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What can we learn from such parent-
child interactions about child
development and the parent-child
(and parent-parent) relationship?

How can we look beyond what is
observable in parents’ and children’s
behaviour and what they can / want
to tell us about their interaction?





Relational Neuroscience

Explores the dynamics of
behavioural and neurophysio-
logical patterns that underlie
human connections, from
immediate joint experiences to
enduring social bonds.

An interdisciplinary field that
focuses on understanding
how our brains and bodies
function within the context
of relationships.



From One Brain To Several Brains



Sequential Versus Hyperscanning 



Sequential Versus Hyperscanning 



               

          

         

            

               
        

           

             

             

                

          

       

            

           

            

                 

      

         

           

             

             

             

           

Beyond Brain Activity 



Different Real-World Social Scenarios

             

  
 
 
 
  
 
 
 
 
 
 
 
  
  

 
 
 
 
 
 

                    

               

       

                   

               

                     

                 

            

            

                

           

                 

                  

               

                   

               

          

                  

          

                      

       

                

        

           

            

              

             

               

         



Synchrony



• How…?
• Why…?
• What…?

Synchrony



How…?



How…?



Mohammadi-Nejad et al., 2018

Brite MKII, Artinis Medical Systems,

The Netherlands, www.artinis.com

How…?



Wavelet Transform 
Coherence (WTC) 

Analysis

How…?

Cui et al., 2012



WTC measures how strongly two individual brain
signals “correlate” at specific frequencies

Wavelet Transform Coherence (WTC)

WTC doesn’t distinguish between different phase
relationships (in-phase, shifted, opposite phase)

WTC frequencies of interest are usually in the range
of 10-50 period seconds (and thus rather “slow”)

WTC therefore cannot give good indication of
leader-follower relationships

How…?



Communication
(Dumas, 2011; Hasson et al., 2012)

Social Learning
(Pan et al., 2020; Shamay-Tsoory, 2022)

Mutual Prediction
(Hamilton, 2021; Hoehl et al., 2021)

Attachment, Bonding 
& Co-Regulation

(Feldman, 2017; Atzil et al., 2018)

Why…?



Mutual Prediction Theory (Hamilton, 2020)

“The requirement to predict one’s partner and perform one’s 
own action is essential to a fluent social interaction.”

“Each individual in a social interaction has brain systems
that control their own behavior as well as brain systems that 
predict the behavior of their partner. When prediction 
mechanisms that operate within the brain of a single individual 
are engaged in two people who mutually predict each other, this 
can give rise to signals that are coherent across the two brains.”

Why…?



Synchronizing benefits arise from an increased predictability 
of incoming signals and include many positive outcomes 

ranging from basic information processing at the individual 
level to the bonding of dyads and larger groups.

Why…?



Why…?



Why…?



Due to the way (naturalistic)
fNIRS hyperscanning experi-
ments are set up, they are
inherently correlational

We cannot (and should not)
make any causal claims
about the role of interbrain
synchrony for human social
interaction

Studying interbrain syn-
chrony is still relevant,
interesting and meaningful

What…?



What…?

“Too low”

Lack of engagement, low 
quality interaction, poor 
mutual understanding

“Optimal”

Best amount of synchrony 
for reciprocal, mutual 

interactions with highest 
interaction outcomes

“Too high”

High intrusiveness, 
overstimulation and/or high 
(cognitive) effort needed for 

sustained interaction







Participants: Forty mothers (mean age 36.37 years; SD
= 4.51 years; range = 28–47 years) and their preschool
children (20 boys and 20 girls; mean age 5;07 years;
s.d. = 0;04 years; range = 4;11–6;01).





Mother-child dyads showed significant
interpersonal neural synchrony during
verbal conversation (compared to artificial
dyads – control for spurious correlation).

Interpersonal neural synchrony in mother-
child dyads increased with conversation
duration. This may reflect constant re-
synchronisation processes.

Interpersonal neural synchrony increased
most in those dyads who showed highest
verbal turn-taking, implying a high level of
mutual attention and adaptation.





