bocknek et al.’s (2014) study due to the potential inclusion of separated couples in the
sample. Specifically, half of the fathers either lived separately from or were not married to the
mothers, suggesting the plausible presence of separated parents. In cases of separation or
divorce, various factors could have influenced mothers' reports of father involvement, including
parental conflicts, family organization, and economic challenges—especially considering the
low-income fathers observed in the study by Bocknek et al. (2014). The impact of these factors,
alongside the coexistence of families with both separated and non-separated parents, might have
contributed to the weakening of significant direct links between the constructs of interest across
the entire study sample. Future investigations should take into account these considerations and
the influence of family variables, especially in the case of separated or divorced parents. In the
second of the two studies, Planalp and Braungart-Rieker (2015) found that the fathers’ report of
their greater involvement at home influences infant ER during infant-father interactions.
However, links were moderated by the assessment of ER and the infant’s temperament. Indeed,
only infants lower in surgency (a dimension of temperament) increased in self-distraction faster
when father involvement was higher and slower when father involvement was lower. No links
were found in the analyses that considered self-comforting as a regulatory behavior, and negative
affectivity and regulation as infants’ dimensions of temperament. These results highlight the
pivotal role of children's temperament in shaping their regulation, emphasizing the need for
future research to incorporate this aspect. In addition, they underscore the multidimensional
nature of ER, suggesting that its links with the quantity of father involvement may vary based on

the specific dimension of ER measured. Nevertheless, it is crucial to acknowledge that this was
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the only study that exclusively depended on the father's reports of the infant's temperament,
omitting input from the mother, for example. Moreover, regulatory strategies were observed
during the Still Face Paradigm (Tronick et al., 1978), a scenario designed to specifically elicit
frustration in infants, which might potentially constrain the generalizability of the findings to
other emotions, such as fear. To address these considerations, future studies should include
multiple measures of infant temperament (e.g., from multiple informants) and examine

determinants of regulatory behaviors in various emotion-eliciting contexts.

When we compared the three included studies, we identified some variables that differed
across studies and might have influenced the observed differences in their results: timing of data
collection, sample size, assessment time of ER and father involvement, assessment
characteristics of ER and father involvement, informant of father involvement, father’s
socioeconomic status, father's ethnicity, and age and gender imbalance between the samples of
infants, toddlers, and preschoolers. Among these variables, two stand out, notably differing in the
study that found direct links compared with the other two that identified indirect links between
the constructs when accounting for certain variables. The first variable is the father’s educational
level. Aquino et al. (2023) found direct links in a sample of fathers who were mostly university
graduates, whereas Bocknek et al. (2014) and Planalp and Braungart-Rieker (2015) reported
indirect links in samples of fathers with diverse education levels (i.e., no formal education,
primary, secondary, university). The existence of significant direct links, particularly among
highly educated fathers, could suggest an influence of paternal education level. Alternatively, the
strength of these direct links may be amplified by the higher probability of highly educated

fathers taking paternity leave (Reich, 2011). This could enhance opportunities for fathers to exert
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their influence through more frequent interactions with the infant from early infancy onward,
thus reinforcing links between involvement and ER. Additional research is required to validate
these speculative explanations. The second identified variable is the gender imbalance in the
sample. Aquino et al.'s (2023) study is the only one among the three with an imbalance, in which
58% of the children were male. The gender distribution in the remaining two studies was roughly
even, with about half of the participants being male and the other half female. The presence of
significant direct links may thus be indicative of a gender difference. Nevertheless, this

explanation is speculative and requires a more thorough investigation.

In summary, the results of these three included studies collectively suggest that direct
links between the constructs are likely and that certain variables may moderate these links
(assessment time of ER and father’s ethnicity, and assessment characteristics of ER and
measured aspects of the infant's temperament), leading to significant associations. However, the
heterogeneity observed across the three studies makes it challenging to draw definitive

conclusions, highlighting the need for further investigation.

ER as a Physiological-Biological Indicator. The two studies (Isaac et al., 2023; Richter
& Lickenbrock, 2021) that looked at ER as a physiological measure found no direct links
between variables, but significant links appeared between the quantity of father involvement and
ER when certain variables were taken into account: assessment characteristics of father
involvement and assessment time of ER. Isaac et al. (2023) found that greater children’s
physiological stress measured via hair cortisol concentration is positively associated with fathers’
reports of more frequent authoritarian parenting and, more specifically, with fathers’ reports of

higher physical coercion. Links were absent when other fathering behaviors were considered
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(fathers’ authoritative and permissive parenting; fathers’ non-reasoning/punitive behavior), thus
revealing that they appeared according to the type of father involvement considered. Richter and
Lickenbrock (2021) found links between fathers' self-reported higher involvement in caregiving
(as opposed to play) and elevated average scores in infants' cardiac regulation, specifically
respiratory sinus arrhythmia, during interactions with both mothers and fathers. This finding
suggests that the links were influenced by the quantity of father involvement, indicating that
children mobilized greater physiological resources to regulate themselves in the presence of both
parents when fathers were more involved. In the same study, correlations between father
involvement (in play and care) and infant’s cardiac regulation were shown to vary in significance
under certain conditions (i.e., time of measurement of the respiratory sinus arrhythmia), such that
when fathers were more involved in play, infant’s cardiac regulation increased at 4 months (and
not at 8 months); when fathers were more involved in care, infant’s cardiac regulation increased
at 8 months (and not at 4 months), thus revealing that links appeared according to the time of the

assessment of ER.

In summary, the results of these two studies suggest that direct links are unlikely and that
considering certain variables may increase understanding of the occurrence of significant links
between the two constructs. In light of these findings, we suggest that future studies further
investigate the links between the quantity of father involvement and the physiological regulation
of ER and should take into account the impact of the assessment characteristics of father

involvement and the assessment time of ER.
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Quality of Father Involvement

ER as Informant Reports. Of the two studies that investigated informant-reported ER,
one found no links (Olofson & Schoppe-Sullivan, 2022) and one found no direct significant links
between variables, but significant links appeared between the greater quality of father
involvement and better child ER when the assessed aspects of father involvement and ER were
considered (Altenburger & Schoppe-Sullivan, 2020). Specifically, Altenburger and Schoppe-
Sullivan (2020) found a positive link between fathers’ reports of children’s regulatory capacity
and only one of the three dimensions of father involvement measured during the interaction with
the infant (positive affect, and not sensitivity and detachment). When comparing the two studies,
we observed a notable degree of heterogeneity, underscoring the need for caution in formulating
definitive conclusions. Specifically, as outlined by Olofson and Schoppe-Sullivan (2022) and
Altenburger and Schoppe-Sullivan (2020), the two studies exhibit significant differences in terms
of the age category of the sampled children (infants vs. toddlers), sample size (n = 182 vs. n =
62), timing of ER assessment (3 months vs. 12-18 months), and father involvement assessment
(9 months vs. 12-18 months), as well as the designated informant for ER (father vs. mother).
These variations, and their potential impact on the study outcomes, warrant thorough
investigation by future research endeavors to elucidate the findings of this review. Despite their
heterogeneity, the results of the two included studies suggest that direct links are unlikely, and
significant associations emerge when specific aspects of father involvement and ER are
considered. Consequently, there is a pressing need for further research to explore the associations

between the quality of father involvement and a child's ER, as reported by informants.
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ER as a Naturalistic or Laboratory Observation. Of the two studies that investigated
observed ER, only one found direct links, notably between the greater quality of father
involvement and better child ER (Aquino et al., 2023). Aquino et al. (2023) found that an
increase in the quality of paternal behaviors during interaction with the child increased the child's
ability to regulate with the father. In the other study, Lunkenheimer et al. (2020) found that
higher quality of paternal behaviors during interaction with the infant positively influences the
infant's ER, but only when the infant regulates during interaction with the mother. These findings
underscore the need to consider the child's ER when interacting with each parent, as suggested
by previous studies (for a review, see Rattaz et al., 2022). This approach will help identify direct
links between the father and child, as well as shed light on indirect influences that may be related

to maternal variables.

In comparing the two studies, we observed notable differences in two variables between
them. These two variables may have acted as a moderator on the links found in each study, and
we suggest further research to consider their influence on the investigated links. The first
variable was the assessment time of both constructs. Aquino et al. (2023) found direct links when
assessing the two constructs when the child was between 8 and 24 months old, whereas
Lunkenheimer et al. (2020) conducted assessments at 36 months. This suggests that a direct link
may be more likely in children who are less than 2 years old. The second variable was the
characteristics of the ER assessment. Aquino et al. (2023) found direct links in a study that
observed ER during a frustrating task and in the absence of both parents. Conversely, in
Lunkenheimer et al.'s (2020) study, in which the child interacted with both parents in a non-

stressful situation, no direct links were found. We speculate that in more arousing situations (e.g.,
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those that are stressful), the child may activate regulatory processes learned during shared
moments with the father, making links more likely to be significant. This explanation, requiring
further investigation, is inspired by theories suggesting that fathers contribute to more
challenging and stimulating interactions (social role theory; Eagly, 1987) and engage in more
physically stimulating and unpredictable play (theory of the father-child activation relationship;

Paquette, 2004).

In summary, despite definitive conclusions being limited by the heterogeneity of the two
included studies, their results suggest the likelihood of direct links and indicate that certain
variables, such as the person with whom the child interacts, may moderate these links, leading to

significant associations.

ER as a Physiological-Biological Indicator. The only study that investigated the
physiological regulation of emotions found significant links between the greater quality of father
involvement and poorer ER (higher total cortisol output; Burniston et al., 2023). The results of
this particular study make it challenging to draw any conclusions. We encourage caution in
interpreting them, as the physiological indicator of ER (cortisol) was measured during
interactions with mothers, limiting our understanding of how father involvement directly
influences children's ER. In this study, the negative links found might reflect more of the
influence of maternal variables than paternal ones, such as the impact of maternal behavior on
children's physiological ER during interactions with their mothers. Given these considerations,
we recommend further research to provide deeper insights into the links between the quality of
father involvement and a child's physiological ER. Moreover, these future investigations should

assess physiological indicators of ER when the child interacts with the father.
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Discussion

The results of this review on the associations between father involvement and ER in early
childhood are heterogeneous. However, some general conclusions may be drawn about these
associations and the measurement methods used to assess them. We discuss below the available
information about the results by referring to the category of father involvement (i.e., quantity and
quality) and ER (i.e., as informant reports, naturalistic or laboratory observation, and

physiological-biological indicators).

Overall, the studies we have reviewed indicate that the quantity and quality of father
involvement are not directly associated with a child's ER during early childhood. Indeed, only
one study reported direct associations between the quantity and quality of father involvement, on
the one hand, and the child's ER, on the other hand. Different explanations can be put forward to
explain this lack of direct associations between the variables. A first reason could be that,
although father involvement may be adequate, it may not be equivalent to the level of maternal
involvement during early childhood. Despite societal and cultural shifts promoting increased
father involvement, traditional family roles, in which fathers work full time and mothers serve as
the primary caregivers, remain prevalent during early childhood (Shorey et al. 2019). This
arrangement can affect the quantity and quality of father-child interactions, which, though
adequate, may not be as influencing as mother-child interactions in reinforcing direct
associations between parental involvement and ER (Deans, 2018; Klimes-Dougan et al., 2007).
Future studies should consider investigating nontraditional family configurations, which were
notably absent in this review. This exploration could help ascertain whether the strength of

associations between the two constructs increases when fathers assume the primary caregiver
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role. For instance, a comparison between fathers who take on the primary caregiver role and
work part-time or not at all could offer deeper insights into the results of this review, although

recruiting such fathers may pose challenges.

Although this review showed weak direct associations between the target variables, many
included studies reported significant indirect associations between greater involvement and better
ER in children, that is, when other variables were taken into account (for detailed information
and consideration about how these variables moderate the investigated associations, see Section
3.3, Narrative Synthesis of the Results). These variables, which may relate to the assessment of
father involvement and ER (e.g., time, what was measured), as well as the characteristics of both
the father and the child (e.g., gender and ethnicity), seem to moderate the associations between
these two constructs. Further exploration of these moderating variables could offer deeper
insights into their influence on the associations between father involvement and ER during early

childhood.

Regarding measurement methods, this review confirms that previous research exhibits a
certain heterogeneity in the assessment of father involvement and the child’s ER, notably during
early childhood. Concerning the associations between these two constructs, this review suggests
that the outcomes of the included studies vary based on the methodology, as the presence or
absence of links between them appears to depend on the chosen measurement methods. For
instance, the use of observational measures of ER seems to increase the likelihood of finding
direct links with the quantity and quality of father involvement. This result underscores the
importance of careful consideration in selecting methodologies and taking into account their

potential impact on the investigated links. Taken together, the results of the included studies
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suggest certain trends in the methods used to study the associations between father involvement
and ER in children's first 5 years of life. Building on these trends, we propose considerations that
merit further investigation. First, most of the results of this review relate to studies that
investigated the associations between either the quantity or the quality of father involvement and
the observed child’s ER during interactions, notably in interactions in which the mother is
absent. This finding seems to highlight that contemporary fathers may be less difficult to recruit
than those of the past, as they are more available to report their involvement with the child and to
take part in research involving the extended periods required to record direct interactions with
children (Mitchell et al., 2007). Moreover, the increasing prevalence of observational measures
in more recent research seems to reflect scholars' effort to observe fathers' influence on their
children's ER during interactions, despite the advantages derived from the use of questionnaires
that are convenient and easy to administer and analyze (Patten, 2016). Second, physiological
measures of ER were uncommon in the included studies that focused on investigating the
associations with the quantity of father involvement, and even less common in studies that
investigated the quality of father involvement. When physiological measures were used to
investigate associations with the quality of involvement, it appeared that the child tends to have a
greater need to physiologically regulate emotions during interactions with a more involved
father. However, this greater need to regulate emotions was found during interaction with the
mother and never assessed with the father. Taken together, these findings about physiological
measures of emotions indicate that future research should continue to investigate how both the
quantity and the quality of father involvement seem to be associated with the need for children to

physiologically regulate their emotions during interactions. Furthermore, when placed in
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perspective with previous research on mother-child interactions, the findings of this review about
physiological regulation may suggest a future direction for research. Although previous studies
on mother-child interactions have often demonstrated associations between higher interaction
quality and better physiological regulation of emotions in children (Moore & Calkins, 2004), the
results of this review seem to suggest that higher quality paternal behaviors reduce the child's
ability to physiologically regulate emotions with the mother. To fully understand whether a
child's physiological responses adapt differently depending on the involved parent and the
paternal variables considered, future research must further explore patterns of child physiological
regulation during interactions with each parent. Third, in the majority of the included studies,
both parents provided reports on their child's emotional regulation, with fathers serving as the
primary informants regarding their involvement with the child. These included studies
consistently revealed that increased father involvement generally did not show associations with
the child's ER. However, in one study, the associations appeared when considering both mother
and father reports of father involvement (Aquino et al., 2023). This finding suggests that the
utility of questionnaires might be limited by individual biases and that the likelihood of
associations notably increases when using both parents' reports of father involvement. One factor
that might have influenced the lack of associations is how the questionnaires assessing father
involvement and ER combined various aspects into overall scores. Indeed, the results of the
included studies show that previous research has used global indices of involvement and ER
(perhaps in an attempt to capture all the different aspects of both constructs) and generally found
no associations between them. Given that both constructs have multiple dimensions, it is

plausible, although further research is needed, that aggregating diverse dimensions into a single
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score might constrain the understanding of each dimension and their interconnections. Future
research should clarify these considerations by investigating which of these aspects of father
involvement and ER (aggregated together to produce general indices) are the most informative
for the associations between the constructs of interest. Finally, among the included studies, few
investigated the association between the constructs of interest by using two or more measures to
assess their multiple dimensions, instead focusing, for example, on the association between one
dimension of father involvement and one dimension of ER (as categorized for both of them in
this review). Future research should make greater use of multiple types of measures to assess the

multidimension of both constructs of interest and thus fill the gaps in previous research.

Limitations

This literature review entails a few limitations. First, cultural representativity is almost
nonexistent due to the quasi-majority of studies having been conducted in the United States.
Moreover, it is important to note that only one of the included studies used both parents to report
father involvement. Future research should include measures of both parents from other
countries to control possible bias that is specifically due to the mother, father, or cultural context.
The categories used to synthesize the results, although useful for the aims of this review, could
underrepresent the multidimensionality of both father involvement and ER, and may therefore be
non-exhaustive. A certain heterogeneity in the theoretical framework in the included articles, the
methodology, and the approach used to investigate the constructs of interest, as well as the
absence of nontraditional family configurations, might limit the generalizability of the results

and the possibility to draw clear conclusions.
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Conclusions

This literature review synthesizes existing findings in the literature about the associations
between father involvement and ER during early childhood, as well as the measurement methods
used to assess them. The information available in this review underscores what has been done
and highlights what warrants further investigation (e.g., associations within nontraditional family
configurations). In particular, this review points out that the included studies on the quantity and
quality of the father's involvement reported no direct influence on the child's ER during early
childhood. However, the positive influence of greater father involvement on ER during early
childhood appeared when studies considered variables related to the assessment of father
involvement and the child's ER (e.g., time, what was measured) and to fathers and children (e.g.,
gender and ethnicity). Future investigations should include these variables and clarify their
moderating influence on the association between the father's involvement and the child's
socioemotional developmental outcomes. The findings of this review are mostly based on
included studies that used observational measures of ER. More measures of involvement and ER
reported by both parents are needed to provide insight and reduce possible bias due to the
reported measures of only one parent. This review emphasizes the scarce use of physiological
measures in studying children's ER, especially in research examining how the quality of father
involvement relates to it. Indeed, only one study delved into the influence of the quality of
involvement in the physiological regulation of emotion. This particular study did not involve
father-child interactions. Hence, we recommend that future research encompass these
interactions along with mother-child interactions. This broader approach would offer a more

comprehensive understanding of how a father's involvement affects a child's ER by taking into
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account potential influences between family members and considering measures related to both
parents. Considering that the majority of the included studies were conducted within the last two
decades and primarily relied on observational measures for both constructs, this review
highlights a burgeoning trend of contemporary fathers actively engaging in research related to
early childhood fatherhood. This trend may reflect fathers' growing interest in understanding
their role during this crucial developmental stage and, more generally, their awareness regarding

the influence of their involvement on children's socioemotional development.
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Abstract
Research has shown that the quality of mother-infant interactions, such as the way the mother
and the infant are in synchrony during interactions, is associated with infants’ vagal tone, a
physiological indicator of emotion regulation. However, little is known about the association
between the infant’s vagal tone and the quality of father-infant interactions. The existing
literature suggests that the greater quantity of time a father spends with the infant, either alone
(dyadic time) or with others (social time) may strengthen the association between the quality of
father-infant interactions and infant emotion regulation. In this study, we aimed to investigate the
association between father-infant synchrony and infants’ vagal tone during interactions and
whether dyadic time and social time have a moderating role. Fathers (N = 77) and 3-month-old
infants were observed interacting and the infants' electrocardiogram was recorded to compute
indices of vagal tone. Fathers reported dyadic and social time in questionnaires. Results showed
that father-infant synchrony has no direct associations with infants’ vagal tone. Moderation
analyses revealed that more social time increases the association between synchrony and vagal
tone. This study suggests that the interactive processes during shared family time may influence

dyadic father-infant interactions and the infant's vagal regulation.

Keywords: synchrony, father-infant interactions, emotion regulation, vagal tone, infancy
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Father-Infant Synchrony and Infant Vagal Tone as an Index of Emotion Regulation:

Father-Infant Shared Times in Switzerland as Moderator

Studies have shown that the quality of mother-infant interaction is associated with the
infant’s emotion regulation, which has been assessed at a physiological level through changes in
the infant’s vagal tone during the interactions. However, little is known about the links between
the infant’s vagal tone and the quality of father-infant interactions. The amount of time that
fathers share with their children can foster the father-infant relationship, with consequences for

their interactions and the infant's emotion regulation during these interactions.
Emotion Regulation as an Interpersonal Process

Emotion regulation can be defined as the ‘process responsible for monitoring, evaluating
and modifying emotional reactions, especially their intensive and temporal features, to
accomplish one’s goal’ (Thompson, 1994, p. 27). Poor emotion regulation is associated with
difficulties in social-emotional functioning and with externalizing and internalizing symptoms
(Aldao et al., 2016; Berking & Wupperman, 2012; Crespo et al., 2017; Ekas et al., 2013).
Emotion regulation consists of both intrinsic and extrinsic processes within the individual, with a
strong influence from and on the environment. In early infancy, the immature infant needs adults,
in particular the parents, to learn how to regulate emotions, so that in the first months of life,
emotion regulation occurs as a result of co-regulation between the infant and caregiver(s)
(Weinberg et al., 1999). According to the theories of mutual regulation (e.g., Tronick & Reck,
2009) or bio-behavioural synchrony (e.g., Feldman, 2012), there is an emotional communication
system between infant and parent(s) in which they co-construct their interactive behaviours

during moment-to-moment interactions as they proceed, with changes at a physiological level
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(e.g., the infant's arousal). The quality of the parent-infant communication system thus influences
the infant’s emotion regulation during interactions. The parents' and infants' ease in co-
constructing the interaction increases the quality of their interactions, helps regulate
physiological arousal related to behavioural organization, and positively sustains the infant's
emotion regulation. Conversely, difficulties in co-constructing the interaction may reduce the
quality of the interaction, impair the regulation of physiological arousal related to behavioural
organization, and make the infant's emotion regulation more likely to be difficult. Thus, during
interactions with parents, the infant, who may need to regulate a physical or emotional state, uses
his or her behaviour as a signal to indicate intrapersonal (e.g., signalling hunger) or interpersonal
(e.g., signalling wanting to interact) goals to the parents (Cole et al., 2004; Tronick & Cohn,
1989). The parent's ability to recognize and respond to signals from the infant influences the
infant's emotional experience and arousal, and contributes to the quality of interaction. Through
the repetition of these processes, the infant learns to recognize internal states and how to self-
regulate emotions. These regulatory processes between parent and infant show that emotion
regulation has a strong interpersonal component and that the quality of parent-infant interactions,
as a marker of the quality of co-regulatory processes between the infant and caregiver(s), is

crucial in the development of emotion regulation abilities (Cole et al., 2004; Morris et al., 2007).
Parent-Infant Co-regulation: The Role of Interactive Synchrony

One important feature of the co-regulatory processes at work during parent-infant
interaction is ‘interactive synchrony,’ defined as the joint efforts of parent and infant in
interaction to increase or decrease mutual involvement and positive arousal (Feldman, 2012).

Parent-infant synchrony takes both the parent’s and infant’s behaviours in dyadic interactions
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into account and considers the parent-infant relationship as bidirectional. Synchrony has
temporal characteristics of ‘correspondence’ or ‘co-occurrence,’ that is, the temporal relation of
correspondence and co-occurrence between the behaviours (e.g., social age, vocalizations) and
affective states (e.g., matching of arousal level) of parent and infant, which favour the
maintenance of synchronous interactions between them (Brazelton et al., 1975; Papousek, 1995).
When correspondence or co-occurrence between the behaviours and affective states are lacking,
interactions are considered non-synchronous. During non-synchronous interactions, interactive
errors may be present between parent and infant, at both the level of response type and the level
of temporal characteristics (Abney et al., 2021; Lindsey et al., 2009; Tun¢gen¢ & Cohen, 2018).
For example, interactive errors could be present when a parent continues to stimulate a highly
aroused infant or, conversely, when a parent provides little stimulation to an infant who is awake
and willing to interact. When interactive errors occur, the parent fails to regulate the infant, with
negative consequences for the infant activation state and the need to increase infant regulatory
efforts. In these cases, if the parent reacts to interactive errors in a rapid, flexible, and adaptive
manner, the interaction is repaired and the infant may reduce regulation efforts and be calmer and
more attentive to the parent, with positive consequences for the infant’s activation state. From an
emotion regulation perspective, greater parent-infant synchrony allows the infant to maintain an
optimal state of activation during interactions, reduce regulatory efforts, and be more engaged
during interactions. In contrast, when interactions are repeatedly non-synchronous, the infant
must rely on greater regulatory efforts to maintain an optimal state of activation (Abney et al.,

2021; Feldman, 2017; Palumbo et al., 2017).
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Vagal Tone as a Physiological Index of Emotion Regulation

An appropriate way to measure emotion regulation in infants is to measure vagal activity,
as the vagus nerve contributes to the physiological mechanisms of the autonomic nervous system
related to emotion regulation. According to the polyvagal theory (Porges, 2007), there is an
association between autonomic regulation (e.g., reduced vagal influence and increased
sympathetic influence on the heart) and social, emotional, and communicative regulation during
interactions. Porges (2007) states that the sympathetic nervous system and the parasympathetic
nervous system—two branches of the autonomic nervous system—support adaptive behavioural
strategies. The activity of these two systems is measurable through changes in vagus nerve
activity (i.e., the 10" cranial nerve). The vagus nerve is part of a bilateral system that regulates
emotions and modulates organ activity, as afferent and efferent vagus fibres are part of a dynamic
regulatory system between the brain and the organs (Montirosso et al., 2014). The fibres of the
vagus nerve come from a dorsal and a ventral branch. The dorsal branch is associated with the
regulation of visceral functions (i.e., respiration and digestion). The ventral branch is associated
with motion, emotion, and communication processes. The polyvagal theory (Porges, 2007)
proposes that after the environment is perceived as secure, the autonomic nervous system exerts
a parasympathetic influence on the heart through the activation of the vagus nerve (Porges &
Furman, 2011). Therefore, the increased vagal tone will be associated with a reduced heartbeat
and the occurrence of a calm state that fosters social engagement (Porges et al., 1994). With the
occurrence of a stimulus perceived as a threat or a danger in the environment, vagal tone will
decrease, leading to a diminished parasympathetic influence. This allows the sympathetic system

to intervene to adopt an adaptative reaction to the situation in the form of a ‘fight-or-flight’
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response and to mobilize the metabolic resources that are necessary to accomplish this response.
After the stress is reduced, vagal tone is quickly restored to inhibit the sympathetic nervous
system's influence (Muhtadie et al., 2015). As vagal tone reflects changes in the body's needs, by
increasing or decreasing its influence, it is seen as an indicator of stress, as well as of the body's
ability to organize its physiological resources appropriately (Porges & Furman, 2011). According
to Porges’ (2007) polyvagal theory, the variation in vagal tone relates to the experience and
expression of social and emotional behaviour, so that vagal tone suppression is a physiological
index for difficulties in social and emotional regulation. The quality of parent-infant interaction
may have an influence on the vagal system, which, given its interpersonal component, improves
the modulation of physiological arousal and enables the infant to regulate and engage in positive
social interactions (Porges & Furman, 2011). The quality of mother-infant interaction,
specifically mother-infant synchrony/non-synchrony, has been shown to be associated with
infants’ vagal regulation. Pratt et al. (2015) found that mother-infant synchrony correlates
positively with vagal withdrawal and predicted vagal withdrawal. Feldman et al. (2010) reported
that vagal tone correlates positively with tactile synchrony and negatively with tactile mis-
synchrony. Finally, Provenzi et al. (2015) observed that a dyadic matching of affective states and

interaction repair more frequently in dyads with optimal vagal functioning.

To our knowledge, no studies to date have investigated the associations between the
quality of father-infant interactions and physiological indicators of emotion regulation. Although
the studies that compared early mother-infant and father-infant interaction patterns showed
similar levels of synchrony, some differences in arousal levels were reported: Neutral or low

arousal seemed to more frequently characterize mother-infant interactions, whereas more points
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of high arousal associated with exciting and animated moments of the interactions seemed to
characterize father-infant interactions (Feldman, 2003; Kokkinaki & Vasdekis, 2015; Neri et al.,
2017). Thus, interactions with the father are an opportunity for the infant to interact with a
different social partner than the mother and to experience another type of interaction and
regulation, with different consequences for the infant’s arousal. The first aim of this study was
thus to assess the associations between father-infant interactive synchrony and the infant’s vagal

tone as an index of emotion regulation.

Father-Infant Synchrony and Infant Emotion Regulation: Father Involvement as a

Moderator

During the first months, most infants in Switzerland have few opportunities to interact
with their father because they spend most of their time with their mother who is still on maternity
leave, whereas paternity leave lasts only 2 weeks (Swiss Civil Code, 2021). The father spending
a greater amount of time with the infant may support the father-infant relationship by influencing
the perception of intimacy, closeness, and mutual support, with consequences for father-infant
interactions and the infant’s effort to regulate during them. The functionalist perspective of
emotion regulation may provide a further explanation of how father-infant shared times could
influence the associations between interactive synchrony and infants’ vagal regulation in father-
infant dyads. According to the functionalist perspective of emotion, the infant's emotion
regulation, supported by the activation of physiological patterns, would regulate the infant's
emotional reactions and promote goal achievement during interactions with parents (Thompson,
1994). At 3 months, the infant is more likely to achieve everyday goals (e.g., being comforted,

fed, or changed) during recurrent interactions with the mother and thus to develop physiological
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patterns of emotion regulation in this context. With a less accessible father (due to the short
paternity leave), the 3-month-old infant may have limited experience with how to achieve goals
and how to regulate him- or herself during interactions with the father, with consequences for the
activation of physiological patterns of emotion regulation. In other words, the 3-month-old infant
who has more opportunities to interact with the father may better understand how to achieve
goals when with the father and develop appropriate physiological patterns of emotion regulation
in response to what happens with the father. In the first months of life, the father and the infant
may share two main types of time: dyadic time (father and infant interact alone) and social time
(father and infant interact in the presence of the mother) (Bryant & Zick, 1996; Lam et al., 2012).
Beyond developing additional social and regulatory abilities to those developed with the mother,
dyadic time also provides occasions to foster father-infant relational intimacy with likely
influences on the quality of their interactions and the regulation of the infant's emotions
(Amodia-Bidakowska et al., 2020; Crouter & Crowley, 1990; Larson et al., 1996, Palkovitz,
2019). Father-infant social time in the presence of the mother represents an opportunity for the
infant to develop social and regulatory skills in the presence of more people (e.g., joint attention
and request, laughing together, shared enjoyment), and for fathers, an opportunity to contribute
to family processes that are important for the socioaffective development of the infant (e.g., the
coordination and collaboration of the parents to raise their infant, and the amount and intensity of
positive affection directed toward the spouse such as facial expressions, verbalizations with
positive tone/content, or physical signs of affection in front of the infant). For the father, who
generally spends less time with the 3-month-old infant than the mother does, the mother-father-

infant shared moments can be an opportunity to observe and learn from the mother's experience,
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that is, to observe and learn the mother’s behaviours, gestures, and general ways of doing things

with the infant.

Considering father-infant shared time as a facilitator of the father-infant relationship
(Crouter & Crowley, 1990; Larson et al., 1996) and as an additional opportunity for the 3-month-
old infant to develop emotion regulation abilities with a social partner other than the mother, the
second aim of this study was thus to assess the extent to which shared time may moderate the
links between father-infant interactive synchrony and infant’s vagal tone, considered as an index

of emotional regulation.

From the literature, we hypothesized that, during father-infant interactions, the infant’s
vagal tone would be positively associated with father-infant interactive synchrony. We also
hypothesized that high shared time (both dyadic and social times) would increase the association
between higher father-infant synchrony and increased vagal tone, whereas little shared time

would decrease the association between higher father-infant synchrony and increased vagal tone.
Method
Participants

The participants were a sample of 77 father-infant dyads. The mean age of the fathers
was 35.83 years (SD = 5.68) and of the infants was 15.40 weeks (SD = 1.27). The infants were
43 boys and 34 girls. The fathers (n = 61 due to missing data) were mostly university graduates
(45.5%) and employed (76.6%), 62.3% of them full time (» = 59 due to missing data). The
fathers (n = 61 due to missing data) were mostly married (35.1%) or in a free relationship (39%,

some of them being divorced or separated from a previous relationship). Among the employed
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fathers (n = 59 due to missing data), 5.1% reported having decreased their occupation rate after

the birth of their infant.
Procedure

The data from this study on the father-infant dyad are part of a larger study on emotion
regulation and family functioning. Participant families were recruited by a midwife around the
37th week of pregnancy at the maternity unit of the University Hospital of Geneva. After the
research was presented to the parents, we asked those who were interested to sign a consent
form. Three months after birth, we contacted the parents to schedule a visit to the lab when the
infant was between 3 and 4 months old. On that occasion, the infant's heart activity was
measured during family playtime. After reminding the parents of the context of the study and
explaining the course of the experiment, we invited them to place the infant on a changing table.
Three paediatric electrodes were installed on the infant's chest to record an electrocardiogram
(ECG). We then asked the parents to play with their infant following a four-part situation
inspired by the Lausanne Trilogue Play (LTP; Fivaz-Depeursinge & Corboz-Warnery, 1999). In
the first two parts, each parent got to play with the infant for 2 min while the other parent was
out of the room. In the third part, the two parents played together with the infant for 2 min.
Finally, in the last part, the parents were asked to have a discussion for 2 min in front of the
infant. Of these four-part situations inspired by the LTP, this paper uses data only from the father-
infant part. The parents were aware that the interactions were filmed through cameras whose
position in the room was indicated by the research team. The parents were instructed to interact
as usual; to avoid, if possible, using objects; and not to carry, pick up, or place the infant in a

sitting position on the changing table. At the end of the interactive session, we removed the
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electrodes from the infant, and the parents were required to fill out a form to receive online self-
report questionnaires. A debriefing in the form of video feedback was offered to parents who
expressed interest. The present study was conducted according to the guidelines established by
the Declaration of Helsinki, with written informed consent signed by parents for themselves and
each infant before any evaluation or data collection. The study and its protocol were approved by

the Geneva State Ethics Committee Ethics Committee.

