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INTRODUCTION

A positive parent-child relationship is crucial to foster child development (Bowlby, 1988; Stern, 1985). This
is particularly true during infancy when the human resources for relating with the external world are immature, and
parents serve as the primary sources of learning. This relation is made up by a myriad of interactions occurring
daily in familiar contexts from early life and mother-infant bio-behavioural synchrony, the temporal coordination
of behavioural, hormonal and neuro-physiological cues between mother and infant during interactions (Feldman,
2012), must be considered the core aspect of these interactions. Actually, individual differences in the experience
of dyadic synchrony are important predictors of child emotional and cognitive adjustment (Feldman, 2012).
Promoting the mother’s ability to create a synchronous dyadic interaction is essential to prevent child later
disadvantages.

As the mother-infant interaction literature clearly points out, a dyadic synchronous “mutually regulated,
reciprocal, and harmonious” (Harrist & Waugh, 2002) interaction is the result of the maternal “attunement” with the
infant, meaning the mother’s capacity to perceive the affective state of the infant and to respond with behaviours that
correspond to the perceived affect. This process mainly occurs below consciousness.

In this framework, the mother’s mindfulness capacity could play a relevant role.

The wide literature on mindfulness claims that we connect better with others if we are aware of and connected
with our own inner experience (Snyder et al., 2012). A mindfulness practice is suggested to favour this process. By
this practice, we learn to strengthen non-reactive and non-judgmental awareness of present-moment experience
(Kabat-Zinn, 1994), so promoting our overall intrapersonal awareness (Lutz et al., 2006; Vago & David, 2012). The
better connection with the inner experience leads the mind to an improved dynamic state, which enhances
interpersonal connection during social interactions, resulting in a better dyadic adult-adult synchrony (Haas &
Langer, 2014).

We supposed beneficial effects of mindfulness also on mother-infant synchrony. Based on the innovative idea
that mindfulness, while promoting the mother’s connection with her own inner world (Siegel, 2007), would promote
maternal attunement with the infant states, we hypothesized to find a better bio-behavioural synchronous dyadic
interaction in dyads with mothers with higher mindfulness abilities.

SCIENTIFIC RESULTS AND IMPACT
Study 1. “Maternal dispositional mindfulness and mother-child relationship: the mediating role of
emotional control during parenting”

Study aims. To give a further contribution to the literature on mindfulness and parenting we firstly
conducted an online study to explore the association between maternal mindfulness and emotion regulation during
parenting. The aim of this study was to investigate whether emotion regulation during parenting, i.e., the ability to
control negative emotions, mediated the association between parental dispositional mindfulness and parent-child
relationship quality. The study also explored the moderation role of child age on the association between parental
dispositional mindfulness and parent’s ability to control negative emotions during parenting.

Participants and instruments. Participants were 635 mothers of children aged between 12 months and 5
years recruited online following a snowball procedure. Mothers completed the Five Facet Mindfulness
Questionnaire-Short Form (FFMQ-SF; Wilkinson & Hao, 2021) to measure maternal dispositional mindfulness, the
Maternal Postnatal Attachment Scale (MPAS; Condon & Corkindale, 2007) to assess the quality of mother-child
relationship, and the five items of the Parents’ emotional lack of control subscale of the Parent Emotion Regulation
Scale (PERS; Pereira et al., 2017) to measure maternal control of negative emotions during parenting.

Main findings. Results showed that maternal ability to control negative emotions during parenting partially
mediated the association between maternal dispositional mindfulness and mother-child relationship quality.
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Moreover, the moderation role of child age indicated that the association between maternal dispositional
mindfulness and maternal ability to control negative emotions during parenting was stronger for older children’s
mothers (see Figure 1 and Table 1).

Mothers who were more aware of what happens moment-by-moment in the surrounding environment and
who paid more attention to their own internal images, thoughts, sensations, and emotions, accepting them without
judgment and without getting taken over by it, all aspects directly related to mindfulness (Kabat-Zinn, 2003),
reported a better relationship with their child. Moreover, this study highlighted the role of lack of emotional control
during parenting in explaining the association between maternal dispositional mindfulness and the quality of
mother-child relationship. Mothers with high dispositional mindfulness reported better ability to control their
negative emotions during parenting, and this was associated with higher quality of mother-child relationship.
Because mindfulness refers to the ability to pay attention and to be connected to own here-and-now thoughts and
emotions, non-judging and non-reacting to them (Kabat-Zinn, 2003), our findings showed that these abilities are
associated with better capacity of the mother to control and manage emotions in front of the child when they are
sad, anxious and upset. Through these mechanisms, a more mindful mother could act consciously rather than
reacting automatically (Snyder et al., 2012). Maladaptive emotional reactions may decrease and the mother’s
ability to notice and understand child's needs and signals more appropriately, attuning to them, may improve,
enabling the roots of a more functional relationship (Ainsworth, 1985).

