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Extensive research has supported the importance of children's positive
affect in fostering prosperous psychosocial adjustment. Children's positive affect is
believed to be significantly shaped by their environment in general and their caregivers’ positive affect in particular. The current study investigates the role of child cardiac vagal regulation, a psychophysiological marker for social engagement, in shaping
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the association between maternal positive affect and child positive affect.
Mothers and daughters (ndyads = 28) participated in two experimental
conditions. In the non-interactive condition, they separately drew a picture without
interacting. In the cooperative condition, they drew a picture together. We measured child respiratory sinus arrhythmia (RSA), a widely used indicator of cardiac vagal
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regulation, during both conditions. We also coded maternal and child positive affect
during the cooperative condition.
Maternal positive affect was related to child positive affect, but only for
children with medium-to-high tonic levels of RSA and RSA increases from non-interaction to interaction.
Results suggest that child RSA plays a significant role in positive emotion
socialization, by making children more susceptible to the emotional cues of their caregivers. Hence, child RSA should be taken into account in preventive and therapeutic
efforts regarding child positive affect socialization.

child sensitivity, parent–child, positive affect, RSA, social engagement
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Kochanska, 1997; Kochanska & Aksan, 1995; Kochanska & Murray,
2000; Lunkenheimer, Olson, Hollenstein, Sameroff, & Winter, 2011;

Several decades of research have supported the importance of

Malatesta & Haviland, 1982). Nevertheless, the possible underlying

children's positive affect in fostering prosperous psychosocial ad-

mechanisms of this link are less understood. Various theories postu-

justment (Davis & Suveg, 2014). It has been widely acknowledged

late that some children are more susceptible to their environments

that the development of such positive affect is promoted by par-

than others and that endogenous physiological differences such as

ents’ positive emotions (Denham, Mitchell-Copeland, Strandberg,

cardiac vagal regulation, a psychophysiological marker for regulatory

Auerbach, & Blair, 1997; Feng, Shaw, Skuban, & Lane, 2007;

capacity, underlie such variability (Belsky, Bakermans-Kranenburg,
& Van IJzendoorn, 2007; Belsky & Pluess, 2009; Boyce & Ellis, 2005;
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2011). However, whether individual differences in cardiac vagal reg-

introduced the importance of regulatory nervous pathways, sub-

ulation provide a physiological basis for individual differences in chil-

served by the vagus cranial nerve, which originates in the brainstem

dren's sensitivity to parental positive affect is currently unknown.

and innervates multiple visceral organs. One of the central functions

The present study aims to investigate this question, by examining

of the vagus nerve is cardiac vagal regulation, which refers to vagally

whether links between parent positive affect and child positive af-

mediated control of the heart rate by the parasympathetic branch

fect are dependent on, and thus moderated by, child cardiac vagal

of the autonomic nervous system (Berntson, Cacioppo, & Quigley,

regulation.

1993; Thayer & Sternberg, 2006). In brief, the parasympathetic system maintains a continuous inhibitory effect over cardiovascular
functioning (Jose & Collison, 1970), also called a vagal brake, inhib-
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iting sympathetic arousal and allowing for calm engagement with
the environment, both in children and in adults (Beauchaine, 2001;

Positive affect is defined as the experience of positive mood states,

Calkins, 2007; Grossman & Taylor, 2007; Porges, 2007; Porges,

which is typically shown through overt behaviors such as laughing

Doussard-Roosevelt, Portales, & Greenspan, 1996; Thayer & Lane,

and smiling (Olino et al., 2011). Positive affect broadens individu-

2000, 2009). More specifically, Porges (2007) described the “Social

als’ thoughts and repertoire of action and thereby builds enduring

Engagement System,” existing of the vagus and four other cranial

personal resources in the physical, intellectual, and social domain

nerves (V, VII, IX, XI), working in a coordinate manner to regulate

(Fredrickson, 1998). Indeed, abundant empirical work has sup-

muscles of the face and head toward social engagement and recep-

ported the link between positive affect and adaptive functioning in

tiveness to social cues. Importantly, this Social Engagement System

various domains, such as attachment security (Davis & Suveg, 2014;

is activated when an individual is in a parasympathetically mediated

Mikulincer & Sheffi, 2000), prosocial cognition and behavior (Davis

“soothed” state. As such, vagal activity can be considered indicative

& Suveg, 2014; Isen, 2002), and creativity (Baas, De Dreu, & Nijstad,

of activation of the “Social Engagement System” and may serve as

2008; Davis & Suveg, 2014). On the other hand, low levels of posi-

a biological indicator of a child's readiness for social engagement

tive affect have been associated with psychopathology (Feng et al.,

(Porges, 2007).