Measures

Father-Infant Synchrony

We assessed father-infant synchrony with the infant CARE-Index (Crittenden, 2006). The
CARE-Index is an adult-infant interaction assessment that can be used from birth to 25 months.
The coding system determines a global dyadic synchrony score by assessing the interaction
pattern of both parents and infants, that is, fathers’ sensitive behaviour and infants’ cooperative
behaviour within the context of their interaction. Scores ranged from 0 to 14, with higher scores
indicating better dyadic synchrony. The total sample of 77 father-infant interactions was coded
from March 2022 to August 2022. To ensure inter-rater reliability, a random blinded sample of
25.9% of the video recordings (20 videos of a total sample of 77) was initially coded by the first
and second authors, both certified by Crittenden as research raters in February 2022. The
intraclass correlation (two-way random, absolute agreement) on the synchrony scores was

excellent, with a coefficient of .982 (Koo & Li, 2016).
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Vagal Tone

The infant’s cardiac activity was recorded with an ECG during father-infant interactions.
The data were collected with a Biopac MP160 system (Biopac Systems, Inc.) and recorded on
AcgKnowledge 5.0 software (Biopac Systems, Inc.). The infant’s cardiac activity was processed
on Kubios HRV v2.2 software to obtain measures of heart rate variability, which reflects vagal
tone. Analyses allowed us to derive the root mean square of successive differences (RMSSD),
which represents the activity of the parasympathetic system and is therefore widely considered to

be a valid measure of vagal activity (Laborde et al., 2017).
Father-Infant Shared Times

Both parents filled out questionnaires to report fathers’ involvement in day-to-day care in
terms of the number of parts of the day per week (morning, afternoon, evening, night) that they
spend with the infant (either alone or accompanied by the infant’s mother or other persons, such
as grandparents, nanny, others). Given the aims of this study, we focused on the sum of the parts
in which the father shared time alone with the infant to calculate the dyadic time shared with the
infant, and the sum of the parts in which the father was involved together with the mother to
calculate the social time shared with the infant. Measuring the amount of dyadic time and social
time allowed us to estimate the recurrence of these two contexts, and regarding the aims of this
study, how their recurrence relates to the infant's socioaffective development. Although fathers
were shown to be reliable reporters of their involvement with young children (Wical & Doherty,
2005), we controlled fathers' reports of father-infant shared time by comparing them to mother-
reported data. As we did not find any significant differences between fathers’ and mothers’

reports, we chose to use only fathers’ reports of their involvement in this study.
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Statistical Analysis

First, we computed descriptive statistics, bivariate correlations between study variables,
and paired ¢-tests to compare dyadic time and social time. These analyses were conducted by
using IBM SPSS Statistics 27 software (IBM Corp., Armonk, NY). We then used the PROCESS
macro for SPSS (Hayes, 2012, 2017) to test for moderation effects. The model was run with the
infants’ RMSSD during father-infant interaction as the dependent variable, father-infant
synchrony as the independent variable, and dyadic time and social time shared with the infant as
the two moderators. We also considered the infant's and father's age and the infant's gender as
potential control variables. To estimate the significance of the moderation effects, we used a
bootstrapping procedure with 5,000 bootstrap samples to estimate 95% confidence intervals

(CIs). The macro creates mean-centred variables to calculate the interaction product terms.
Results
Descriptive Statistics

The means and standard deviations for all study variables are presented in Table 1.

Table 1. Descriptive statistics of all study variables.

Variable n Min. Max M sD
Father-infant synchrony 77 1 14 7.81 332
RMSSD father-infant 77 342 20.07 11.27 3.95
Dyadic time shared 77 0 9 1.21 2.38
Social time shared 77 0 22 12.92 6.21
Infants’ age 77 13.14 17.85 15.40 1.27
Fathers’ age 77 23 56 35.83 5.68
Infants’ gender 77 1 2 1.56 .50

Note. RMSSD = root mean square of successive differences; infants’ age refers to weeks after birth; gender: 1 =female, 2 = male.
The mean father-infant synchrony score was 7.81 + 3.32, and the mean infants’ RMSSD
score was 11.27 + 3.95. The mean values of the two moderators, dyadic time (1.21 + 2.38) and

social time (12.92 £+ 6.21), were compared through a paired #-test to test whether significant
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differences existed between them. The results of the paired #-test showed that the mean values of
the two moderators were significantly different, #76) =-13.772, p <.001, and that the effect size
was large (d = 0.99). The analysis of the frequencies of dyadic time values showed that most of
the fathers (68.8%, n = 53 of the full sample) reported spending 0 parts of the day per week
(morning, afternoon, evening, and night) involved with the infant. The frequency analysis of the
social time values showed different percentages of the frequency, with two peaks above 10%;
that is, 20.8% of the fathers (n = 16 of the full sample) reported spending 18 parts of the day
involved with the infant in the presence of the mother (i.e., about 4.5 days), and 11.7% (n =9 of

the full sample) reported O parts.
Correlational Analyses

Correlations between the variables can be found in Table 2.

Table 2. Correlation matrix for study variables.

Variable 1. 2. 3. 4. 5. 6. 7.
1. Father-infant synchrony 1

2. RMSSD father-infantx 182 1

3. Dyadic time shared —.043 —-.169 1

4. Social time shared 112 .021 —.384* 1

5. Infants’ age .038 —.048 .066 036 1

6. Fathers’ age -.156 .052 .056 —.228*% —.091 1

7. Infants’ gender —.148 —.061 —.043 —.079 —.073 -.017 1

Note. RMSSD = root mean square of successive differences; gender: 1 =female, 2 = male.
**p < .01. ¥p < .05.

There was no correlation between father-infant synchrony and infants’ RMSSD. Neither
father-infant synchrony nor infants’ RMSSD correlated with dyadic time and social time. A
significant negative correlation was found between dyadic time and social time (r = -.384, p <
.01). As the father's age was the only control variable to show significant correlations with target
variables (i.e., with social time, » =-.228, p <.05), infant’s age and gender were not entered in

the moderation model in order to increase statistical power.
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Moderation Analyses
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Figure 1. Graphical representation of moderation model values.

Note: Synch F-I = father-infant synchrony; Dyadic T = dyadic time; Social T = social time; RMSSD = root mean square of successive differences. The
bold lines represent the significant influences of the independent variables on the dependent variable in the moderation model. * p < .05.

Results showed that the moderation model (see Figure 1) overall significantly predicted
the infant’s RMSSD during father-infant interactions (R =.437, R*> = .191; df = 6, 28; F = 2.763,
p = .181). Main eftects in the model for fathers’ age (b =.023, p =.769, 95% CI [-.133, .180]),
dyadic time (b =-.371, p = .061, 95% CI [-.759, .017]), social time (b =-.015, p = .84, 95% CI [-
168, .137]), and father-infant synchrony (b =.256, p = .053, 95% CI [-.003, .516]) on infants’
RMSSD during father-infant interaction were all nonsignificant, although the latter effect almost
reached significance. The effect of the interaction between father-infant synchrony and dyadic
time on infants’ RMSSD during father-infant interaction was also nonsignificant (b =-.095, p =
.089, 95% CI [-.204, .014]), although this effect was close to significance. We can conclude that

the time father shared alone with the infant did not significantly increase the association between

76




father-infant synchrony and the infant's RMSSD during the interaction. Adding this variable to
the model accounted for only a small and nonsignificant proportion in the variance of the infant’s
RMSSD, F(1, 70) = 2.984, AR?> = .034, p = .089. In contrast, the interaction effect between
father-infant synchrony and social time was significant (b =.047, p = .040, 95% CI [.002, .093]),
which suggested that the time that the father shared with the infant in the presence of the mother
significantly increased the association between father-infant synchrony and the infant's RMSSD
during the interaction. Adding this variable to the model accounted for a significant proportion in
the variance of infants’ RMSSD, F(1, 70) = 4.360, AR*>=.050, p < .05, although the effect size
was small. The joint addition of both interaction effects together in the model accounted for a
significant proportion of the variance of the infant’s RMSSD, F(2, 70) = 5.276, AR* = .121, p <

.01, with a medium effect size.

To have a better understanding of these moderation effects, we examined the conditional
effects of father-infant synchrony at ‘low (-1 SD),” ‘moderate (mean),” and ‘high (+1 SD)’ values

of the moderators. The results are shown in Table 3 and presented graphically in Figure 2.

Table 3. Conditional effects of father-infant synchrony at values of dyadic time and social time.

Dyadic time Social time Effect SE t LLCI uLcl
—1.207 —6.214 .074 215 345 —.355 .504
—1.207 .0000 371 .148 2.503* .075 .667
—1.207 6.214 .668 .194 3.430* 279 1.056
.000 —6.214 —.040 .188 =213 =417 336
.000 .000 .256 130 1.968 —.003 516
.000 6.214 553 .196 2.812*% .160 .945
2386 —6.214 —.267 .200 -1.331 —.667 133
2.386 .000 .029 181 163 -.332 392
2.386 6.214 326 .257 1.268 -.186 .839

Note. LLCI =the lower bound within the 95% confidence interval; ULCI = the upper bound within the 95% confidence interval.

**p <.01. *p < .05.
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Figure 2. Graphical representation of conditional effects of father-infant synchrony at values of dyadic time and social time.
Note: RMSSD = root mean square of successive differences.

The results showed that the effects of father-infant synchrony on the infant’s RMSSD
were strongest when fathers reported no dyadic time and moderate to high social time, as well as
medium dyadic time and high social time. In other words, the association between synchrony and

vagal tone increased when fathers reported spending rare dyadic time and much social time.

Discussion

The first aim of this study was to investigate the association between father-infant
synchrony, an indicator of the quality of the interaction, and infants’ vagal tone as an index of
emotion regulation during interactions. Our hypothesis, according to which the infants’ vagal
tone would be positively associated with father-infant interactive synchrony during father-infant

interactions, was not confirmed. The results showed that father-infant synchrony did not
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significantly predict the infant's vagal tone during interactions with the father, although the
positive association between the two variables almost reached significance. The second aim was
to investigate whether father-infant shared times, both dyadic time (father and infant) and social
time (father, infant, and mother), play a moderating role in the associations between father-infant
synchrony and infants’ vagal tone. Our hypothesis was partially confirmed. Moderation analyses
revealed that the association between father-infant synchrony and vagal tone was moderated by
social time (time spent by fathers in the presence of the mother), such that more social time

increased the association between synchrony and vagal tone.

Results showing no significant main effect of father-infant synchrony and infant emotion
regulation during father-infant interactions were surprising. They suggested that, when we
controlled for the level of father involvement in day-to-day care in terms of time spent with the
infant alone or in the presence of the mother, the association between father-infant synchrony
and infant emotion regulation was weak. However, as this association was close to significance,
it is possible that the size of the sample may have been too limited to reach significance. Further
studies should thus be conducted in larger samples of father-infant dyads to estimate the
significance of this association more precisely. They might yield significant results with

increased statistical power.

Although father-infant synchrony and infant emotion regulation were weakly linked, the
results of the moderation analyses gave us a glimpse of the conditions in which the links between
both variables were stronger. Indeed, shared father-infant times at 3 months were shown to
strengthen the association between the quality of interactions and the infant's emotion regulation

competence, whereas shared father-infant times did not directly influence the quality of
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interactions and the infant's emotion regulation during father-infant interactions. In a nutshell, the
dyads in which fathers spend much time with the infant in the presence of the mother, but never
alone with the infant, were those in which the association between interactive synchrony and the
infant's vagal regulation during father-infant interactions was strongest. In the following

paragraphs, we discuss these results and some explanatory leads.

Dyadic time was found to be a nonsignificant moderator, but it is difficult to draw
conclusions because of the low variability of reports on dyadic time. Most fathers reported no
dyadic time, and so further investigations that include fathers with different dyadic times are
needed to understand how variations in dyadic time affect the father-infant dyad at 3 months. On
the other hand, the father-reported social time was a moderator of the association between father-
infant synchrony and the infant’s vagal tone. These results suggest that family processes related
to what happens during mother-father-infant times influence the father-infant dyad and the
infant's physiological regulation during interactions with the father. This idea is in line with
studies showing that family variables influence fathers’ behaviours and infant socio-emotional
development (Cabrera et al., 2014; Frascarolo-Moutinot et al., 2020; Youngblade et al., 1993).
Father-infant synchrony is significantly and positively associated with infant emotion regulation
only when fathers report rarely being alone with the infant and when the social time is medium

to high.

We propose some tentative explanations for this result that warrant further investigation.
The greater amount of shared time in which both parents care for the infant has a specific
influence on the father-infant dyad, in particular when the father rarely shares time alone with the

infant. Interestingly, correlation analyses also showed that the less that a father reported spending
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time alone with the infant, the more he reported spending time with the infant in the presence of
the mother. It is reasonable to assume that fathers reporting rare dyadic time with the infant will
have fewer occasions to develop their own parenting style and may rely on mother-like
behaviours observed during social time as being more suitable for the infant. These fathers may
feel less competent in face-to-face interactions with the infant than the mother does, who has had
more experience with the infant at 3 months. The infant of a father who uses mother-like
behaviours may have found the father's behaviours ‘familiar’ during the interaction, thus
activating regulatory responses similar to those habitually used (with the mother). In contrast,
fathers who had more dyadic times may have relied less on mother-like behaviour observed
during social time, preferring to use behaviour based on their own experiences alone with the
infant. In this case, the associations between the physiological regulation and the father's
behaviour may have been weaker because, whether adjusted or not, the father's behaviours are
less similar than the mother’s behaviours. At 3 months, the infant may be more used to relying
on the mother to regulate him- or herself and be more sensitive to the mother's behaviour,
appropriate or not, than the father’s. Consequently, the infant might be less physiologically
regulated during the interactions, regardless of the quality of paternal interactive behaviours or
the level of the father-infant behavioural synchrony. Following this explanation, it is likely that
even the most highly involved fathers in our sample may not spend enough time with the infant
alone to develop their own parenting style, which the infant would be more used to. Indeed, the
fathers who spent more time alone with the infant still reported little time alone with the infant
(the maximum was nine parts of days by week) compared with that reported by mothers. Further

studies should be conducted in samples of families in which the father is the primary caregiver,
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although the relative rarity of such family configurations may hinder study recruitment and thus

limit the study's sample size.

The latter explanation might in addition benefit from being considered in the context of
the socioeconomic factors related to the country in which this study was conducted. In
Switzerland, paternity leave of 1-3 days was available to fathers until January 2021. Since then,
paternity leave has been extended to a total of 10 working days (i.e., 2 weeks). Despite this
change, mothers in Switzerland continue to have longer leave (14 weeks) than fathers do (Swiss
Civil Code, 2021). Furthermore, mothers in Switzerland spend more time with their infants and
assume the role of primary caregiver in the first months of life, while fathers usually continue to
work full time. Regarding the full-time employment rate between fathers and mothers of a 0- to
3-year-old infant in Switzerland, statistics in 2022 showed significant differences between the
parents, with full-time employment rates for fathers of 79.6% and 16.3% for mothers (Federal
Statistical Office, 2022). Thus, it is reasonable to think that, in Switzerland, fathers may have
few occasions to interact alone with their infants in the first months of life and that those few
occasions to interact, usually in the presence of the mother, may represent an opportunity to
reinforce the association between the quality of father-infant interactions and the infant's
physiological patterns of emotion regulation in the first 3 months. The ‘less expert’ father in day-
to-day care activities may need more time to ‘leave a mark’ in the development of the emotion

regulation patterns and help the infant regulate emotions.

This study has limitations and strengths. Among the limitations, first, the results are only
marginally generalizable because most of the fathers in this study were highly educated and

worked full time. A greater variety in the sample of fathers—such as fathers working part-time or
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not employed, and fathers with different levels of education and economic statuses—would have
increased the generalizability of the results of this study. Second, although vagal tone is often
used in studies as the main indicator of emotion regulation, other indicators could have captured
contextual and extrinsic factors crucial for the infant's emotion regulation. This consideration is
important regarding the systemic nature of emotion regulation involving physiological, affective,
and social mechanisms (Thompson et al., 2008). Thus, to further confirm the results of this study,
additional studies are warranted that consider physiological processes as well as observational
processes, for example, in addition to vagal tone, the behavioural aspects of emotion regulation
and social regulation by parents. Third, the assessment of father-infant synchrony used in this
study, although allowing for a global assessment of synchrony by considering the interaction
behaviour patterns of father and infant, does not allow for analysis of the association between
specific father-infant synchrony behaviours (e.g., sharing smiles, gaze direction toward the other
partner, display of availability for interaction, and vocalizations in response to what the adult
says) and changes in vagal tone. Future analysis of the association between father-infant
synchrony behaviours and moment-to-moment changes in the infant's vagal tone during
interactions could provide additional information. Despite these limitations, this is the first study
to specifically investigate physiological regulation during 3-month-old infant—father interactions,
including measures of the quality of interactions and the influence of two types of father-infant
shared time. This study highlights that the quality of father-infant interactions may influence the
physiological regulation of emotions when the father and infant share time in the first months of
life. This study also suggests that early father-infant interactions are susceptible to the influence

of shared time in the presence of the mother. Therefore, future research should include measures
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of family processes to better understand how the quality of father-infant interactions is related to

the infant's physiological emotion regulation at 3 months.
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Abstract
Introduction: Studies have shown that infants’ emotion regulation capacities are closely linked to
the quality of parent-infant interactions. However, these links have been mostly studied in
mother-infant dyads and less is known about how the quality of father-infant interactions
contributes to the development of emotion regulation during infancy. In this study, we aimed to
investigate the links between interactive synchrony (i.e., an index of the quality of parent-infant
coordination of interactive behaviors) and infants’ vagal tone (i.e., a physiological index of
emotion regulation). To understand the respective contributions of both parents, as well as the
interrelations between the functioning of both dyads within a family, we observed mothers and
fathers from 84 families interacting with their infants.
Methods: Synchrony was assessed by using the CARE-Index; infants’ vagal tone was derived
from the analysis of infants’ electrocardiograms recorded during the interactions. Moreover, to
take the play’s order into account, we counterbalanced the procedure, so that approximately half
of the mothers played first. We specified a first structural equation modeling (SEM) model to
investigate the associations between interactive synchrony and the infants’ root mean square of
successive differences (RMSSD), an index of vagal regulation, in the two successive parts of the
play. We conducted a multigroup analysis in a second SEM model to investigate the associations
of the first SEM model in two groups based on the order of interaction.
Results: The results of the SEM models showed that greater synchrony was related to greater
infant RMSSD within mother-infant dyads and across one dyad to the other dyad in the full

sample and in the group of fathers who interacted first with the infants. The associations between
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synchrony and infant vagal tone within father-infant dyads never appeared to be significant, nor
did any associations within each dyad and across dyads when mothers interacted first.
Discussion: This study highlights that the links between interactions and infants’ vagal tone are
sensitive to family members’ interdependencies and some conditions (the order of interaction).

Keywords: parent-infant interactions, emotion regulation, synchrony, vagal tone, infancy
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Interactive Synchrony and Infant’s Vagal Tone as an Index of Emotion Regulation:

Associations with each Mother- and Father-Infant Dyad and Across Dyads
The Interpersonal Component of Emotion Regulation

The interpersonal component of emotion regulation is crucial in early infancy because, by
interacting with parents, immature infants develop emotion regulation patterns that allow them to
be progressively autonomous in recognizing their internal states and regulating emotions
(Sameroff, 2004). Emotion regulation can be defined as a “process responsible for monitoring,
evaluating and modifying emotional reactions, especially their intensive and temporal features,
to accomplish one’s goal” (Thompson, 1994, p. 27). This definition reflects a functionalist view
of emotion regulation, according to which emotion regulation allows the infant to achieve goals
in the surrounding environment (e.g., for the infant to be fed, comforted, or protected; Campos et
al., 1994; Cole et al., 1994). Emotion regulation involves intrinsic and extrinsic processes within
the individual, with a strong influence from and on the environment. At 3 months, the quality of
early interactions with the parents, the infant’s main social interactants, helps the infant to shape
behavioral and physiological patterns of emotion regulation, with consequences for the infant’s
socioemotional development (Tronick & Cohn, 1989; Cole et al., 2004; Cabrera et al., 2014;

Morris et al., 2017; Low et al., 2019).

One index of the quality of parent-infant interactions that has been previously linked with
emotion regulation is interactive synchrony, which reflects the quality of the mutual regulation of
the interaction by the parent and the infant (Tronick, 2007; Bernard et al., 2013; Nguyen et al.,
2020). Provenzi et al. (2018) defined interactive synchrony as the “degree of congruence

between trans-modal behaviors of two partners, which is lagged in time and which promotes
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infants’ learning of emotional regulation skills and the emergence of expectations on interactive
repertoires” (p. 12). Interactive synchrony is linked with better cognitive development, fewer
externalizing and internalizing symptoms, and adaptive self-regulation, with effect sizes ranging
from small to large (e.g., Laible and Thompson, 2000; Kochanska et al., 2008; Feldman and
Eidelman, 2009; Pesonen et al., 2010; Hinnant et al., 2013; Suveg et al., 2016). Interactive
synchrony implies that the parent and the infant exchange and coordinate behavioral (e.g., gaze,
affection, voice, and touch) and physiological (e.g., brain networks, affiliative hormones, and
autonomic responses) signals, within each other, between each other, and between the physiology
of one member of the dyad and the behavior of the other member (Tronick & Cohn, 1989;
Feldman et al., 2010; Beebe et al., 2016; Provenzi et al., 2018). The repeated experience of
synchronous exchanges during parent-infant interactions fosters the emergence of repetitive and
rhythmic matched patterns within the dyad characterized by being “concurrent” (when the parent
is happy, the infant is happy) and “sequential” (variations in the parent predict variations in the
infant) between partners (Feldman, 2007a; Wass et al., 2020). During the perinatal period,
synchrony is predominantly driven by the parent, who through direct glances, expressions of
positive affect, vocalizations, and affectionate touch coordinates with the infants’ attention
during awake time. Later in infancy, the infant becomes an active social partner capable of co-
constructing interactive synchrony with the parent(s) through the active coordination of gaze,
affective expressions, co-vocalizations, and touch patterns (Feldman, 2007b, 2015). Although
being in synchrony is desirable, synchrony in social interactions is most often difficult to
achieve. The reason is that social interactions naturally contain mistakes or external perturbations

and thus many possibilities for moments of miscoordination that reduce interactive synchrony
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(Markova & Nguyen, 2022). For example, moments of miscoordination can occur when a parent
misunderstands the infant’s signals by being withdrawn when the infant is willing to interact or
by trying to engage the baby when he or she is fussy. However, despite moments of
miscoordination, both partners may maintain a certain degree of interactive synchrony when they
implement behavioral and physiological changes appropriate to the signals coming from the
other partner (Tronick & Gianino, 1986; Beeghly et al., 2011). For example, a withdrawn parent
may stay involved in the interaction by making eye contact with the infant, or a parent with a
fussy baby might gently pat the baby’s hand to distract and maybe soothe the baby, avoiding

overstimulating activities.

Interactive synchrony involves regulatory behaviors, observable during an interaction,
and emotion regulation processes, measurable on a physiological level through vagal tone. Vagal
tone is a valid index of physiological regulation; it reflects the vagus nerve’s contribution to the
autonomic nervous system mechanisms related to emotion regulation. According to Porges
(2011, 2021) polyvagal theory, vagal tone variations relate to the experience and expression of
social, emotional, and communicative regulation during interactions. High vagal tone in early
childhood has been associated with better regulation and fewer externalizing, internalizing, and
cognitive problems across development. Conversely, low vagal tone has been shown to correlate
with difficulty in regulation, poorer sustained attention, more impulsiveness, and greater
disinhibition (Feldman, 2006; Graziano & Derefinko, 2013; Provenzi et al., 2015; Wagner et al.,
2021). The suppression of vagal tone is a physiological indication of difficulty in social
regulation and emotion regulation processes. The study of vagal tone in parent-infant interactions

has shown, predominantly in the mother-infant dyad, that physiological variations can be
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observed depending on the quality of the interactions (Moore & Calkins, 2004; Lunkenheimer et
al., 2020). When the quality of the interaction is high, with adaptive coregulation between parent
and infant behavior, the infant vagal tone generally increases to support behavioral organization
during social involvement (e.g., gaze sharing, shared attention). Conversely, when the quality of
the interaction decreases, the lower coregulation generates a stress for the infant and is associated
with lower vagal tone to support behavioral responses to a difficult interaction (e.g., avoidance of
adult gaze, crying; Feldman et al., 2010; Provenzi et al., 2015). Pratt et al. (2015) found that
mother-infant synchrony positively correlated with and predicted vagal withdrawal. In addition,
mother-infant synchrony may strengthen vagal regulation in infants with high and low negative
reactivity. Provenzi et al. (2015) observed a higher frequency of dyadic matching of affective
states and dyadic repair in dyads with optimal vagal functioning. To summarize, infant’s vagal
tone is a crucial aspect to consider when investigating the interpersonal aspect of emotion

regulation development.
The Interdependencies between Mother- and Father-Infant Interactions

During infancy, different adults (e.g., parents, grandparents, aunts, uncles, and
professional caregivers) may shape social interactions with infants, thus contributing to the
development of regulation patterns (Bronfenbrenner, 1974; Kokkinaki et al., 2012; Kokkinaki &
Pratikaki, 2014). However, the most frequent interactions for infants occur with primary
caregivers, that is, one or both parents, as they are closest to them and quickly provide them with
the care they need to survive. Interactions with each parent allow the infant to experience
different types of interactive synchrony, with different consequences on the coordination of

physiological states and interactive behavior within each dyad (Lamb, Pleck, Charnov, et al.,
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1987; Moore & Calkins, 2004; Skibo et al., 2020; Wu & Feng, 2020; Rodrigues et al., 2021). For
example, during interactions with fathers, which often focus on highly stimulating physical play,
interactive synchrony tends to involve the regulation of higher levels of positive arousal than it
does during interactions with the mother, which often focus on the regulation of mutual gazes
and vocalizations during face-to-face interactions (Feldman, 2003). In Western societies, mothers
still mostly play the role of primary caregiver in early infancy, and thus previous research on the
interpersonal components of emotion regulation in early infancy has largely focused on the
mother-infant dyad. Furthermore, previous research has often considered the mother-infant dyad
without taking into account other social interactions that might influence it (father-infant dyad)
or encompass it (the whole family). Family system theorists, however, have long suggested that
consideration of the connections between the different members of a family and their influence
on the infants’ functioning is necessary for a more accurate view of family influences on infant
development. According to family system theory (Minuchin S., 1974; Minuchin P., 1985; Cox &
Paley, 1997), the family system is composed of several subsystems, each of which has specific
properties and the potential to influence and be influenced by the others. Minuchin (1985) argued
that each subsystem can only be accurately understood in the context of its relationships with the
others, as subsystems do not function in isolation from one another. What happens in one dyad
(mother-infant) is likely to influence and be influenced by what happens in another dyad (father-
infant). In sum, the infant’s interactions with the mother and father are non-independent because

complex interdependencies exist in a family.

The interdependencies in a family may function cumulatively during parent-infant

interactions, so that adaptive or maladaptive functioning in one subsystem (e.g., parent-infant)

92



spreads to other subsystems (e.g., interparental), leading to multiple factors influencing the
infant’s emotion regulation. However, it is also possible that several subsystems may compensate
for others. Thus, the maladaptive effect of one subsystem on the infant’s emotion regulation may
be compensated by the protective effect of another system. Examples of interdependencies in a
family are the spillover effect and the crossover effect. The spillover effect refers to the impact of
the emotional quality of the parent—parent relationship on the emotional quality of the parent(s)-
child relationships (Stroud et al., 2011; McCoy et al., 2013). A parent might take less care of an
infant by purposely not being at home to avoid facing the other parent. On the other hand,
parents with a good marital relationship are more likely to collaborate in caring for their infant,
allowing the infant to experience more positive interactions with the parent(s) (Sears et al.,
2016). The crossover effect, which may co-occur with the spillover effect, refers to the transfer
of emotions or behavior between individuals within a subsystem rather than between subsystems
or domains. In other words, a parent’s attitudes or experiences could influence the partner’s
functioning with the infant (Tissot et al., 2017; Tucker et al., 2017; Miragoli et al., 2018; Pu &
Rodriguez, 2021). While caring for the infant, a parent with a partner in distress (e.g., due to the
presence of depressive symptoms or burnout) might present reduced availability, difficulty
concentrating, and increased irritability because of worrying thoughts about the partner’s
difficulties (Sutton et al., 2017). Conversely, parents who are less confident in infant care might
interact with the infant with greater confidence in their gestures because they are reassured by

their partners’ supportive attitude toward their parenting skills (Udry-Jergensen et al., 2016).

To date, many studies have brought evidence of links between the quality of parent-infant

(mostly mother-infant) interactions and physiological outcomes of infants’ emotion regulation in
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an interaction. However, no study to our knowledge has ever investigated these processes in
intact biparental families, taking both the mother-child and father-child dyads into account. In the
present study, we aimed to fill this gap by investigating the associations between synchrony and
vagal tone within mother-infant and father-infant dyads, as well as across dyads, that is, from one
dyad to the other. In particular, we examined the links between mother-infant synchrony and
infants’ vagal tone during father-infant interaction, as well as the links between father-infant
synchrony and infants’ vagal tone during mother-infant interaction. In line with previous
research, we expected to find within-dyad associations between the variations in the quality of
interactions and the infants’ physiological regulation during these interactions. Specifically, we
hypothesized that high mother-infant synchrony would be linked with high infant vagal tone
during the interaction with the mother. Although previous studies are scarce, we expected to find
similar associations in father-infant dyads, such that higher father-infant synchrony would be
linked with higher infant vagal tone during interaction with the father. As across-dyad
associations have never been investigated in an empirical study to our knowledge, we formulated
the exploratory hypothesis that we would find associations between high synchrony in one dyad
and high infant vagal tone in the dyad, but that these associations would probably be weaker than

within-dyad associations.
Method
Participants

The participants were a convenience sample of 84 mother—father-infant families. The
mothers had a mean age of 33.75 years (SD =4.00), the fathers had a mean age of 35.83 years

(SD =5.68; n="77 due to missing data), and the infants had a mean age of 15.38 weeks
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(SD = 1.25). The infants were 44 boys and 40 girls. Mothers were mostly university graduates
(54.8.0%, n="70 due to missing data) with 66.7% of them employed (» =56 due to missing data),
38.1% full time. Fathers were mostly university graduates (41.7%, n =65 due to missing data)
with 73.8% of them employed (7 = 62 due to missing data), 63.1% full time. Mothers (n =70 due
to missing data) were mostly married (44%) and in a cohabiting couple (35.7%; some of them
were divorced or separated from a previous relationship). Among the fathers (n =65 due to
missing data), 36.9% were married and 35.7% were in a cohabiting couple. A socio-economic
index (IPSE) was calculated by using the formula of Genoud (2011), which is calculated based
on the education level and occupation of both parents. Regarding socio-economic status, 48.8%
of families belonged to the middle-upper class, 13.1% to the middle class, and 11.9% to the

upper class (7 =72 due to missing data).

Procedure

In this study, we used data collected from a larger study on emotion regulation and family
functioning. A midwife recruited parents around the 37th week of pregnancy at the maternity unit
of the University Hospital of Geneva. We presented the objectives of the research and then
provided the parents with a consent form that the interested participants signed. The midwife
explained to the parents that the study’s focus was the infant’s emotions. Three months after
delivery, the research team contacted and scheduled a meeting with the parents when the infant
was between 3 and 4 months old. At the beginning of the meeting, the researchers reminded
parents of the context and the course of the study and invited them to place the infant on a
changing table. To record the measurements of the infant’s heart activity during family playtime

in the study, one of the researchers placed three pediatric electrodes on the infant’s chest to
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record an electrocardiogram (ECG). The researcher asked the parents to interact with the infant
following the family play of the Lausanne Trilogue Play paradigm (Fivaz-Depeursinge and
Corboz-Warnery, 1999). In the first part, one parent played with the infant for 2 min while the
other parent was outside the room. In the second part, the parents changed roles. Because in the
first two parts of the play the infant interacted separately with each parent, we decided to
counterbalance the order of the parts to have an equal distribution between the mothers and
fathers who interacted first. Finally, in the third part, the two parents played together with the
infant for 2 min. In this study, we considered only the first two parts, that is, the interactions of
each parent with the infant. Before starting the interactions, the researchers indicated the position
of the cameras and specified that the experiment could be interrupted at any time if the infant
showed signs of excessive fatigue or distress. The researchers instructed the parents to interact,
as usual, avoiding objects if possible and not to carry, pick up, or place the infant in a sitting
position on the changing table to limit the recording of noise during the ECG. At the end of the
interactive session, and after the removal of the electrodes from the infant, the parents were
asked to fill out a form to receive online self-report questionnaires. A debriefing in the form of

video feedback was offered to interested parents.
Measures
Parent-Infant Synchrony

We assessed mother- and father-infant synchrony with the infant CARE-Index
(Crittenden, 2006). The CARE-Index is an adult-infant interaction assessment that can be used
from birth to 25 months. The coding system assesses global dyadic synchrony, that is, fathers’

sensitive behavior and infants’ cooperative behavior, within the context of parent-infant
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interactions. Scores ranged from 0 to 14, with higher scores indicating better dyadic synchrony.
The total sample of 84 parent-infant interactions was coded from March 2022 to August 2022. To
ensure inter-rater reliability, a random sample of 23.8% of the video recordings (20 videos in a
total sample of 84) was initially coded by the first and second authors, both trained and certified
as research raters in February 2022. The intraclass correlation (two-way random absolute
agreement) on the synchrony scores was excellent with a coefficient of 0.982 (Koo and Li,

2016). Coders were blind to the results of the ECG analyses (see next Section).
Vagal Tone

An ECG was recorded during baseline, mother-infant interaction, and father-infant
interaction. During the 2-min baseline, the ECG was recorded while the researchers explained
the instructions of the experiment, and the parents were not directly involved with the infant.
Physiological data were collected with a Biopac MP160 system (Biopac Systems, Inc.) and
recorded on AcqKnowledge 5.0 software (Biopac Systems, Inc.). The infants’ cardiac activity
was processed on Kubios HRV v2.2 software to obtain heart rate variability measures, which
reflect vagal tone. Analyses allowed us to derive the root mean square of successive differences
(RMSSD), which represents the activity of the parasympathetic system and is widely considered

to be a valid measure of vagal activity (Laborde et al., 2017).
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Statistical Analysis

We computed first a set of descriptive statistics for the variables under study (see table 1).

TABLE 1 Descriptive statistics.

Model 1 Model 2

Full sample Mothers interacted first Fathers interacted first
Variable n M Min  Max M Min  Max M
RMSSD M-I 84 295 19.80 11.20 348 41 361 19.80 11.67 3.59 43 2.95 16.90 10.76 336
RMSSD F-I 84 342 20.07 11.26 3.90 41 4.18 20.07 11.33 3.68 43 342 19.92 11.19 4.15
Synchrony M-I 84 1 14 8.31 3.36 41 1 14 8.71 3.53 43 2 14 7.93 3.20
Synchrony F-I 84 1 14 7.85 3.21 41 1 14 8.24 3.15 43 1 14 7.47 3.26

RMSSD, root mean square of successive differences; M, mother; F, father; I, infant.