Table 1. Results of the mediation model and moderated mediation model
Mediation Model: Direct Effects

Outcome Predictors p R2 SE t p
Mother-child relationship quality Maternal dispositional mindfulness .24 .40 .03 7.10 <.001
Lack of emotional control in parenting Maternal dispositional mindfulness -40 15 .04 -10.63  <.001
Mother-child relationship quality Lack of emotional control in -48 .40 .03 -1444  <.001
parenting
Total Effect Model
Maternal dispositional mindfulness = Lack of B R2 SE t p
emotional control = Mother-child relationship
quality
44 .20 .04 11.99  <.001
Indirect effects
B SE LLCI ULCI
Mediator: Lack of emotional control in parenting .19 / .02 .15 .24
Moderated mediation model:
Interaction
B R2-chng SE p
Maternal dispositional mindfulness X Child's Age -.07 / .0059 .03 .03
Figure 1. The Moderated Mediation Model.
Lack of Emotional
Control in Parenting
é
>
Maternal Dispositional Mother-child

Mindfulness , Relationship Quality

Relevance of the study’s findings. The present study suggests mindfulness is an important internal source
of support and a potential protective factor that allows the mother to better regulate her own emotions during
parenting, and to establish a good relationship with the child. This is very relevant for the aims of the research
project because confirms the importance to explore the association between emotion regulation during parenting
and maternal mindfulness. Further, the study suggested that mindfulness interventions should be offered to mothers
to maximize their ability to provide positive parenting and develop a good relationship with their children.
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This study was submitted to the journal “Child: Care and health development” with the title “Maternal
dispositional mindfulness and mother-child relationship: the mediating role of emotional control during parenting”
and it’s currently under second review.

Study 2. “The association of Maternal mindfulness with mother-infant behavioural and physiological
synchrony”

Study aims. The first research aim was to examine the association between maternal self-reported
dispositional and interpersonal mindfulness and the quality of observed behavioural mother-infant dyadic
synchrony. The second research aim was to examine the association between maternal self-reported dispositional
and interpersonal mindfulness and the quality of mother-infant physiological synchrony during the interaction. The
third aim was to explore the association between maternal self-reported dispositional and interpersonal mindfulness
and the neural activity of the mother during the interaction.

Participants and instruments. A total of 67 mothers participated at the first data collection conducted at 3
to 6 months. The money contribution for participating at the 3-to-6 months old session was paid with PI’s personal
funds. The mother and the infant seated face-to-face with the infant being in an appropriate seat, the video camera
directed on them to guarantee the recording of both faces and half bodies. They wore the sensors for breath, heart
rate all devices connected with the Encephalan system. Mothers and infants (only 6 months old infants) wore the
EEG cups during the interaction to collect mother and infant neural activity. Mother’s EEG cup was provided with
21 electrodes and infant’s EEG cup with 15.

After two minutes of resting data collection, the mother was asked to interact with the infant for 3 minutes as
she usually did.

Mother-infant observed behaviors were coded to compute dyadic coregulation — defined as a process in
which interactive partners change dynamically and mutually their behaviors based on each other (Fogel, 1993) -
using the Revised Relational Coding System (Fogel et al., 2003). To examine behavioral dyadic attunement during
the interaction the relative duration across the interaction of symmetrical (shared attention and affect) and
unilateral(only one partner is leading the interaction) dyadic co-regulation were computed.

Mother and infant physiological activity was examined by the Respiratory Sinus Arrhythmia index. To
measure physiological activity of both partners we choose the Respiratory Sinus Arrhythmia index. RSA refers to
the heart rate variability that corresponds with the natural respiration cycle, mainly controlled by the vagus nerve
(Porges, 2007). RSA magnitude estimation was obtained using the Porges and Bohrer (1990) technique, in order to
compare dynamic changes in physiological regulation of infants and mothers, we extracted RSA for infant and
mother with a 20- sec sliding window (Abney et al 2021).

Mothers’ and infants’ neural activity was collected with the instrument "ENCEPHALAN-EEGR-19/26"
(version E_1863 OM, Medicom MTD Ltd). Simultaneous neural activity of the mother and the infant was
collected. Data editing was completed offline using Beta version of ENCEPHALAN-EEGR-19/26 (Medicom Ltd).
Preprocessing was computed with EEG-LAB.