2009; Joiner & Lonigan, 2000; Lahey et al., 2008; Sheeber et al.,

One of the commonly accepted metrics of vagal activity is re-

2009). As such, investigating factors that may influence child posi-

spiratory sinus arrhythmia (RSA), which indexes the degree of beat-

tive affect is important so they can be targeted in prevention and

to-beat variation across the respiratory cycle. Specifically, during

intervention strategies.

inspiration, vagal influence is momentarily suppressed, following

Scholars agree that the environment greatly contributes to the

which heart rate increases; during expiration, vagal influence re-

development of positive emotions (Davis & Suveg, 2014; Diamond

sumes, resulting in heart rate decreases (Berntson et al., 1993).

& Aspinwall, 2003; Oros, 2014), particularly through processes of

Indeed, RSA, quantified by extracting the high-frequency bands of

modeling (Eisenberg, Cumberland, & Spinrad, 1998). Caregivers’

the heart rate variability (HF-HRV), is frequently used as a noninva-

archetypal ways of affect expression define the emotional setting

sive index of the myelinated vagus effect on the heart (Berntson et

to which children are repetitively exposed and as such substantially

al., 1993; Lovallo, 2015; Porges, 2007).

influence children's emotion socialization (Davis & Suveg, 2014). The

Research has distinguished between two different metrics of

association between caregivers’ positive affect and that of their chil-

vagal regulation. Tonic levels of RSA, usually measured during rest-

dren has been empirically supported for various early developmental

ing periods, provide an index of trait-level parasympathetic effects

periods, such as infancy (Malatesta & Haviland, 1982), toddlerhood

on the heart rate. Individuals with higher levels of tonic RSA are

(Denham et al., 1997; Feng et al., 2007; Kochanska, 1997; Kochanska

conceptualized to be generally more open for social engagement

& Aksan, 1995), and childhood (Kochanska, 1997; Kochanska &

and respond more quickly and flexibly to environmental demands.

Murray, 2000; Lunkenheimer et al., 2011).

A massive body of research has demonstrated that low levels of

Nevertheless, systematic observation of human interaction has

tonic RSA are associated with a wide range of conditions, charac-

shown that such modeling does not always occur naturally and that

terized by emotional rigidity and poor social functioning (Carney

large individual differences exist across dyads (Garcia, Kenny, &

et al., 2000; Diamond & Hicks, 2005; Fabes & Eisenberg, 1997;

Ledermann, 2015). Understanding the mechanisms underlying these

Friedman & Thayer, 1998; Gyurak & Ayduk, 2008; Horsten et al.,

individual differences is important for preventive and/or therapeutic

1999; Pu, Schmeichel, & Demaree, 2010; Thayer & Brosschot,

interventions.

2005; Thayer, Friedman, & Borkovec, 1996; Watkins, Grossman,
Krishnan, & Sherwood, 1998), whereas higher levels of tonic RSA
have been linked with tonic positive affectivity, social engagement,
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and social sensitivity, in children and adults (Diamond, Fagundes,
& Butterworth, 2012; Diamond, Fagundes, & Cribbet, 2012;

Various theories have suggested that children's endogenous physi-

Geisler, Kubiak, Siewert, & Weber, 2013; Kok & Fredrickson, 2010;

ological characteristics might underlie their sensitivity to the en-

Muhtadie, Koslov, Akinola, & Mendes, 2015; Oveis et al., 2009;

vironment. Porges’ polyvagal theory (1995; 2001; 2003; 2007)

Porges, 2003; Wang, Lü, & Qin, 2013).
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Beyond individual differences in tonic RSA, research has also

theory (Belsky et al., 2007; Belsky & Pluess, 2009). These frame-

looked into within-person changes in RSA. Short-term increases

works suggest that children with certain patterns of physiological

and decreases in RSA during tasks reflect application or withdrawal,

functioning show disproportionally higher sensitivity to their envi-

respectively, of the vagal brake on sympathetic activation, indicat-

ronment. Notably, several studies have suggested that cardiac vagal

ing individuals’ context-specific readiness versus weariness for so-

regulation may serve as such physiological regulator, moderating the

cial interaction and engagement (Butler, Wilhelm, & Gross, 2006;

association between broadly defined characteristics of the devel-

Diamond, Hicks, & Otter-Henderson, 2011; Thayer & Lane, 2000).

opmental environment (e.g., “family adversity”) and child outcomes.