The normality test was performed by using the Shapiro—Wilk test. We also tested for
bivariate correlations between the variables under study, as well as for differences depending on
the order of the parts in the play through the Student’s #-test and the Mann—Whitney U test (non-
parametric alternative to the Student’s #-test used when the samples to be compared do not have a
normal distribution). Missing data analysis was conducted, as there were missing data in two
control variables: fathers’ age (n =7) and families’ socioeconomic status (n = 12). There was no
missing data in the target variables. The Little’s Missing Completely at Random (MCAR) test
was not significant, y2 = 19.471, df=20, p = 0.49. Which indicates that data were missing
completely at random. Then, we tested for associations between the target variables and the
potential control variables (sex of the infant, age of the parents, and socioeconomic status) to be
included in subsequent analyses. Because of the small size of our sample, we wanted to optimize
statistical power by eventually including in multivariate analyses only those control variables
that would have shown significant correlations with the target variables (see Table 2 for more

details).
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TABLE 2 Correlation matrix for the full sample.

Full sample,

N=84

Variable

1. RMSSD M-I 1

2. RMSSD F-1 0.734%* 1

3. Synchrony M-I 0.353%* 0.246* 1

4. Synchrony F-I 0.311%% 0.164 0.524°%% 1

5.1 sex —0.054 —0.033 —0.111 —0.165 1

6. M age —0.099 -0.119 —0.122 —0.175 —0.144 1

7.F age 0.067 0.053 —0.123 —0.156 —0.017 0.537+* 1
8.SES 0.123 0.122 0.077 —0.075 0.061 0.276* 0.278* 1

** p<0.01; * p<0.05; RMSSD, root mean square of successive differences; M, mother; E, father; I, infant; Sex: 1 =female, 2 =male; SES, socio-economic status: 1 =lower, 2 =lower-middle,
3=middle, 4= middle-upper, 5=upper.

As none of the control variables showed significant correlations with the target variables,

they were excluded from subsequent analyses.

To test the main hypotheses of this study, we then used structural equation modeling
(SEM) techniques to test the associations between the target variables, namely, parent-infant
synchrony and the infants” RMSSD within each dyad and across one dyad to the other. In a first
model (see Figure 1), we specified covariance paths between parent-infant synchrony and

infants” RMSSD to investigate their association within each dyad (see Figure 1).
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FIGURE 1

Graphical representation of the first SEM model in the full sample (= 84). *** p<0.001; ** p<0.01; * p<0.05; RMSSD, root mean square of successive
differences; M-I, mother-infant; F-I, father-infant. Structural equation modeling (SEM) shows paths between mother-infant synchrony, father-infant
synchrony, and infants’ RMSSD during interactions with parents. Bold rows show significant paths between variables, and gray rows show
nonsignificant paths.
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We refer to these covariance paths as “within-dyad” covariances. Thus, there were two
within-dyad covariances in this model, one between mother-infant synchrony and infants’ vagal
tone during mother-infant interactions, and one between father-infant synchrony and infants’
vagal tone during father-infant interactions. To investigate the influence across one dyad to the
other, we also specified covariance paths between parent-infant synchrony in one dyad and
infants’ RMSSD during the interaction in the other dyad. We refer to these covariance paths as
“across-dyad” covariances. Thus, there were two across-dyad covariances in this model, one
between mother-infant-synchrony and infants’ vagal tone during the interaction with the father,
and one between father-infant synchrony and infants’ vagal tone during the interaction with the
mother. As previous work suggested that the order of interaction (mother or father interacting
first) in a family play situation may influence the parents’ behaviors during the interactions
(Frascarolo et al., 2003), we conducted a multigroup analysis in a second model to test whether
the order of the parts in the play influenced the study results. In this second model, the relations
between the variables were specified similarly to the first model, but the model was separately
estimated in two groups according to which parent interacted first (n =41 families with mother
playing first and n =43 with father interacting first). In this model, all the parameters were left
free to vary between the two groups. In order to estimate the magnitude of the differences
between the two groups, we created a third nested model in which we imposed difference and

equality constraints on all parameters of the model.

The first, second, and third SEM models were estimated by using a maximum likelihood
with robust standard errors estimator. Because the first and second models were saturated (0

degrees of freedom), the model fit was irrelevant, as the model was perfectly fitted to the data.
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Information on model fit was in turn available for the third model, as it had 14 degrees of
freedom. Chi-square tests and other fit indices (e.g., root mean square error of approximation
[RMSEA]) were used to evaluate model fit according to the standard criteria defined by Hu and
Bentler (1999). For the comparative fit index, values above 0.90 indicate a fair fit and values
above 0.95 an excellent fit. For the RMSEA, values below 0.06 indicate an excellent fit and
values between 0.06 and 0.08 an acceptable fit. Descriptive statistics, bivariate correlations, the
Student’s #-test, and the Mann—Whitney U test were computed in IBM SPSS Statistics 27
software (IBM Corp., Armonk, NY). Mplus 7.4 (Muthén and Muthén, 2016) was used to perform

SEM.
Results
Descriptive Statistics

The mean and standard deviations of parent-infant synchrony and infants’ RMSSD
during the interactions with each parent were calculated in the total sample and the two groups

based on the order of the parts in the play (mother or father interacting first; see Table 1).

The Shapiro—Wilk test was performed to verify the normal distribution of the study
variables, revealing that the infants” RMSSD scores were normally distributed (with the mother,
p =0.783; with the father, p =0.331) and that synchrony scores were not (mother-infant
synchrony, p = 0.017; father-infant synchrony, p = 0.009). To investigate whether the mean scores
for the target variables would vary according to the order of the parts in the play, we used the
Student’s #-test for the infants’ RMSSD scores and the Mann—Whitney U test for parent-infant

synchrony scores. Results revealed that the infants’ RMSSD during the interaction with the
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mother [#82)=1.189, p=0.23] and the father [#(82)=0.165, p =0.86] and the synchrony scores
with the mother (U: 761.000, p =0.27) and the father (U: 747.000, p = 0.22) did not vary

depending on the order of the parts in the play.

The normative values for RMSSD during infancy are predominantly rooted in 24-h ECG
recordings (Massin & von Bernuth, 1997; Patural et al., 2019), which posed a challenge in their
direct comparison with the 2-min segments used in the current study. However, previous
investigations that focused on brief 10- or 2-min excerpts from ECG recordings during infants’
restful periods (Zeegers et al., 2018; Arce-Alvarez et al., 2019) revealed values that were either
similar or slightly higher than those observed in the present sample. This minor variance might
be attributed to the recording circumstances—capturing the ECG during social interactions rather

than in a resting state.
Correlational Analyses

The correlational analyses between target variables (parent-infant synchrony, and infants’
RMSSD during the interaction with each parent) and the control variables (sex of the infant, age
of the parents, and socioeconomic status) were calculated in the full sample (see Table 2). The
infants’ RMSSD during the interaction with the mother correlated positively and significantly
with synchrony with both parents, so that, when the infants’ regulation with the mother was
higher, the synchrony with both parents was also higher. The infants’ RMSSD during the
interaction with the father correlated positively and significantly with mother-infant synchrony,
so that, when the infants’ regulation with the father was higher, the synchrony with the mother
was also higher. There was a positive and significant correlation between both synchrony scores,

so the higher the synchrony with the mother, the higher the synchrony with the father. Infants’
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RMSSD scores correlated positively and significantly, so that the more regulated the infants were
with the mother, the more regulated they were with the father. None of the control variables

showed a significant correlation with the target variables.

Models Linking Parent-Infant Synchrony and Infants’ RMSSD

The results of the estimation of the first model (Model 1; see Figure 1 for more details)
showed that the within-dyad covariance was significant and positive in the mother-infant dyad
and not significant in the father-infant dyad. In other words, greater mother-infant synchrony was
related to greater infant RMSSD during the interaction with the mother. The across-dyad
covariance was significant and positive between mother-infant synchrony and infants” RMSSD
with the father and between father-infant synchrony and infants> RMSSD with the mother. In
other words, mother-infant synchrony was positively related to infant regulation with the father,
and father-infant synchrony was positively related to infant regulation with the mother. In turn,
father-infant synchrony was not related to infant RMSSD during father-infant interaction.
Finally, the covariance between synchrony with the mother and father was positive and
significant, such that greater synchrony related to greater synchrony, and the covariance between
the infants’ RMSSDs with each parent was positive and significant so that greater regulation with

one parent related to greater regulation with the other.

The results of the estimation of the second model (Model 2; see Figures 2, 3 for more
details) showed that in both groups (Group 1: mothers interacted first, n =41; Group 2: fathers
interacted first, n =43), there were three similarities: the covariance between synchrony and
infants’ RMSSD in the father-infant dyads was not significant, the covariance between

synchrony with the mother and father was positive and significant so that greater synchrony
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related to greater synchrony, and the covariance between the infants’ RMSSDs with each parent

was positive and significant so that greater regulation related to greater regulation.

FIGURE 2
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Graphical representation of the second SEM model in the group in which mothers interacted first (= 41). *** p <0.001; ** p <0.01; RMSSD, root mean
square of successive differences; M-I, mother-infant; F-, father-infant. Structural equation modeling (SEM) shows paths between mother-infant
synchrony, father-infant synchrony, and infants’ RMSSD during interactions with parents. Bold rows show significant paths between variables, and gray
rows show nonsignificant paths.
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FIGURE 3
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Graphical representation of the second SEM model in the group in which fathers interacted first (= 43). *** p<0.001; ** p<0.01; * p<0.05; RMSSD,
root mean square of successive differences; M-I, mother-infant; F-|, father-infant. Structural equation modeling (SEM) shows paths between mother-
infant synchrony, father-infant synchrony, and infants’ RMSSD during interactions with parents. Bold rows show significant paths between variables,
and gray rows show nonsignificant paths.

Two differences between the groups appeared: For mothers who interacted first, the

covariance between mother-infant synchrony and infants” RMSSD with the mother was not

significant. Although the covariance (i.e., unstandardized) was not significant, the correlation

(i.e., standardized) was (r=0.337, p =0.034). In turn, this covariance was significant when
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mothers interacted second and fathers first. The second difference between the groups was that
for mothers who interacted first, the covariance between mother-infant synchrony and infants’
RMSSD with the father was not significant. In turn, this covariance was positive and significant
when fathers interacted first, such that mother-infant synchrony was related to the infant’s

regulation with the father.

In the third model that aimed to test the magnitude of these differences, we imposed
differences and equalities between groups on all the parameters of the second model. This model
demonstrated a good fit: y*(14) =10.802, p>0.05, RMSEA = 0.000, comparative fit index = 1.
The finding that the chi-square test of the third model was nonsignificant suggests that the
differences between the groups, if any, were minimal, as the fit of a model specified with
equality constraints on all parameters was not statistically different from a model assuming

between-group differences.
Discussion

In this study, we investigated associations between interactive synchrony (an indicator of
interaction quality) and infants’ vagal tone (an index of emotion regulation) during mother-infant
and father-infant interactions, both within each parent-infant dyad (within-dyad) and across one

dyad to the other (across-dyad).

Our hypotheses that associations exist between interactive synchrony and infants’ vagal
tone within each dyad were partially confirmed. The results showed that interactive synchrony
has a significant association with infants’ vagal tone within mother-infant dyads, such that

variations in synchrony were related to variations in infants’ vagal tone during mother-infant
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interactions. Although this association was present in the whole sample (Model 1), the
multigroup analyses (Model 2) revealed that this association is actually due to mother-infant
dyads interacting second (i.e., after the father), as it disappears when the order of interaction is
reversed. Our hypothesis that there are associations between interactive synchrony and vagal
tone in infants within father-infant dyads was not confirmed in either the whole sample or
subgroups based on the order of interaction. Although this lack of associations might lead to the
assumption that fathers have a reduced influence on the infants’ physiological regulation of
emotion, we propose looking at the family organization at 3 months in Switzerland to potentially
shed light on the reasons behind the lack of associations within the father-infant dyad. At

3 months, Swiss mothers are on mandatory maternal leave and assume the role of primary
caregiver, spending more time with the infant than fathers do. Fathers indeed have a shorter leave
(paternity leave 2 weeks) than mothers do (maternity leave 3.5 months) and tend to work full
time during the first months after their infants’ birth, reducing the opportunities for the father-
infant dyads to interact (Swiss Civil Code, 2021; Federal Statistical Office, 2022). Therefore, it is
plausible that the fathers in our study might have encountered limited chances for one-on-one
interactions with their infants. The infrequency of these interactions could have hindered the
formation of strong associations within the father-infant dyad, for which more shared time may
be necessary for the development of mutual regulation. In simpler terms, increasing the duration
fathers spend with their infants could have provided additional opportunities for infants to
become accustomed to mutual regulation with their fathers. This, in turn, might have improved
infants’ physiological responsiveness to these interactive moments, much like what is observed

with mothers who are consistently present during the initial 3 months. This understanding of our
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results suggests that enhanced shared time during the early months may strengthen the impact of
the father-infant relationship on children’s social-emotional development. To confirm the
influence of shared time, future research should investigate the associations between the

variables in our study by comparing groups of fathers with paternity leave of different lengths.

Moreover, the existence of significant associations across the dyads suggests that fathers’
influence may take another path, as suggested by the results. Our hypothesis that associations
exist between the interactive synchrony in one dyad and infants’ vagal tone in the other dyads
was indeed confirmed. The results showed that the interactive synchrony in one dyad had a
significant association with infants’ vagal tone in the other dyad, such that variations in the
quality of interactions in one dyad were related to variations in infants’ vagal tone during
interactions in the other dyad. These associations across dyads were present in the whole sample
and in the group in which fathers interacted first, revealing that they were mainly due to those
father-infant dyads interacting first and those mother-infant dyads interacting second.
Specifically, our results showed that father-infant synchrony was significantly associated with
the infants’ RMSSD in the subsequent mother-infant interaction, whereas infants’ RMSSD
during father-infant interaction was associated with mother-infant synchrony in the subsequent
interaction. These results thus seem to indicate that although fathers may not have an impact on
the infant’s physiological regulation during father-infant interactions, they have an indirect
influence. The results across dyads in the group in which fathers interacted first suggest a way in
which fathers might influence infants’ physiological regulation of emotion by influencing
mother-infant synchrony and the infants’ RMSDD during mother-infant interactions. This across-

dyad association in the multigroup analyses (Model 2) also suggests a potential causal
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relationship because the interactions occurred in sequence. Moreover, the infants’ physiological
regulation of emotions during father-infant interactions might have subsequently influenced the
variations in the quality of later mother-infant interactions. Further investigations are needed to

assess these possible causal links.

In sum, interesting results emerged from the estimation of Model 2, in which we
controlled for the influence of the order of the play, such that all within-dyad and across-dyad
associations disappeared in the group of families in which mothers were asked to interact first. A
speculative explanation may be proposed to explain the absence of association within mother-
infant dyads when the mother interacted first. This explanation may also extend our previous
explanation about the lack of associations within father-infant dyads, particularly for those
father-infant dyads that interacted first. In our study, just before the start of the two parts of the
play, the infants were barely stimulated by the parents engaged in listening to the researchers’
instructions. Once alone with the first interacting parent, the infants had to “tune in” to the
parents’ request to interact. This moment of attunement may have delayed the establishment of
coregulatory processes within the dyads and their associations with the physiological patterns of
the infant, regardless of the dyads’ increased habit of interaction at 3 months. Further
investigation is required to delve into our speculative explanation, as well as to understand the
reasons behind the absence of associations across dyads in the group in which fathers interacted
second. Gaining a more comprehensive understanding of how the order of interaction affects
parent-infant interactions could yield profound insights into the influences molding infant
physiological regulation of emotion. In turn, this broader understanding will enhance the

interpretation of the results of this study.
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This study has some limitations. Most of the participants belonged to the middle-upper
socio-economic class in the Swiss population and were university graduates. Furthermore, most
of the study participants lived in a heterosexual two-parent family, so we had to limit our
analysis to this group. Our results may therefore be different in other types of families. Although
a global assessment of the interactive synchrony considers the behavioral patterns within mother-
and father-infant dyads, it does not allow for the investigation of the association between specific
interactive synchrony behaviors (e.g., sharing of smiles, the direction of gaze toward the other
partner, demonstration of readiness for interaction, and vocalizations) and changes in vagal tone.
The systemic nature of emotion regulation involves physiological, affective, and social
mechanisms (Barrett, 2017; Thompson, 2019; Pruessner et al., 2020). Thus, although vagal tone
is often used in studies as the main indicator of emotion regulation, other indicators could have
captured the contextual and extrinsic factors crucial for infant emotion regulation. In addition to
vagal tone, future studies should also consider the observed behaviors of emotion regulation

during interaction so that the findings of this study can be further confirmed.

Our study is the first to consider the association between the quality of interactions and
the vagal tone of 3-month-old infants, both within each parent-infant dyad and across one dyad
to the other during subsequent interactions. Notwithstanding its limitations, our study shows the
existence of associations between interactive processes and infants’ physiological regulation of
emotions within the mother-infant dyad and across dyads in a family. The associations across
dyads provide evidence that the quality of father-infant interactions has a crucial influence on
family relational dynamics, with consequences for the early physiological regulation of infant

emotions. However, the significance of the associations may vary when controlling for the order

109



of interaction, demonstrating that interactive processes within and beyond the dyad are sensitive
to contextual factors and interdependencies between family members. Future research with a
systemic perspective of family relationships is needed to investigate the complex family

influences on the socio-emotional development of the infant.
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Abstract

We examined how depressive symptoms reported by mothers and fathers before the infant’s birth
influence their own (actor effect) and their partner’s (partner effects) quality of parent-infant
interactive synchrony in the fourth month after birth. Parent-infant interactive synchrony is an
indicator of the quality of dyadic interactions and refers to how the parent and infant are in
synchrony during interactions. Using an actor-partner interdependence model, we analyzed data
from 86 families. Both parents assessed their depressive symptoms between the 36th and the
38th weeks of pregnancy, and observations of parent-infant synchrony were conducted during a
laboratory visit 3 months after birth. We found an actor effect between mothers’ depressive
symptoms and mother-infant synchrony, whereas a partner effect was prominent between fathers’
depressive symptoms and mother-infant synchrony. Our results underscore the importance of
involving both parents in research on parent-infant synchrony. This inclusion enhances the

comprehension of the reciprocal influence among family members.

Keywords: actor-partner effect, prenatal, depressive symptoms, parent-infant synchrony,

parent-infant interaction
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Prenatal Depressive Symptoms and Postnatal Parent-Infant Interactive Synchrony:

An Actor-Partner Interdependence Model

Early parent-infant interactions are important for the infant’s development. Difficult
parent-child interactions reflect difficulties in the relationship, which might jeopardize the child’s
mental health and psychological development. A risk factor for the reduced quality of early
interactions is the presence of prenatal depressive symptoms in the parents, which reduces their
capacity to adjust to their infant during interactions. Interdependencies exist between family
members so that a parent’s prenatal depressive symptoms can affect not only their own
interactions with the infant, but also those of the partner with the infant. However, many studies
on the determinants of the quality of parent-infant interactions have typically analyzed data from
mothers and fathers separately, thus neglecting the interdependence and mutual influence

between the two parent-infant dyads.
Parent-Infant Co-construction of Interactive Synchrony

In the early months of life, infants rely entirely on external caregiving, gradually gaining
independence as they develop. Whether an infant grows physically and psychologically healthy
depends significantly on how well the caregivers can understand, notice, and effectively respond
to the infant’s cues for assistance and support. Therefore, how primary caregivers, usually
parents, interact with the infant and the overall quality of their interactions are crucial factors
influencing the infant’s health and well-being. Repeated interactions in daily life gradually
organize themselves as patterns, which become stable over time and shape the parent-infant
relationship and the infant’s socioemotional, cognitive, linguistic, and neurological development

(Winston & Chicot, 2016). One index of the quality of parent-infant interaction is interactive
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synchrony (Bernard et al., 2013; Tronick, 2007). Interactive synchrony refers to the exchanges
and synchronization of hormonal, behavioral, and physiological stimuli between parent and
infant during social contact, providing critical inputs for the growth and development of the
young (Rosenblatt, 1965; Schneirla, 1946; Wheeler, 1928). Interactive synchrony has been
shown to be associated with child development, notably with enhanced cognitive development,
reduced externalizing and internalizing symptoms, and adaptive self-regulation, with effect sizes
varying from small to large (Hinnant et al., 2013; Kochanska et al., 2008; Suveg et al., 2016).
The key elements of interactive synchrony can be outlined in four main aspects. The first is that
interactive synchrony entails the exchange and synchronization of both behavioral (e.g., gaze,
affection, voice, and touch) and physiological (e.g., brain networks, affiliative hormones, and
autonomic responses) signals. The second is that the exchange and synchronization of the signals
occur within each interactant and between the interactants and that it involves the interplay
between the behavior/physiology of one interactant and the behavior/physiology of the other
interactant (Beebe et al., 2016; Feldman, 2015; Provenzi et al., 2018; Tronick & Cohn, 1989).
The third aspect is that the exchange and synchronization of the signals are characterized to be
both “concurrent” (when the parent is happy, the infant is happy) and “sequential” (variations in
the parent predict variations in the infant; Wass et al., 2020). The fourth aspect is that the
respective contribution of parent and infant to the co-construction of interactive synchrony
changes during infant development. In the perinatal period, parents primarily shape interactive
synchrony during the infant’s wakeful periods through direct glances, positive expressions,
vocalizations, and affectionate touch. During infancy, parents and infants gradually start to

contribute jointly to shape interactive synchrony as the infant becomes a more active social
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partner, able to contribute actively to synchrony through the active coordination of, for instance,

gazes, affective expressions, co-vocalizations, and touches (Feldman, 2015).

Interactive synchrony is a challenge at the behavioral level and even more so at the
physiological level. The challenge is due to the inherent complexity of social interactions, which
often involve mistakes or external disruptions. These mistakes and external disruptions
contribute to numerous moments of miscoordination, diminishing the achievement of interactive
synchrony (Markova & Nguyen, 2022). For instance, moments of miscoordination may manifest
when a parent misinterprets the infant’s signals by withdrawing during opportune moments for
interaction or, on the contrary, by insisting on engaging when the infant needs rest or a break
from interaction. Nevertheless, notwithstanding these moments of miscoordination, both partners
can sustain a certain degree of interactive synchrony by adapting behavior and physiology in
response to signals from the other (Beeghly & Tronick, 2011). For instance, a parent who
withdraws from the interaction may still stay somewhat engaged by smiling at the infant.
Similarly, a parent with a tired infant might use a soothing melody to distract and calm the child,

avoiding overly stimulating activities.
Early Interactions and Prenatal Parental Depressive Symptoms

Previous studies have explored factors that can negatively affect parenting and parental
behaviors toward infants, ultimately affecting parent-infant interactions and children’s outcomes
across development. These studies have demonstrated that both mothers” and fathers’ depressive
symptoms represent a risk factor for parenting and family interactions and, ultimately, for the
children’s well-being. Indeed, results of previous studies have shown that parental depressive

symptoms are associated with the reduced ability of the parents to interact with the child, with
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implications for the quality of parent-infant interaction, increased difficulties in the parent-child
relationship, and a higher likelihood of negative interactions, including irritability and hostility
toward the child (Lindstedt et al., 2021; Medina et al., 2022; Parfitt & Ayers, 2014; Sethna et al.,

2015).

When considering interactive synchrony, previous studies have shown that parental
depressive symptoms negatively impact synchrony (for a review, see Field, 2010, 2018; Golds et
al., 2022; Wee et al., 2011; Wilson & Durbin, 2010). This result stems from studies that
considered only postnatal parental symptoms, overlooking prenatal symptoms. The limited
investigation of prenatal symptoms is surprising, as previous studies have shown that although
prenatal and postnatal symptoms are similar in their manifestation, their effects may be
independent (Evans et al., 2012; Pawlby et al., 2011). A recent meta-analysis (Golds et al., 2022)
revealed that only a few studies, conducted on mothers only, investigated prenatal symptoms as
predictors of interactive synchrony. The conclusions of these studies were inconsistent, as
associations between maternal prenatal depressive symptoms and interactive synchrony after
birth were negative in some studies and positive in others. Another striking result of this meta-
analysis was the absence of research on fathers. Given these findings, it is crucial to further
explore the effects of prenatal depressive symptoms in both parents, with a specific emphasis on
fathers for many reasons. First, an increasingly broad body of research supports the idea that the
father-child relationship is at least as meaningful as the mother-child relationship in the early
months of life (Cabrera et al., 2007; Lamb & Lewis, 2004). Second, over the last 20 years,
studies have found that a significant portion of fathers experience depression during the prenatal

period (Barker et al., 2017; Top et al., 2016), indicating the need to consider, similarly to
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mothers, the influence of prenatal symptoms in fathers on the father-child relationship. Lastly,
maternal and paternal depressive symptoms correlate with each other in the perinatal period
(Paulson & Bazemore, 2010), necessitating a double focus on maternal and paternal prenatal
symptoms. This double focus resonates with the family-system approach, according to which

interdependencies exist among family members (Cox & Paley, 1997; Minuchin, 1974).

The Influence of Family Interdependencies

The ecological models of parenting and the family-system approach guided this study.
The ecological models propose that contextual, societal, and behavioral factors influence
parenting (Abidin, 1992; Belsky, 1984; Bronfenbrenner, 1999). Furthermore, similar to the
family-system approach, the ecological approaches emphasize that all family members are
interconnected and part of a system, so that parents and children are best studied within this
network (Belsky, 1984; Cox & Paley, 1997; Minuchin, 1974). Examples of interdependencies
among family members are the spillover and the crossover effects. The spillover typically refers
to the transfer or diffusion of emotions, feelings, behaviors, or experiences generated in one
subsystem (e.g., the marital relationship) to another (e.g., the parent-child relationship; Engfer,
1988; Erel & Burman, 1995). For example, the health of the marriage causally influences the
quality of the parent-child relationship, such as when parents transfer negativity in the marital
relationship to their interactions with their children (i.e., scapegoating, detouring; Golds et al.,
2022; Medina et al., 2022). The crossover effect refers to the transfer of experiences or affects
between individuals. For example, a crossover effect occurs when parents support their children

to compensate for the depressive symptoms of their spouse (Kouros et al., 2014; Nelson et al.,
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2009) or when their interactions with the child are negatively affected by their spouse’s

symptoms (Goodman et al., 2014; Ponnet, Mortelmans, et al., 2013).

Although prior studies have investigated the links between perinatal depression and
interactive synchrony, few studies have investigated the effects of a parent’s depression on the
relationship of the other parent with the child, especially during the prenatal period. Investigating
these effects could provide insights into how parental prenatal symptoms affect interactive
synchrony within the family system. A specific analytic framework that can be useful in
investigating such effects is the actor-partner interdependence model (APIM; Kenny et al.,
2020). It allows for the simultaneous estimation of actor and partner effects in dyads. An actor
effect occurs when predictor variables from the respondent influence the outcome variables of
the respondent, whereas a partner effect occurs when predictor variables from the partner’s

respondent influence the outcome variables of the respondent.

Aims of the Study

In this study, we focused on the prenatal depressive symptoms of both mothers and
fathers as determinants influencing parent-infant interactive synchrony after the birth of the
infant. The first aim was to explore how depressive symptoms reported by both parents before
the infant’s birth affect their own interactive synchrony with the 3-month-old infant. Drawing
insights from previous research on postnatal depression (Ponnet, Wouters, al., 2013; Wilson &
Durbin, 2010; Woody et al., 2016), we anticipated similar actor effects for prenatal symptoms of
depression, expecting higher levels of depressive symptoms to be negatively associated with
parent-infant synchrony. The second aim was to investigate how depressive symptoms reported

by each parent before the infant’s birth influence the partner’s parent-infant interactive
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synchrony 3 months after birth. Regarding partner effects, we expected that increased levels of
depressive symptoms experienced by one parent would have an adverse impact on the partner’s
parent-infant interactive synchrony. The third aim was exploratory, aiming to test, through the
APIM, the relative size of the actor and partner effects to discern four general patterns based on
the interdependence theory (Kelley et al., 2003): actor-only, partner-only, couple, and contrast
pattern (Kenny & Ledermann, 2010). In this study, the actor-only pattern was identified when a
parent’s interactive synchrony with the infant was solely influenced by their own depressive
symptoms, without any influence from the partner’s symptoms. Conversely, the partner-only
pattern emerged when a parent’s interactive synchrony with the infant was influenced by the
partner’s depressive symptoms but not by their own. In a couple-oriented pattern, both actor and
partner effects carried equal weight, indicating that a parent’s interactive synchrony with the
infant was influenced equally by their own depressive symptoms and those of the partner. The
contrast pattern occurred when actor and partner effects were equal in magnitude but exhibited
opposite signs. For instance, father-infant interactive synchrony may be adversely affected by the
father’s depressive symptoms and positively influenced by the mother’s depressive symptoms

(Kenny et al., 2020; Kenny & Ledermann, 2010).
Method
Participants

We collected data in a convenience sample of 86 mother-father-infant families. The
mothers had a mean age of 33.71 years (SD = 4.01; n = 73 due to missing data), the fathers a
mean age of 36.09 years (SD = 5.81; n = 67 due to missing data), and the infants a mean age of

15.42 weeks (SD = 1.25; n =73 due to missing data). One family discontinued participation after
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childbirth without providing further information and was thus excluded from the sample. Among
the remaining families, the infants comprised 44 boys and 41 girls. Mothers were mostly
university graduates (64%) with 77.9% of them employed, 58.1% full time (n = 67 due to
missing data). Fathers were mostly university graduates (51.9%, n = 77 due to missing data) with
93.5% of them employed (n = 77 due to missing data), 88.9% full time (n = 72 due to missing
data). Mothers were mostly in cohabiting couples (54.7%; some of them were divorced or
separated from a previous relationship) and married (45.3%). Among the fathers (n = 77 due to
missing data), 49.4% were married and 50.7% were in a cohabiting couple (some of them were
divorced or separated from a previous relationship). A socio-economic index (IPSE), specifically
designed to assess the socio-economic status of people living in Switzerland (Genoud, 2011),
was calculated from the education level and occupation of both parents. Regarding socio-
economic status, 15.9% of families belonged to the upper class, 57.5% to the middle-upper class,
15.1% to the middle class, 8.2% to the middle-low class, and 4.1% to the low class (n =73 due

to missing data).

Procedure

In this study, we used data collected from a larger study on emotion regulation and family
functioning. At T1 (i.e., prenatal), a midwife recruited parents at the maternity unit of the
University Hospitals of Geneva. The midwife explained to the parents that the study’s focus was
the infant’s emotions. We presented the research objectives and gave the parents a consent form,
which the interested participants signed. We then collected data from parents through
questionnaires. At T2 (i.e., 3 months after infant birth), the research team contacted and

scheduled a meeting with the parents when the infant was between 3 and 4 months old. At the
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beginning of the meeting, the researchers reminded parents of the context and the course of the
study and invited them to place the infant on a changing table. The researcher asked the parents
to interact with the infant following the scenario of the Lausanne Trilogue Play paradigm (Fivaz-
Depeursinge & Corboz-Warnery, 1999). In the first part, one parent played with the infant for 2
minutes while the other parent was outside the room. In the second part, the parents changed
roles. We counterbalanced the order of the parts to have an equal distribution between the
mothers and fathers who interacted first. Finally, in the third part, the two parents played together
with the infant for 2 minutes. In this study, we considered only the first two parts, that is, the
interactions of each parent with the infant. Before starting the interactions, the researchers
indicated the position of the cameras. They also specified that the experiment could be
interrupted if the infant showed excessive fatigue or distress. The researchers instructed the
parents to interact as they usually do with the infant, avoiding objects if possible. At the end of
the interactive session, interested parents were offered an additional meeting for a debriefing in
the form of video feedback. In addition, parents were provided with a link to complete online
questionnaires. In this study, we considered only depressive symptoms reported by both parents
at T1 because those at T2 were reported after the interactive session, thus challenging their
interpretability as predictors of interactive synchrony assessed at the time of the interactive
session. We obtained written informed consent from each infant’s parent or guardian before any
assessment or data collection. The study and its protocol received approval from the Ethical

Committee of the State of Geneva.
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Measures
Prenatal Parental Depression

The Edinburgh Perinatal/Postnatal Depression Scale (EPDS; Cox et al., 1987) is a 10-
item self-report scale that assesses the symptoms of depression between 28 and 32 weeks in all
pregnancies and between 6 and 8 weeks postpartum. Responses are scored from 0 to 3. The
lowest and highest scores to be obtained from the scale are 0 and 30. Items 1, 2, and 4 are scored
from 0 to 3, but items 3, 5, 6, 7, 8, 9, and 10 are scored in the reverse order. The EPDS has been
validated in women and men (Areias et al., 1996; Massoudi et al., 2013; Matthey et al., 2001). A
cutoff of 14 or 15 was found to be optimal for prenatal screening for major depression (Murray
& Cox, 1990). In this study, we used the French version of the test (Guedeney & Fermanian,
1998) and computed a total score for mothers (a0 =.81, n = 86) and for fathers (oo =.79, n =77) by
summing the item scores at T1. The French version of the test established a cutoff score of 11
points for clinical depression; however, in the present study, our primary focus was on the
continuous scores on the scale. The higher the score, the more prenatal depressive symptoms

were reported by the parent.
Parent-Infant Synchrony

We assessed mother- and father-infant synchrony at T2 with the infant CARE-Index;
(Crittenden, 2006). The CARE-Index is an adult-infant interaction assessment that can be used
from birth to 25 months. The coding system assesses global dyadic synchrony, that is, parents’
sensitive behavior and infants’ cooperative behavior, within the context of parent-infant

interactions. Scores ranged from 0 to 14, with higher scores indicating better dyadic synchrony.

122



A sample of parent-infant interactions (n = 72 due to missing data) was coded from March 2022
to August 2022. To ensure inter-rater reliability, the first and third authors, both trained and
certified as research raters, initially coded a random sample of 27.8% of the video recordings (20
videos of 72 families at T2) in February 2022. The intraclass correlation (two-way random
absolute agreement) on the synchrony scores was excellent, with a coefficient of .982 (Koo & Li,

2016). Coders were blind to the results of the EPDS analyses.