Mothers completed a series of questionnaires assessing their dispositional (FFMQ; Five-Facet Mindfulness
Questionnaire; Baer et al. 2006) and interpersonal (IMP; Interpersonal Mindful Parenting scale; Duncan, 2007)
mindfulness.

Main Findings. Three months’ data were analysed using a Bayesian approach. Several models were tested,
and effects were compared. Data consisted in 570 observations (one each 20 seconds of available behavioural and
physiological data). Variables consisted in maternal RSA, infant RSA, dispositional mindfulness, interpersonal
mindfulness, and behavioural variables.

Firstly, predictors of maternal RSA were examined considering the role of mindfulness and infant’s RSA.
Two models reached the same quality with the best evidence ratio (see Table 2). The first model (M09a) included
the interaction between IMP total score (interpersonal mindfulness) and infant RSA. The effect of the interaction
showed (see Figure 2) that RSA of mothers with higher interpersonal mindfulness during parenting was more
influenced by infant’s RSA when the infant’s had higher RSA and less influenced when the infant’s had lower
RSA. The second model (M10a) included the interaction between FFMQ total score (dispositional mindfulness and
infant RSA). The effect of the interaction showed (see Figure 2a) that RSA of mothers with higher dispositional
mindfulness was more influenced by infant’s RSA when the infant’s had higher RSA and less influenced when the
infant’s had lower RSA (see Figure 2b). Results showed that maternal mindfulness, both interpersonal and
dispositional mindfulness, allowed a better physiological synchrony with the infant. When the infant was more
engaged in the interaction (higher RSA values) mothers also engaged more by increasing their RSA. When the
infants were more stressed (decrease in RSA) mothers with higher mindfulness tried to maintain a more relaxed
physiological activation to support infant’s regulation of distress.
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Table 2. Model’s summary (outcome mother’s RSA) including model’s LOO, with relative standard errors,
model weights (W) and R2.

model LOO SE W R2
M09a RSAb x IMPtot6m + (1 | ID) 600.3 42.6 0.229 0.92
M10a RSAb x FFMQtot6m + (1 | ID) 600.3 43.3 0.219 0.92
MO06a RSAb + FFMQtotébm + (1 | ID) 601.0 43.4 0.158 0.92
MOla RSAb + (1 | ID) 601.5 43.0 0.121 0.92
MO5a RSAb + IMPtot6m + (1 | ID) 601.9 42.9 0.102 0.92

Ml1la RSAb x IMPtot6m + Intervalsec + (1 | ID)  602.7 42.6 0.066 0.92
M12a RSAb x FFMQtot6m + Intervalsec + (1 | ID) 602.9 43.3 0.062 0.92

M04a RSAb + Intervalsec + (1 | ID) 603.6 43.1 0.044 0.92
MO07a FFMQtot6m + Intervalsec + (1 | ID) 761.2 45.6 0.000 0.88
M08a IMPtot6m + Intervalsec + (1 | ID) 761.2 45.4 0.000 0.88
M02a IMPtot6ém + (1 | ID) 772.5 48.1 0.000 0.88
MO00a (1 | ID) 772.6 48.1 0.000 0.88
MO03a FFMQtot6m + (1 | ID) 772.8 47.7 0.000 0.88

Figure 2 a and b. Expected results of the interactions of a) model 09a and b) model 10a. RSAb = Infant’s
RSA, RSAm = Mother’s RSA, IMP = Interpersonal mindfulness total score, FFMQ = Dispositional mindfulness
total score.
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With a different set of models and a multivariate approach, we explored the effects of mindfulness and
mothers and infants’ physiological activation on behavioural synchrony (proportional duration of symmetrical co-
regulation and of unilateral co-regulation). Models’ indexes are summarized on Table 3.

Two models reached the same quality with the best evidence ratio (see Table 3). The first model (M07b)
included FFMQ total score (dispositional mindfulness) and time as significant predictors. As shown on figure 3a
dyads with mothers who reported higher dispositional mindfulness spent less time in moments when the infant and
the mother were not focused on the same activity, but only one component of the dyad was involved in the
interaction while the other was passive (lower unilateral co-regulation).

The second model (M08b) included IMP total score (interpersonal mindfulness) and time as significant
predictors. As shown on figure 3b dyads with mothers who reported higher interpersonal mindfulness spent more
time on moments when the mother and the infant were focused on the same activity and shared the same affect
(higher symmetrical co-regulation).

Both results showed that maternal mindfulness, interpersonal and dispositional mindfulness, allowed a better
behavioural synchrony with the infant. Dyads with mothers who reported higher mindfulness spent more time in
moments of shared attention and affect.