Indeed, a constantly growing body of research suggests that RSA

For example, it has been demonstrated that RSA suppression in

increases, that is, vagal activation, reflect an adaptive response to

response to stress moderated the association between a “negative

social–emotional environment, allowing for active engagement and

home environment” and externalizing problems in adolescent girls

vigilance (Austin, Riniolo, & Porges, 2007; Beauchaine, 2001; Butler

(Diamond, Fagundes, & Cribbet, 2012) and between “family adver-

et al., 2006; Hughes & Stoney, 2000; Kettunen, Ravaja, Näätänen,

sity” and prosocial behavior/school engagement in middle childhood

& Keltikangas-Järvinen, 2000; Sahar, Shalev, & Porges, 2001;
Segerstrom & Nes, 2007; Di Simplicio et al., 2012; Smith et al., 2011;

et al. (2012) work demonstrated that baseline RSA moderated ef-

Thayer & Lane, 2000).

fects of the home environment in early childhood on repeatedly
assessed child aggression. Taken together, these studies have provided preliminary support for the idea that also in children, cardiac
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vagal regulation might play a central role in determining susceptibility to parental environment. Nevertheless, no study to date has
investigated the specific interactive effects of parental affect and

As suggested by Porges' above-described theory of “Social

child vagal regulation on child affect during an ongoing interaction.

Engagement System” (2007), the tendency of individuals to engage

Furthermore, no developmental study has considered the impor-

vagal mechanisms in social contexts is likely to render them par-

tance of children's “RSA increases in interactive contexts” as markers

ticularly susceptible to social cues. Few previous empirical studies

of social engagement (as opposed to "RSA decreases under stressful

in adults have indeed suggested that adults’ RSA modulates their

circumstances"), and the possibility that RSA increases could have

positive emotional receptiveness. Connell et al. (2017) showed that

a protective role in the context of positive parental cues due to in-

adults who watched a positive movie showed greater positive af-

creased child sensitivity to these cues.

fect during subsequent interactions with their child, but only when
their RSA increased in response to the movie. In the same line, Kop
et al. (2011) identified that a happiness recall task was positively
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correlated with participants’ subsequent reports of happiness, however only for those participants with higher RSA increases during

Given the theoretical frameworks and initial empirical evidence

the happiness recall task. Nevertheless, Demaree, Pu, Robinson,

suggesting that particular physiological patterns make individuals

Schmeichel, and Everhart (2006) reported that the extent to which

more susceptible to their environments (Belsky et al., 2007; Belsky

individuals express positive emotions while watching a positive

& Pluess, 2009; Ellis et al., 2011; Del Giudice, 2009; Porges, 2007),

video clip, did not depend on their baseline RSA levels. A first poten-

and given the crucial role of positive affect for overall prosperous

tial explanation for these discrepancies in results lies in the level of

child development (Baas et al., 2008; Davis & Suveg, 2014; Feng et

the personally meaningful emotional primes, which may increase the

al., 2009; Fredrickson, 1998; Isen, 2002; Joiner & Lonigan, 2000;

likelihood of emotional modeling to occur (Eisenberg et al., 1998). In

Lahey et al., 2008; Mikulincer & Sheffi, 2000; Sheeber et al., 2009),

Demaree et al. (2006), no such personal primes existed (participants

we asked whether children's RSA may moderate the association be-

were asked to watch a generic film clip of a comedian's monologue).

tween maternal and child positive affect during dyadic interaction.