Statistical Analysis

This study included two measurement points: between 36 and 38 weeks of pregnancy
(T1) and at 3 months postpartum (T2). Because of the unequal participation of mothers and
fathers at T1 and families dropping out at T2, we statistically controlled for missing data on the
total sample (N = 86). Missing data analysis was conducted on the target variables and potential
control variables (sex of the infant, age of the parents, age of the infant at the lab visit, and socio-
economic status) to be included in subsequent analyses. Little’s Missing Completely at Random
(MCAR) test was not significant (y° = 35.951, df = 36, p = .471), indicating that the data were
missing completely at random. On the basis of the result of the MCAR test, we retained all 86
mother-father-infant families to optimize the sample size and the statistical power in subsequent

analyses. We then computed a set of descriptive statistics for the variables under study (see Table

1.
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Table 1

Descriptive Statistics

Variable R Min Mare M 5D

Prenatal depression F 77 00 18.00 451 3.85
Prenatal depression M 86 00 24.00 6.81 445
Synchrony F-I 72 1 14 728 3.01
Syachrorny M-I 72 1 14 7.76 3.23

Note. F = father;: M = mother; [ = infant.

The normality test was performed by using the Shapiro-Wilk test. We also tested for
bivariate correlations between the variables under study, as well as for differences between the
scores of mother- and father-infant synchrony, depending on the order of the parts in the play,
through the Student’s #-test and the Mann—Whitney U test (non-parametric alternative to the
Student’s #-test used when the samples to be compared do not have a normal distribution).
Because of the small size of our sample, we wanted to optimize statistical power by eventually
including only those control variables that would have shown significant correlations with the

target variables in multivariate analyses (see Table 2 for more details).
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Table 2

Correlation Matrix

Variable 1 2 3 4 5 6 7 8 9
1. Prenatal depression F 1

2. Prenatal depression M 059 1

3. Synchrony F-I 175 014 1

4. Synchrony M-I -215 -.282% 433%% 1

5 Isex? 107 103 =207 -.149 1

6. Iage -083 -.024 118 027 -025 1

7.F age 136 025 -123 -124 -033 =075 1

8. M age {087 036 -185 -.143 -152 043 S566%* 1

9. SESt 129 -.092 -078 050 -.002 028 298% 204% 1

Note. N = 86. F = father; M = mother; I = infant; SES = socio-economic status.
2Sex: 1 = female, 2 = male; °SES: 1 = lower, 2 = lower-middle, 3 = middle, 4 = middle-upper, 5 = upper.

*p < 01 *p < 05,

As none of the control variables showed significant correlations with the target variables,

they were excluded from subsequent analyses.

We specified an APIM within a structural equation modeling framework to test our
research hypotheses. The model was specified with mothers’ and fathers’ depressive symptoms at
T1 (i.e., prenatal) as independent variables and with mother-infant and father-infant synchrony at
T2 (i.e., at 3 months after infant birth) as dependent variables. To examine whether the model
was more actor-, partner-, couple-, or contrast-oriented, we followed the procedure described by
Kenny and Ledermann (2010). The APIM test procedure consists of a three-step approach. In
Step 1, we specified a first model to look for significant actor and partner effects. Model 1 was a
saturated model. In Step 2, we specified a second model to provide information about the type of
dyadic pattern that characterizes the effects reported in the model. Model 2 was a saturated
model with a k parameter computed for each parent of the dyad. The k parameter represents the

ratio of the partner (p) effect to the actor (a) effect (i.e., k1 = p2i/ai, and k2 = p2/az) or vice versa
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if the partner effects are stronger than the actor effects (k; = a:/p21 and k> = a>/p;2). Kenny and
Ledermann (2010) propose using bootstrapping for a more insightful interpretation of &
parameters. A bootstrap for confidence intervals (Cls) containing a k parameter close to 0
suggests the actor-only pattern (or partner-only when the ratio is reversed). A k near -1 indicates
the contrast pattern, where actor and partner effects are similar in strength but opposite in
direction. Conversely, a k near 1 supports the couple pattern, indicating actor and partner effects
of comparable strength and in the same direction. Finally, in Step 3, we specified a third model
(Model 3) with two constraint values of & (those found in Step 2). This step, as explained by
Kenny (2013), improves the k parameter’s interpretability and helps to determine if any
interpretable k values (i.e., -1, 0, or 1) are included within the boundaries of the 95% Cls. Adding
two constraints (i.e., the two k parameters found in Step 2, one for mothers, one for fathers) freed
up 2 degrees of freedom, resulting in Model 3 being identified. This enabled us to use the model
fit indices of the model (i.e., Model 3) for comparison with the saturated models (i.e., Models 1-

2) to observe whether the constraints worsen the adjustment of the model.

We used a maximum likelihood estimator to estimate our models and performed a
bootstrap on 5,000 samples. Although bootstrap ClIs were necessary to compute the k parameters
in Models 2 and 3, this method also allows one to deal with non-normal data and small samples,
as this approach outperforms other methods under these conditions (Lai, 2018). We used bias-
corrected bootstrap Cls to evaluate the significance of all parameter estimates. Because Models 1
and 2 were saturated, information about their model fit (e.g., root mean square error of
approximation [RMSEA], comparative fit index [CFI], etc.) is uninformative, as they were

necessarily perfectly adjusted to the data. Chi-square tests and other fit indices (e.g., RMSEA)
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were used to evaluate the model fit of Model 3 according to the standard criteria defined by Hu
and Bentler (1999). For the CFI and Tucker-Lewis index, values above .90 indicate an acceptable
fit, and values above .95 indicate an excellent fit. For the RMSEA, values below .06 indicate an
excellent fit, and values between .06 and .08 indicate an acceptable fit. Finally, the standardized
root mean square residual ranges from 0 to 1.0, and values less than 0.05 indicate well-fitting

models. However, values as high as 0.08 are deemed acceptable (Hu & Bentler, 1999).

Descriptive statistics, bivariate correlations, Little’s MCAR test, the Student’s #-test, and
the Mann-Whitney U test were computed in IBM SPSS Statistics 27 software (IBM Corp.,
Armonk, NY). Mplus 7.4 (Muthén & Muthen, 2016) was used to conduct structural equation

modeling analyses.

Results

Descriptive Statistics

The mean and standard deviations of mothers’ and fathers’ depressive symptoms at T1
and mother-infant and father-infant synchrony at T2 are provided in Table 1. The Shapiro-Wilk
test was performed to verify the normal distribution of the study variables, revealing that only the
mother-infant synchrony scores were normally distributed (p = .228). We then tested for a
potential effect of the order of the parts in the play on the synchrony variables. From the results
of the normality test, we used the Student’s ¢-test for the mother-infant synchrony scores
(normally distributed) and the Mann-Whitney U test for the father-infant synchrony scores (not
normally distributed) to compare synchrony scores in the two conditions (mother playing first vs.

father playing first). Results revealed that the synchrony scores with the mother, #70)= 1.507,
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p =.136, and the father (U: 529.500, p = .178) did not vary depending on the order of the parts in
the play. Finally, we tested for significant differences between the prenatal symptom mean scores
for mothers and fathers. Results revealed that the EPDS mean score was significantly lower for

fathers than for mothers at T1, as attested by a paired-sample #-test, #(76) = 3.303, p <.001.
Correlational Analyses

The correlational analyses between the target variables (prenatal mothers’ and fathers’
depressive symptoms, and parent-infant synchrony at 3 months postpartum) and the control
variables (sex of the infant, age of the parents, age of the infant at T2, and socio-economic status)
are provided in Table 2. The mother’s report of prenatal depressive symptoms was shown to
correlate only with mother-infant synchrony. This correlation was negative so that as depressive
symptoms increased, synchrony decreased. The father’s reports of prenatal depressive symptoms
were not correlated with the target variables. None of the control variables was significantly

correlated with the target variables.
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The Actor-Partner Interdependence Model

The results of the estimation of Model 1 (Figure 1) showed that, between the two actor

effects, only the maternal effect was significant (95% CI [-.308, -.084]).

Figure 1

The APIM With Estimates

Depressive symptoms

reported by fathers at T F-I synchrony at T2 |

1.075 3.770%**

Depressive symptoms | a2=-.196**

. reported by mothers at T1

M-I synchrony at T2 ==

Note. F = father; M = mother; [ = infant; T1 = prenatal; T2 = 3 months after infant birth; @ = actor effect; p = partner effect; 1 = father; 2 = mother. The Actor-Partner

Interdependence Model shows paths between mothers’ and fathers® depressive symptoms at T1 (Le, prenatal) as independent variables and mother-infant and father-infant

synchrony at T2 (ie.. 3 months after infant birth) as outcome variables. Bold rows show significant paths between variables, and gray rows show nonsignificant paths. Error

terms are omitted to improve the visual clarity of the model. The 953% CI ranges were from -0.268 to 0.006 for a1, from -0.308 to -0.084 for a3, from -0.148 to 0.114 for pa1.

and from -0.315 to -0.033 for p1o.

#tp < 001 **p < 01 *p< 05

More specifically, an increase in mothers’ symptoms led to a decrease in mother-infant

synchrony. Conversely, we did not observe any significant actor effect between fathers’
depressive symptoms and father-infant synchrony (CI [-.268, .006]). Concerning the two partner
effects, only the paternal effect was significant (CI [-.315, -.035]), as fathers’ higher depressive

symptoms were associated with lower mother-infant synchrony. No significant partner effect was

identified between mothers’ depressive symptoms and father-infant synchrony (CI [-.148, .114]).
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As suggested by Kenny and Ledermann (2010), we verified that the absolute values of
the standardized effects of the actors (ai: |-0.173| = 0.173; az: |-0.270] = 0.270) were greater than

0.10, so that we could subsequently compute the k£ parameters.

The k parameters were estimated to be 0.03 for fathers (p21/a;1 = -0.005/-0.135) and 0.89
(p12/a2=-0.176/-0.196) for mothers. For fathers, the 95% CI of & included 0 and ranged from -
1.203 to 2.240. This result supported the existence of an “actor-only” pattern for fathers,
although this actor effect was not significant. For mothers, the CIs of the k& parameter included 1,
excluded 0, and ranged from 0.178 to 2.358. This result supported the interpretation of & for
mothers as a “couple-oriented” pattern, which means that mother-infant synchrony at 3 months is

affected by both parents’ prenatal depressive symptoms.

Finally, to confirm the relevance of these patterns, we specified Model 3 with a &
constraint of 0 for fathers and 1 for mothers. The results of the estimation of Model 3 showed
that this model, although more parsimonious, was not statistically different than the saturated
model, such as Model 2, y*(2) = 0.023, p = .98. They indicated that Model 3 should be preferred
over Model 2, which confirmed an “actor-only” pattern for fathers and a “couple-oriented”

pattern for mothers.
Discussion

In this study, our investigations focused on the links between prenatal depressive
symptoms reported by both mothers and fathers during pregnancy and parent-infant interactive
synchrony—an indicator of interaction quality—observed in the third month after birth.

Specifically, we investigated two effects: the effect of each parent’s depressive symptoms on
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their own interactive synchrony with the infant (actor effect) and the effect of their partner’s
depressive symptoms on their interactive synchrony with the infant (partner effect). We found
that both parents’ depressive symptoms before the infant’s birth affected mother-infant
synchrony at 3 months, whereas they did not influence father-infant synchrony. These results
show the interest in investigating both parents’ symptoms—as risk factors for the quality of

parent-infant interactions—during the prenatal period.

First, mothers’ prenatal depressive symptoms were negatively associated with mother-
infant synchrony. This result is in line with prior studies highlighting the negative influence of
mothers’ depression on the quality of interaction with their children (Field, 2010, 2018). On the
other hand, contrary to our expectations from previous research during the postnatal period
(Field, 2010, 2018; Wee et al., 2011; Wilson & Durbin, 2010), no significant actor effect was
observed for fathers. Three explanations may be proposed to explain why there is an actor effect
in mothers while there is none in fathers. The first explanation involves this study’s specific
Swiss context. In Switzerland, infants of depressed mothers might be more sensitive to maternal
than to paternal behaviors. Indeed, in the initial months, infants in Switzerland are more
frequently exposed to maternal than to paternal behaviors, as most Swiss mothers benefit from a
maternal leave of 14 weeks and become primary caregivers, dedicating more time to the infant
compared with that for fathers. Because of the shorter paternity leave for fathers (2 weeks) and
their common full-time work commitments (Swiss Civil Code, 2021), opportunities for one-on-
one interactions with infants are limited during this period. Thus, more exposure to maternal
behaviors possibly increases the infant’s tendency to match the mother’s affect and behavior.

Consequently, paternal behaviors may not exert as much influence as maternal behaviors,
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thereby reducing the strength of the association between fathers’ prenatal depressive symptoms
and father-infant synchrony at 3 months. The second explanation is linked to masked depression
or masculine depression (Addis, 2008). Masked depression or masculine depression suggests that
men’s depression might be concealed because of gender norms that encourage some depressed
men to avoid displaying typical and overt depressive behaviors, such as low mood and reduced
activity. Instead, they may exhibit behaviors such as emotional stoicism, toughness, a tendency
toward performance, and competitiveness (Addis & Cohane, 2005). This tendency to conceal
depressive symptoms might be more likely in the prenatal period, especially as mothers receive
more attention—especially medical attention—compared with that received by fathers. Indeed,
fathers in the perinatal period often report receiving less attention and support, potentially
making them less likely to seek help or share their difficulties (Lacharité, 2009). In this study,
fathers reported fewer symptoms than mothers, which could be indicative of some fathers’
tendency to mask depressive symptoms. The coexistence of masked-depressed, depressed, and
non-depressed fathers could have weakened the link between symptoms and interactive
synchrony, explaining the nonsignificant actor effect for fathers. The third explanation delves
into the influence of parental concerns during the perinatal period. During this period, we
speculate that fathers’ concerns might redirect their attention away from symptoms, possibly
lessening the influence of symptoms on fathering behaviors. In contrast, maternal concerns might
increase awareness of depressive symptoms in mothers, resulting in a more significant negative
impact on mothering behaviors. We base our explanation, needing further investigations, on
some evidence about mothers and fathers during the perinatal period. Evidence suggests that

mothers may experience intensified worries during the perinatal period about, for example, self-
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care (e.g., hygiene, nutrition, weight loss, and perineal, incisional, and breast pains), infant care
(e.g., feeding, soothing, identification of signs and symptoms of illness), and family relationships
(e.g., other children’s needs, marital/intimate relationship disruption, support received; for a
review, see Fahey & Shenassa, 2013) and that these worries could lead them to heightened
distress, potentially exacerbating maternal depressive mood and affecting the quality of
mothering behaviors (Halsa, 2018; Razurel, Kaiser, Sellenet et al., 2013). In contrast, evidence
suggests that paternal concerns during the perinatal period may prioritize the safety and well-
being of the mother and infant, diverting attention away from depressive symptoms. A recent
review by Darwin et al. (2021) indicates that fathers often prioritize the needs of their partners
over their own symptoms during the perinatal period, possibly avoiding acknowledgment of their
own struggles in order to appear strong for their partner. Furthermore, evidence suggests that
paternal concerns during the perinatal period are often focused on managing immediate
challenges, such as work commitments and financial concerns, rather than their own symptoms
(Holmberg, 2022; Tamres et al., 2002). The influences of parental concerns on symptoms might
extend to the partner’s symptoms. This would imply that fathering behavior may be less
susceptible to the influence of both the father’s and the partner’s symptoms than mothering
behavior is. Although this speculative explanation about partners’ symptoms requires further

investigation, it aligns with our findings regarding partner effects.

Our partner effect hypothesis was partially confirmed: An increase in fathers’ prenatal
symptoms was associated with a decrease in mother-infant synchrony, while no significant
partner effect was observed between mothers’ depressive symptoms and father-infant synchrony.

These findings align with a family systems approach, emphasizing that the family operates as a
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complex, integrated unit, where issues within the family system, such as depression in one
family member, can adversely affect others (Cox & Paley, 1997; Minuchin, 1974). A speculative
explanation may be that paternal self-related negative feelings, coupled with paternal depressive
symptoms, might have worsened concerns for expectant mothers, reducing maternal well-being
and affecting behaviors. This reduction, in turn, might have led to a decreased quality of mother-
infant interactions. This explanation is based on two considerations. First, depressive symptoms
are usually experienced as self-related negative feelings (Goodman & Gotlib, 1999). Second,
women who receive inadequate emotional support from their partners not only face an elevated
risk of developing depressive symptoms during pregnancy, but also experience difficulties in
parental functioning after infant birth (Jeong et al., 2013; Xie et al., 2009). In our study, fathers
reporting higher depressive symptoms during pregnancy might have experienced an increase in
self-related negative feelings. In turn, this negative feeling might have adversely affected
fathering behaviors and the relationship quality with the pregnant mothers, who, in response,
could have experienced insecurity about the support they received and the relationship with the
fathers. In addition, the mothers may have perceived their partners as being, for example,
incapable of providing support or contributing to a harmonious family atmosphere, thereby
intensifying their concerns. The maternal concerns may have reduced the overall well-being of
mothers, with a negative influence on maternal behaviors and interactions with the infant. This
negative influence might have been stronger in those families where mothers themselves

reported prenatal depressive symptoms.

On the other hand, we found no significant influence of the mother’s depressive

symptoms on the quality of father-infant interactions. A speculative explanation may be that
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fathers’ concerns about maternal symptoms were not significant enough to emerge in our
analyses compared with other more influential concerns, such as protecting the mother and the
infant, dealing with immediate challenges in the perinatal period, or masking their symptoms to
appear strong (Holmberg, 2022; Tamres et al., 2002). This interpretation is based on two aspects
of this study. First, most participants were members of non-referred families with a medium to
high standard of living in a country with sufficient perinatal care opportunities. In these families,
depressive symptoms may have had fewer deleterious and visible consequences compared with
those in more disadvantaged families (Gobel et al., 2020). Therefore, although important,
maternal symptoms might not have been severe enough to alert fathers or be perceived as
worrisome by them, resulting in a nonsignificant influence on the father-child relationship. A
second condition that might have reduced the effect of the maternal symptoms is the fathers
dealing with their own symptoms. This is because fathers may have been more worried about
managing (potentially concealing) their own symptoms instead of dealing with maternal
symptoms. These explanations, which require further investigation, align with the results of the
third aim, and notably indicate that the observed pattern for fathers was actor-only, while

mothers showed a couple-oriented pattern.

The third aim was to test, through the APIM, the relative size of the actor and partner
effects to discern four specific patterns: actor-only, partner-only, couple, and contrast pattern
(Kenny & Ledermann, 2010). We found that the association between both parents’ depressive
symptoms and the quality of the mother-infant interactive synchrony was couple-oriented,
meaning that mothers’ interactive synchrony with the infant was influenced equally by their own

depressive symptoms and those of the fathers. Conversely, we found an actor-only pattern for
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fathers, although the actor effect for fathers was not significant. Despite the challenge of
recruiting fathers, replicating this study with a larger sample size could increase the
understanding of the patterns we found. In addition, using qualitative methods could help
provide further insight into the characteristics of prenatal depressive symptoms and how they
might be linked to parents’ concerns during pregnancy. Taking a mixed-method approach—a
quantitative analysis with a larger sample and qualitative insights—would provide a more
comprehensive understanding of the nonsignificant actor-only pattern for fathers and the couple-

oriented pattern for mothers found in this study.

Limitations

The results of this study must be interpreted while considering its limitations. The
findings are specific to heterosexual families and are not generalizable to other family
configurations. Although not intended, the sample predominantly consists of highly educated
parents with a high quality of life, limiting generalizability to different populations. Lastly,
despite the use of self-report being a convenient method for data collection, incorporating direct
observations (e.g., the Structured Clinical Interview for DSM-IV Axis [; First et al., 1997) and
independent evaluators could have offered a more insightful understanding of parental
symptoms. However, the complexity of such an approach in terms of resources and time would
likely have reduced the number of participants. This is particularly true during the perinatal
period, when new parents often experience time constraints, fatigue, and heightened stress,

making them less inclined to participate in research studies (Frew et al., 2014; Holmberg, 2022).
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Conclusion

Despite its limitations, this study underscores that APIMs are a useful statistical method
for investigating the effects of parents’ prenatal depression symptoms and their partners’ prenatal
depression symptoms on the quality of parent-infant interactions at 3 months. Specifically, our
findings suggest that the presence of depressive symptoms in both parents can detrimentally
affect the quality of interactions between mothers and their infants. Additional research is
required to gain deeper insight into the lack of associations between both parents’ prenatal
symptoms and the quality of father-infant interaction. This research could involve a more
extensive sample of fathers and consider variations in paternity leave duration to better account
for the influence of the time fathers and mothers spend with the infant during the initial months.
Overall, the findings of this study underscore the presence of interdependencies within family
members during the prenatal period, which influences the quality of parent-infant interactions in
the initial months of life. Although fathers pose challenges in research participation, and the
focus often remains on mothers and medical/obstetric aspects during pregnancy, this study
underscores the need for investigations involving both parents with a systemic family approach.
The implications for practitioners are noteworthy. By focusing on self-reported symptoms of
prenatal depression rather than clinical diagnoses meeting the Diagnostic and Statistical Manual
of Mental Disorders criteria (5th ed., text rev.; American Psychiatric Association, 2022), our
study suggests that milder parental depressive symptoms as mood characteristics are associated
with the quality of parent-infant interactions. Practitioners attentive to these milder symptoms
during pregnancy may enhance the quality of parent-infant interactions after birth, with positive

implications for child development.
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7. Synthesis of the results

7.1. Article 1

This literature review aimed to synthesize current knowledge within the scientific
literature regarding the associations between father involvement—both in terms of quality and
quantity—and ER during early childhood. In the scientific literature, this review is the first to
focus on paternal influence during early childhood, a critical period when the quantity and
quality of parental behaviors significantly impact the child's developing ability to self-regulate.
Moreover, this review is the first to address the methodological, conceptual, and theoretical
heterogeneity in previous research on father involvement and ER during early childhood. Indeed,
it outlines how both constructs were assessed during early childhood and discusses whether the

measurement methods relate to the findings in past research.

This review has allowed for some general conclusions despite the heterogeneity in the
results of the ten included studies. The main finding is that father involvement's greater quantity
and quality weakly influences better ER during early childhood. However, albeit indirectly, a
more substantial impact appears when considering certain moderating variables. These
moderating variables generally pertain to the assessment of both constructs (e.g., timing and
what was assessed), as well as the characteristics of the father (e.g., ethnicity) and the child (e.g.,
gender). The review results indicate that the associations between constructs may be present or
absent depending on the measurement methods, emphasizing their influence. For instance, using
observational measures of ER increases the likelihood of finding direct associations with the
quantity and quality of father involvement. This literature review outlines some trends in prior

research. For example, regarding father involvement, the results of this review are primarily
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based on studies involving fathers as the primary informants, often overlooking information from
the mother. Concerning ER, most of the reviewed studies related to observational measures, and
neglected physiological indices of regulation during father-child interactions. In conclusion, the
results of this review highlight the necessity for additional research on the impact of fathers on
child ER during early childhood, particularly for studies linking father-infant interactions and
infant's physiological regulation. These investigations should control for the influence of the

measurement methods.

7.2. Article 1T
The primary aim of the second article was to investigate the association between father-
infant synchrony, an indicator of the quality of interaction, and infant vagal tone as an ER index

during interactions.

Initially, we tested the hypothesis that better synchrony would predict higher vagal tone.
Analyses did not confirm this hypothesis (although the positive association between synchrony
and vagal tone almost reaches the significance threshold). Then, we tested the hypothesis that
increasing two shared father-infant times—dyadic time (father and infant interact alone) and
social time (father and infant interact in the mother's presence)—would strengthen the
associations between synchrony and vagal tone. The analyses partially confirmed the second
hypothesis as social time enhanced the association between synchrony and vagal tone, unlike
dyadic time, which had no moderating effect. Additional analyses of the conditional effects, i.e.,
associations between synchrony and vagal tone for each combination of the levels of the two
moderators, revealed that the strongest association between father-infant synchrony and infant

vagal tone appeared when fathers shared a lot of social time with the infant, but only rare
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moments alone with them (low dyadic time). The results of this study show that the quality of
father-infant interactions does not influence infant physiological regulation. However, an impact
is likely when the father and infant spend time together in the early months of life, especially in
the mother's presence. Given the influence of shared times in the mother's presence, the results
show the need to investigate further the impact of family processes on the associations between

synchrony and infant vagal tone during father-infant interactions.

7.3. Article 111
The primary aim of the third article was to investigate the associations between the
quality of mother- and father-infant interactions and the infant’s physiological regulation,

considering mutual influences among family members.

Initially, we formulated two hypotheses. The first hypothesis was that there would be
associations between greater interactive synchrony and higher infant vagal tone within each
parent-infant dyad (within dyads). The second hypothesis was that there would be associations
between greater interactive synchrony in one dyad and higher vagal tone in the other dyad
(across dyads). Then, we tested both hypotheses in the whole sample and two groups based on
the order of interactions, as we counterbalanced the order of the interaction between mothers and

fathers. The results partially confirmed both hypotheses.

On the one hand, results indicated that greater synchrony was associated with higher
infant vagal tone within mother-infant dyads and across dyads in both the total sample and the
group where fathers interacted first with the infant. On the other hand, the results revealed that
associations between synchrony and infant vagal tone within father-infant dyads were never

significant, nor were any associations within each dyad or across dyads when mothers interacted
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first. The results of this study offer valuable insights for future research. Firstly, they provide
evidence of associations between interactive processes and the infant's physiological regulation
within mother-infant dyads and across dyads within a family. Secondly, the findings across dyads
indicate the crucial impact of the quality of father-infant interaction on family dynamics, with
implications for early infants' physiological regulation. Lastly, the results of this study suggest
that mutual influences among family members and some conditions, such as the order of
interaction, play a role in shaping the associations between the quality of parent-infant

interactions and the infant’s physiological regulation.

7.4. Article IV
The primary aim of the fourth article was to investigate the influence of prenatal parental
depressive symptoms—a risk factor for the quality of parent-infant interactions—on interactive

synchrony at three months, considering mutual influences among family members.

Initially, we hypothesized that there would be an adverse effect of each parent's
depressive symptoms on their own interactive synchrony with the infant (actor effect). This
hypothesis was partially confirmed, as only the negative effect of maternal symptoms on mother-
infant synchrony appears significant. Then, we hypothesized that there would be an adverse
effect of the partner's depressive symptoms on the parent’s interactive synchrony with the infant
(partner effect). This second hypothesis was partially confirmed, as the father's prenatal
depressive symptoms negatively influenced mother-infant synchrony, whereas father-infant
synchrony was not affected by maternal symptoms. Additional analyses (i.e., k parameters for
actor and partner effects) confirmed that the quality of mother-infant interaction was equally

influenced by both maternal depressive symptoms and those of the fathers. The results of this
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study demonstrate that the presence of depressive symptoms in both parents before childbirth can
detrimentally affect the quality of interactions between mothers and their infants. In contrast,
how both partners report their depressive symptoms before childbirth does not affect the quality

of interaction between the father and the infant.

8. Perspectives on the results

In this chapter, we will put into perspective the results of the four articles in the empirical
section of this thesis within a broader framework. This is because the findings from these
articles, on the one hand, provide new evidence, and, on the other hand, they underscore the
importance of reflecting on the field of study of early family interactions and their impact on
infants' ER. We will delve into the contribution of our study to the evidence concerning the
parent-infant interactions and their impact on the infants’ ER at the physiological level. Our
reflection will consider some pathways of influence through which fathers may have an impact
on their infants’ ER. These pathways of influence will be discussed in light of, first, the context
and measures of our study; second, the mutual influences among family members; and third, the

functionalist perspective of ER that we mentioned in the introductory paragraphs of this thesis.

8.1. Father-infant interactions and infant’s ER

As mentioned in the opening paragraphs, prior literature on the links between the quality
of interaction and physiological regulation of emotions has primarily focused on the mother-
infant dyad. In alignment with this body of work, our study confirms that the quality of mother-
infant interactions is linked to the infant's physiological regulation processes (Article III). This
underscores the crucial role of the mother, who, despite the increasing involvement of fathers in

today’s society, remains the primary caregiver during the early months of an infant's life due to
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biological factors (breastfeeding) and societal expectations (parental leave, gender norms).
However, the influence of fathers is not negligible, as evidenced by previous studies
demonstrating their impact on child regulatory processes. Our study shows that the quality of
father-infant interactions is not linked to the infant's physiological regulation processes with the
father (Articles II, and III). Instead, it appears that the quality of father-infant interactions is
associated with the quality of mother-infant interactions and the physiological regulation of the
infant during interactions with the mother (Article III) and that the father's prenatal depressive

symptoms are associated with the quality of mother-infant interactions (Article IV).

Although our results do not allow us to conclude the direction of influence among the
target variables, we cautiously interpret them by speculating on a potential causal relationship,
notably from parents to infant physiological regulation. This is because, as mentioned in the
initial paragraphs, parental behaviors primarily influence the quality of interaction at three
months. From this, we can hypothesize that parents are more likely to significantly impact the
physiological regulation of the 3-month-old infant rather than the opposite. In light of these
considerations, our findings might be interpreted by speculating that fathers do not manifest
directly their influence on infant physiological regulation. However, their influence may manifest
indirectly through the father's impact on the quality of mother-infant interactions, as well as on
infant physiological regulation during these interactions. From this speculative interpretation of
our results, two important reflections emerge, one aimed at understanding the absence of direct

influences and the other at the existence of indirect influences.
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8.2. The absence of direct paternal influences on infants' ER

In the following two subsections, we will reflect on the absence of direct parental
influences, found in our study, on the infant's physiological regulation of emotions. We will
present two possible explanations. Firstly, prior literature has highlighted numerous similarities
between maternal and paternal behaviors, but also several differences between them. Therefore,
the first explanation of the absence of direct influences will focus on the differences in parental
behaviors and reflect on the relevance of using the same variables to provide insights into each
parent’s contribution to the infant’s functioning. Secondly, in the Swiss context where our study
is conducted, fathers spend less time with infants than mothers in the perinatal period.
Consequently, the second explanation of the absence of direct influences will focus on the impact
of paternal involvement and the limited amount of time fathers dedicate to the infant in the

perinatal period.

8.2.1. A critical view of the coding of interactive synchrony

As previously mentioned, past research has examined the behaviors of both parents,
focusing on similarities and differences. Since all parents appear capable of coordinating with the
infants and being responsive to their signals, we considered parental behaviors similar. However,
the results indicated a lack of association between the quality of father-infant interactions and the
infant's physiological regulatory processes. As mentioned in the theoretical background, there is
evidence supporting sex-specific parental behaviors. These differences in mothers’ and fathers’
behaviors raise questions about using the CARE-Index coding system —initially developed for
mother-infant interactions— to assess father-infant interactions. The CARE-Index was conceived

with reference to the concept of maternal sensitivity, which is crucial for co-constructing
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interactions with the infant. Sensitivity refers to the ability of the mother to accurately recognize
and interpret the child's signals and respond appropriately (Ainsworth et al., 1974; Deans, 2018).
Since maternal sensitivity is derived from a matricentric perspective and attachment theory
(Bowlby, 1979), it is legitimate to question whether paternal sensitivity can be measured through
measures conceived for maternal sensitivity. This reflection is particularly relevant, considering
that parental behaviors differ and entail different consequences. About the CARE-Index, a score
on a sensitivity scale is attributed based on seven aspects of maternal interactive behavior: facial
expression, vocal expression, position and body contact, arousal and affection, turn-taking,
control, and choice of activity. In each of these seven aspects, there is no explicit reference to
aspects that evidence suggests to characterize the father-child interactions, such as “joint
exploration and play” (Grossmann et al. 2002). As mentioned before, a significant aspect of the
father's role as an attachment figure might be to provide security through sensitive and
challenging support as a companion when the child’s exploratory system is aroused, thereby
complementing the secure-base role of the mother as an attachment figure (Paquette, 2004). In
light of this, it seems appropriate to emphasize the need to develop specific coding systems to
assess fathers' behaviors in interaction with infants, as currently, there is no specific measure to
assess father-infant synchrony (Birk et al., 2022). This would enable a deeper understanding and

stimulate further reflections on this study's observed lack of direct associations.

8.2.2. Father-infant shared times matter
Another possible explanation for the absence of direct influences can relate to the context
of this study. In Switzerland, paternity leave of 1-3 days was available to fathers until January

2021. Since then, paternity leave has been extended to 10 working days (i.e., two weeks).
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Despite this change, mothers in Switzerland continue to have more extended leave (14 weeks)
than fathers (Swiss Civil Code, 2021). Furthermore, mothers in Switzerland spend more time
with their infants and assume the role of primary caregiver in the first months of life, while
fathers usually continue to work full-time. Regarding the full-time employment rate between
fathers and mothers of a 0- to 3-year-old infant in Switzerland, statistics showed significant
differences between the parents, with full-time employment rates for fathers of 79.6% and 16.3%
for mothers (Federal Statistical Office, 2022). Thus, it is likely that, in Switzerland, fathers may
have few occasions to interact alone with their infants in the first months of life and that those
few occasions to interact, usually in the presence of the mother, may represent an opportunity to
reinforce the association between the quality of father-infant interactions and the infant's
physiological patterns of ER in the first three months. In day-to-day care activities, the “less
expert” Swiss father may need more time to “leave a mark™ in developing ER patterns and

helping the infant regulate emotions.

Evidence from research conducted in contexts other than Switzerland (e.g., the USA)
supports the idea that extended paternal availability allows fathers to influence the child's
development differently. Prolonged periods of paternal presence at home encourage greater
paternal involvement in developmental and caregiving tasks during infancy and the child's early
years. Additionally, an extended period at home after childbirth allows fathers to build strong
bonds with their children, enhancing their ongoing involvement in the child's life (Pleck, 2010;
Rehel, 2014). Another opportunity associated with extended paternity leave is an increase in
fathers' chances to acquire parenting skills and gain confidence in their parenting role (Pragg &

Knoester, 2017; Rehel, 2014). These findings are particularly significant, considering that
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increased father involvement has been linked to positive outcomes in children and improvements

in marital and parental relationships, which are crucial for child development (Lee et al., 2020).