Table 3. Model’s summary (outcomes symmetrical co-regulation and unilateral co-regulation) including
model’s LOO, with relative standard errors, model weights (W) and R2.
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R-squared
model LOO SE W SymtotDR UniltotDR
MO7b FFMQtot6m + Intervalsec + (1|ID) -13027.8 510.4 0.367 0.32 0.37
MO8b IMPtot6ém + Intervalsec + (1|/ID) -13027.2 510.4 0.267  0.33 0.37
MO5b RSAb + Intervalsec + (1|ID) -13025.2 510.6 0.096  0.32 0.36
M14b FFMQtot6ém x RSAb + Intervalsec + (1|ID) -13024.8 510.5 0.081  0.33 0.38
MO06b RSAm + Intervalsec + (1|ID) -13024.3 510.5 0.062  0.32 0.26
M16b FFMQtot6ém x RSAm + Intervalsec + (1|ID) -13022.7 510.3 0.029  0.33 0.37
M18b RSAm x RSAb + Intervalsec + (1|ID) -13022.1 510.4 0.021  0.34 0.36
MO04b IMPtot6ém + (1|ID) -13021.5 510.6 0.015  0.30 0.37
MO00b (1|ID) -13021.3 510.7 0.014  0.30 0.36
M15b IMPtotém x RSAb + Intervalsec + (1|/ID)  -13021.1 510.50.013  0.33 0.37
MO03b FFMQtotém + (1|ID) -13020.5 510.6 0.009  0.30 0.37
M17b IMPtotém x RSAm + Intervalsec + (1/ID) -13020.0 510.6 0.007  0.33 0.37
MO09b FFMQtot6ém x RSAb + (1|ID) -13019.8 510.7 0.006 0.31 0.38
MO1b RSAb + (1]ID) -13018.7 510.8 0.004 0.30 0.36
MO02b RSAm + (1|ID) -13018.5 510.7 0.003 0.30 0.36
M11b FFMQtot6ém x RSAm + (1|/ID) -13017.5 510.5 0.002  0.31 0.37
M13b RSAm x RSAb + (1|/ID) -13016.1 510.5 0.001  0.31 0.37
M10b IMPtotém x RSAb + (1|ID) -13015.3 510.8 0.001 0.31 0.37
M12b IMPtotém x RSAm + (1]ID) -13014.0 510.7 0.000 0.30 0.37

Figure 3 a and b. Expected results of the interactions of a) model 07b and b) model 08b. IMP = Interpersonal
mindfulness total score, FFMQ = Dispositional mindfulness total score.
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Preliminary analyses on mother’s neural data were computed for 34 dyads at 6 months of age. We will
describe preliminary findings, that will be completed in the next month, these results while not all statistically
significant evidenced a tendency interesting to explore with more detailed analyses. We explored differenced in the
alpha, beta, gamma, theta power between the left (T3) and the right (T4) brain splitting mothers in two groups:
mothers with high mindfulness (FFMQ above the mean) and mothers with low mindfulness (FFMQ below the
mean). Because the two hemispheres are thought to be asymmetrically involved in many attentional, cognitive and
emotional functions, lateralization of brain function allows hemispheres to specialize to different mental functions
thus, lateralization of mental functions and hemispheric specialization may provide basis for optimized emotional
and cognitive functioning and contribute to successful social behaviours. In general, results evidenced a greater
lateralization of brain activity in mothers with higher mindfulness. During the interaction these mothers showed a
significant differences in the activity of the two hemispheres, while mothers with low levels of mindfulness showed
a similar activity. This was particularly evidenced for the alpha and gamma power (see Figure 4 and 5
respectively).

Lower levels of alpha power are understood to reflect greater neural activation, as alpha is inhibitory with
respect to cortical network activity (Allen, Coan, & Nazarian, 2004). Thus, in mothers with high mindfulness the
asymmetry evidenced more left frontal activity (Hemisphere effect: F=2.50, p=.08). Greater left than right
prefrontal cortex activation has been previously observed during approach-oriented behaviour and reactivity of
positive emotions and emotion regulation efficacy (Dennis & Solomon, 2010; Choi et al., 2016; Wang et al., 2018).

A significant effect of hemisphere was also found for gamma power (Hemisphere effect: F=4.12, p=.05) with
high mindfulness mothers showing a greater activation in the gamma band in the right hemisphere. Gamma is
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modulated by sensory input and internal processes such as working memory and attention. Previous studies
evidenced a greater activity in the right hemisphere while processing positive emotions and during cognitive tasks.
Results suggest that mothers with high mindfulness are processing emotions deeper and more cognitively focused

than mothers with low mindfulness.