Nevertheless, in Kop et al. (2011), participants were asked to recall

For this aim, mothers and their elementary-school-aged daughters

a personal event from the past 6 months, and in Connell, Dawson,

engaged in a naturalistic cooperative task, which included a non-in-

Danzo, and McKillop (2017), participants participated in the study

teractive and interactive phase. We assessed children's tonic levels

with their own child. A second potential explanation might be that

of RSA during the non-interactive phase as well as their phasic RSA

compared to baseline RSA (as used in Demaree et al., 2006), context-

increases from the non-interactive to interactive phase. Mothers

specific increases in RSA (as used in Kop et al., 2011; Connell et al.,

and daughters were chosen in order to exclude sex-related biases

2017) are a stronger predictor of positive emotional outcome.

that have been suggested to play a role in parent–child positive af-

In sum, the above studies have provided initial evidence that

fect (Thomassin & Suveg, 2014) and biological sensitivity to context

vagal activation may explain individual differences in receptivity to

(Diamond, Fagundes, & Cribbet, 2012). In addition, we focused on

positive affect. A similar idea is reflected in the developmental lit-

middle childhood, given the booming importance of social function-

erature, as specified in the biological sensitivity to context theory

ing during this developmental period (Gifford-Smith & Brownell,

(Boyce & Ellis, 2005; Ellis et al., 2011) and differential susceptibility

2003), and the crucial role that affect plays in this process (Davis &
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Suveg, 2014). We hypothesized that children with higher levels of

In the interactive condition (ten minutes), mother–child dyads

tonic RSA activity or increased RSA during dyadic interactions with

used one Etch-A-Sketch board to draw an image in the center of the

their mothers would be more affected by their mothers' positive af-

board. Mothers were instructed to control the vertical line, and chil-

fect, thereby showing stronger positive associations between ma-

dren were instructed to control the horizontal one. The image con-

ternal and child positive affect, as compared to children with lower

sisted of a house and a fence completed by a sloping roof, requiring

levels of RSA.

both knobs to be turned on simultaneously.

|
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Child cardiovascular responses were recorded continuously, at a
sample rate of 2 kHz with a portable physiological system (ProComp

The sample included 42 biological mother–daughter dyads from pri-

Infiniti; Thought Technology Ltd), an ECG amplifier module, and dis-

marily non-Hispanic and white background. Twenty-eight dyads had

posable snap ECG electrodes using a modified lead II configuration.

both observational data and clean child ECG data and were there-

The heart period (inter-beat interval, or IBI) was assessed using the

fore included in the final analytic sample. For these latter dyads,

MindWare HRV 2.16 bio-signal processing module by (a) identify-

maternal age was on average 40.7 years (SD = 3.8), and child age

ing the R–R intervals; and (b) detecting and correcting physiologi-

was on average 7.7 years (SD = 1.3). All mothers were married, and

cally improbable R–R intervals based on the overall R–R distribution

the average amount of marital years was 12.5 (SD = 4.3). Maternal

using a validated algorithm (Berntson et al., 1997) as well as visual

education was on average 15.9 years (SD = 2.0), and the number of

inspection. Data from 6 children were excluded due to more than

children in the family was 2.8 (SD = 2.00). Two movie tickets were

10% artifacts. Physiological equipment failure resulted in the loss of

provided as compensation for participation. The study was approved

an additional 8 child physiological recordings.

by the Institutional Review Board.

Respiratory sinus arrhythmia scores were computed for each participant in one-minute time bins. Children's RSA scores were computed
from the 0.15–0.5 Hz frequency band (Boyce et al., 2001). To account
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for accommodation effects, the first-minute scores were excluded
from both conditions. Accordingly, the average RSA scores for the

Participants were recruited through advertisement and school mail-

non-interactive condition were calculated by averaging the remaining

ing lists. The study took place in a local community center, using a

four minutes. Since a substantial portion of dyads completed the inter-

portable physiological recording system (ProComp Infiniti; Thought

active task in less than ten minutes, average RSA scores for the inter-

Technology Ltd.), integrated with a webcam (Logitech). Upon arriv-

active condition were computed by averaging scores from minute 2 to

ing at the study room, mother and child received general instruc-

minute 8. RSA phasic reactivity was indexed by the unstandardized re-

tions; mothers signed an informed consent form and provided

siduals of RSA in the interactive condition after regressing out RSA in

demographic data. Mothers and children were informed that their

the non-interactive condition, which is the recommended approach in

interaction was to be videotaped and coded for research pur-

case of significant positive associations between conditions (Calkins &

poses, while keeping the identity of the participants anonymous.