We acknowledge that the access to diverse populations, more time, and resources would
have allowed us to consider other factors (e.g., contextual, familial, and societal) that can
contribute to understanding father-infant shared time and its associations with the infant's ER. In
light of this consideration, we deem three reflections important. First, further studies with
characteristics different from ours should be conducted. Second, these studies should investigate
additional factors influencing families and their members. Third, these studies could provide
further insights into our results and the Swiss context. For example, future research could
investigate the effects of fathers' socioeconomic status (SES) and the stigma associated with
extended paternal leave, especially in the Swiss context. This is because evidence suggests that a
father's SES and perception of stigma shape the opportunities and challenges men face when
considering and taking paternal leave. However, to our knowledge, their influence in the Swiss

context needs to be further investigated, and our results seem to confirm this necessity.

Fathers with higher SES are more likely to have access to leave, take paternity leave, and
opt for longer leave durations than fathers with lower SES (Huerta et al., 2014; Nepomnyaschy
& Waldfogel, 2007). Conversely, low-income fathers with low-prestige jobs may be less inclined
to request and obtain extended paternity leave (Melamed, 2014). Additionally, low-income
fathers might need assistance in taking unpaid leave, making it less practical than for their
higher-SES counterparts. However, this evidence does not reflect the reality of Swiss fathers in
our sample. In our study, despite most fathers having a middle to upper-middle SES, they did not

significantly increase the time spent with their infants, as one might expect based on previous
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evidence. This observation suggests that further investigation is needed to provide insights into
the associations between fathers' SES, time spent with infants, and extended paternal leave in the

Swiss context.

Beyond income, the stigma associated with paternal leave in Switzerland may shed light
on father-infant shared time. Evidence suggests that fathers requesting more extended paternity
leave face lower performance evaluations, perceptions of inferiority, and potential future income
reduction (Rege & Solli, 2013). These penalties seem to be more frequently applied to ethnic
minorities and low-SES workers (Rudman & Mescher, 2013; Williams et al., 2013), potentially
allowing white fathers and those with higher SES to avoid such stigmas. In light of this evidence,
it could be informative for future studies to measure the perceived stigma among Swiss fathers
regarding the decision to take paternal leave. These investigations could provide insights into our
speculation that some fathers in our study might have been discouraged from taking extended
paternal leave due to perceived stigma despite their middle-upper SES. We suggest that future
investigations could delve deeper into our speculation by referring, for instance, to frameworks
of psychological theories on social perception and behavior [e.g., Social Identity Theory (Tajfel
& Turner, 1979); Stereotype Threat Theory (Steele & Aronson, 1995); Social Cognitive Theory
(Bandura, 1986, 1992); Theory of Planned Behavior (Ajzen, 1991); Attribution Theory (Heider,
1958; Weiner, 1974)]. These theories could provide a framework for further understanding the
psychological processes underlying social perception and behavior, which can help contextualize
the influence of perceived stigma on Swiss fathers' decisions regarding parental leave and infant

carc.
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8.3. The indirect paternal influences on infants' ER

As we mentioned, the results of our study suggest that fathers might indirectly influence
infants’ ER (Articles III and IV). In the following two subsections, we will reflect on indirect
paternal influences on infants' ER by presenting two possible explanations. Firstly, the definition
of ER in this study emphasizes the influence of the social environment on infant regulatory
processes. Besides each parent's relationship with the infant, the relationship between parents
shapes the infant's social environment. Therefore, the first explanation of indirect paternal
influences will discuss the impact of the father-mother relationship on the quality of family
interactions and infant functioning. The second explanation of indirect paternal influences will
consider two aspects related to the functionalist perspective of ER mentioned in this thesis.
Firstly, regulatory processes enable the infant to achieve goals in its environment. Secondly, in
today’s Western societies, the infant is more inclined to turn to the mother to meet its needs in
the early months, as the father is generally less accessible in the perinatal period. Therefore, the
second explanation of indirect paternal influence reflects how the infant might habitually turn to

the mother for regulation. This habit would persist during or after interactions with the father.

8.3.1. The contribution of the mother-father relationship

The theoretical framework of this study highlights the influence of the environment and
social interactions on regulatory processes. From this perspective, understanding children's
socio-emotional functioning requires consideration of the diverse relationships shaping their
environment. In addition to mother-child and father-child interactions, interactions between
parents shape the children's environment and consequently influence the development of their

regulatory capacities. In this view, the results of our study underline the need to consider the
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influence of mother-father interactions and the relationship between parents. Indeed, although
further investigation is needed, the results of this study suggest some speculations about the
influence of the mother-father relationship. For example, the impact of father-infant shared time
in the mother’s presence (Article II) suggests that interactions between parents during these
shared moments may influence the father and the infant, as well as the infant’s regulatory
processes. Furthermore, the absence of associations between the quality of mother-infant
interactions and the infant’s physiological regulation when mothers interact with the infant after
fathers (Article III) suggests that the exchange of information between parents about the infant
could enhance mother-infant interactions when mothers return after an absence. This is because,
in our study, the group of mothers who interacted after the father waited their turn outside
without prior knowledge of father-infant interactions. Once their turn arrived, these mothers
interacted with the infant without having had the opportunity to share information with the father
about previous interactions with the infant. We speculate that the lack of information between
mothers and fathers may have diminished these mothers' ability to attune to the infant’s state as
usual, potentially impacting the strength of the associations with the infant’s physiological

regulation (observed in the group of mothers interacting first).

In the view that in addition to mother-child and father-child interactions, interactions
between parents shape the children's environment, it is important to consider their influence on
the development of the infant’s regulatory capacities. The parent-parent relationship can either
complicate or simplify interactions within the family, impacting the infant's social development
and regulatory abilities. This idea aligns with prior studies demonstrating the influence of

parents' marital relationship on parent-infant interactions and child development. When marital
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quality is high, parental interactions with the child are better, whereas they tend to worsen in
conflicted mother-father relationships (Cummings et al., 2004). Similar results have been found
when investigating the link between the quality of the parent relationship before birth and
interactions with the infant in the first two years of life (Tian et al., 2023). The impact of parental
disagreements extends to physiological regulatory processes. Indeed, research has shown that the
increased need for regulation in the presence of marital conflict is measurable even at the

physiological level in the child as early as infancy (Hibel & Mercado, 2019).

In conflicts or low relational quality between parents, the child's regulatory processes are
impacted in various ways. First, tensions between parents may reduce their ability to coordinate
during interactions with the infant. Reduced coordination might expose the infant to over or
understimulating parental behaviors, causing stress and requiring more significant efforts for
regulation. Second, conflicting interactions expose the infant to conflicting parental behaviors
that, when observed by the child, become a model for how to act and regulate during social
interactions. These observed interaction models, in turn, influence other children’s social
relationships. Third, tensions between parents affect the child's need to learn how to regulate
within a conflicted family climate. The child might be drawn into conflicts, excluded from
conflicts, or be triangulated by the parents, with consequences for regulatory processes. Finally,
parental conflict increases symptoms of distress in parents, reducing their well-being and the
quality of parenting behaviors. This reduction, in turn, negatively impacts children’s regulatory

processes.
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8.3.2. Insights from the functionalist perspective of ER

The functionalist perspective could provide insights into a better understanding of fathers'
indirect influence on infant regulatory processes. According to the functionalist perspective, ER,
supported by the activation of physiological patterns, allows individuals to achieve their goals
within the surrounding environment (Thompson, 1994). From this standpoint, it is necessary to
consider how individuals pursue their goals within the environment to understand better the

regulatory processes at the physiological level.

In line with the most prevalent task repartition in Swiss families during the early months
of an infant’s life, we suppose that the infant tends to pursue daily goals during interactions with
the mother, who is the primary caregiver. The mother's responses enable the infant to meet her
needs and develop physiological patterns of ER that enhance the likelihood of satisfying these
needs during interactions with the mother. On the other hand, the infant might be less inclined to
turn to the father to fulfill her needs. As mentioned earlier, the reduced accessibility of the father
in the early months of life (e.g., due to a limited paternity leave period) could limit the father's
availability and ability to care for the infant. Furthermore, more frequent interactions with the
father might be needed for the infant to develop physiological patterns of ER in response to what
happens with the father. Therefore, the infant might need to turn to the mother to regulate, as
they habitually do, in response to what happens with the father. This speculative explanation is in
line with some evidence. Prior research has found that mothers more frequently engage in
caregiving tasks related to comfort and consolation than fathers, and preschool-aged children are
more likely to approach mothers than fathers when expressing distressed emotions (Umemura et

al., 2013). Even when considering differences in involvement and attachment bonds, children
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show a hierarchy in turning to the mother rather than the father to regulate emotions. Finally,
Zimmermann et al. (2022) suggest that the quality of parent-child interaction and the
effectiveness of ER might be significant in explaining the preference for mothers over fathers.
While speculative, these reflections can guide further research and contribute to socio-cultural

considerations on parenthood and parental roles in the lives of children.

8.4. Limitations of the study

The contributions of this study should be interpreted while considering its limitations.
Firstly, we used a convenience sampling method, which may have contributed to reducing
participant variability. Indeed, the sample mainly consisted of heterosexual families with highly
educated parents, representing a non-clinical population. The overrepresentation of heterosexual
families restricts the generalizability of the findings to other family configurations, as well as the
high proportion of parents with advanced education levels limits the generalizability to families
with lower educational backgrounds. Additionally, studying parent-infant interactions in a
sample representative of a non-clinical population may further constrain the generalizability of
our results. However, despite the characteristics of our sample, we observed significant
associations among the variables under investigation. This confirmed some of our hypotheses
and underscored the importance of the investigated associations within a non-clinical population
with a certain educational level and in a country with a high quality of life, such as Switzerland.
Secondly, the recruitment process and family information did not distinguish between first-time
and multiparous families, potentially limiting additional insights. Lastly, with the use of self-
reported questionnaires, there is a possibility of response biases, such as extreme responses or

socially desirable attitudes, which may have influenced the data. Addressing such biases could
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involve integrating direct observations and reports from independent evaluators, particularly
regarding prenatal depressive symptoms of both parents (Article IV). However, this approach is
complex and time-consuming and increases the risk of resistance to participation. This is
particularly likely during the perinatal period when stress, fatigue, and adjusting to new family

dynamics may limit parents’ involvement in research.

9. Future investigations

The findings of our study contribute to research on family interactions, enhancing the
understanding of the regulatory processes involved in the relationship between family
interactions and child functioning. While our study offers insights, it also suggests various

potential research directions based on further data analysis from the longitudinal study.

Results from Article II suggest that mother-father-infant interactions moderate the
influence of fathers on the child's physiological regulation abilities. This raises the question of a
potential mediating role of the quality of mother-father-infant interactions in linking father-infant
interactions to the child's socio-emotional functioning. Since physiological regulation capacities
are related to socio-emotional functioning and other crucial aspects of child development (such
as sleep and feeding), an investigation into the moderating role of vagal tone during mother-
father-infant interactions into the associations between father-infant interactions and the child
functioning could provide valuable insights. For example, it could further understand how the
infant's physiological regulation in the mother's presence affects the influence of the father's
behaviors during interaction with the infant on the infant’s socio-emotional functioning. Results
from Article III underscore that family interactions are interconnected and suggest that what

occurs with the father influences both what happens with the mother and the infant's regulatory

155



needs with the mother. These results raise the question of a potential moderating role of paternal
behaviors in the link between mother-infant interactions and the child's socio-emotional
functioning. The quality of paternal behaviors could amplify the effect of maternal behaviors,
whether positive or negative. The results of Article IV demonstrate how the mother would be
equally influenced by her difficulties and those of the father in terms of psychological well-
being, highlighting the crucial influence of fathers. Article IV demonstrates that both parents'
depression symptoms during the prenatal period are associated with the quality of mother-infant
interactions after birth. As the transition to parenthood requires couples and families to adjust to
the arrival of a new family member, future analyses could consider the moderating influence of
couple (e.g., marital satisfaction) and family-related (e.g., coparental relationship) variables on

the links between prenatal depressive symptoms and the child's socio-emotional functioning.

This study focused on some data measured at the first two measurement points of the
longitudinal study. For future analyses, it would be insightful to consider investigations that
involve data collected at all three measurement points. These analyses would provide a broader
and longitudinal perspective on the relationships between the variables. For instance, they would
enable evaluation of the mother's influence when the end of maternity leave and the return to
work reduce her contribution as the primary caregiver, at least in the Swiss context. Additionally,
future analyses would benefit from dynamically assessing vagal tone, which would add value to
the analysis of moment-to-moment interactions (conducted but not used in the analyses of this
study). These analyses would observe how the child regulates in real-time during interactions
and identify which parental behaviors contribute to this regulation or surpass the child's

regulatory capacities.
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The findings of this work offer insights for the design of future studies. Firstly, it would
be interesting to involve families where fathers benefit from paternity leaves similar to or longer
than those of mothers. Furthermore, replicating this study, including less-explored family
configurations such as same-sex parent families, would represent a significant step forward.
Considering the previously mentioned aspects regarding the contribution of fathers and related
societal issues, the study of same-sex parent families could provide information on gender roles

and clarify biological or social influences.

Finally, although the current results offer an understanding of physiological regulation
processes in children during interactions with parents, they still need to provide a complete
picture of how the contribution of family interactions in physiological regulatory processes
manifests in different contexts. Similar to investigations conducted on mother-infant interactions,
future research should examine children's physiological regulation in stressful situations to
understand the role of fathers beyond direct interactions. This is particularly interesting
considering studies highlighting the influence of fathers in guiding children to explore and
discover the surrounding environment. Overall, such investigations would allow exploration of
how the family context influences physiological and behavioral regulation in various

circumstances.

10. Clinical and societal implications

The results of our study contribute to the understanding of the associations between early
interactions and children's socio-emotional development. In addition to advancing research, our
findings may have significant clinical and societal implications for family well-being and infant

socio-emotional development. In this paragraph, we discuss these implications with two aims.
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Firstly, we aim to highlight how our findings might be linked to clinical and societal implications
for family well-being and infant socio-emotional development. Secondly, we aim to contribute to
reflections that promote family well-being and infant socio-emotional development at both

clinical and societal levels.

As mentioned before, the results of this study underscore some aspects that have
significant clinical and social implications for promoting family well-being and the
socioemotional development of infants. First, they highlight the role of fathers in children's
growth, emphasizing the need to allocate more time and attention to them (Sarkadi et al., 2008).
Second, they confirm that family interactions are deeply interconnected, showing that what
happens with one parent significantly impacts what occurs with the other parent and the infant,
influencing overall family dynamics (Cassibba et al., 2017). Third, these results underscore the
importance of considering the family context to comprehensively understand its effects on infant

socioemotional development.

From a clinical and societal perspective, the results of this study show a need to further
promote active fatherhood through educational programs involving fathers in daily activities
related to infant care (Doherty et al., 2016). Moreover, they suggest paying attention to the
psychological well-being of both parents before birth by implementing psychosocial support
services, such as psychological counseling and support groups, which can help alleviate the
emotional burden during the early stages of parenthood (Giallo et al., 2013). In line with
supporting parents, the active involvement of family reference figures, such as grandparents, can
enrich the family support network and assist parents facing psychosocial difficulties (Frost et al.,

2020). Our results could support efforts to highlight the importance of fathers' involvement, for
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instance, in neonatal healthcare professionals' training, to ensure fair and practical support to
both parents (Wynter et al., 2021). In conclusion, further insights from other disciplines are
needed to understand better the clinical and social implications of the results of this thesis. This
may involve continuous research and interdisciplinary collaboration among psychologists,
pediatricians, sociologists, and other experts in families. Overall, besides helping to understand
the results of this study and family research findings in general, integrating multiple perspectives
could contribute to creating clinical interventions and social programs that promote the well-

being of infants, parents, and families.
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CONCLUSION
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In conclusion, I summarize the key findings from this study, which explores the impact of

family interactions on the development of ER, focusing on father-infant interactions.

e The quality of father-infant interaction is not linked to the infant's physiological
regulation during interactions with the father. However, the results suggest that this link
is more likely for those fathers who report spending more time with the infant in the
presence of the mother.

e The quality of father-infant interaction and the infant's physiological regulation with the
father are both associated with the infant's regulatory processes during interactions with
the mother, confirming the existence of mutual influences among family members.

e The results confirm that the quality of interactions with the mother is associated with the
infant's physiological regulation.

e Prenatal depressive symptoms in both parents are associated with the quality of mother-
infant interaction, confirming the existence of mutual influences among family
members. Conversely, prenatal depressive symptoms in both parents do not show

associations with the quality of father-infant interaction.

This study and the research project it is part of highlight the crucial role played by family
interactions from the early months of life. Infant interactions with both parents significantly
influence infants’ socio-emotional functioning, emphasizing the need to consider interactions
with each parent. As fathers take on a more active role in infant care and societal perceptions of
fatherhood evolve, it becomes crucial to acknowledge the contribution of contemporary fathers.
This is essential for understanding the infant's social environment and its influence on socio-

emotional development. Beyond the infant's interactions with each parent, the mutual influences
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among family members shape the infant's environment. It is crucial to view family interactions
as interconnected to gain a more holistic understanding of the development of infant regulatory

processes.

162



REFERENCES

163



Abidin, R. (1992). The determinants of parenting behavior. Journal of Clinical Child

Psychology, 21(4), 407—412. do0i:10.1207/s15374424jccp2104 12

Abidin, R. R., & Konold, T. R. (1999). Parenting Alliance Measure professional manual.

Psychological Assessment Resources.

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), Article e22161. d0i:10.1002/dev.22161

Abney, D. H., Paxton, A., Dale, R., & Kello, C. T. (2015). Movement dynamics reflect a
functional role for weak coupling and role structure in dyadic problem solving. Cognitive

Processing, 16(4), 325-332. d0i:10.1007/s10339-015-0648-2

Adamsons, K. (2018). Quantity versus quality of nonresident father involvement: Deconstructing
the argument that quantity doesn’t matter. Journal of Child Custody, 15(1), 26-34.

doi:10.1080/15379418.2018.1437002

Adamsons, K., & Johnson, S. K. (2013). An updated and expanded meta-analysis of nonresident
fathering and child well-being. Journal of Family Psychology, 27(4), 589—-599.

doi:10.1037/a0033786

Addis, M. E. (2008). Gender and depression in men. Clinical Psychology: Science and Practice,

15(3), 153-168. doi:10.1111/5.1468- 2850.2008.00125.x

Addis, M. E., & Cohane, G. H. (2005). Social scientific paradigms of masculinity and their
implications for research and practice in men’s mental health. Journal of Clinical

Psychology, 61(6), 633—647. doi:10.1002/jclp.20099
164



https://doi.org/10.1207/s15374424jccp2104_12
https://doi.org/10.1002/dev.22161
https://doi:10.1007/s10339-015-0648-2
https://doi.org/10.1080/15379418.2018.1437002
https://doi.org/10.1037/a0033786
http://dx.doi.org/10.1111/j.1468-%202850.2008.00125.x
https://doi.org/10.1002/jclp.20099

Adrian, M., Zeman, J., & Veits, G. (2011). Methodological implications of the affect revolution:
A 35-year review of emotion regulation assessment in children. Journal of Experimental

Child Psychology, 110(2), 171-197. doi:10.1016/j.jecp.2011.03.009

Ainsworth, M. D. S., Bell, S. M., & Stayton, D. S. (1974). Mother—infant attachment and social
development. In M. P. M. Richards (Ed.), The integration of the child into the social

world (pp. 99-135). Cambridge University Press.

Ajzen, L. (1991). The theory of planned behavior. Organizational behavior and human decision

processes, 50(2), 179-211. doi:10.1016/0749-5978(91)90020-T

Aldao, A., Gee, D., De Los Reyes, A., & Seager, 1. (2016). Emotion regulation as a
transdiagnostic factor in the development of internalizing and externalizing
psychopathology: Current and future directions. Development and Psychopathology,

28(4, Pt. 1), 927-946. doi:10.1017/S0954579416000638

Altenburger, L. E., & Schoppe-Sullivan, S. J. (2020). New fathers’ parenting quality: Personal,
contextual, and child precursors. Journal of Family Psychology, 34(7), 857-866.

doi:10.1037/fam0000753

Amato, P. R., & Gilbreth, J. G. (1999). Nonresident fathers and children’s well-being: A meta-

analysis. Journal of Marriage and the Family, 61(3), 557-573. doi:10.2307/353560

American Psychiatric Association. (2022). Diagnostic and statistical manual of mental disorders

(5th ed., text rev.). doi:10.1176/appi.books.9780890425787

165


https://doi.org/10.1016/j.jecp.2011.03.009
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1017/S0954579416000638
https://doi.org/10.1037/fam0000753
https://doi.org/10.2307/353560
https://doi.org/10.1176/appi.books.9780890425787

Amodia-Bidakowska, A., Laverty, C., & Ramchandani, P. G. (2020). Father-child play: A
systematic review of its frequency, characteristics and potential impact on children’s

development. Developmental Review, 57, Article 100924. doi:10.1016/7.dr.2020.100924

Anderson, S., StGeorge, J., & Roggman, L. A. (2019). Measuring the quality of early father—
child rough and tumble play: Tools for practice and research. Child & Youth Care Forum,

48(6), 889-915. doi:10.1007/s10566-019-09513-9

Aquino, G. A, Perry, N. B., Aviles, A. 1., Hazen, N., & Jacobvitz, D. (2023). Developmental
antecedents of attention-deficit/hyperactivity disorder symptoms in middle childhood:
The role of father-child interactions and children’s emotional underregulation.

Development and Psychopathology, 1-9. d0i:10.1017/S0954579423000408

Arce-Alvarez, A., Melipillan, C., Andrade, D. C., Toledo, C., Marcus, N. J., & Del Rio, R.
(2019). Heart rate variability alterations in infants with spontaneous hypertonia. Pediatric

Research, 86(1), 77-84. doi:10.1038/s41390-019-0318-7

Areias, M. E. G., Kumar, R., Barros, H., & Figueiredo, E. (1996). Comparative incidence of
depression in women and men, during pregnancy and after childbirth: Validation of the

Edinburgh Postnatal Depression Scale in portuguese mothers. The British Journal of

Psychiatry, 169(1), 30-35. doi:10.1192/bjp.169.1.30

Baker, C. E. (2017). Father-son relationships in ethnically diverse families: Links to boys’
cognitive and social emotional development in preschool. Journal of Child and Family

Studies, 26(8), 2335-2345. doi:10.1007/s10826-017-0743-3

166


https://doi.org/10.1016/j.dr.2020.100924
https://doi.org/10.1007/s10566-019-09513-9
https://doi.org/10.1017/S0954579423000408
https://doi.org/10.1038/s41390-019-0318-7
https://doi.org/10.1192/bjp.169.1.30
https://doi.org/10.1007/s10826-017-0743-3

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Upper

Saddle River, NJ: Prentice Hall.

Bandura, A. (1992). Social cognitive theory and social referencing. In S. Feinman (Eds.), Social
referencing and the social construction of reality in infancy (pp. 175-208). New York:

Plenum Press.

Bariola, E., Gullone, E., & Hughes, E. K. (2011). Child and adolescent emotion regulation: The
role of parental emotion regulation and expression. Clinical Child and Family

Psychology Review, 14(2), 198-212. d0i:10.1007/s10567-011-0092-5

Barker, B., Iles, J. E., & Ramchandani, P. G. (2017). Fathers, fathering and child
psychopathology. Current Opinion in Psychology, 15, 87-92.

do0i:10.1016/j.copsyc.2017.02.015

Barnett, M. A., Paschall, K. W., Kopystynska, O., Warren, S. M., & Curran, M. A. (2021).
Pathways linking parental relationship changes, depressive symptoms, and parenting
behaviors to young children's development. Family Relations, 70(3), 905-920.

doi:10.1111/fare.12494

Barrett, L. F. (2017). The theory of constructed emotion: An active inference account of
interoception and categorization. Social Cognitive and Affective Neuroscience, 12(1), 1—

23. doi:10.1093/scan/nsw154

Bazhenova, O. V., Plonskaia, O., & Porges, S. W. (2001). Vagal reactivity and affective
adjustment in infants during interaction challenges. Child Development, 72(5), 1314—

1326. doi:10.1111/1467-8624.00350

167


https://doi.org/10.1007/s10567-011-0092-5
https://doi.org/10.1016/j.copsyc.2017.02.015
https://doi.org/10.1111/fare.12494
https://doi.org/10.1093/scan/nsw154
https://doi.org/10.1111/1467-8624.00350

Beauchaine, T. P., Gatzke-Kopp, L., & Mead, H. K. (2007). Polyvagal theory and developmental
psychopathology: Emotion dysregulation and conduct problems from preschool to
adolescence. Biological Psychology, 74(2), 174-184.

doi:10.1016/j.biopsycho.2005.08.008

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), 556-571. doi:10.1037/a0040085

Beeghly, M., & Tronick, E. (2011). Early resilience in the context of parent—infant relationships:
Asocial developmental perspective. Current Problems in Pediatric and Adolescent Health

Care, 41(7), 197-201. doi:10.1016/j.cppeds.2011.02.005

Beeghly, M., Fuertes, M., Liu, C. H., Delonis, M. S., & Tronick, E. (2011). Maternal sensitivity
in dyadic context: Mutual regulation, meaning-making, and reparation. In D. W. Davis &
M. C. Logsdon (Eds.), Maternal sensitivity: A scientific foundation for practice (pp. 45—

69). Nova Science Publisher.

Bell, S. D., & Ainsworth, M. D. S. (1972). Infant crying and maternal responsiveness. Child

Development, 43(4), 1171-1190. doi:10.2307/1127506

Belsky, J. (1984). The determinants of parenting. A process model. Child Development, 55(1),

83-96. d0i:10.2307/1129836

Belsky, J., & Jaffee, S. (2006). The multiple determinants of parenting. In D. Cicchetti & D.
Cohen (Eds.), Developmental psychopathology: Vol. 3. Risk, disorder, and adaptation
(2nd ed., pp. 38-85). New York: Wiley.

168


https://doi.org/10.1016/j.biopsycho.2005.08.008
https://psycnet.apa.org/doi/10.1037/a0040085
https://doi.org/10.1016/j.cppeds.2011.02.005
https://doi.org/10.2307/1127506
https://doi.org/10.2307/1129836

Berking, M., & Wupperman, P. (2012). Emotion regulation and mental health: Recent findings,
current challenges, and future directions. Current Opinion in Psychiatry, 25(2), 128—134.

doi:10.1097/yc0.0b013e3283503669

Bernard, K., Meade, E. B., & Dozier, M. (2013). Parental synchrony and nurturance as targets in
an attachment based intervention: Building upon Mary Ainsworth’s insights about
mother—infant interaction. Attachment and Human Development, 15(5-6), 507-523.

doi:10.1080/14616734.2013.820920

Betancourt, T. S., Jensen, S. K., Barnhart, D. A., Brennan, R. T., Murray, S. M., Yousafzai, A. K.,
Farrar, J., Godfroid, K., Bazubagira, S. M., Rawlings, L. B., Wilson, B., Sezibera, V., &
Kamurase, A. (2020). Promoting parent-child relationships and preventing violence via

home-visiting: A pre-post cluster randomised trial among Rwandan families linked to

social protection programmes. BMC Public Health, 20(1), 1-11. doi:10.1186/s12889-

020-08693-7

Birk, S. L., Stewart, L., & Olino, T. M. (2022). Parent—child synchrony after early childhood: A
systematic review. Clinical Child and Family Psychology Review, 25, 529-551.

doi:10.1007/s10567-022-00383-7

Blandon, A. Y. (2015). Mothers' and fathers' responses to children's negative emotions: Family

and physiological correlates. Family Relations, 64(3), 431-445. doi:10.1111/fare.12125

Bocknek, E. L., Brophy-Herb, H. E., Fitzgerald, H. E., Schiffman, R. F., & Vogel, C. (2014).

Stability of biological father presence as a proxy for family stability: Cross-racial

169


https://doi.org/10.1097/yco.0b013e3283503669
https://doi.org/10.1080/14616734.2013.820920
https://doi.org/10.1186/s12889-020-08693-7
https://doi.org/10.1186/s12889-020-08693-7
https://doi.org/10.1007/s10567-022-00383-7
https://doi.org/10.1111/fare.12125

associations with the longitudinal development of emotion regulation in

toddlerhood. Infant Mental Health Journal, 35(4), 309-321. do0i:10.1002/imh;j.21454

Bowlby, J. (1979). The Bowlby—Ainsworth attachment theory. Behavioral and Brain Sciences

2(4), 637-638. doi:10.1017/S0140525X00064955

Brazelton, T. B., Tronick, E., Adamson, L., Als, H., & Wise, S. (1975). Early mother-infant

reciprocity. In M. Hofer (Eds.), Parent-infant interaction (pp. 137-154). Elsevier.

Bronfenbrenner, U. (1974). Developmental research, public policy, and the ecology of childhood.

Child Development, 45(1), 1-5. doi:10.2307/1127743

Bronfenbrenner, U. (1999). Environments in developmental perspective: Theoretical and
operational models. In S. L. Friedman & T. D. Wachs (Eds.), Measuring environment
across the life span: Emerging methods and concepts (pp. 3—28). American Psychological

Association. doi :10.1037/10317-001

Bryant, W. K., & Zick, C. D. (1996). An examination of parent-child shared time. Journal of

Marriage and the Family, 58(1), 227-237. doi:10.2307/353391

Burniston, A. B., Chan, C. P., Vicman, J. M., Smiley, P. A., & Doan, S. N. (2023). Maternal and
paternal emotion socialization and children’s physiological stress regulation. Journal of

Child and Family Studies, 32,2099-2112. doi:10.1007/s10826-022-02491-y

Cabrera, N. J. (2020). Father involvement, father-child relationship, and attachment in the early
years. Attachment & Human Development, 22(1), 134-138.

doi:10.1080/14616734.2019.1589070

170


https://doi.org/10.1002/imhj.21454
https://doi.org/10.2307/1127743
https://psycnet.apa.org/doi/10.1037/10317-001
https://doi.org/10.2307/353391
https://doi.org/10.1007/s10826-022-02491-y
https://doi.org/10.1080/14616734.2019.1589070

Cabrera, N. J., Fitzgerald, H. E., Bradley, R. H., & Roggman, L. (2014). The ecology of father-
child relationships: An expanded model. Journal of Family Theory & Review, 6(4), 336—

354. doi:10.1111/jftr.12054

Cabrera, N. J., Shannon, J. D., & Tamis-LeMonda, C. (2007). Fathers’ influence on their
children’s cognitive and emotional development: From toddlers to pre-K. Applied

Developmental Science, 11(4), 208-213. doi:10.1080/10888690701762100

Calkins, S. D., & Hill, A. (2007). Caregiver influences on emerging emotion regulation:
Biological and environmental transactions in early development. In J. J. Gross (Eds.),

Handbook of emotion regulation (pp. 229-248). Guilford.

Campos, J. J., Mumme, D. L., Kermoian, R., & Campos, R. G. (1994). A functionalist
perspective on the nature of emotion. Monographs of the Society for Research in Child

Development, 59(2-3), 284-303. doi:10.2307/1166150

Cano, T., Perales, F., & Baxter, J. (2019). A matter of time: Father involvement and child
cognitive outcomes. Journal of Marriage and Family, 81(1), 164—184.

doi:10.1111/jomf.12532

Cassibba, R., Coppola, G., Sette, G., Curci, A., & Costantini, A. (2017). The transmission of
attachment across three generations: A study in adulthood. Developmental Psychology,

53(2), 396-405. doi:10.1037/dev0000242

Chen, S. H., Zhou, Q., Main, A., & Lee, E. H. (2015). Chinese American immigrant parents’

emotional expression in the family: Relations with parents’ cultural orientations and

171


https://doi.org/10.1111/jftr.12054
https://doi.org/10.1080/10888690701762100
https://doi.org/10.2307/1166150
https://doi.org/10.1111/jomf.12532
https://psycnet.apa.org/doi/10.1037/dev0000242

children’s emotion-related regulation. Cultural Diversity and Ethnic Minority

Psychology, 21(4), 619-629. doi:10.1037/cdp0000013

Choi, J., Kim, H. K., Capaldi, D. M., & Snodgrass, J. J. (2021). Long-term effects of father
involvement in childhood on their son's physiological stress regulation system in

adulthood. Developmental psychobiology, 63(6), Article €22152. doi:10.1002/dev.22152

Cole, P. M., Dennis, T. A., Smith-Simon, K. E., & Cohen, L. H. (2009). Preschoolers' emotion
regulation strategy understanding: Relations with emotion socialization and child self-

regulation. Social Development, 18(2), 324-352. d0i:10.1111/1.1467-9507.2008.00503.x

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scientific construct:
Methodological challenges and directions for child development research. Child

Development, 75(2), 317-333. doi:10.1111/7.1467-8624.2004.00673.x

Cole, P. M., Michel, M. K., & Laureen O’Donnell, T. (1994). The development of emotion
regulation and dysregulation: A clinical perspective. Monographs of the Society for

Research in Child Development, 59(2-3), 73—100. doi:10.1111/].1540-

5834.1994.tb01278.x

Cox, J. L., Holden, J. M., & Sagovsky, R. (1987). Detection of postnatal depression:
Development of the 10-item Edinburgh Postnatal Depression Scale. The British Journal

of Psychiatry, 150(6), 782—786. doi:10.1192/bjp.150.6.782

Cox, M. J., & Paley, B. (1997). Families as systems. Annual Review of Psychology, 48, 243-267.

doi:10.1146/annurev.psych.48.1.243

172


https://doi.org/10.1037/cdp0000013
https://doi.org/10.1002/dev.22152
https://doi.org/10.1111/j.1467-9507.2008.00503.x
https://doi.org/10.1111/j.1467-8624.2004.00673.x
https://doi.org/10.1111/j.1540-5834.1994.tb01278.x
https://doi.org/10.1111/j.1540-5834.1994.tb01278.x
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1146/annurev.psych.48.1.243

Crespo, L. M., Trentacosta, C. J., Aikins, D., & Wargo-Aikins, J. (2017). Maternal emotion
regulation and children’s behavior problems: The mediating role of child emotion
regulation. Journal of Child and Family Studies, 26(10), 2797-2809.

doi:10.1007/s10826-017-0791-8

Crittenden, P. M. (2006). CARE-Index. Infants. Coding manual [Unpublished manual]. Family

Relations Institute.

Crouter, A. C., & Crowley, M. S. (1990). School-age children’s time alone with fathers in single-
and dual-earner families: Implications for the father-child relationship. The Journal of

Early Adolescence, 10(3), 296-312. doi:10.1177/0272431690103004

Cummings, E. M., Goeke-Morey, M. C., & Raymond, J. (2004). Fathers in family context:
Effects of marital quality and marital conflict. In M. Lamb (Eds.), The role of the father

in child development (4th ed., pp. 196-221). Wiley.