Figure 4 a and b. Representation of the alpha power in the left and right hemisphere for mothers with high

and low mindfulness-
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Figure 5 a and b. representation of the gamma power in the left and right hemisphere for mothers with high

and low mindfulness.
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Relevance of the study’s findings. Results evidenced an association among mindfulness and behavioural
and physiological synchrony and neural maternal activity. Specifically, mothers with higher interpersonal and
dispositional mindfulness were able to synchronize their physiological activity with the infant in order to keep the
social engagement during the interaction and to function as an external regulator during emotional reactions. The
ability of more mindful mothers to keep a positive activation during moments of negative emotional expressions
was evidenced. This is particularly important during infancy when the infant needs the adult’s help to regulate
his/her emotions. Moreover, dyads with more mindful mothers were more able to attune their affective and
attention behaviours, evidencing more behavioural synchrony. At the same time, the neural activity of high mindful
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mothers evidenced a high hemispheric specialization, thus an optimized emotional and cognitive functioning
indicating motivation to social engagement during the interaction and a high cognitive processing of emotions.
The positive effect of mindfulness, both at a dispositional and interpersonal level, on bio-behavioural aspect
of dyadic interactions at such early ages informs future interventions aimed at promoting positive mother-infant
interactions.
Preliminary results of this study were illustrated during various national and international conferences and a
manuscript is about to be submitted.

Study 3. “The effectiveness of a mindfulness training in improving mother-infant bio-behavioural
synchrony”

Study aims. The main aim of this study was to test the efficacy of a mindfulness-based intervention in
improving mother-infant bio-behavioural synchrony, maternal well-being and general maternal mindfulness
abilities. We expected to find an improve in maternal mindfulness, maternal well-being, in shared affect and
attention during the interaction (behavioural synchrony) and mother-infant physiological synchrony and neural
activity of prefrontal lobe.

Participants and procedure. Eighty-three mothers participated at the 9 months old session (T0), of those 66
agreed to participate to the project (agreed to come again at T1) and were randomly assigned to the control or
intervention group (41 to the intervention and 25 to the control group). A second session (T1) was organized 5
weeks after the 9 months session for the post-test. A total of 51 dyads participated at the T1 session (33 of the
intervention group and 18 of the control group). Sixteen dyads dropped out for several personal reasons (not
possibility to come to the appointment, the infant was sick, the mother changed her mind about the participation).
Questionnaires at T1 were compiled by 36 mothers of the intervention group and 18 of the control group.

All the experimental sessions followed the same experimental procedure (see Study 2): the mother-infant
interaction followed by a resting state data collection.

The intervention was composed by 5 audio sessions focused on five areas of mindfulness: 1) mindful
breathing, 2) Body scan, 3) mindful walking, 4) focus on the present moment, 5) mindful kindness. Mothers were
asked to listen to each audio twice during the week. Each audio was sent to the mother with WhatsApp message
including a brief introduction. Emotional reactions to the experience of the intervention were collected after each
session with an online survey. Control group mothers were provided with the audio after the post-test experimental
session.

Mothers completed a series of questionnaires assessing their dispositional (FFMQ); Five-Facet Mindfulness
Questionnaire (Baer et al. 2006) and interpersonal (IMP; Mindful Parenting scale (Duncan, 2007) mindfulness
before and after the intervention. To those questionnaires we also added questionnaires assessing maternal well-
being such as the Parenting stress Index (Abidin et al, 2008) and the Edimburgh post-natal depression scale (EPDS;
Cox et al, 1987).

Mother-infant physiological and neural activity were collected and analysed following the same procedure of
Study 2. Mother’s and infant’s behaviours were coded using the Infant and Caregiver Engagement System (ICEP,
Tronick, 1978). The coding system allows affective behaviours <of the mother and of the infant to be coded
according to their valence. Co-occurrences of each pair of mother’s and infant’s behaviours were computed using
the program GSEQ to explore affective dyadic synchrony.

Main Findings. The effectiveness of the intervention was evaluated firstly on maternal mindfulness abilities
and on maternal well-being assessed with questionnaires. Differences among intervention and control group before
(TO) and after the 5 weeks intervention (T1) were examined with General Linear Models.