Keane, 2004). For this variable, positive values indicate increased RSA

Following an explanation stage, the experimenter attached physi-

from the non-interactive to interactive condition, whereas negative

ological sensors to the children and introduced the Etch-A-Sketch

values indicate decreased RSA from the non-interactive to interactive

board. The Etch-A-Sketch board is a drawing board with two knobs,

condition. Nevertheless, for the sake of parsimony, and given the the-

one of which draws horizontal lines and another one vertical lines.

oretical focus of the paper on RSA increases, in what follows we will

To create complex drawings, both knobs need to be used. Following

refer to this variable as “RSA increase.” Notably, the non-interactive

an introductory phase, each mother–child dyad participated in two

condition is comparable to the interactive condition in cognitive load

study conditions. The non-Interactive condition consisted of inde-

(the drawing task) and in social context (sitting near mother), but lacks

pendent free drawing (five minutes) during which mothers and their

the cooperative interactive component.

children drew independently on their own Etch-A-Sketch board.
We opted to measure tonic RSA during this free drawing condition in order to abridge potential challenge and stress that might
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arise when children perform classic adult resting-state paradigms
(i.e., relax and remain seated). Indeed, following the same ration-

The mother–daughter interaction was videotaped using a Logitech

ale, many developmental researchers opt to use calming stories or

webcam and was coded by two independent coders who were

activities to reduce challenge and motion during resting RSA meas-

naive to the research hypotheses. Coders used the “

urement (Gavin, Davies, Schmidt, & Segalowitz, 2008; Piferi, Kline,

scale of the parent–child interaction system—global ratings system

Younger, & Lawler, 2000).

(PARCHISY; Deater-Deckard, Pylas, & Petrill, 1997)—to rate mothers’

”

Interactive condition

RSA increases

2

3

28
28

Child change in positive affect

Mother positive affect interactive
condition

6

7

Child age

Years education mother

9

10

*p < 0.001; **p < 0.01; ***p < 0.05.

Abbreviation: RSA, respiratory sinus arrhythmia.

Child verbalization

8

22

28

28

28

Child positive affect interactive
condition

5

Potential control variable

28

Child positive affect at the first 30 s
of the interactive condition

28

28

28

4

Positive affect

Non-interactive condition

1

Child RSA

N

12.00

6.00

3.00

3.00

0.00

3.00

0.00

4.20

4.56

20.00

11.50

7.00

6.00

1.00

6.00

1.00

1.01

8.95

8.39

15.86

7.92

5.36

3.86

0.36

4.07

0.36

0.00

6.50

6.50

M

1.96

1.28

0.95

0.80

0.38

0.81

0.38

0.47

1.05

0.96

SD

—

0.87a

2

—

0.50**

0.00

Descriptives and correlational information for the study variables and potential control variable

—

0.00

0.14

—

0.69*

0.01

0.16

—

0.73*

0.01

0.02

0.09

6

—

0.20

0.47**

0.48***

0.15

7

—

0.16

0.25

8

—

0.09

0.12

0.01

9

—

0.02

0.37

0.17
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and daughters’ positive affect expressions during every 15 s of the