Darwin, Z., Domoney, J., lles, J., Bristow, F., Siew, J., & Sethna, V. (2021). Assessing the mental
health of fathers, other co-parents, and partners in the perinatal period: Mixed methods
evidence synthesis. Frontiers in Psychiatry, 11, Article 585479.

doi:10.3389/fpsyt.2020.585479

De Stasio, S., Boldrini, F., Ragni, B., & Gentile, S. (2020). Predictive factors of toddlers' sleep
and parental stress. International Journal of Environmental Research and Public Health,

17(7), 2494. doi:10.3390/ijerph 17072494

173


https://doi.org/10.1007/s10826-017-0791-8
https://doi.org/10.1177/0272431690103004
https://doi.org/10.3389/fpsyt.2020.585479
https://doi.org/10.3390/ijerph17072494

Deans, C. L. (2018). Maternal sensitivity, its relationship with child outcomes, and interventions
that address it: A systematic literature review. Early Child Development and Care,

190(2), 252-275. do0i:10.1080/03004430.2018.1465415

Dempsey, H. L. (2017). A comparison of the social-adaptive perspective and functionalist

perspective on guilt and shame. Behavioral Sciences, 7(4), 83. doi:10.3390/bs7040083

Dennis, T. A., Buss, K. A., & Hastings, P. D. (2012). Introduction to the monograph:
Physiological measures of emotion from a developmental perspective: State of the

science. Monographs of the Society for Research in Child Development, 77(2, Serial No.

1540-5834), 1-5. doi:10.1111/5.1540-5834.2011.00654.x

Diniz, E., Brandao, T., & Verissimo, M. (2023). Father involvement during early childhood: A
systematic review of qualitative studies. Family Relations, 72(5), 2710-2730.

doi:10.1111/fare.12858

Diniz, E., Brandao, T., Monteiro, L., & Verissimo, M. (2021). Father involvement during early
childhood: A systematic review of the literature. Journal of Family Theory & Review,

13(1), 77-99. doi:10.1111/jftr.12410

Djambazova-Popordanoska, S. (2016). Implications of emotion regulation on young children’s
emotional wellbeing and educational achievement. Educational Review, 68(4), 497-515.

doi:10.1080/00131911.2016.1144559

Doherty, W. J., Willoughby, B. J., & Wilde, J. L. (2016). Is the gender gap in college enrollment
influenced by nonmarital birth rates and father absence?. Family Relations, 65(2), 263—

274. do1:10.1111/fare.12157

174


https://doi.org/10.1080/03004430.2018.1465415
https://doi.org/10.3390/bs7040083
https://doi/10.1111/j.1540-5834.2011.00654.x
https://doi.org/10.1111/fare.12858
https://doi.org/10.1111/jftr.12410
https://doi.org/10.1080/00131911.2016.1144559
https://doi.org/10.1111/fare.12157

Dubeau, D., Coutu, S., & Lavigueur, S. (2013). Links between different measures of
mother/father involvement and child social adjustment. Early Child Development and

Care, 183(6), 791-809. do0i:10.1080/03004430.2012.723442

Dyer, K., Roby, J. L., Mupedziswa, R., & Day, R. (2011). Father involvement in Botswana: How

adolescents perceive father presence and support. Families in Society, 92(4), 426—431.

doi:10.1606/1044-3894.4168

Eagly, A. H. (1987). Sex differences in social behavior: A social-role_interpretation. Erlbaum.

Ekas, N. V., Lickenbrock, D. M., & Braungart-Rieker, J. M. (2013). Developmental trajectories
of emotion regulation across infancy: Do age and the social partner influence temporal

patterns? Infancy, 18, 729-754. doi:10.1111/infa.12003

Engfer, A. (1988). The interrelatedness of marriage and the mother-child relationship. In R. A.
Hinde & J. S. Hinde (Eds.), Relationships within families: Mutual influences (pp. 104—

118). Oxford University Press.

Erel, O., & Burman, B. (1995). Interrelatedness of marital relations and parent-child relations: A

meta-analytic review. Psychological Bulletin, 118(1), 108—132. doi:10.1037/0033-

2909.118.1.108

Evans, J., Melotti, R., Heron, J., Ramchandani, P., Wiles, N., Murray, L., & Stein, A. (2012). The
timing of maternal depressive symptoms and child cognitive development: A longitudinal

study. Journal of Child Psychology and Psychiatry, 53(6), 632—640. doi:10.1111/1.1469-

7610.2011.02513.x

175


https://doi.org/10.1080/03004430.2012.723442
https://doi.org/10.1606/1044-3894.4168
http://dx.doi.org/10.1111/infa.12003
https://psycnet.apa.org/doi/10.1037/0033-2909.118.1.108
https://psycnet.apa.org/doi/10.1037/0033-2909.118.1.108
https://doi.org/10.1111/j.1469-7610.2011.02513.x
https://doi.org/10.1111/j.1469-7610.2011.02513.x

Fagan, J., & Barnett, M. (2003). The relationship between maternal gatekeeping, paternal
competence, mothers' attitudes about the father role, and father involvement. Journal of

Family Issues, 24(8), 1020-1043. doi:10.1177/0192513X03256397

Fahey, J. O., & Shenassa, E. (2013). Understanding and meeting the needs of women in the
postpartum period: The perinatal maternal health promotion model. Journal of Midwifery

& Women’s Health, 58(6), 613—621. doi:10.1111/jmwh.12139

Favez, N. (2015). Parental Gatekeeping Scale. [Unpublished manuscript]. University of Geneva,

Switzerland.

Favez, N., Tissot, H., Ghisletta, P., Golay, P., & Cairo Notari, S. (2016). Validation of the French
version of the Experiences in Close Relationships—Revised (ECR-R) adult romantic

attachment questionnaire. Swiss Journal of Psychology, 75(3), 113—

121. do0i:10.1024/1421-0185/a000177

Federal Statistical Office. (2022). Economic activity of mothers and fathers.

https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-

population/gender-equality/balancing-work-family/economic-activity-mothers-

fathers.html

Feldman, R. (2003). Infant-mother and infant—father synchrony: The coregulation of positive

arousal. Infant Mental Health Journal, 24(1), 1-23. d0i:10.1002/imhj.10041

Feldman, R. (2006). From biological rhythms to social rhythms: Physiological precursors of

mother—infant synchrony. Developmental Psychology, 42(1), 175-188. do0i:10.1037/0012-

1649.42.1.175

176


https://psycnet.apa.org/doi/10.1177/0192513X03256397
https://doi.org/10.1111/jmwh.12139
https://psycnet.apa.org/doi/10.1024/1421-0185/a000177
https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/gender-equality/balancing-work-family/economic-activity-mothers-fathers.html
https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/gender-equality/balancing-work-family/economic-activity-mothers-fathers.html
https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/gender-equality/balancing-work-family/economic-activity-mothers-fathers.html
https://doi.org/10.1002/imhj.10041
https://doi.org/10.1037/0012-1649.42.1.175
https://doi.org/10.1037/0012-1649.42.1.175

Feldman, R. (2007a). 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. doi:10.1111/1.1469-7610.2006.01701.x

Feldman, R. (2007b). Mother-infant synchrony and the development of moral orientation in
childhood and adolescence: Direct and indirect mechanisms of developmental continuity.

American Journal of Orthopsychiatry, 77(4), 582—597. do0i:10.1037/0002-9432.77.4.582

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

doi:10.1080/15295192.2012.683342

Feldman, R. (2015). Mutual influences between child emotion regulation and parent—child
reciprocity support development across the first 10 years of life: Implications for
developmental psychopathology. Development and Psychopathology, 27(4, Pt. 1), 1007—

1023. doi:10.1017/S0954579415000656

Feldman, R. (2017). The neurobiology of human attachments. Trends in Cognitive Sciences,

21(2), 80-99. doi:10.1016/j.tics.2016.11.007

Feldman, R., & Eidelman, A. L. (2009). Biological and environmental initial conditions shape the
trajectories of cognitive and social-emotional development across the first years of life.

Developmental Science, 12(1), 194-200. doi:10.1111/7.1467-7687.2008.00761.x

Feldman, R., Singer, M., & Zagoory, O. (2010). Touch attenuates infants’ physiological reactivity

to stress. Developmental Science, 13(2), 271-278. doi:10.1111/7.1467-7687.2009.00890.x

177


https://doi.org/10.1111/j.1469-7610.2006.01701.x
https://doi.org/10.1037/0002-9432.77.4.582
https://doi.org/10.1080/15295192.2012.683342
https://doi.org/10.1017/S0954579415000656
https://doi.org/10.1016/j.tics.2016.11.007
https://doi.org/10.1111/j.1467-7687.2008.00761.x
https://doi.org/10.1111/j.1467-7687.2009.00890.x

Feniger-Schaal, R., Noy, L., Hart, Y., Koren-Karie, N., Mayo, A. E., & Alon, U. (2016). Would
you like to play together? Adults' attach- ment and the mirror game. Attachment &

Human Development, 18(1), 33—45. do0i:10.1080/14616734.2015.1109677

Field, T. (2010). Postpartum depression effects on early interactions, parenting, and safety
practices: A review. Infant Behavior and Development, 33(1), 1-6.

doi:10.1016/j.infbeh.2009.10.005

Field, T. (2018). Paternal prenatal, perinatal and postpartum depression: A narrative review.

Journal of Anxiety & Depression, 1(1), 1-16. do0i:10.46527/2582-3264.102

Field, T., & Diego, M. (2008). Vagal activity, early growth and emotional development. Infant

Behavior and Development, 31(3), 361-373. doi:10.1016/j.infbeh.2007.12.008

Field, T., Hernandez-Reif, M., Diego, M., Feijo, L., Vera, Y., Gil, K., & Sanders, C. (2007). Still-
face and separation effects on depressed mother-infant interaction. Infant Mental Health

Journal, 28(3), 314-323. doi:10.1002/imhj.20138

Field, T., Pickens, J., Fox, N. A., Nawrocki, T., & Gonzalez, J. (1995). Vagal tone in infants of
depressed mothers. Development and Psychopathology, 7(2), 227-231.

doi:10.1017/50954579400006465

First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (1997). Structured clinical
interview for DSM-1V Axis I disorders (SCID-1). New York: Biometric Research

Department.

Fivaz-Depeursinge, E., & Corboz-Warnery, A. (1999). The primary triangle: A developmental

system view of mothers, fathers, and infants. Basic Books.

178


https://doi:10.1080/14616734.2015.1109677
https://doi.org/10.1016/j.infbeh.2009.10.005
https://doi.org/10.46527/2582-3264.102
https://doi.org/10.1016/j.infbeh.2007.12.008
https://doi.org/10.1002/imhj.20138
https://doi.org/10.1017/S0954579400006465

Flanders, J. L., Herman, K. N., & Paquette, D. (2013). Rough-and-tumble play and the
cooperation-competition dilemma: Evolutionary and developmental perspectives on the
development of social competence. In D. Narvaez, J. Panksepp, A. N. Schore, & T. R.
Gleason (Eds.), Evolution, early experience and human development: From research to

practice and policy (pp. 371-387). Oxford University Press.

Fox, N. A. (1989). Psychophysiological correlates of emotional reactivity during the first year of

life. Developmental Psychology, 25(3), 364-372. d0i:10.1037/0012-1649.25.3.364

Fraley, R. C., Waller, N. G., & Brennan, K. A. (2000). An item response theory analysis of self-
report measures of adult attachment. Journal of Personality and Social Psychology,

78(2), 350-365. doi:10.1037/0022-3514.78.2.350

Frascarolo, F., Favez, N., & Fivaz-Depeursinge, E. (2003). Fathers’ and mothers’ performances
in father-mother-baby games. European Journal of Psychology of Education, 18(1), 101—

111. doi:10.1007/BF03173479

Frascarolo-Moutinot, F., Favez, N., Tissot, H., & Fivaz-Depeursinge, E. (2020). Fathers’ place
and role in family relationships. In H. E. Fitzgerald, K. von Klitzing, N. J. Cabrera, J.
Scarano de Mendonga, & T. Skjethaug (Eds.), Handbook of Fathers and Child

Development (pp. 89—103). Springer. doi:10.1007/978-3-030-51027-5_6

Freitag, G. F., Grassie, H. L., Jeong, A., Mallidi, A., Comer, J. S., Ehrenreich-May, J., &
Brotman, M. A. (2022). Systematic review: Questionnaire-based measurement of
emotion dysregulation in children and adolescents. Journal of the American Academy of

Child & Adolescent Psychiatry, 62(7), 728-763. do0i:10.1016/].jaac.2022.07.866

179


https://psycnet.apa.org/doi/10.1037/0012-1649.25.3.364
https://psycnet.apa.org/doi/10.1037/0022-3514.78.2.350
https://doi.org/10.1007/BF03173479
https://doi.org/10.1007/978-3-030-51027-5_6
https://doi.org/10.1016/j.jaac.2022.07.866

Frew, P. M., Saint-Victor, D. S., Isaacs, M. B., Kim, S., Swamy, G. K., Sheffield, J. S., Edwards,
K. M., Villafana, T., Kamagate, O., & Ault, K. (2014). Recruitment and retention of
pregnant women into clinical research trials: An overview of challenges, facilitators, and
best practices. Clinical Infectious Diseases, 59(Suppl. 7), S400—-S407.

doi:10.1093/cid/ciu726

Frost, N., Devaney, C., & Herrera-Pastor, D. (2020). Understanding contemporary family
support: Reflections on theoretical and conceptual frameworks. Social Work and Social
Sciences Review: An Internal Journal of Applied Research, 21(2), 27-45.

doi:10.1921/swssr.v21i2.1420

Gaertner, B. M., Spinrad, T. L., Eisenberg, N., & Greving, K. A. (2007). Parental childrearing
attitudes as correlates of father involvement during infancy. Journal of Marriage and

Family, 69(4), 962-976. doi:10.1111/1.1741-3737.2007.00424 .x

Genoud, P. A. (2011). Indice de position socioéconomique: Un calcul simplifié [Socio-economic

position index: A simplified calculation]. Université de Fribourg. www.unift.ch/cerf/ipse.

Giallo, R., Treyvaud, K., Cooklin, A., & Wade, C. (2013). Mothers’ and fathers’ involvement in
home activities with their children: Psychosocial factors and the role of parental self-
efficacy. Early Child Development and Care, 183(3-4), 343-359.

doi:10.1080/03004430.2012.711587

Gobel, A., Arck, P., Hecher, K., Schulte-Markwort, M., Diemert, A., & Mudra, S. (2020).
Manifestation and associated factors of pregnancy-related worries in expectant

fathers. Frontiers in Psychiatry, 11, Article 575845. doi:10.3389/fpsyt.2020.575845

180


https://doi.org/10.1093/cid/ciu726
https://doi.org/10.1921/swssr.v21i2.1420
https://doi.org/10.1111/j.1741-3737.2007.00424.x
http://www.unifr.ch/cerf/ipse
https://doi.org/10.1080/03004430.2012.711587
https://doi.org/10.3389/fpsyt.2020.575845

Golds, L., Gillespie-Smith, K., Nimbley, E., & MacBeth, A. (2022). What factors influence
dyadic synchrony? A systematic review of the literature on predictors of mother—infant
dyadic processes of shared behavior and affect. Infant Mental Health Journal, 43(5),

808-830. doi:10.1002/imhj.22011

Goldscheider, F., Bernhardt, E., & Lappegard, T. (2015). The gender revolution: A framework for
understanding changing family and demographic behavior. Population and Development

Review, 41(2), 207-239. doi:10.1111/5.1728-4457.2015.00045.x

Goodman, S. H., & Gotlib, L. H. (1999). Risk for psychopathology in the children of depressed
mothers: A developmental model for understanding mechanisms of

transmission. Psychological Review, 106(3), 458—490. doi:10.1037/0033-

295X.106.3.458.

Goodman, S. H., Lusby, C. M., Thompson, K., Newport, D. J., & Stowe, Z. N. (2014). Maternal
depression in association with fathers' involvement with their infants: Spillover or
compensation/buftering? Infant Mental Health Journal, 35(5), 495-508.

doi:10.1002/imh;j.21469

Graziano, P., & Derefinko, K. (2013). Cardiac vagal control and children’s adaptive functioning:
A meta-analysis. Biological Psychology, 94(1), 22-37.

doi:10.1016/j.biopsycho.2013.04.011

Grossmann, K., Grossmann, K. E., Fremmer-Bombik, E., Kindler, H., Scheuerer-Englisch, H., &

Zimmermann, A. P. (2002). The uniqueness of the child—father attachment relationship:

181


https://doi.org/10.1002/imhj.22011
https://doi.org/10.1111/j.1728-4457.2015.00045.x
https://psycnet.apa.org/doi/10.1037/0033-295X.106.3.458
https://psycnet.apa.org/doi/10.1037/0033-295X.106.3.458
https://doi.org/10.1002/imhj.21469
https://doi.org/10.1016/j.biopsycho.2013.04.011

Fathers’ sensitive and challenging play as a pivotal variable in a 16-year longitudinal

study. Social Development, 11(3), 301-337. d0i:10.1111/1467-9507.00202

Guedeney, N., & Fermanian, J. (1998). Validation study of the French version of the Edinburgh

Postnatal Depression Scale (EPDS): New results about use and psychometric

properties. European Psychiatry, 13(2), 83—89. doi:10.1016/S0924-9338(98)80023-0

Halsa, A. (2018). Trapped between madness and motherhood: Mothering alone. Social Work in

Mental Health, 16(1), 46—61. doi:10.1080/15332985.2017.1317688

Ham, J., & Tronick, E. D. (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. doi:10.1196/annals.1376.038

Hayes, A. F. (2012). PROCESS: A versatile computational tool for observed variable mediation,
moderation, and conditional process modeling.

www.athayes.com/public/process2012.pdf

Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional process analysis: A

regression-based approach. Guilford Publications.

Hendrick, S. S. (1988). A generic measure of relationship satisfaction. Journal of Marriage and

the Family, 50(1), 93-98. d0i:10.2307/352430

Hibel, L. C., & Mercado, E. (2019). Marital conflict predicts mother-to-infant adrenocortical

transmission. Child Development, 90(1), e80-€95. doi:10.1111/cdev.13010

Heider, F. (1958). The psychology of interpersonal relations. New York: Wiley.

182


https://doi.org/10.1111/1467-9507.00202
https://doi.org/10.1016/S0924-9338(98)80023-0
https://doi.org/10.1080/15332985.2017.1317688
https://doi.org/10.1196/annals.1376.038
http://www.afhayes.com/public/process2012.pdf
https://psycnet.apa.org/doi/10.2307/352430
https://doi.org/10.1111/cdev.13010

Hinnant, J. B., Nelson, J. A., O’Brien, M., Keane, S. P., & Calkins, S. D. (2013). The interactive
roles of parenting, emotion regulation and executive functioning in moral reasoning
during middle childhood. Cognition and Emotion, 27(8), 1460—1468.

doi:10.1080/02699931.2013.789792

Hirschler-Guttenberg, Y., Golan, O., Ostfeld-Etzion, S., & Feldman, R. (2015). Mothering,
fathering, and the regulation of negative and positive emotions in high-functioning
preschoolers with autism spectrum disorder. Journal of Child Psychology and Psychiatry,

56(5), 530-539. doi:10.1111/jcpp.12311

Holmberg, J. (2022). Recruiting perinatal fathers to interventions and research: A conceptual
model of engagement and integrative review of barriers encountered and strategies
used. OBM Integrative and Complementary Medicine, 7(3), 1-26.

do0i:10.21926/0bm.icm.2203041

Hossain, Z., & Roopnarine, J. L. (1994). African-American fathers' involvement with infants:

Relationship to their functioning style, support, education, and income. Infant Behavior &

Development, 17(2), 175-184. doi:10.1016/0163-6383(94)90053-1

Hu, L., & Bentler, P. M. (1999). Cut-off criteria for fit indexes in covariance structure analysis:

Conventional criteria versus new alternatives. Structural Equation Modeling: A

Multidisciplinary Journal, 6(1), 1-55. d0i:10.1080/10705519909540118

Huebener, M., Kuehnle, D., & Spiess, C. K. (2019). Parental leave policies and socio-economic

gaps in child development: Evidence from a substantial benefit reform using

183


https://doi.org/10.1080/02699931.2013.789792
https://doi.org/https:/doi.org/10.1111/jcpp.12311
http://dx.doi.org/10.21926/obm.icm.2203041
https://psycnet.apa.org/doi/10.1016/0163-6383(94)90053-1
https://doi.org/10.1080/10705519909540118J

administrative data. Labour Economics, 61, Article 101754.

doi:10.1016/j.labeco.2019.101754

Huerta, M. C., Adema, W., Baxter, J., Han, W. J., Lausten, M., Lee, R., & Waldfogel, J. (2014).
Fathers' leave and fathers' involvement: Evidence from four OECD countries. European

Journal of Social Security, 16(4), 308-346. doi:10.1177/138826271401600403

Isaac, A. J., Rodriguez, A. M., D’ Anna-Hernandez, K., Gemmell, N., Acedo, G. R., Dougherty,
L. R., & Bufferd, S. J. (2023). Preschool-aged children’s hair cortisol and parents’
behavior, psychopathology, and stress. Psychoneuroendocrinology, 151, Article 106052.

doi:10.1016/i.psyneuen.2023.106052

Islamiah, N., Breinholst, S., Walczak, M. A., & Esbjern, B. H. (2023). The role of fathers in
children's emotion regulation development: A systematic review. Infant and Child

Development, 32(2), Article €2397. doi:10.1002/icd.2397

Jackson, J. H. (1958). Evolution and dissolution of the nervous system. In Taylor, J. (Eds.),

Selected Writings of John Hughlings Jackson (pp. 45-118). Stapes Press.

Jampaklay, A., Richter, K., Tangchonlatip, K., & Nanthamongkolchai, S. (2018). The impact of
parental absence on early childhood development in the context of Thailand. Asian and

Pacific Migration Journal, 27(2), 209-230. doi:10.1177/0117196818767439

Jeong, H. G., Lim, J. S., Lee, M. S., Kim, S. H., Jung, I. K., & Joe, S. H. (2013). The association
of psychosocial factors and obstetric history with depression in pregnant women: Focus
on the role of emotional support. General Hospital Psychiatry, 35(4), 354-358.

doi:10.1016/j.genhosppsych.2013.02.009

184


https://doi.org/https:/doi.org/10.1016/j.labeco.2019.101754
https://doi.org/10.1177/138826271401600403
https://doi.org/10.1016/j.psyneuen.2023.106052
https://doi.org/10.1002/icd.2397
https://doi.org/10.1177/0117196818767439
https://doi.org/10.1016/j.genhosppsych.2013.02.009

Jeynes, W. H. (2016). Meta-analysis on the roles of fathers in parenting: Are they unique?.

Marriage & Family Review, 52(7), 665—688. d0i:10.1080/01494929.2016.1157121

Johnston, C., & Mash, E. J. (1989). A measure of parenting satisfaction and efficacy. Journal of

Clinical Child Psychology, 18(2), 167—175. d0i:10.1207/s153744241ccpl1802 8

Kelley, H. H., Holmes, J. G., Kerr, N. L., Reis, H. T., Rusbult, C. E., & Van Lange, P. A. (2003).

An atlas of interpersonal situations. Cambridge University Press.

Kenny, D. A. (2013). Using k for estimate and test patterns in the APIM.

https://davidakenny.net/webinars/Dvyad/Standard/k/k.html

Kenny, D. A., & Ledermann, T. (2010). Detecting, measuring, and testing dyadic patterns in the
actor—partner interdependence model. Journal of Family Psychology, 24(3), 359—

366. doi:10.1037/a0019651

Kenny, D. A., Kashy, D. A., & Cook, W. L. (2020). Dyadic data analysis. Guilford.

Kim, J., & Cicchetti, D. (2010). Longitudinal pathways linking child maltreatment, emotion
regulation, peer relations, and psychopathology. Journal of Child Psychology and

Psychiatry, 51(6), 706-716. doi:10.1111/7.1469-7610.2009.02202.x

Klimes-Dougan, B., Brand, A. E., Zahn-Waxler, C., Usher, B., Hastings, P. D., Kendziora, K., &
Garside, R. B. (2007). Parental emotion socialization in adolescence: Differences in sex,

age and problem status. Social Development, 16(2), 326-342. doi:10.1111/j.1467-

9507.2007.00387.x

Kochanska, G., Aksan, N., Prisco, T. R., & Adams, E. E. (2008). Mother—child and father—child

mutually responsive orientation in the first 2 years and children’s outcomes at preschool
185


https://doi.org/10.1080/01494929.2016.1157121
https://psycnet.apa.org/doi/10.1207/s15374424jccp1802_8
https://davidakenny.net/webinars/Dyad/Standard/k/k.html
https://psycnet.apa.org/doi/10.1037/a0019651
https://doi.org/10.1111/j.1469-7610.2009.02202.x
https://doi.org/10.1111/j.1467-9507.2007.00387.x
https://doi.org/10.1111/j.1467-9507.2007.00387.x

age: Mechanisms of influence. Child Development, 79(1), 30—44. doi:10.1111/1.1467-

8624.2007.01109.x

Kokkinaki, T., & Pratikaki, A. (2014). The intersubjective and transitional function of imitation
in early grandparent—infant grandchild interaction. Early Child Development and Care,

184(12), 1812—-1829. doi:10.1080/03004430.2014.887902

Kokkinaki, T., & Vasdekis, V. G. S. (2015). Comparing emotional coordination in early
spontaneous mother—infant and father—infant interactions. European Journal of

Developmental Psychology, 12(1), 69—84. doi:10.1080/17405629.2014.950220

Kokkinaki, T., Germanakis, 1., & Pratikaki, A. (2012). Development of spontaneous

grandparent—infant imitation across the first year of life. Early Child Development and

Care, 182(5), 553-569. d0i:10.1080/03004430.2011.565336

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. Journal of Chiropractic Medicine, 15(2), 155-163.

do0i:10.1016/5.jcm.2016.02.012

Kouros, C. D., Papp, L. M., Goeke-Morey, M. C., & Cummings, E. M. (2014). Spillover between
marital quality and parent—child relationship quality: Parental depressive symptoms as

moderators. Journal of Family Psychology, 28(3), 315-325. doi:10.1037/a0036804

Laborde, S., Mosley, E., & Thayer, J. F. (2017). Heart rate variability and cardiac vagal tone in
psychophysiological research—Recommendations for experiment planning, data
analysis, and data reporting. Frontiers in Psychology, 8, 1-18.

doi:10.3389/fpsyg.2017.00213

186


https://doi.org/10.1111/j.1467-8624.2007.01109.x
https://doi.org/10.1111/j.1467-8624.2007.01109.x
https://doi.org/10.1080/03004430.2014.887902
https://doi.org/10.1080/17405629.2014.950220
https://doi.org/10.1080/03004430.2011.565336
https://doi.org/10.1016/j.jcm.2016.02.012
https://psycnet.apa.org/doi/10.1037/a0036804
https://doi.org/10.3389/fpsyg.2017.00213

Lacharité, C. (2009). L’expérience paternelle entourant la naissance sous 1’angle du discours
social [Paternal experience of birth from the social discourse perspective]. Enfances,

Familles, Generations, 11, 1—x. doi:10.7202/044118ar

LaFreniere, P. (2009). A functionalist perspective on social anxiety and avoidant personality
disorder. Development and Psychopathology, 21(4), 1065-1082.

d0i:10.1017/S0954579409990046

Lai, K. (2018). Estimating standardized SEM parameters given nonnormal data and incorrect
model: Methods and comparison. Structural Equation Modeling: A Multidisciplinary

Journal, 25(4), 600—620. doi:10.1080/10705511.2017.1392248

Laible, D. J., & Thompson, R. A. (2000). Attachment and self-organization. In M. D. Lewis & L.
Granic (Eds.), Emotion, development, and self-organization: Dynamic systems

approaches to emotional development (pp. 298-323). Cambridge University Press.

Lam, C. B., McHale, S. M., & Crouter, A. C. (2012). Parent—child shared time from middle
childhood to late adolescence: Developmental course and adjustment correlates. Child

Development, 83(6), 2089-2103. doi:10.1111/7.1467-8624.2012.01826.x

Lamb, M. E. (2000). The history of research on father involvement. Marriage & Family Review,

29(2-3), 23-42. d0i:10.1300/J002v29n02_03

Lamb, M. E., & Lewis, C. (2004). The development and significance of father—child
relationships in two-parent families. In M. E. Lamb (Eds.), The role of the father in child

development (4th ed., Vol. 2, pp. 272-306). Wiley.

187


https://doi.org/10.7202/044118ar
https://doi.org/10.1017/S0954579409990046
https://doi.org/10.1080/10705511.2017.1392248
https://doi.org/10.1111/j.1467-8624.2012.01826.x
https://doi.org/10.1300/J002v29n02_03

Lamb, M. E., Pleck, J. H., & Levine, J. A. (1987). A biosocial perspective on paternal behavior

and involvement. In C. Lewis & M. O’Brien (Eds.), Reassessing fatherhood: New

observations on fathers and the modern family (pp. 109-125). Sage.

Lamb, M. E., Pleck, J. H., Charnov, E. L., & Levine, J. A. (1987). A biosocial perspective on
paternal behavior and involvement. In J. B. Lancaster, J. Altmann, A. S. Rossi, & L. R.

Sherrod (Eds.), Parenting across the lifespan: Biosocial dimensions (pp. 111-142).
Aldine de Gruyter.

Lang, S. N., Schoppe-Sullivan, S. J., Kotila, L. E., Feng, X., Kamp Dush, C. M., & Johnson, S.
C. (2014). Relations between fathers’ and mothers’ infant engagement patterns in dual-

earner families and toddler competence. Journal of Family Issues, 35(8), 1107-1127.
doi:10.1177/0192513x14522243

Larsen, R. J., & Prizmic-Larsen, Z. (2006). Measuring emotions: Implications of a multimethod

perspective. In M. Eid & E. Diener (Eds.), Handbook of multimethod measurement in

psychology (pp. 337-351). American Psychological Association.

Larson, R. W., Richards, M. H., Moneta, G., Holmbeck, G., & Duckett, E. (1996). Changes in
adolescents' daily interactions with their families from ages 10 to 18: Disengagement and

transformation. Developmental Psychology, 32(4), 744-754. d0i:10.1037/0012-
1649.32.4.744

Lee, J. Y., Volling, B. L., Lee, S. J., & Altschul, 1. (2020). Longitudinal relations between
coparenting and father engagement in low-income residential and nonresidential father

families. Journal of Family Psychology, 34(2), 226—236. doi:10.1037/fam0000612

188


https://doi.org/10.1177/0192513x14522243
https://doi.org/10.1177/0192513x14522243
https://doi.org/10.1037/0012-1649.32.4.744
https://doi.org/10.1037/0012-1649.32.4.744
https://psycnet.apa.org/doi/10.1037/fam0000612

Lindsey, E. W., Cremeens, P. R., Colwell, M. J., & Caldera, Y. M. (2009). The structure of
parent—child dyadic synchrony in toddlerhood and children's communication competence

and self-control. Social Development, 18(2), 375-396. doi:10.1111/;.1467-

9507.2008.00489.x

Lindstedt, J., Korja, R., Vilja, S., & Ahlqvist-Bjorkroth, S. (2021). Fathers’ prenatal attachment
representations and the quality of father—child interaction in infancy and toddlerhood.

Journal of Family Psychology, 35(4), 478—488. doi:10.1037/fam0000813

Lotzin, A., Lu, X., Kriston, L., Schiborr, J., Musal, T., Romer, G., & Ramsauer, B. (2015).
Observational tools for measuring parent—infant interaction: A systematic review. Clinical

child and family psychology review, 18, 99—132. doi:10.1007/s10567-015-0180-z

Low, R. S. T., Overall, N. C., Cross, E. J., & Henderson, A. M. E. (2019). Emotion regulation,
conflict resolution, and spillover on subsequent family functioning. Emotion, 19(7),

1162-1182. doi:10.1037/emo0000519

Lunkenheimer, E., Hamby, C. M., Lobo, F. M., Cole, P. M., & Olson, S. L. (2020). The role of

dynamic, dyadic parent—child processes in parental socialization of emotion.

Developmental Psychology, 56(3), 566—577. doi:10.1037/dev0000808

Markova, G., & Nguyen, T. (2022). Interpersonal synchrony is associated with infants’ reactions
to subtle changes in caregiver-infant interactions. Social Development, 32(3), 581-597.

doi:10.1111/sode.12646

Massin, M., & von Bernuth, G. (1997). Normal ranges of heart rate variability during infancy

and childhood. Pediatric Cardiology, 18(4),297-302. doi:10.1007/s002469900178

189


https://doi.org/10.1111/j.1467-9507.2008.00489.x
https://doi.org/10.1111/j.1467-9507.2008.00489.x
https://psycnet.apa.org/doi/10.1037/fam0000813
https://doi:10.1007/s10567-015-0180-z
https://doi.org/10.1037/emo0000519
https://doi.org/10.1037/dev0000808
https://doi.org/10.1111/sode.12646
https://doi.org/10.1007/s002469900178

Massoudi, P., Hwang, C. P., & Wickberg, B. (2013). How well does the Edinburgh Postnatal
Depression Scale identify depression and anxiety in fathers? A validation study in a
population based Swedish sample. Journal of Affective Disorders, 149(1-3), 67-74.

doi:10.1016/.jad.2013.01.005

Matthey, S., Barnett, B., Kavanagh, D. J., & Howie, P. (2001). Validation of the Edinburgh
Postnatal Depression Scale for men, and comparison of item endorsement with their

partners. Journal of Affective Disorders, 64(2-3), 175-184. doi:10.1016/S0165-

0327(00)00236-6

Mazefsky, C. A., Conner, C. M., Breitenfeldt, K., Leezenbaum, N., Chen, Q., Bylsma, L. M., &
Pilkonis, P. (2021). Evidence-based update for questionnaires of emotion regulation and
reactivity for children and adolescents. Journal of Clinical Child & Adolescent

Psychology, 50(6), 683—707. doi:10.1080/15374416.2021.1955372

McCoy, K. P., George, M. R., Cummings, E. M., & Davies, P. T. (2013). Constructive and
destructive marital conflict, parenting, and children’s school and social adjustment.