Results evidenced that mothers who participated to the intervention, and not mothers of the control group,
reported higher IMP total scores (interpersonal mindfulness during parenting) at T1 compared to TO (t=1.99, p =
.05), see Figure 6. This was particularly evidenced for the self-regulation during parenting scale of the IMP
questionnaire (t = -2.20, p = .03). No significant improvement was reported for dispositional mindfulness (FFMQ
total scores) (t = 1.20, p =.29). The only significant improvement was reported for the ability of the mother to
observe and be aware of her internal experience (FFMQ observe scale) (t = -2.46, p = .02) (see Figure 7a and 7b).

Figure 6. Interpersonal mindfulness during parenting total score before and after the intervention (TO and T1)
in the intervention group (blue line) and in the control group (yellow line).
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Mothers of the control group reported an increase in parenting stress (typically found with children growth)
while mothers who participated at the intervention reported a slight reduction (t =-1.19, p =.04). Similar close to
be significant results were found for maternal depressive symptoms (t = 2.01, p =.05) with a decrease of symptoms
in the intervention group.

Linear mixed models were applied to explore variations of maternal, infant’s and dyadic behaviours before
and after the intervention in the intervention and control group. Several differences were found. Concerning
individual behaviours, infants of the intervention group decreased the total time of look away from the mother (t=
2.19, p=.035) and increased the time spent looking at the mother (t=-1.52, p=.05) more than infants of the control
group. This decrease in self-regulation and increased in attention directed to the mother in infants of the
intervention group indicates a greater participation to the interaction of these infants after the intervention.
Concerning dyadic behaviours, both groups reduced the quantity of time spent in shared neutral attention, but the
decrease of the intervention group was deeper (t=1.67, p=.02). On the other way, dyads of the intervention group
increased more the time spent in shared neutral affect with positive mothers’ vocalization (t=2.15, p = .03). This
indicates that mothers who received the intervention reduced the time they looked at the infant without engaging in
positive interaction and increased the time spent vocalizing to the infant while the infant was looking at them. No
significant differences were found for the time spent sharing positive affect, this variable increased for both groups
over time.

Physiological and neural data analyses is still going on. We will explore the differences across time and
across groups of the association between infant’s and mother’s physiological activation. We are preprocessing
neural data, and we will examine the variations of maternal affective areas activations before and after the
intervention. Results will be ready by the end of February.

Relevance of the study’s findings. Preliminary results evidenced a significant effect of the mindfulness
intervention in promoting maternal well-being and the quality of mother-infant interaction. Dyads who participated
at the intervention group were more able to engage in shared interaction, the infants were more focused on the
mothers and less on the environment, the mother were more focused on attracting infant attention with the aim to
share attention and affect.

An abstract of this study was accepted to participate to a special issue "From Social Wires to
Neurobiological Connections: A Neuropsychobiological Focus on Parent-Child Interaction” of the international
journal Frontiers in Behavioural Neuroscience. The special issue includes studies exploring the neurobehavioral
aspects of mother-infant interaction. Submissions are due by the end of January.

General conclusions
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All the conducted studies contributed to understand the importance of maternal mindfulness abilities on the
quality of mother-infant interaction at early ages. Maternal mindfulness does not only impact on individual ability
to be aware of own interval emotional experience, but also improves the ability of the mother to connect with the
infant’s experience during the interaction. Because mother-infant interactions, especially during the first year of
life, establish the roots of infant emotional competencies, we know that improving maternal mindfulness might
have long term positive effects on infant socio-emotional development. Thanks to the generous support from the
BIAL Foundation we were able to implement several advanced protocols in our laboratory which allowed to collect
a big amount of data and the analysis of those data will go on in the following months allowing to explore deeper
the link between mindfulness and mother-infant interaction.

DEVIATIONS FROM RESEARCH PLAN

The COVID-19 pandemic severely impacted on data collection. The 2021 was still a year full of contagious
and mothers were highly preoccupied about it. This limited the possibility to recruit infants for several months and
delayed the participants’ recruitment. This is also the reason why we conducted firstly Study 1, the online survey
was easier to accomplish during such a critical period. At the same time, we used this time to improve our Lab
equipment and to test the experimental procedures. The delay in participants recruitment affected data collection
and data analyses. We were able to complete data collection later than expected, for this reason data analysis is still
going on and we will complete it in the following months.

The original research project included data collected with EDA sensors. The EDA sensor must be applied on
the mother’s hand. After few participants we realized that the free-play interactions were characterized by too many
hand movements and asking to mothers to limit their movements would have limited the spontaneous
characteristics of the interaction. We therefore decided to exclude EDA data collection.

The original research project planned to collect 60 mother-infant dyads. We decided to involve more mothers
in order to amplify the power of our data collection. However, the total number of dyads who have the full data at
TO and T1 is lower than expected. This is due the normal dropout that often happens in longitudinal studies.