Williams, 2004). Independent variables were centered and depen-

interaction. Positive affect coding included behaviors such as smiling,

dent variables standardized. When moderation was significant, we

laughing, and warm intonation and was scored on a 7-point Likert-

performed two types of post hoc tests. First, simple-slope post hoc

type scale (1 = no positive affect displayed to 7 = constant positive

tests assessed the association between the independent and depen-

affect—smiling and laughing throughout the task). During training,

dent variables at three different levels of the moderator, allowing

two coders rated three sample videos independently. When ratings

us to investigate at which levels of child RSA the simple slope was

showed a discrepancy, the two raters discussed the item and resolved

significant, or in other words at which levels of child RSA maternal

the discrepancy. Next, the complete sample of videos was randomly

positive affect significantly predicts child positive affect. Simple

divided between the two raters for independent coding, with an over-

slopes were considered significant when zero was not part of the

lap of 20% of videos for the purpose of reliability calculations. For

beta confidence interval. Second, significant interactions were also

reliability calculation, discrepancies of 1 point or less on the 7-point

probed following Hayes’ (2013) guidelines for testing regions of sig-

scale were treated as agreements. For each scale (maternal positive

nificant moderation by means of the Johnson–Neyman technique

affect, child positive affect), a single reliability score was calculated by

(Bauer & Curran, 2005). More specifically, in the current study, this

computing Cronbach's alpha between the codes of coder 1 and coder

technique was applied to estimate at which values of the continuous

2 (Bakeman & Gottman, 1986). Cronbach's alphas were high: 0.81 for

independent variable (i.e., maternal positive affect) the interaction

mothers’ positive affect and 0.93 for children's positive affect.

was significant, allowing us to test this study's specific hypothesis

Total positive affect scores during interaction were indexed by

that high levels of maternal positive affect (as compared to low levels

aggregating scores across time. Child's positive affect change scores

of maternal positive affect) were moderated by child RSA. For all

were indexed by the unstandardized residuals of positive affect in

moderation analyses, we report unstandardized beta coefficients, as

the interactive condition after regressing out positive affect in the

recommended by Hayes (2017).

initial 30 s of the interactive condition (Calkins & Keane, 2004).
Following the same procedure,

was coded on a 7-point

Likert-type scale (1 = no child verbalization to 7 = speaks throughout

|

the interaction). Cronbach's alpha was 0.97.
Table 1 shows descriptives and correlational information for the study
variables and the potential control variables (child verbalization; child

|

age; maternal years of education). Child positive affect during the
interactive condition was significantly positively correlated with ma-

Preliminary analyses were performed using correlations. For all

ternal positive affect during the interactive condition. There was a

analyses, potential covariates (child verbalization; child age; years of

strong significant positive association between child RSA during the

education mother) were controlled for if they were significantly asso-

non-interactive condition and child RSA during the interactive condi-

ciated with the independent, dependent, and/or moderator variable

tion. From all potential control variables, child age was significantly

in the model. Nevertheless, in order to limit power-related bias, we

associated with mothers’ positive affect in the interactive condition.

removed covariates with nonsignificant contribution to the specific

As such, it was controlled for in all statistical models.

model. For the main analyses, we ran a series of moderation mod-

Results of the moderation models for positive affect are pre-

els. As a first step, we examined whether the association between

sented in Table 2. Both child tonic RSA (model 1a) and child RSA

maternal positive affect and child positive affect was moderated by

increase (model 2a) moderated the association between maternal

child's tonic RSA (derived from the non-interactive condition) and/or

positive affect and child positive affect. Post hoc simple-slope anal-

by child's phasic increase in RSA from the non-interactive to inter-

yses indicated that positive associations between maternal positive

active condition. In a second step, we repeated the above analyses

affect and child positive affect were only significant for children

using child's change in positive affect as a dependent score. This step

with medium-to-high levels of tonic RSA and/or RSA increase (see

allowed us to examine the study's hypothesis while controlling for

Figures 1 and 2). In addition, the Johnson–Neyman tests indicated

child's own initial affect during the interactive phase.

that child tonic RSA and RSA increase moderated the effect of both

Analyses were completed by means of PASW Statistics 24, in-

high and low levels of maternal positive affect (i.e., 4.653 < maternal

cluding the add-on PROCESS for moderation analyses (Hayes,

positive affect < 3.003 for child tonic RSA; 4.706 < maternal positive

2017). Moderation analyses employed bias-corrected bootstrap

affect < 3.055 for child RSA increase; areas of significant moderation

sampling over 5,000 iterations. Bootstrapping hypothesis testing

are shaded in Figures 1 and 2).

uses a resampling strategy, in which results are generated based

As a next step, we examined whether the above-demonstrated

on multiple resamples of the dataset. These analyses return confi-

moderation held when controlling for children's own positive affect

dence intervals, rather than point estimates, thereby reducing the

at the beginning of the interaction. For that aim, we reran these two

risk of power problems due to asymmetric or other non-normal sam-

models using change in children's positive affect as an outcome vari-

pling distributions. As such, bootstrapping is the preferred method

able (Table 2, models 1b and 2b). As indicated in Table 2, both tonic

for hypothesis testing in small samples (MacKinnon, Lockwood, &

RSA and RSA increase moderated the effect of mother's positive
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affect on child's positive affect increase during interaction. Similar to
<M
>M + 0.546