Social Development, 22(3), 641-662. doi:10.111

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

doi:10.1002/dev.21913

Medina, N. Y., Edwards, R. C., Zhang, Y., & Hans, S. L. (2022). A longitudinal investigation of

young mothers’ prenatal attachment, depressive symptoms, and early parenting

190


https://doi.org/10.1016/j.jad.2013.01.005
https://doi.org/10.1016/S0165-0327(00)00236-6
https://doi.org/10.1016/S0165-0327(00)00236-6
https://doi.org/10.1080/15374416.2021.1955372
https://doi.org/10.111
https://doi.org/10.1002/dev.21913

behaviour. Journal of Reproductive and Infant Psychology, 40(2), 196-211.

doi:10.1080/02646838.2021.1886257

Melamed, A. Z. (2014). Daddy warriors: The battle to equalize paternity leave in the United
States by breaking gender stereotypes: A fourteenth amendment equal protection
analysis. UCLA Women’s Law Journal, 21(1), 53-87. Retrieved from

https://heinonline.org/HOL/Page?handle=hein.journals/uclawo21&div=7&q sent=1&cas

a token=&collection=journals

Mennin, D., & Farach, F. (2007). Emotion and evolving treatments for adult psychopathology.

Clinical Psychology: Science and Practice, 14(4), 329-352. doi:10.1111/1.1468-

2850.2007.00094.x

Minuchin, P. (1985). Families and individual development: Provocations from the field of family

therapy. Child Development, 56(2), 289-302. doi:10.2307/1129720

Minuchin, S. (1974). Families and family therapy. Harvard University Press.

Miragoli, S., Balzarotti, S., Camisasca, E., & Di Blasio, P. (2018). Parents’ perception of child
behavior, parenting stress, and child abuse potential: Individual and partner influences.

Child Abuse Neglect, 84, 146—156. doi:10.1016/j.chiabu.2018.07.034

Mitchell, S. J., See, H. M., Tarkow, A. K. H., Cabrera, N., McFadden, K. E., & Shannon, J. D.
(2007). Conducting studies with fathers: Challenges and opportunities. Applied

Developmental Science, 11(4), 239-244. doi:10.1080/10888690701762159

191


https://doi.org/10.1080/02646838.2021.1886257
https://heinonline.org/HOL/Page?handle=hein.journals/uclawo21&div=7&g_sent=1&casa_token=&collection=journals
https://heinonline.org/HOL/Page?handle=hein.journals/uclawo21&div=7&g_sent=1&casa_token=&collection=journals
https://psycnet.apa.org/doi/10.1111/j.1468-2850.2007.00094.x
https://psycnet.apa.org/doi/10.1111/j.1468-2850.2007.00094.x
https://doi.org/10.2307/1129720
https://doi.org/10.1016/j.chiabu.2018.07.034
https://doi.org/10.1080/10888690701762159

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & the PRISMA Group. (2009). Reprint—
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA

Statement. Physical Therapy, 89(9), 873—880. do0i:10.1093/ptj/89.9.873

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. doi:10.1002/dev.21251

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—1080. doi:10.1037/0012-1649.40.6.1068

Moore, G. A., Hill-Soderlund, A. L., Propper, C. B., Calkins, S. D., Mills-Koonce, W. R., & Cox,
M. J. (2009). Mother—infant vagal regulation in the face-to-face still-face paradigm is
moderated by maternal sensitivity. Child Development, 80(1), 209-223.

doi:10.1111/].1467-8624.2008.01255.x

Morris, A. S., Criss, M. M., Silk, J. S., & Houltberg, B. J. (2017). The impact of parenting on
emotion regulation during childhood and adolescence. Child Development Perspectives,

11(4), 233-238. doi:10.1111/cdep.12238

Morris, A. S., Silk, J. S., Steinberg, L., Terranova, A. M., & Kithakye, M. (2010). Concurrent and
longitudinal links between children’s externalizing behavior in school and observed anger
regulation in the mother—child dyad. Journal of Psychopathology and Behavioral

Assessment, 32(1), 48-56. doi:10.1007/s10862-009-9166-9

192


https://doi.org/10.1093/ptj/89.9.873
https://doi.org/https:/doi.org/10.1002/dev.21251
https://doi.org/10.1037/0012-1649.40.6.1068
https://doi.org/10.1111/j.1467-8624.2008.01255.x
https://doi.org/10.1111/j.1467-8624.2008.01255.x
https://doi.org/10.1111/cdep.12238
https://doi.org/10.1007/s10862-009-9166-9

Morris, A. S., Steinberg, L., Silk, J. S., Myers, S. S., & Robinson, R. (2007). The role of the
family context in the development of emotion regulation. Social Development, 16(2),

361-388. do1:10.1111/1.1467-9507.2007.00389.x

Muhtadie, L., Koslov, K., Akinola, M., & Mendes, W. B. (2015). Vagal flexibility: A
physiological predictor of social sensitivity. Journal of Personality and Social

Psychology, 109(1), 106—120. doi:10.1037/pspp0000016

Murray, D., & Cox, J. L. (1990). Screening for depression during pregnancy with the Edinburgh
Depression Scale (EDDS). Journal of Reproductive and Infant Psychology, 8(2), 99-107.

doi:10.1080/02646839008403615

Muthén, L. K., & Muthén, B. O. (2016). Mplus (Version 7.4) [Computer software].

Nelson, J. A., O'Brien, M., Blankson, A. N., Calkins, S. D., & Keane, S. P. (2009). Family stress
and parental responses to children’s negative emotions: Tests of the spillover, crossover,

and compensatory hypotheses. Journal of Family Psychology, 23(5), 671-679.

doi:10.1037/a0015977

Nepomnyaschy, L., & Waldfogel, J. (2007). Paternity leave and fathers’ involvement with their
young children: Evidence from the American ECLS-B. Community, Work, & Family,

10(4), 427-453. doi:10.1080/13668800701575077

Neri, E., Agostini, F., Perricone, G., Morales, M. R., Biasini, A., Monti, F., & Polizzi, C. (2017).
Mother-and father-infant interactions at 3 months of corrected age: The effect of severity
of preterm birth. Infant Behavior and Development, 49, 97-103.

doi:10.1016/].infbeh.2017.08.001

193


https://doi.org/10.1111/j.1467-9507.2007.00389.x
https://psycnet.apa.org/doi/10.1037/pspp0000016
https://doi.org/10.1080/02646839008403615
https://psycnet.apa.org/doi/10.1037/a0015977
https://doi.org/10.1080/13668800701575077
https://doi.org/10.1016/j.infbeh.2017.08.001

Nguyen, T., Schleihauf, H., Kayhan, E., Matthes, D., Vrticka, P., & Hoehl, S. (2020). The effects
of interaction quality on neural synchrony during mother-child problem solving. Cortex,

124,235-249. doi:10.1016/j.cortex.2019.11.020

Olofson, E. L., & Schoppe-Sullivan, S. J. (2022). Same behaviors, different outcomes: Mothers’
and fathers’ observed challenging behaviors measured using a new coding system relate
differentially to children’s social-emotional development. Children, 9(5), Article 675.

do01:10.3390/children9050675

Palkovitz, R. (2019). Expanding our focus from father involvement to father—child relationship

quality. Journal of Family Theory & Review, 11(4), 576-591. doi:10.1111/jftr.12352

Palkovitz, R., & Hull, J. (2018). Toward a resource theory of fathering. Journal of Family Theory

& Review, 10(1), 181-198. doi:10.1111/jftr.12239

Palumbo, R. V, Marraccini, M. E., Weyandt, L. L., Wilder-Smith, O., McGee, H. A., Liu, S., &
Goodwin, M. S. (2017). Interpersonal autonomic physiology: A systematic review of the
literature. Personality and Social Psychology Review, 21(2), 99—-141.

doi:10.1177/1088868316628405

Papousek, M. (1995). Origins of reciprocity and mutuality in prelinguistic parent-infant
“dialogues.”. In I. Markov4, C. F. Graumann, & K. Foppa (Eds.), Mutualities in dialogue

(pp. 55-81). Cambridge University Press.

Paquette, D. (2004). Theorizing the father-child relationship: Mechanisms and developmental

outcomes. Human Development, 47(4), 193-219. doi:10.1159/000078723

194


https://doi.org/10.1016/j.cortex.2019.11.020
https://doi.org/10.3390/children9050675
https://doi.org/10.1111/jftr.12352
https://doi.org/10.1111/jftr.12239
https://doi.org/10.1177/1088868316628405
https://doi.org/10.1159/000078723

Paquette, D., & StGeorge, J. M. (2023). Proximate and ultimate mechanisms of human father-
child rough-and-tumble play. Neuroscience & Biobehavioral Reviews, Article 105151.

doi:10.1016/j.neubiorev.2023.105151

Paquette, D., Coyl-Shepherd, D. D., & Newland, L. A. (2013). Fathers and development: New
areas for exploration. Early Child Development and Care, 183(6), 735-745.

doi:10.1080/03004430.2012.723438

Parfitt, Y., & Ayers, S. (2014). Transition to parenthood and mental health in first-time parents.

Infant Mental Health Journal, 35(3), 263-273. doi:10.1002/imh;j.21443

Patten, M. (2016). Questionnaire research: A practical guide. Routledge.

Patural, H., Pichot, V., Flori, S., Giraud, A., Franco, P., Pladys, P., Beuchée, A., Roche, F., &
Barthelemy, J.-C. (2019). Autonomic maturation from birth to 2 years: Normative values.

Heliyon, 5(11), Article e01300. doi:10.1016/j.heliyon.2019.e01300

Paulhus, D. L., & Vazire, S. (2007). The self-report method. In R. W. Robins, R. C. Fraley, R. F.
Krueger (Eds.), Handbook of research methods in personality psychology (1st ed., pp.

224-239). Guildford.

Paulson, J. F., & Bazemore, S. D. (2010). Prenatal and postpartum depression in fathers and its
association with maternal depression: A meta-analysis. JAM, 303(19), 1961-1969.

doi:10.1001/jama.2010.605

Pawlby, S., Hay, D., Sharp, D., Waters, C. S., & Pariante, C. M. (2011). Antenatal depression and
offspring psychopathology: The influence of childhood maltreatment. The British Journal

of Psychiatry, 199(2), 106—112. doi:10.1192/bjp.bp.110.087734
195



https://doi.org/10.1016/j.neubiorev.2023.105151
https://doi.org/10.1080/03004430.2012.723438
https://doi.org/10.1002/imhj.21443
https://doi.org/10.1016/j.heliyon.2019.e01300
https://doi.org/10.1001/jama.2010.605
https://doi.org/10.1192/bjp.bp.110.087734

Pesonen, A. K., Huotilainen, M., Heinonen, K., Komsi, N., Putkinen, V., Kivikoski, L., &
Tervaniemi, M. (2010). Brain responses to surprising sounds are related to temperament

and parent—child dyadic synchrony in young children. Developmental Psychobiology,

52(6), 513-523. doi:10.1002/dev.20454

Planalp, E. M., & Braungart-Rieker, J. M. (2015). Trajectories of regulatory behaviors in early
infancy: Determinants of infant self-distraction and self-comforting. /nfancy, 20(2), 129—

159. doi:10.1111/infa.12068

Pleck, J. H. (2010). Paternal involvement. In M. E. Lamb (Eds.), The role of the father in child

development (5th ed., pp. 58-93). John Wiley & Sons.

Pleck, J. H. (2012). Integrating father involvement in parenting research. Parenting, 12(2-3),

243-253. doi:10.1080/15295192.2012.683365

Ponnet, K., Mortelmans, D., Wouters, E., Van Leeuwen, K., Bastaits, K., & Pasteels, 1. (2013).
Parenting stress and marital relationship as determinants of mothers' and fathers'

parenting. Personal Relationships, 20(2), 259-276. doi:10.1111/.1475-

6811.2012.01404.x

Ponnet, K., Wouters, E., Mortelmans, D., Pasteels, 1., De Backer, C., Van Leeuwen, K., & Van
Hiel, A. (2013). The influence of mothers' and fathers' parenting stress and depressive
symptoms on own and partner's parent-child communication. Family Process, 52(2),

312-324. doi:10.1111/famp.12001

Porges, S. W. (2007). The polyvagal perspective. Biological Psychology, 74(2), 116—143.

doi:10.1016/j.biopsycho.2006.06.009

196


https://doi.org/10.1002/dev.20454
https://doi.org/10.1111/infa.12068
https://doi.org/10.1080/15295192.2012.683365
https://doi.org/10.1111/j.1475-6811.2012.01404.x
https://doi.org/10.1111/j.1475-6811.2012.01404.x
https://doi.org/10.1111/famp.12001
https://doi.org/10.1016/j.biopsycho.2006.06.009

Porges, S. W. (2011). The polyvagal theory: Neurophysiological foundations of emotions,

attachment, communication, and self-regulation. Norton & Company.

Porges, S. W. (2021). Cardiac vagal tone: A neurophysiological mechanism that evolved in
mammals to dampen threat reactions and promote sociality. World Psychiatry, 20(3),

296-298. doi:10.1002/wps.20871

Porges, S. W., & Furman, S. A. (2011). The early development of the autonomic nervous system
provides a neural platform for social behavior: A polyvagal perspective. Infant and Child

Development, 20(1), 106—118. doi:10.1002/icd.688

Porges, S. W., Doussard-Roosevelt, J. A., & Maiti, A. K. (1994). Vagal tone and the
physiological regulation of emotion. Monographs of the Society for Research in Child

Development, 59(2-3), 167-186. doi:10.1111/7.1540-5834.1994.tb01283.x

Pragg, B., & Knoester, C. (2017). Parental leave use among disadvantaged fathers. Journal of

Family Issues, 38(8), 1157-1185. doi:10.1177/0192513X15623585

Pratt, M., Singer, M., Kanat-Maymon, Y., & Feldman, R. (2015). Infant negative reactivity
defines the effects of parent—child synchrony on physiological and behavioral regulation
of social stress. Development and Psychopathology, 27(4, Pt. 1), 1191-1204.

doi:10.1017/50954579415000760

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. doi:10.1016/].jecp.2015.07.003

197


https://doi.org/10.1002/wps.20871
https://doi.org/10.1002/icd.688
https://doi.org/10.1111/j.1540-5834.1994.tb01283.x
https://doi.org/10.1177/0192513X15623585
https://doi.org/10.1017/S0954579415000760
https://doi.org/10.1016/j.jecp.2015.07.003

Provenzi, L., Scotto di Minico, G., Giusti, L., Guida, E., & Miiller, M. (2018). Disentangling the
dyadic dance: Theoretical, methodological and outcomes systematic review of mother-
infant dyadic processes. Frontiers in Psychology, 9, Article 348.

doi:10.3389/fpsyg.2018.00348

Pruessner, L., Barnow, S., Holt, D. V., Joormann, J., & Schulze, K. (2020). A cognitive control

framework for understanding emotion regulation flexibility. Emotion, 20(1), 21-29.

do1:10.1037/emo0000658

Pu, D. F., & Rodriguez, C. M. (2021). Spillover and crossover effects: Mothers’ and fathers’
intimate partner violence, parent-child aggression risk, and child behavior problems.

Child Maltreatment, 26(4), 420-430. doi:10.1177/1077559520985936

Putnam, S. P., Helbig, A. L., Gartstein, M. A., Rothbart, M. K., & Leerkes, E. (2014).
Development and assessment of short and very short forms of the infant behavior
questionnaire-revised. Journal of Personality Assessment, 96(4), 445—-458.

doi:10.1080/00223891.2013.841171

Rattaz, V., Puglisi, N., Tissot, H., & Favez, N. (2022). Associations between parent—infant
interactions, cortisol and vagal regulation in infants, and socioemotional outcomes: A

systematic review. Infant Behavior and Development, 67, Article 101687.

doi:10.1016/j.infbeh.2022.101687

Razurel, C., Kaiser, B., Dupuis, M., Antonietti, J. P., Citherlet, C., Epiney, M., & Sellenet, C.
(2014). Validation of the antenatal perceived stress inventory. Journal of Health

Psychology, 19(4), 471-481. doi:10.1177/1359105312473785

198


https://doi.org/10.3389/fpsyg.2018.00348
https://doi.org/10.1037/emo0000658
https://doi.org/10.1177/1077559520985936
https://doi.org/10.1080/00223891.2013.841171
https://doi.org/10.1016/j.infbeh.2022.101687
https://doi.org/10.1177/1359105312473785

Razurel, C., Kaiser, B., Dupuis, M., Antonietti, J.-P., Sellenet, C., & Epiney, M. (2013).
Validation of the postnatal perceived stress inventory in a French speaking population of

primiparous women. Journal of Obstetric, Gynecologic, and Neonatal Nursing, 42(6),

685—696. do01:10.1111/1552-6909.12251

Razurel, C., Kaiser, B., Sellenet, C., & Epiney, M. (2013). Relation between perceived stress,
social support, and coping strategies and maternal well-being: A review of the

literature. Women & Health, 53(1), 74-99. doi:10.1080/03630242.2012.732681

Rege, M., & Solli, I. F. (2013). The impact of paternity leave on fathers’ future

earnings. Demography, 50(6), 2255-2277. doi:10.1007/s13524-013-0233-1

Rehel, E. M. (2014). When dad stays home too: Paternity leave, gender, and parenting. Gender &

Society, 28(1), 110-132. do1:10.1177/0891243213503900

Reich, N. (2011). Predictors of fathers' use of parental leave in Germany. Population Review

50(2), 1-22. doi:10.1353/prv.2011.0011

Richter, M., & Lickenbrock, D. M. (2021). Cardiac physiological regulation across early infancy:
The roles of infant surgency and parental involvement with mothers and fathers. Infant

Behavior and Development, 64, Article 101597. doi:10.1016/j.infbeh.2021.101597

Rime, J., Tissot, H., Favez, N., Watson, M., & Stadlmayr, W. (2018). The diaper change play:
validation of a new observational assessment tool for early triadic family interactions in
the first month postpartum. Frontiers in Psychology, 9, Article 497.

doi:10.3389/fpsyq.2018.00497

199


https://doi.org/10.1111/1552-6909.12251
https://doi.org/10.1080/03630242.2012.732681
https://doi.org/10.1007/s13524-013-0233-1
https://doi.org/10.1177/0891243213503900
https://doi.org/10.1353/prv.2011.0011
https://doi.org/10.1016/j.infbeh.2021.101597
https://doi.org/10.3389/fpsyg.2018.00497

Rodrigues, M., Sokolovic, N., Madigan, S., Luo, Y., Silva, V., Misra, S., & Jenkins, J. (2021).
Paternal sensitivity and children’s cognitive and socioemotional outcomes: A meta-

analytic review. Child Development, 92(2), 554-577. doi:10.1111/cdev.13545

Rosenblatt, J. S. (1965). The basis of synchrony in the behavioral interaction between the mother
and her offspring in the laboratory rat. In B. M. Foss (Eds.), Determinants of infant

behavior (pp. 3—45). Methuen.

Rowbotham, M., Carroll, A., & Cuskelly, M. (2011). Mothers’ and fathers’ roles in caring for an
adult child with an intellectual disability. International Journal of Disability,

Development and Education, 58(3), 223—240. doi:10.1080/1034912X.2011.598396

Rudman, L. A., & Mescher, K. (2013). Penalizing men who request a family leave: Is flexibility
stigma a femininity stigma?. Journal of Social Issues, 69(2), 322-340.

doi:10.1111/j0s1.12017

Rutherford, H. J. V., Wallace, N. S., Laurent, H. K., & Mayes, L. C. (2015). Emotion regulation

in parenthood. Developmental Review, 36, 1-14. doi:10.1016/.dr.2014.12.008

Sadeh, A. (2004). A brief screening questionnaire for infant sleep problems: Validation and
findings for an internet sample. Pediatrics, 113(6), e570—e577.

doi:10.1542/peds.113.6.e570

Sameroff, A. J. (2004). Ports of entry and the dynamics of mother—infant interventions. In A. J.
Sameroff, S. C. McDonough, & K. L. Rosenblum (Eds.), Treating parent—infant

relationship problems: Strategies for intervention (pp. 3—28). Guilford Press.

200


https://doi.org/10.1111/cdev.13545
https://doi.org/10.1080/1034912X.2011.598396
https://doi.org/10.1111/josi.12017
https://doi.org/10.1016/j.dr.2014.12.008
https://doi.org/10.1542/peds.113.6.e570

Santis, L. D., & Barham, E. J. (2017). Father involvement: Construction of a theoretical model
based on a literature review. Trends in Psychology, 25(3), 941-953.

doi:10.9788/TP2017.3-03Pt

Sarkadi, A., Kristiansson, R., Oberklaid, F., & Bremberg, S. (2008). Fathers' involvement and
children's developmental outcomes: A systematic review of longitudinal studies. Acta

Paediatrica, 97(2), 153—-158. doi:10.1111/7.1651-2227.2007.00572.x

Schneirla, T. C. (1946). Problems in the bio-psychology of social organization. The Journal of

Abnormal and Social Psychology, 41(4), 385-402. doi:10.1037/h0055210

Sears, M. S., Repetti, R. L., Reynolds, B. M., Robles, T. F., & Krull, J. L. (2016). Spillover in the

home: The effects of family conflict on parents' behavior. Journal of Marriage and

Family, 78(1), 127-141. doi:10.1111/jomf.12265

Sethna, V., Murray, L., Netsi, E., Psychogiou, L., & Ramchandani, P. G. (2015). Paternal
depression in the postnatal period and early father—infant interactions. Parenting, 15(1),

1-8. doi:10.1080/15295192.2015.992732

Shorey, S., Ang, L., Goh, E. C., & Gandhi, M. (2019). Factors influencing paternal involvement
during infancy: A prospective longitudinal study. Journal of Advanced Nursing, 75(2),

357-367. doi:10.1111/jan.13848

Skibo, M. A., Sturge-Apple, M. L., & Suor, J. H. (2020). Early experiences of insensitive
caregiving and children’s self-regulation: Vagal tone as a differential susceptibility factor.

Development and Psychopathology, 32(4), 1460—1472. doi:10.1017/S0954579419001408

201


https://doi.org/10.9788/TP2017.3-03Pt
https://doi.org/10.1111/j.1651-2227.2007.00572.x
https://psycnet.apa.org/doi/10.1037/h0055210
https://doi.org/10.1111/jomf.12265
https://doi.org/10.1080/15295192.2015.992732
https://doi.org/10.1111/jan.13848
https://doi.org/10.1017/S0954579419001408

Spangler, G., & Zimmermann, P. (1999). Attachment representation and emotion regulation in
adolescents: A psychobiological perspective on internal working models. Attachment &

Human Development, 1(3), 270-290. doi:10.1080/14616739900134151

Steele, C. M., & Aronson, J. (1995). Stereotype threat and the intellectual test performance of
African Americans. Journal of Personality and Social Psychology, 69(5), 797—

811. doi:10.1037/0022-3514.69.5.797

Stern, D. N. (1985). The Interpersonal World of the Infant: A View from Psychoanalysis and

Developmental Psychology (Ist ed.). London: Routledge. doi:10.4324/9780429482137

StGeorge, J. M., Goodwin, J. C., & Fletcher, R. J. (2018). Parents’ views of father—child rough-
and-tumble play. Journal of Child and Family Studies, 27(5), 1502—1512.

doi:10.1007/s10826-017-0993-0

Stroud, C. B., Durbin, C. E., Wilson, S., & Mendelsohn, K. A. (2011). Spillover to triadic and
dyadic systems in families with a young child with autism spectrum disorder. Journal of

Family Psychology, 25(6), 859-869. doi:10.1037/a0025879

Sutton, T. E., Simons, L. G., Simons, R. L., & Cutrona, C. (2017). Psychological distress, couple
interactions, and parenting: A dyadic analysis of african american couples. Journal of

Marriage and Family, 79(3), 850—864. doi:10.1111/jomf.12352

Suveg, C., Shaffer, A., & Davis, M. (2016). Family stress moderates relations between
physiological and behavioral synchrony and child self-regulation in mother—preschooler

dyads. Developmental Psychobiology, 58(1), 83-97. doi:10.1002/dev.21358

202


https://doi.org/10.1080/14616739900134151
https://psycnet.apa.org/doi/10.1037/0022-3514.69.5.797
https://doi.org/10.4324/9780429482137
https://doi.org/10.1007/s10826-017-0993-0
https://doi.org/10.1037/a0025879
https://doi.org/10.1111/jomf.12352
https://doi.org/10.1002/dev.21358

Swiss Civil Code. (2021). Federal Act on the Amendment of the Swiss Civil Code: Part V: The

Code of Obligations. Art. 329g. https://www.fedlex.admin.ch/eli/cc/27/317 321 377/en

Tajfel, H., & Turner, J. C. (1979). An integrative theory of intergroup conflict. In W. G. Austin &
S. Worchel (Eds.), The social psychology of intergroup relations (pp. 33—47). Monterey,

CA: Brooks/Cole.

Tamres, L. K., Janicki, D., & Helgeson, V. S. (2002). Sex differences in coping behavior: A meta-
analytic review and an examination of relative coping. Personality and Social Psychology

Review, 6(1),2-30. doi:10.1207/S15327957PSPR0O601 1

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. Monographs of

the Society for Research in Child Development, 59(2/3), 25-52. doi:10.2307/1166137

Thompson, R. A. (2011). Emotion and emotion regulation: Two sides of the developing coin.

Emotion Review, 3(1), 53—61. do0i:10.1177/1754073910380969

Thompson, R. A. (2019). Emotion dysregulation: A theme in search of definition. Development

and Psychopathology, 31(3), 805-815. doi:10.1017/S0954579419000282

Thompson, R. A., Lewis, M. D., & Calkins, S. D. (2008). Reassessing emotion regulation. Child

Development Perspectives, 2(3), 124—131. doi:10.1111/1.1750-8606.2008.00054.x

Tian, Z., Hazen, N., & Jacobvitz, D. B. (2023). Triadic family interactions at 2 years: The role of
prenatal marital quality and infants’ attachment configuration with mother and
father. Attachment & Human Development, 25(5), 524-543.

doi:10.1080/14616734.2023.2257677

203


https://www.fedlex.admin.ch/eli/cc/27/317_321_377/en
http://dx.doi.org/10.1207/S15327957PSPR0601_1
https://doi.org/10.2307/1166137
https://doi.org/10.1177/1754073910380969
https://doi.org/10.1017/S0954579419000282
https://doi.org/10.1111/j.1750-8606.2008.00054.x
https://doi.org/10.1080/14616734.2023.2257677

Tissot, H., Favez, N., Ghisletta, P., Frascarolo, F., & Despland, J. N. (2017). A longitudinal study

of parental depressive symptoms and coparenting in the first 18 months. Family Proces,

56(2), 445-458. doi:10.1111/famp.12213

Top, E. D., Cetisli, N. E., Guclu, S., & Zengin, E. B. (2016). Paternal depression rates in prenatal
and postpartum periods and affecting factors. Archives of Psychiatric Nursing, 30(6),

747-752. do1:10.1016/j.apnu.2016.07.005

Tronick, E. Z. (2007). The neurobehavioral and social-emotional development of infants and

children. WW Norton and Company.

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,

60(1), 85-92. doi:10.2307/1131074

Tronick, E. Z., & Gianino, A. F. (1986). The transmission of maternal disturbance to the infant.
In T. Field, P. M. McCabe, & N. Schneiderman (Eds.), Stress and coping (pp. 5-27).

Erlbaum.

Tronick, E. Z., & Reck, C. (2009). Infants of depressed mothers. Harvard Review of Psychiatry,

17(2), 147-156. doi:10.1080/10673220902899714

Tronick, E. Z., Als, H., Adamson, L., Wise, S., & Brazelton, B. (1978). The infant’s response to
entrapment between contradictory messages in face-to-face interaction. Journal of the

American Academy of Child Psychiatry, 17(1), 1-13. doi:10.1016/S0002-7138(09)62273-

1

204


https://doi.org/10.1111/famp.12213
https://doi.org/10.1016/j.apnu.2016.07.005
https://doi.org/10.2307/1131074
https://doi.org/10.1080/10673220902899714
https://doi.org/10.1016/S0002-7138(09)62273-1
https://doi.org/10.1016/S0002-7138(09)62273-1

Tucker, M. C., Rodriguez, C. M., & Baker, L. R. (2017). Personal and couple level risk factors:
Maternal and paternal parent-child aggression risk. Child Abuse Neglect, 69, 213-222.

doi:10.1016/j.chiabu.2017.04.030

Tunggeng, B., & Cohen, E. (2018). Interpersonal movement synchrony facilitates pro-social
behavior in children's peer-play. Developmental Science, 21(1), Article e12505.

doi:10.1111/desc.12505

Udry-Jergensen, L., Tissot, H., Frascarolo, F., Despland, J. N., & Favez, N. (2016). Are parents
doing better when they are together? A study on the association between parental

sensitivity and family-level processes. Early Child Development and Care, 86(6), 915—

926. doi:10.1080/03004430.2015.1068768

Umemura, T., Jacobvitz, D., Messina, S., & Hazen, N. (2013). Do toddlers prefer the primary
caregiver or the parent with whom they feel more secure? The role of toddler
emotion. /nfant Behavior and Development, 36(1), 102—-114.

doi:10.1016/j.infbeh.2012.10.003

Uvnés-Moberg, K., A, 1., & Magnusson, D. (2005). The psychobiology of emotion: The role of
the oxytocinergic system. International Journal of Behavioral Medicine, 12(2), 59-65.

doi:10.1207/s153275581jbm1202_3

Volling, B. L., & Cabrera, N. J. (2019). Advancing research and measurement on fathering and
child development: Introducing the issues and a conceptual framework. In B. L. Volling

& N. J. Cabrera (Eds.), Advancing research and measurement on fathering and children’s

205


https://doi.org/10.1016/j.chiabu.2017.04.030
https://doi.org/10.1111/desc.12505
https://doi.org/10.1080/03004430.2015.1068768
https://doi.org/10.1016/j.infbeh.2012.10.003
https://doi.org/10.1016/j.infbeh.2012.10.003
https://doi.org/10.1207/s15327558ijbm1202_3

development. Monographs of the Society of Research in Child Development, 84(1), 7-17.

doi:10.1111/mono.12404

Volling, B. L., McElwain, N. L., Notaro, P. C., & Herrera, C. (2002). Parents' emotional
availability and infant emotional competence: Predictors of parent-infant attachment and
emerging self-regulation. Journal of Family Psychology, 16(4), 447-465.

doi:10.1037/0893-3200.16.4.447

Wagner, N. J., Holochwost, S. J., Lynch, S. F., Mills-Koonce, R., & Propper, C. (2021).
Characterizing change in vagal tone during the first three years of life: A systematic
review and empirical examination across two longitudinal samples. Neuroscience &

Biobehavioral Reviews, 129, 282-295. d0i:10.1016/j.neubiorev.2021.07.025

Walle, E. A., & Campos, J. J. (2012). Interpersonal responding to discrete emotions: A
functionalist approach to the development of affect specificity. Emotion Review, 4(4),

413-422. doi:10.1177/1754073912445812

Wang, M., & Liu, L. (2018). Reciprocal relations between harsh discipline and children's
externalizing behavior in China: A 5-year longitudinal study. Child Development, §9(1),

174-187. doi:10.1111/cdev.12724

Wass, S. V., Smith, C. G., Clackson, K., Gibb, C., Eitzenberger, J., & Mirza, F. U. (2019).
Parents mimic and influence their infant’s autonomic state through dynamic affective

state matching. Current Biology, 29(14), 2415-2422. doi:10.1016/j.cub.2019.06.016

206


https://doi.org/10.1111/mono.12404
https://doi.org/10.1037/0893-3200.16.4.447
https://doi.org/10.1016/j.neubiorev.2021.07.025
https://doi.org/10.1177/1754073912445812
https://doi.org/10.1111/cdev.12724
https://doi:10.1016/j.cub.2019.06.016

Wass, S. V., Whitehorn, M., Haresign, 1. M., Phillips, E., & Leong, V. (2020). Interpersonal
neural entrainment during early social interaction. Trends in Cognitive Science, 24(4),

329-342. doi1:10.1016/].tics.2020.01.006

Wee, K. Y., Skouteris, H., Pier, C., Richardson, B., & Milgrom, J. (2011). Correlates of ante-and
postnatal depression in fathers: A systematic review. Journal of Affective Disorders,

130(3), 358-377. d0i:10.1016/.jad.2010.06.019

Weinberg, M. K., Tronick, E. Z., Cohn, J. F., & Olson, K. L. (1999). Gender differences in
emotional expressivity and self-regulation during early infancy. Developmental

Psychology, 35(1), 175-188. doi:10.1037/0012-1649.35.1.175

Weiner, B. (1974). Achievement motivation and attribution theory. Morristown, N.J.: General

Learning Press.

Weiss, J. A., Thomson, K., & Chan, L. (2014). A systematic literature review of emotion
regulation measurement in individuals with autism spectrum disorder. Autism Research,

7(6), 629-648. doi:10.1002/aur.1426

Wheeler, W. M. (1928). The social insects: Their origin and evolution. Harcourt, Brace & Co..