Lastly even if we asked an extension of the project due to the maternity leave of the PI we still need time to
complete the writing of papers (Study 1 is under second review, Study 2 in about to be submitted, Study 3 will be
submitted by the end of January 2024) and the elaboration of neural data (Study 1 infant’s neural data and Study
3’s neural and physiological data are still under analyses and will presented in an independent paper). This was
because we decided for the first time ever, to collect several types of data (observation of behaviours, physiological
data, neural activity) at the same time during naturalistic observation of mother-infant interaction, and the
elaboration of those data required the work of many people and long time.

PUBLISHED PROJECTS WORK
Table highlighting the differences between expected and achieved output indicators

Expected and achieved output indicators (number of actions)

Output indicators Expected (.acc.o rding to Achieved
application)
. 1 PhD student will defend at the end
PhD thesis of 2024
Master’s thesis 4 4
Organization of seminar or 2 2 (see note)
conference
Book 0
Book chapter 0
Conference presentation 2 12
Conference paper 0 0
Journal article 2 é isrllll;)r;g;eri tion
Other (specify)

Note: To promote research-informed policies and practice we realized materials focused on the importance of
mindfulness in improving maternal attunement with the infant and the quality of synchrony in child development.
All the mothers who participated at the studies received this material. The mindfulness practices will be shared with
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the population with the aim to let more people enjoy the benefits of the practices.

We conducted several meetings with high school students during which we exposed the beneficial effects of
mindfulness, and we promoted awareness and its application for well-being for adults, for children and for
adolescents.

The projects preliminary and final findings have been disseminated nationally and internationally during
several conferences.
Posters and oral communications presented during national conferences:

e  Spinelli et al. (2022). The role of bio-behavioural dyadic synchrony in the development of 3-months-old
infant’s emotion regulation abilities. Oral communication. XXX Edition AIP (Italian Association of Psychology)
conference 2022, Padova, Italy

e Logrieco, ...Spinelli et al. (2022). Mother-infant bio-behavioural synchrony: associations among
behavioural, physiological and neural synchrony during face-to-face interactions at 3 months of infant age. Oral
communication. XXX Edition AIP (Italian Association of Psychology) conference 2022, Padova, Italy

e  Passaquindici, ...Spinelli et al. (2022). The effect of Mindful Parenting and Parental Dispositional
Mindfulness on the quality of dyadic coregulation. Poster. XXX Edition AIP (Italian Association of Psychology)
conference 2022, Padova, Italy

e Nardozza O., Passaquindici I., Garito M.C., Perfetto M. (2023). Maternal mindfulness and mother-infant
relationship: the mediting role of emotion regulation during parenting. Poster. XXXV Edition AIP (Italian
Association of Psychology) conference 2023, Foggia, Italy

e  Spinelli, M, Logrieco, M.G., Passaquindici, I. (2023). Insync physiological and neural synchrony during
mother-infant interaction: the role of maternal mindfulness. Oral communication. XXXV Edition AIP (Italian
Association of Psychology) conference 2023, Foggia, Italy

e Logrieco, MG., Parrotta, E., Zaccaro, A., Persico, M., Guerra, G., Ferri, F., Fasolo, M., Spinelli, M (2023).
InSynchReg. Is interoception a marker of emotional regulation in infancy?. Oral communication. XXXV Edition
AIP (Italian Association of Psychology) conference 2023, Foggia, Italy

Posters and oral communications presented during international conferences:

e  Spinelli M., Lionetti F., Lo Grieco M.G., Passaquindici I., Sperati A., Fasolo M. (2023). Mother-infant bio-
behavioural synchrony and risk: Maternal well-being, infant environmental sensitivity, and dyadic synchrony. Oral
communication. WAIMH 2023 -18th World Congress of the World Association for Infant Mental Health, 15-19
July 2023, Dublin

e Passaquindici ., Logrieco M.G., Gigliotti G., Nardozza O., Nicoli L., Guerra G.C., Spinelli M. (2023)
“From inner to dyadic connection: effect of a mindfulness-based intervention on mother-infant dyadic synchrony”.
Poster. WAIMH 2023 -18th World Congress of the World Association for Infant Mental Health, 15-19 July 2023,
Dublin

e Logrieco, M.G., Lionetti, F., D’Urso, G., Fasolo, M., Spinelli, M. (2023). Biobehavioral synchrony during
mother-infant face-to -face interactions at 6 and 9 months of infant age. Oral communication. WHAIM 2023-
World Association for Infant Mental Health, Dublin, Ireland.