<M
>M + 0.643

above, post hoc simple-slope analyses indicated that positive associations between maternal positive affect and child's increase in positive
affect were only significant for children with medium-to-high levels
of tonic RSA and/or RSA increase (note that for medium levels of child
RSA increase, the association between maternal and child positive aftests indicated that child tonic RSA and RSA increase moderated both

0.18

R2

0.39

fect was trend significant; see Figures 3 and 4). The Johnson–Neyman
high and low levels of maternal positive affect (i.e., 4.503 < maternal

.027

.072
1.04

.784

<.001
1.18

tive affect < 3.205 for child RSA increase; areas of significant moder-

1.77

ation are shaded in Figures 3 and 4).
0.97

.263
0.15

0.83

p

.045

positive affect < 3.614 for child tonic RSA and 4.406 < maternal posi-

children's RSA may explain individual differences in positive emotion
socialization. Results showed that during cooperative parent–child
interaction, maternal positive affect was significantly related to child
positive affect, however only for children with medium-to-high levels
of tonic RSA and/or RSA increase. More specifically, for these latter
children, higher levels of maternal positive affect were associated with
higher levels of child positive affect, whereas lower levels of maternal
positive affect were associated with lower levels of child positive affect.
The results of the current study are similar to those of previous
studies indicating that child development is conditional upon the interaction between the environment and children's physiological characteristics. Past research has supported this premise for numerous
environmental characteristics and child outcomes, and across various child developmental periods: infancy (Feldman, 2007; Feldman
& Eidelman, 2007), toddlerhood (Eisenberg et al., 2012), childhood
lescence (Rousseau et al., 2014), and emerging adulthood (Wagner &
Abaied, 2016). Nevertheless, empirical research on the moderating
role of child physiological activity for positive socialization processes
is rare (Pluess & Belsky, 2013). The current study addressed this gap
by specifically examining how differences in child RSA moderate the
association between maternal positive affect and child positive affect.
Calculated for levels of maternal positive affect.

Our findings also contribute to the knowledge on the relation be-

a

Child RSA increase

Mother positive affect X
Child RSA increase

The current study is the first, to our knowledge, to investigate how

Abbreviation: RSA, respiratory sinus arrhythmia.

<M
>M + 0.846
0.14
.928

.033
1.55

0.74

0.07
0.37

0.81

0.36

.003
1.27
0.29
0.24
0.78
Mother positive affect
2

Mother positive affect X
Child RSA non-interactive condition

Child RSA non-interactive condition

Note: Analyses were initially controlled for child age, which did not significantly contribute to the model and as such was removed from analyses.

0.12
0.42

0.40
0.94

0.12

0.27
0.50

<M
>M + 0.793
0.16
.019
0.50

0.16

0.20

0.09

0.91

.694
0.27

.003
0.21
1

Mother positive affect

B

0.68

(SE)

0.26

1.11

p

R

2

Child RSA moderates the association between maternal positive affect and child positive affect

B

0.79

0.19

0.16

0.20
0.42

(SE)

0.01

0.39
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tween RSA and positive affect. Though theoretically both tonic RSA
and RSA increase have been linked to positive affect (Porges, 1995,
2001, 2003, 2007), empirical research is partial, suffers from inconsistencies, and has focused on adults. Our results demonstrate that
while child RSA was not a direct predictor of positive affect during
interaction, it played a significant role in allowing for positive affect
socialization.
Of the previous studies that investigated whether adults’ RSA
activity moderated their online positive emotional receptiveness
(i.e., the ongoing association between positive emotion in the environment and participants’ own positive emotion), one study found
no significant moderation (Demaree et al., 2006), while two other
studies did (Connell et al., 2017; Kop et al., 2011). As suggested in
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Post hoc simple-slope
analyses for model 1a

Post hoc simple-slope
analyses for model 2a

Post hoc simple-slope
analyses for model 1b. For the variable
“Child positive affect increase from
non-interaction to interactive condition”:
positive values indicate increases;
negative values indicate decreases;
and values around zero indicate limited
change.

the introduction, a potential explanation for these discrepancies

previously that emotional modeling is more likely to occur in per-

may lie in the presence of personally meaningful emotional primes.

sonally meaningful contexts (Eisenberg et al., 1998), which might ex-

In Demaree et al. (2006), no such primes were present (participants

plain the significant results in the last two studies and in our study.

were asked to watch a generic film clip of a comedian's monologue).