Wical, K. A., & Doherty, W. J. (2005). How reliable are fathers' reports of involvement with their
children?: A methodological report. Fathering: A Journal of Theory, Research, and

Practice about Men as Fathers, 3(1), 81-91. doi:10.3149/fth.0301.81

Williams, J. C., Blair-Loy, M., & Berdahl, J. (2013). Cultural schemas, social class, and the

flexibility stigma. Journal of Social Issues, 69(2), 209-234. doi:10.1111/josi.12012

207


https://doi.org/10.1016/j.tics.2020.01.006
https://doi.org/10.1016/j.jad.2010.06.019
https://doi.org/10.1037/0012-1649.35.1.175
https://doi.org/10.1002/aur.1426
https://psycnet.apa.org/doi/10.3149/fth.0301.81
http://dx.doi.org/10.1111/josi.12012

Wilson, K. R., & Prior, M. R. (2010). Father involvement: The importance of paternal solo care.
Early Child Development and Care, 180(10), 1391-1405.

doi:10.1080/03004430903172335

Wilson, S., & Durbin, C. E. (2010). Effects of paternal depression on fathers’ parenting
behaviors: A meta-analytic review. Clinical Psychology Review, 30(2), 167—180.

d01:10.1016/5.cpr.2009.10.007

Winston, R., & Chicot, R. (2016). The importance of early bonding on the long-term mental
health and resilience of children. London Journal of Primary Care, 8(1), 12—14.

doi:10.1080/17571472.2015.1133012

Woody, M. L., Feurer, C., Sosoo, E. E., Hastings, P. D., & Gibb, B. E. (2016). Synchrony of
physiological activity during mother—child interaction: Moderation by maternal history of
major depressive disorder. Journal of Child Psychology and Psychiatry, 57(7), 843—850.

doi:10.1111/jcpp.12562

Wu, Q., & Feng, X. (2020). Infant emotion regulation and cortisol response during the first 2
years of life: Association with maternal parenting profiles. Developmental Psychobiology,

62(8), 1076—1091. doi:10.1002/dev.21965

Wynter, K., Di Manno, L., Watkins, V., Rasmussen, B., & Macdonald, J. A. (2021). Midwives’
experiences of father participation in maternity care at a large metropolitan health service

in Australia. Midwifery, 101, Article 103046. doi:10.1016/].midw.2021.103046

208


https://doi.org/10.1080/03004430903172335
https://doi.org/10.1016/j.cpr.2009.10.007
https://doi.org/10.1080/17571472.2015.1133012
https://doi.org/10.1111/jcpp.12562
https://doi.org/10.1002/dev.21965
https://doi.org/10.1016/j.midw.2021.103046

Xie, R. H., He, G., Koszycki, D., Walker, M., & Wen, S. W. (2009). Prenatal social support,
postnatal social support, and postpartum depression. Annals of Epidemiology, 19(9), 637—

643. doi:10.1016/j.annepidem.2009.03.008

Youngblade, L. M., Park, K. A., & Belsky, J. (1993). Measurement of young children's close
friendship: A comparison of two independent assessment systems and their associations

with attachment security. International Journal of Behavioral Development, 16(4), 563—

587. doi:10.1177/016502549301600403

Zeegers, M. A., de Vente, W., Nikoli¢, M., Majdandzi¢, M., Bogels, S. M., & Colonnesi, C.
(2018). Mothers’ and fathers’ mind-mindedness influences physiological emotion

regulation of infants across the first year of life. Developmental Science, 21(6), Article

€12689. doi:10.1111/desc.12689

Zimmermann, P., Miihling, L. E., Lichtenstein, L., & Iwanski, A. (2022). Still mother after all
these years: infants still prefer mothers over fathers (if they have the choice). Social

Sciences, 11(2), Article 51..d0i:10.3390/socscil11020051

209


https://doi.org/10.1016/j.annepidem.2009.03.008
https://doi.org/10.1177/016502549301600403
https://doi.org/10.1111/desc.12689
https://doi.org/10.3390/socsci11020051

ANNEXES

210



Appendix A - Search Algorithms

PubMed. (((((("Fathers"[Mesh]) OR "Paternal Behavior"[Mesh])) OR
(Cohabitation[ Title/Abstract] OR "Father® Accessibility"[Title/Abstract] OR "Father*
Engagement"[Title/Abstract] OR "Father* Involvement"[ Title/Abstract] OR "Father*
responsibility"[ Title/Abstract] OR Fathers[Title/Abstract] OR Involvement|[Title/Abstract] OR
"Parental Investment"[Title/Abstract] OR Partner[Title/Abstract] OR "Partner*
Accessibility"[ Title/Abstract] OR "Partner* Engagement"|[Title/Abstract] OR "Partner*
Involvement"[ Title/Abstract] OR "Partner* Responsibility"[Title/Abstract] OR "Patern*
Accessibility"[ Title/Abstract] OR "Patern* Engagement"[ Title/Abstract] OR "Patern*
Involvement"[Title/Abstract] OR "Patern* Responsibility"[Title/Abstract] OR "Paternal
Behavior"[Title/Abstract]))) AND ((((((((("Child Care"[Mesh]) OR "Child Rearing"[Mesh]) OR
"Father-Child Relations"[Mesh]) OR "Infant Care"[Mesh]) OR "Parent-Child Relations"[Mesh])
OR "Parenting"[Mesh]) OR "Paternal Behavior"[Mesh])) OR ("Bab* Care*"[Title/Abstract] OR
"Bab* Day* Care*"[Title/Abstract] OR "Care behavior"[Title/Abstract] OR "Caring
Behav*"[Title/Abstract] OR "Child Care"[Title/Abstract] OR "Child Day Care"[Title/Abstract]
OR "Child rearing"[Title/Abstract] OR "Child* Care*"[Title/Abstract] OR "Child* Day*
Care*"[Title/Abstract] OR Childrearin*[Title/Abstract] OR "Childrearing
Attitudes"[Title/Abstract] OR "Childrearing Practices"[Title/Abstract] OR "Father Child
Communication"[Title/Abstract] OR "Father Child Relations"[Title/Abstract] OR "Father*
Bab*"[Title/Abstract] OR "Father* Bab* Relation*"[Title/Abstract] OR "Father*
Child*"[Title/Abstract] OR "Father* Child* Relation*"[Title/Abstract] OR "Father*
Infant*"[Title/Abstract] OR "Father* Infant* Relation*"[Title/Abstract] OR "Father*-
Bab*"[Title/Abstract] OR "Father*-Child*"[Title/Abstract] OR "Father*-Infant*"[Title/Abstract]
OR Fathering[ Title/Abstract] OR "Infant Care"[Title/Abstract] OR "Infant*
Care*"[Title/Abstract] OR "Infant* Day* Care*"[Title/Abstract] OR "Parent Child
Communication"[Title/Abstract] OR "Parent Child Relations"[Title/Abstract] OR "Parent™*
Bab*"[Title/Abstract] OR "Parent* Child*"[Title/Abstract] OR "Parent™ Infant*"[Title/Abstract]
OR "Parent*-Bab*"[Title/Abstract] OR "Parent®*-Child*"[Title/Abstract] OR "Parent™*-
Infant*"[Title/Abstract] OR Parenting[Title/Abstract] OR "Partner®* Bab*"[Title/Abstract] OR
"Partner* Child*"[Title/Abstract] OR "Partner* Infant*"[Title/Abstract] OR "Partner*-
Bab*"[Title/Abstract] OR "Partner*-Child*"[Title/Abstract] OR "Partner*-
Infant*"[Title/Abstract] OR "Paternal behavior"[Title/Abstract] OR "Social[Title/Abstract] AND
Interpersonal Measures"[Title/Abstract]))) AND (((((((((("Autonomic Nervous System"[Mesh])
OR "Electrocardiography"[Mesh]) OR "Emotional Adjustment"[Mesh]) OR "Emotional
Regulation"[Mesh]) OR "Hypothalamo-Hypophyseal System"[Mesh]) OR "Parasympathetic
Nervous System"[Mesh]) OR "Psychophysiology"[Mesh]) OR "Vagus Nerve"[Mesh])) OR
("Affect Regulation"[Title/Abstract] OR ANS[Title/Abstract] OR "Autonomic Nervous
System"[Title/Abstract] OR "Cardiovascular reactivity"[ Title/Abstract] OR "Cardiovascular
response"[Title/Abstract] OR "Cortisol reactivity"[Title/Abstract] OR "Early Emotion*
Experience*"[Title/Abstract] OR "Early Regulatory"[Title/Abstract] OR "Emotional
Development"[Title/Abstract] OR ECG[Title/Abstract] OR EKGJTitle/Abstract] OR
"Electrocardio*"[Title/Abstract] OR Electrocardiogram[Title/Abstract] OR
Electrocardiography|[ Title/Abstract] OR "Emotion regulation"[Title/Abstract] OR "Emotion*



adjustment"[ Title/Abstract] OR "Emotional Adaptation"[Title/Abstract] OR "Emotional
Adjustment"[Title/Abstract] OR "Emotional Control"[Title/Abstract] OR "Emotional
Development"[Title/Abstract] OR "Emotional Regulation"[ Title/Abstract] OR "Heart Rate
Variability"[ Title/Abstract] OR "HPA axis"[Title/Abstract] OR "HTPA axis"[Title/Abstract] OR
"Hypothalamo-Hypophyseal System"[Title/Abstract] OR "Hypothalamus hypophysis
system"[Title/Abstract] OR "Parasympathetic Nervous System"[Title/Abstract] OR
Psychophysiology[Title/Abstract] OR "Regulat* emotion*"[Title/Abstract] OR
RMSSD[Title/Abstract] OR RSA[Title/Abstract] OR "Self-Regulation"[Title/Abstract] OR
"Socioemotional Development"[Title/Abstract] OR "Socioemotional
Functioning"[Title/Abstract] OR "Vagal Functioning"[Title/Abstract] OR "Vagal
Regulation"[Title/Abstract] OR "Vagal Suppression"[Title/Abstract] OR "Vagal tone
regulation"[Title/Abstract] OR "Vagal Withdrawal"[Title/Abstract] OR "Vagus
Nerve"[Title/Abstract] OR "Vagus Tone"[Title/Abstract]))

PsycInfo. (((Index Terms: ("Autonomic Nervous System") OR Index Terms:
("Cardiovascular reactivity") OR Index Terms: ("Electrocardiography") OR Index Terms:
("Emotional Control") OR Index Terms: ("Emotional Development") OR Index Terms:
("Emotional Regulation") OR Index Terms: ("Heart Rate Variability") OR Index Terms:
("Parasympathetic Nervous System") OR Index Terms: (Psychophysiology) OR Index Terms:
("Socioemotional Functioning") OR Index Terms: ("Vagus Nerve")) OR (abstract: ("Affect
Regulation") OR abstract: (ANS) OR abstract: ("Autonomic Nervous System") OR abstract:
("Cardiovascular reactivity") OR abstract: ("Cardiovascular response") OR abstract: ("Cortisol
reactivity") OR abstract: ("Early Emotion* Experience*") OR abstract: ("Early Regulatory") OR
abstract: ("Emotional Development") OR abstract: (ECG) OR abstract: (EKG) OR abstract:
("Electrocardio*") OR abstract: (Electrocardiogram) OR abstract: (Electrocardiography) OR
abstract: ("Emotion regulation") OR abstract: ("Emotion* adjustment") OR abstract: ("Emotional
Adaptation") OR abstract: ("Emotional Adjustment") OR abstract: ("Emotional Control") OR
abstract: ("Emotional Development") OR abstract: ("Emotional Regulation") OR abstract:
("Heart Rate Variability") OR abstract: ("HPA axis") OR abstract: ("HTPA axis") OR abstract:
("Hypothalamo-Hypophyseal System") OR abstract: ("Hypothalamus hypophysis system") OR
abstract: ("Parasympathetic Nervous System") OR abstract: (Psychophysiology) OR abstract:
("Regulat* emotion*") OR abstract: (RMSSD) OR abstract: (RSA) OR abstract: ("Self-
Regulation") OR abstract: ("Socioemotional Development") OR abstract: ("Socioemotional
Functioning") OR abstract: ("Vagal Functioning") OR abstract: ("Vagal Regulation") OR
abstract: ("Vagal Suppression") OR abstract: ("Vagal tone regulation") OR abstract: ("Vagal
Withdrawal") OR abstract: ("Vagus Nerve") OR abstract: ("Vagus Tone")) OR (title: ("Affect
Regulation") OR title: (ANS) OR title: ("Autonomic Nervous System") OR title:
("Cardiovascular reactivity") OR title: ("Cardiovascular response") OR title: ("Cortisol
reactivity") OR title: ("Early Emotion* Experience*") OR title: ("Early Regulatory") OR title:
("Emotional Development") OR title: (ECG) OR title: (EKG) OR title: ("Electrocardio*") OR
title: (Electrocardiogram) OR title: (Electrocardiography) OR title: ("Emotion regulation") OR
title: ("Emotion* adjustment") OR title: ("Emotional Adaptation") OR title: ("Emotional
Adjustment") OR title: ("Emotional Control") OR title: ("Emotional Development") OR title:
("Emotional Regulation") OR title: ("Heart Rate Variability") OR title: ("HPA axis") OR title:
("HTPA axis") OR title: ("Hypothalamo-Hypophyseal System") OR title: ("Hypothalamus



hypophysis system") OR title: ("Parasympathetic Nervous System") OR title:
(Psychophysiology) OR title: ("Regulat* emotion*") OR title: (RMSSD) OR title: (RSA) OR
title: ("Self-Regulation") OR title: ("Socioemotional Development") OR title: ("Socioemotional
Functioning") OR title: ("Vagal Functioning") OR title: ("Vagal Regulation") OR title: ("Vagal
Suppression") OR title: ("Vagal tone regulation") OR title: ("Vagal Withdrawal") OR title:
("Vagus Nerve") OR title: ("Vagus Tone"))) AND (PublicationTypeFilt: "Peer Reviewed
Journal")) AND (((Index Terms: ("Child Care") OR Index Terms: ("Child Day Care") OR Index
Terms: ("Child rearing") OR Index Terms: ("Childrearing Attitudes") OR Index Terms:
("Childrearing Practices") OR Index Terms: ("Father Child Communication") OR Index Terms:
("Father Child Relations") OR Index Terms: ("Infant care") OR Index Terms: ("Parent Child
Communication") OR Index Terms: ("Parent Child Relations") OR Index Terms: (Parenting) OR
Index Terms: ("Social and Interpersonal Measures")) OR (abstract: ("Bab* Care*") OR abstract:
("Bab* Day* Care*") OR abstract: ("Care behavior") OR abstract: ("Caring Behav*") OR
abstract: ("Child Care") OR abstract: ("Child Day Care") OR abstract: ("Child rearing") OR
abstract: ("Child* Care*") OR abstract: ("Child* Day* Care*") OR abstract: (Childrearin*) OR
abstract: ("Childrearing Attitudes") OR abstract: ("Childrearing Practices") OR abstract: ("Father
Child Communication") OR abstract: ("Father Child Relations") OR abstract: ("Father* Bab*")
OR abstract: ("Father* Bab* Relation*") OR abstract: ("Father* Child*") OR abstract: ("Father*
Child* Relation*") OR abstract: ("Father* Infant*") OR abstract: ("Father* Infant* Relation*")
OR abstract: ("Father*-Bab*") OR abstract: ("Father*-Child*") OR abstract: ("Father*-Infant*")
OR abstract: (Fathering) OR abstract: ("Infant Care") OR abstract: ("Infant* Care*") OR
abstract: ("Infant* Day* Care*") OR abstract: ("Parent Child Communication") OR abstract:
("Parent Child Relations") OR abstract: ("Parent* Bab*") OR abstract: ("Parent®* Child*") OR
abstract: ("Parent™ Infant*") OR abstract: ("Parent*-Bab*") OR abstract: ("Parent*-Child*") OR
abstract: ("Parent*-Infant*") OR abstract: (Parenting) OR abstract: ("Partner* Bab*") OR
abstract: ("Partner® Child*") OR abstract: ("Partner* Infant*") OR abstract: ("Partner*-Bab*")
OR abstract: ("Partner*-Child*") OR abstract: ("Partner*-Infant*") OR abstract: ("Paternal
behavior") OR abstract: ("Social and Interpersonal Measures')) OR (title: ("Bab* Care*") OR
title: ("Bab* Day* Care*") OR title: ("Care behavior") OR title: ("Caring Behav*") OR title:
("Child Care") OR title: ("Child Day Care") OR title: ("Child rearing") OR title: ("Child*
Care*") OR title: ("Child* Day* Care*") OR title: (Childrearin*) OR title: ("Childrearing
Attitudes") OR title: ("Childrearing Practices") OR title: ("Father Child Communication") OR
title: ("Father Child Relations") OR title: ("Father® Bab*") OR title: ("Father* Bab* Relation*")
OR title: ("Father* Child*") OR title: ("Father* Child* Relation*") OR title: ("Father® Infant*")
OR title: ("Father* Infant* Relation*") OR title: ("Father*-Bab*") OR title: ("Father*-Child*")
OR title: ("Father*-Infant*") OR title: (Fathering) OR title: ("Infant Care") OR title: ("Infant*
Care*") OR title: ("Infant* Day* Care*") OR title: ("Parent Child Communication") OR title:
("Parent Child Relations") OR title: ("Parent™ Bab*") OR title: ("Parent™ Child*") OR title:
("Parent* Infant*") OR title: ("Parent*-Bab*") OR title: ("Parent*-Child*") OR title: ("Parent*-
Infant*") OR title: (Parenting) OR title: ("Partner®* Bab*") OR title: ("Partner® Child*") OR title:
("Partner® Infant*") OR title: ("Partner*-Bab*") OR title: ("Partner*-Child*") OR title:
("Partner*-Infant*") OR title: ("Paternal behavior") OR title: ("Social and Interpersonal
Measures"))) AND (PublicationTypeFilt: "Peer Reviewed Journal")) AND (((Index Terms:
("Fathers") OR Index Terms: ("Involvement") OR Index Terms: ("Parental Investment") OR



Index Terms: ("Partner") OR Index Terms: ("Paternal Behavior")) OR (abstract: (Cohabitation)
OR abstract: ("Father* Accessibility") OR abstract: ("Father* Engagement") OR abstract:
("Father* Involvement") OR abstract: ("Father* responsibility") OR abstract: (Fathers) OR
abstract: (Involvement) OR abstract: ("Parental Investment") OR abstract: (Partner) OR abstract:
("Partner* Accessibility") OR abstract: ("Partner* Engagement") OR abstract: ("Partner*
Involvement") OR abstract: ("Partner®* Responsibility") OR abstract: ("Patern* Accessibility")
OR abstract: ("Patern* Engagement") OR abstract: ("Patern* Involvement") OR abstract:
("Patern* Responsibility") OR abstract: ("Paternal Behavior")) OR (title: (Cohabitation) OR title:
("Father* Accessibility") OR title: ("Father* Engagement") OR title: ("Father* Involvement")
OR title: ("Father* responsibility") OR title: (Fathers) OR title: (Involvement) OR title:
("Parental Investment") OR title: (Partner) OR title: ("Partner* Accessibility") OR title:
("Partner* Engagement") OR title: ("Partner* Involvement") OR title: ("Partner*
Responsibility") OR title: ("Patern® Accessibility") OR title: ("Patern* Engagement") OR title:
("Patern* Involvement") OR title: ("Patern* Responsibility") OR title: ("Paternal Behavior")))
AND (PublicationTypeFilt: "Peer Reviewed Journal"))

EMBASE. (‘autonomic nervous system'/exp OR 'cardiovascular response'/exp OR
‘electrocardiogram'/exp OR 'electrocardiography'/exp OR 'emotion regulation'/exp OR 'emotional
control'/exp OR 'emotional development'/exp OR 'heart rate variability'/exp OR 'hypothalamus
hypophysis system'/exp OR 'psychophysiology'/exp OR 'socioemotional development'/exp OR
'vagus nerve'/exp OR 'vagus tone'/exp OR 'affect regulation':ab,ti OR ans:ab,ti OR 'autonomic
nervous system':ab,ti OR 'cardiovascular reactivity':ab,ti OR 'cardiovascular response':ab,ti OR
'cortisol reactivity':ab,ti OR 'early emotion* experience*':ab,ti OR 'early regulatory':ab,ti OR
ecg:ab,ti OR ekg:ab,ti OR 'electrocardio*":ab,ti OR electrocardiogram:ab,ti OR
electrocardiography:ab,ti OR 'emotion regulation':ab,ti OR 'emotion* adjustment':ab,ti OR
'emotional adaptation’:ab,ti OR 'emotional adjustment"ab,ti OR 'emotional control":ab,ti OR
'emotional development':ab,ti OR 'emotional regulation':ab,ti OR 'heart rate variability':ab,ti OR
'hpa axis":ab,ti OR 'htpa axis':ab,ti OR 'hypothalamo-hypophyseal system':ab,ti OR
'hypothalamus hypophysis system':ab,ti OR 'parasympathetic nervous system':ab,ti OR
psychophysiology:ab,ti OR 'regulat* emotion*":ab,ti OR rmssd:ab,ti OR rsa:ab,ti OR 'self-
regulation':ab,ti OR 'socioemotional development':ab,ti OR 'socioemotional functioning':ab,ti OR
'vagal functioning":ab,ti OR 'vagal regulation":ab,ti OR 'vagal suppression':ab,ti OR 'vagal tone
regulation':ab,ti OR 'vagal withdrawal':ab,ti OR 'vagus nerve':ab,ti OR 'vagus tone":ab,ti) AND
(‘care behavior'/exp OR 'child care'/exp OR 'paternal behavior'/exp OR 'child rearing'/exp OR
'father child relation'/exp OR 'infant care'/exp OR 'bab* care*":ab,ti OR 'bab* day* care*':ab,ti
OR 'care behavior':ab,ti OR 'caring behav*':ab,ti OR 'child care':ab,ti OR 'child day care':ab,ti
OR 'child rearing":ab,ti OR 'child* care*':ab,ti OR 'child* day* care*':ab,ti OR childrearin*:ab,ti
OR 'childrearing attitudes':ab,ti OR 'childrearing practices':ab,ti OR 'father child
communication':ab,ti OR 'father child relations':ab,ti OR 'father* bab*'":ab,ti OR 'father* bab*
relation*':ab,ti OR 'father* child*":ab,ti OR 'father* child* relation*':ab,ti OR 'father*
infant*'":ab,ti OR 'father* infant* relation*':ab,ti OR 'father*-bab*'":ab,ti OR 'father*-child*':ab,ti
OR 'father*-infant*':ab,ti OR fathering:ab,ti OR 'infant care':ab,ti OR 'infant* care*":ab,ti OR
'infant* day* care*":ab,ti OR 'parent child communication':ab,ti OR 'parent child relations':ab,ti
OR 'parent* bab*':ab,ti OR "parent® child*":ab,ti OR 'parent* infant*":ab,ti OR 'parent*-
bab*":ab,ti OR 'parent®-child*":ab,ti OR 'parent*-infant*":ab,ti OR parenting:ab,ti OR 'partner*



bab*':ab,ti OR 'partner* child*":ab,ti OR 'partner® infant*":ab,ti OR 'partner*-bab*':ab,ti OR
'partner®*-child*':ab,ti OR 'partner*-infant*':ab,ti OR 'paternal behavior':ab,ti OR 'social and
interpersonal measures':ab,ti) AND ('cohabitation'/exp OR 'father'/exp OR 'partner'/exp OR
'paternal behavior'/exp OR cohabitation:ab,ti OR 'father* accessibility':ab,ti OR 'father™®
engagement':ab,ti OR 'father* involvement':ab,ti OR 'father* responsibility':ab,ti OR fathers:ab,ti
OR involvement:ab,ti OR 'parental investment':ab,ti OR partner:ab,ti OR 'partner*
accessibility':ab,ti OR 'partner* engagement':ab,ti OR 'partner* involvement':ab,ti OR 'partner*
responsibility":ab,ti OR "patern* accessibility":ab,ti OR 'patern* engagement':ab,ti OR 'patern™®
involvement':ab,ti OR 'patern™® responsibility':ab,ti OR 'paternal behavior':ab,ti)

Web of science. (Cohabitation OR “Father* Accessibility” OR “Father* Engagement”
OR “Father* Involvement” OR “Father* responsibility” OR Fathers OR Involvement OR
“Parental Investment” OR Partner OR “Partner® Accessibility” OR “Partner* Engagement” OR
“Partner® Involvement” OR “Partner* Responsibility” OR “Patern*® Accessibility” OR “Patern*
Engagement” OR “Patern* Involvement” OR “Patern* Responsibility” OR “Paternal Behavior™)
AND (“Bab* Care*” OR “Bab* Day* Care*” OR “Care behavior” OR “Caring Behav*” OR
“Child Care” OR “Child Day Care” OR “Child rearing” OR “Child* Care*” OR “Child* Day*
Care*” OR Childrearin* OR “Childrearing Attitudes” OR “Childrearing Practices” OR “Father
Child Communication” OR “Father Child Relations” OR “Father* Bab*” OR “Father* Bab*
Relation*” OR “Father* Child*” OR “Father* Child* Relation*” OR “Father* Infant*” OR
“Father* Infant* Relation*” OR “Father*-Bab*” OR “Father*-Child*” OR “Father*-Infant*”
OR Fathering OR “Infant Care” OR “Infant* Care*” OR “Infant* Day* Care*” OR “Parent
Child Communication” OR “Parent Child Relations” OR “Parent®* Bab*” OR “Parent* Child*”
OR “Parent® Infant*” OR “Parent*-Bab*” OR “Parent*-Child*” OR “Parent*-Infant*” OR
Parenting OR “Partner* Bab*” OR “Partner* Child*” OR “Partner* Infant*” OR “Partner*-
Bab*” OR “Partner*-Child*” OR “Partner*-Infant*”” OR “Paternal behavior” OR “Social and
Interpersonal Measures”) AND (“Affect Regulation” OR ANS OR “Autonomic Nervous
System” OR “Cardiovascular reactivity” OR “Cardiovascular response” OR “Cortisol reactivity
OR “Early Emotion* Experience*” OR “Early Regulatory” OR “Emotional Development” OR
ECG OR EKG OR “Electrocardio*” OR Electrocardiogram OR Electrocardiography OR
“Emotion regulation” OR “Emotion* adjustment” OR “Emotional Adaptation” OR “Emotional
Adjustment” OR “Emotional Control” OR “Emotional Development” OR “Emotional
Regulation” OR “Heart Rate Variability” OR “HPA axis” OR “HTPA axis” OR “Hypothalamo-
Hypophyseal System” OR “Hypothalamus hypophysis system” OR “Parasympathetic Nervous
System” OR Psychophysiology OR “Regulat* emotion*” OR RMSSD OR RSA OR “Self-
Regulation” OR “Socioemotional Development” OR “Socioemotional Functioning” OR “Vagal
Functioning” OR “Vagal Regulation” OR “Vagal Suppression” OR “Vagal tone regulation” OR
“Vagal Withdrawal” OR “Vagus Nerve” OR “Vagus Tone”)
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Appendix B — Details of the included studies

IDof [Authors Vears [Marital status _|Family. Infantsitod|Fathers' |Fathers  |Country |Fathers'  |Fathers' Fathers'  |Motherand [Study design [Type of ER  |ER measure Coder(s) of |Type of FI Coder(s) of _|Domains of F1_|Main findings Collection period of
the configuration [age ders' |age category of of fathers' i i |father living measure time of child's |of EM characteristics [observed  measure observed F1 data
article category age lorigins  [background C status (SES)|together R
o age
1 Altenburger & 2020  Married or Heterosexual  Infants, 3-9 Infant Fathers,  Young USA Majority  Majority Middle Yes Longitudinal Informant-reports A negative 3 months. Father X X Quality Father’s parenting quality Observational 9 months Researchers  Three parenting  Children’s negative emotionality score does not  2008-2010
Schoppe-Sullivan cohabiting (N/A) months (528% (0-12 30.20 years adults European  university emotionality and an dimensions:  correlate with paternal sensitivity, detachment,
male) months)  mean (1835 American orienting and sensitivity, and positive affeet, Children’s orienting and
years) regulatory capacity detachment, and  regulatory capacity score correlate with positive
scores from the positive regard  affect (r = .16, p < 05) and do not correlate with
Revised Infant paternal sensitivity, and detachment.
Behavior
Questionnaire — Very
Short Form
2 Aginoetal 2023 Married Heterosexual Infants, 8and 24 Mixed ages Fathers, 31 Mixedages USA  Majority  Majority Mixed SES  Yes Longitudinal Naturalisticor  Underregulationscale 24 months — x Two challenging Researchers  Quantity and Researchers  Quantity: care  Children of fathers who were disengaged during N/A
months(58% years mean (i.e., range European  university (ie,amixof laboratory of the Children’s and frustrating Quality duringweek - an interaction with them at 8 months displayed
male) 14-63 years) American lower, middle, observation  Emotion regulation taskin the Quality: Free  more emotional underregulation at 24 months
and upper Scales presence of the play, cleanup, and (4 = .27, p < 01). More displays of paternal
SES) only researcher puzzle-type task,  minimizing responses were related to greater
feeding, changing child emotional underregulation at 24 months (5
clothes = 41, p < .001). Greater father involvement was
related to greater children’s emotional
underregulation at 24 months (§ =191, p <
05).
3 Bockneketal 2014 50% married, 6% Heterosexual Child, 14-36  Toddler  Fathers,  Mixedages USA  Mixed N/A Low Mix(ie,  Longitudinal Naturalisticor ~ Emotion Regulation  14-,24-,36  x No interactions  x Quantity (1) Father lives withthe ~Report X Fathers' Greater consistent biological fathers” presence  1996-1998
inano cohabiting (N/A) months(about  (13-35 25,51 years (ie., range parents living laboratory rating subscale during ~ months birthday with mothers continuous  correlates with greater child emotion regulation
romantic 50% male) months)  mean (&t 14-63 years) and not living observation an assessment physical at 24 months (r = .06, p < 05), and 36 months
relationship with child’s together) presence/absence (r = 07, p <.05), but not at 14 months.
the biological birth) Consistent biological fathers” presence links to
father, 44% N/A toddlers” regulatory development across
toddlerhood, particularly among Caucasians as
compared with African American toddlers (effect
size not reported)
4 Burniston et al. 2023 85.5% married  Heterosexual ~Child, 42.36 Pre- Fathers, age Age datanot USA Mixed Mixed (i.e., no Middle Mix (i.e., Cross- Physiological- Children physiological 3-4 years x Stressing X Quality Researchers Reading book Greater paternal supportive ES fathers were 2017-2020
1) monthsmean  schoolers  datanot  indicated formal education, parents living  sectional biological stress responses situation during task significantly associated with children’s higher
(about 57% 3 indicated primary, and not living indicators visit with the total cortisol output (4 = 31, p < .05)
female) secondary, together) mother. No
university) father at time of
the measure of
cortisol
5 DeSwsioetal 2020 N/A Heterosexual Child, 18-36  Toddler  Fathers, 34 Young italy N/A Majority N/A Yes Cross- Informant-reports The Lability/Negativity 18-36 months ~ Both parents  x x Quantity (1) Father involvement in Report x Bedtime care  No correlations between paternal bedtime and  2016-2017
months (60%  (13-35  years mean adults university sectional subscale and the routine global involvement with the paternal report of a
male) months) (18-35 Emotion Regulation child’s emotional lability/emotion regulation.
years) subscale of the Correlations were present with the maternal
Emotion Regulation report of the child’s emotional lability/emotion
Checklist (ERC) regulation, such that when the father
involvement was low, the greater were the
emotion regulation difficulties reported by
mothers (r = -.35, p < .01, bedtime involvement;
r=-27,p< 05, global involvement).
6 Isaacetal 2023 90.7% Married or Heterosexual Child, 4 years  Pre- Fathers,  Mixedages USA  Majority  Majority Middle Yes Cross- Physiological-  Children’s Between3and x During lab visit, x Quantity x Fathers' parenting Greater fathers’ authoritarian parenting (r =.23, 2016-2019
cohabiting (N/A) mean (43.6%  schoolers  35.86 years (i.e., range European  university sectional biological physiological stress 5 years no interactions style p <.05) and physical coercion (r = 26, p <.05)
female) (3-5 years) mean 14-63 years) American indicators ‘measured via hair with parents correlated with higher hair cortisol
cortisol concentration concentration. Fathers” authoritative and
permissive parenting, and fathers’ non-
reasoning/punitive didn’t correlate with
children’s physiological stress.
7 Lunkenheimeret 2020 88.5% Married  Heterosexual Child, 4140  Pre- Fathers, age Agedatanot USA  Mixed Mixed im0 N/A Mix(ie,  Longitudinal 1 Naturalistic or  Child negative emotion 3 years x With father and  Researchers  Quality Researchers  Fathers' parenting Higher paternal responsiveness and From 1999 (longitudinal
al monthsmean  schoolers  datanot  indicated formal education, paents living laboratory arousal with father and mothers during style pressiveness were both not related to data) - no information
(about50% (35 years) indicated primary, and not living observation  mothers during the the dyadic block children’s lower negative arousal with fathers.  found about the end of
female) secondary, together) dyadic block design design task. However, they were both related to children’s  the collection
university) task Tower negative arousal with mothers (r = -.295,
p <01, paternal responsiveness; r = -.237, p <
05, paternal expressiveness),
8 Planalp& 2015 N/A Heterosexual  Child, 3-7 Infant  Fathers,  Mixedages USA  Majority  Mixed(ie,no  MixedSES  Yes Longitudinal 1 Naturalistic or  Infant regulatory 35ad7  x till Face Researchers  Quantity x Care, play,and  Infants lower in surgency with a highly involved N/A
Braungart-Rieker (N/A) months (526% (0-12  30.79 years (ie. range European  formal education, (i.e.,amix of laboratory behaviors duringthe  months Paradigm (SFP), teaching father increased self-distraction at a faster rate
female) months)  mean 14-63 years) American  primary, lower, middle, observation  Still Face Paradigm with father activities (but not in self-comforting regulatory strategy),
secondary, and upper (SFP) particularly with highly involved fathers (effect
university) SES) size not reported)
9 Olofsonand 2022 Married or Heterosexual Child, 1637  Toddler  Fathers,  Young  USA Majority  Majority Middle Yes Longitudinal Informant-reports Dysregulation score of 12-18 months  Mother X x Quality Researchers  Fathers' parenting The father’s parenting behaviors are not 2008-2014
Schoppe-Sullivan cohabiting monthsmean (1335 29.40 years adults European  university the Infant-Toddler style associated to mother-report of infant-toddler
(6451% male) months)  mean (1835 American Social-Emotional dysregulation
years) Assessment
10 Richter & 2021 91.2% Married or Heterosexual  Child, 4-8 Infant  Fathers,  Mixedages USA Majority  Mixed (ie,no  MixedSES  Yes Longitudinal 9 Physiological-  Respiratorysinus ~ 4-8months  x Still Face x Quantity x At 4 months, infant cardiac physiology (ie,  2018-2021
Lickenbrock cohabiting months (59.3%  (0-12  32.14 years (ie. range European  formal education,  (i.e.,a mix of biological arthythmia (RSA) Paradigm (SFP) availability, care  RSA) correlates with father involvement in play
male) months)  mean 14-63 years) American  primary, lower, middle, indicators and 3-min and play (=22, p < 05), and does not correlate with
secondary, and upper recovery task activities father involvement in care. At 8 months, infant
university) SES) cardiac physiology (i.e., RSA) correlates with

father involvement in care (1 = 36, p < 01), and
does not correlate with father involvement in
play. Infants with highly involved fathers in care
have higher baseline RSA (p = 34, p = 001),
typically associated with better emotion
regulation. Fathers” play s not significant.