e Logrieco, M.G., Spinelli, M., D’Aloia, V., Lionetti, F., Sperati, A., Passaquindici, I., D’Urso, G., Fasolo,
M. (2023). The role of Infant Directed Speech on mother and infant’s emotional regulation. A physiological
perspective. Oral communication. ECDP 2023 — European Conference on Developmental Psychology, Turku,
Finland.

e Passaquindici 1., Nardozza O., Logrieco M.G., Garito C., Fasolo M., Lionetti F., Spinelli M. (2023) “From
inner to dyadic connection: effect of a mindfulness-based intervention on mother-infant behavioral and
physiological dyadic synchrony”. I-CEPS 2023 - International Congress on Evidence-based Parenting Support, 6-8
June 2023

e Logrieco, M. G., Spinelli, M., Sperati, A., Fasolo, M., Garito, M. C., Gigliotti, G., Guerra, G., Nicoli, I.,
Ponzetti, S., Lionetti, F. (2022). The roots of emotion regulation development in dyadic synchrony: the moderating
role of Environmental Sensitivity. ISSBD 2022 - International Society for the Study of Behavioural Development,
Biennal Meeting

The PI was also chair of the following symposiums:

e  Spinelli, M. (2022). Physiological correlates of emotion regulation competence across ages and relational
contexts. XXX Edition AIP (Italian Association of Psychology) conference 2022, Padova, Italy

e  Spinelli M. Provenzi L. (2023). Neural and physiological correlates of parent-infant interaction: the role of
individual factors. XXXV Edition AIP (Italian Association of Psychology) conference 2023, Foggia, Italy
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Manuscripts submitted, and in preparation:

e Passaquindici, I., Nardozza, O., Sperati, A., Lionetti, F., D’Urso, G., Fasolo, M., Spinelli, M. (under second
review). Maternal dispositional mindfulness and mother-child relationship: the mediating role of emotional control
during parenting. Child: Care, Health and Development.

e Passaquindici, I., Nardozza, O., Lionetti, F., D’Urso, G., Fasolo, M., Spinelli, M. (under preparation). From
inner to dyadic connection: The effect of mindfulness on mother-infant bio-behavioural synchrony. Frontiers in
Behavioural Neuroscience.

e Passaquindici, I., Logrieco, M.G., Pastore, M., Spinelli, M. (under preparation). Maternal mindfulness and
behavioural and physiological attunement during mother-infant interaction. Mindfulness.

FUTURE PLANS AND SUSTAINABILITY

The possibility to conduct and realize this project was a great opportunity for the PI at a critical stage of her
career, and for the full team. The PI got promoted to associate professor also thanks to this opportunity and she
decided to form a specific lab intended to focus on parents named CARE-Lab “Laboratory for parenting support”.

The PhD students, master students and bachelor students who participated at the data collection learned a lot
about how to conduct research in developmental psychology. The dissemination of the project allowed the lab to
strengthen collaborations with several territorial institutions (such as hospitals, paediatricians, kindergartens etc)
and to let the Lab be known as an excellence in the field. Many parents are now contacting us asking to participate
to our projects and asking for support when needed.

We evidenced for the first time the importance of maternal mindfulness on the quality of mother-infant
interaction from a bio-behavioural perspective. Our findings are important because mindfulness interventions such
the one we tested are easy to realize, could reach a high number of people and could have a great impact on the
population.

We are doing our best to maximize the impact of our data collection. We contacted other national and
international researchers expects in neural data analyses with the aim to explore deeper the link between
mindfulness and neural activity. We are interested to see what areas of mother’s brain are more or less activated
during the interaction with the infant according to maternal mindfulness and to behavioural synchrony. This would
further contribute in understanding the link between mindfulness and mother-infant communication.

We will use what we learned to plan future projects aimed to maximize the help for parents. We are
developing new ideas such as the possibility to test the efficacy of our intervention for pregnant women with the
aim to improve mindfulness during a crucial and critical moment such as pregnancy.

The project did not end here. We are keeping contacts with mothers, and we are testing other outcomes at
further ages. We are inviting mothers to come again to the lab at 18 months of infant to participate to the Strange
Situation Procedure (Ainsworth & Bell, 1970) to assess mother-infant attachment (Bowlby, 1969) and mothers are
asked to complete several questionnaires on infant’s socio-emotional competences. All these variables will be
considered as long-term outcomes of our intervention. We expect to find mothers with high mindfulness (and
particularly those who participated to the intervention) to have secure attached children and children with less
socio-emotional difficulties.

Chieti, Italy, December 26, 2023

Prof. Maria Spinelli
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