The current study included a sample of children in early-to-mid-

In Kop et al. (2011), however, participants were asked to recall a

dle childhood. During this developmental period, positive affect

personal event from the past 6 months that had made them feel

plays a crucial role due to its importance for social functioning

happy, glad, or cheerful, and in Connell et al. (2017), the study was in

(Davis & Suveg, 2014), which in turn is of major significance at

a context of interaction with their own child. It has been suggested

this age because of the booming relevance of social interactions
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Post hoc simple-slope
analyses for model 2b. For the variable
“Child positive affect increase from
non-interaction to interactive condition”:
positive values indicate increases;
negative values indicate decreases;
and values around zero indicate limited
change.

(Gifford-Smith & Brownell, 2003). However, positive affect social-

positive affect. Although in some previous studies, self-report of

ization is important during other developmental periods as well.

emotion does not seem to moderate the predictive value of ob-

For example, cumulating research supports that infancy is a sensi-

served expressions (Demaree et al., 2006), some scholars suggest

tive period during which interactions with caregivers are consoli-

that when measuring positive affect, observations and self-report

dated into biological substrates that support lifelong psychosocial

have unique and compensating advantages (Davis & Suveg, 2014).

functioning (Frenkel & Fox, 2014). As such, future studies might

As such, the ideal approach would be to administer both. Fourth,

examine whether differences in children's sensitivity and recep-

observed positive affect might have been biased by the relatively

tiveness toward mothers’ positive affect can already be observed

unfamiliar experiment room, or the presence of video equipment

during infancy. This is especially important in light of early preven-

(Gardner, 2000). Fifth, the study sample was primarily non-His-

tion initiatives (Diamond & Aspinwall, 2003; Frenkel & Fox, 2014).

panic and white, which may have limited the generalizability of our

Although this paper sheds light on the importance of individual

findings (e.g., Dunbar et al., 2017). Finally, our study design does

differences in child RSA for positive affect socialization, questions

not enable us to assess causality, nor does it allow for studying the

remain about the origin of these individual differences. More specifi-

development of positive affect over time, and further studies might

cally, the current study cannot resolve whether limited RSA increase

include interventions or longitudinal data in order to further inves-

(or alternatively RSA decrease) results from stress surrounding the

tigate these processes.

social nature of the task, stress concerning other challenges of the

Overall, the results of this study support the relevance of chil-

task, or other possible factors. Future research should address this

dren's RSA for positive affect socialization. Although future research

question in order to further inform intervention efforts. In addition,

and replication is required, these findings suggest that preventive

although the current work highlights the importance of individual

and therapeutic efforts on child positive affect socialization might

differences in child RSA for positive affect socialization, other mech-

take into account child RSA. Self-monitoring techniques such as re-

anisms might be important as well. More specifically, future research

laxation and biofeedback have been proven effective in the volun-

should consider bidirectional links between maternal positive affect

tary upregulation of RSA (Bornemann, Kok, Böckler, & Singer, 2016)

and child positive affect (Bell, 1968; Belsky, 1984; Sameroff, 2009).

and could potentially be integrated in clinical practice.

For example, children's innate (temperamental) tendencies for positive affect may elicit, provoke, or reinforce caregivers’ positive affect,
particularly in those caregivers with greater neural reward sensitivity

The authors have no competing interests.

(Moses-Kolko, Horner, Phillips, Hipwell, & Swain, 2014), thereby fostering reciprocal positive affect loops in these specific dyads.
The current study has several strengths, including its focus on
positive affect socialization, the usage of multi-method analysis,

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

and the inclusion of a naturalistic design. However, there are also
several limitations that should be addressed in further research.
First, we included only mothers and daughters, and further re-

Sofie Rousseau
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search might investigate whether the same conclusions hold when
including fathers and/or sons. A second limitation of this study is
its relatively small sample. Future research should increase sample
size and statistical power in order to replicate our results and assess additional research questions such as the impact of gender. A
third limitation of our study is that we did not assess self-reported
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