Participants (two samples):
• 42 mothers (36.26+/-4.81, 28–

46 years) and their preschool
children (19 boys and 23 girls;
5;08 +/- 0;04 years; range =
5;00–6; 01).

• 66 fathers (39.2+/-5.17 years)
and their preschool children
(5.32+/-0.31 years; 31 girls)





→Mother-child interpersonal
neural synchrony (WTC)
positively correlated with the
amount of turn-taking /
behavioural reciprocity



→Mother-child interpersonal
neural synchrony (WTC)
positively correlatd with
behavioural cooperation
success / number of puzzles
solved



→Mother-child interpersonal
neural synchrony (WTC)
positively correlated with
child agency / how much
children were allowed to
take the lead



What about father-
child dyads…?

X X X
Interpersonal neural synchrony in
father-child dyads was positively
correlated with fathers’ caregiving
beliefs – suggesting a link to father
involvement.





Participants:
One-hundred forty parents
(74 mothers; M=38.10
years, SD=4.63 years) and
their biologically related
preschool children (60 girls;
M=5.33 years, SD=0.29
years)

Adult Attachment Interview 
and Picture Based Story 

Completion Task in Children



Father-child dyads showed 
higher interpersonal 

neural synchrony than 
mother-child dyads



Father-child dyads showed 
lower behavioural 

synchrony (turn-taking) 
than mother-child dyads



If synchrony in one interaction component is
lower (behaviour), synchrony in another
interaction component (brain activity) may
need to be higher to ”compensate”.

For certain task (and, more broadly
interaction and relationship) elements, such
an adjustment may be necessary, adaptive
and meaningful.

However, the increased interpersonal neural
synchrony could also reflect increased
cognitive effort and sustained attention
needed to maintain the interaction.



Mother-child dyads within 
which mothers were 

classified as insecure 
(versus secure) in their

attachment 
representations showed 

higher interpersonal 
neural synchrony.

Adult Attachment Interview 
and Picture Based Story 

Completion Task in Children



If synchrony in one interaction component is
lower (behaviour, attachment security), synchrony
in another interaction component (brain activity)
may need to be higher to ”compensate”.

For certain tasks (and, more broadly interactions
and relationship) elements, such an adjustment
may be necessary, adaptive and meaningful.

However, the increased interpersonal neural
synchrony could also reflect increased cognitive
effort and sustained attention needed to
maintain the interaction.



More (interpersonal neural) synchrony may
not always be better. It should not be our
aim to increase synchrony indiscriminately
and at all times.



A quick outlook into the future

TRIO Studies

• Triadic synchrony (mum, dad, child)
• Neurodivergent children
• Children with experiences of early 

adversity, foster care & adoption



Practical Application



CHATS: Five elements of parent-and-baby 
communication that have been shown - by 
an extensive body of research - to lead to 

healthy brain development and optimal later 
life outcomes

• Cues

• History

• Attachment

• Talk

• Synchrony

Dr Amanda Lucas
Founding Director



CHATS: Five elements of parent-and-baby 
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an extensive body of research - to lead to 
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• Talk

• Synchrony

Coordination and attunement of behaviour and 
physiological responses during interaction

Bio-Behavioural Synchrony

Fundamental behavioural and biological 
mechanism for emotion co-regulation and building 

block for the emergence of a sense of self and 
others as well as self-regulation capacities 

associated with children’s secure attachment
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CHATS: Five elements of parent-and-baby 
communication that have been shown - by 
an extensive body of research - to lead to 

healthy brain development and optimal later 
life outcomes

• Cues

• History

• Attachment

• Talk

• Synchrony

Parental Sensitivity
Recognizing and understanding 
children's verbal and nonverbal 

cues (e.g., cries, facial 
expressions, and body language) 

and responding in a way that 
provides comfort, support, and 

reassurance

Parental Reflective Functioning
Understanding that oneself and 

others have mental states —
thoughts, feelings, desires, and 

intentions — that drive 
behaviour. Helps children 

develop and understand their 
own mental states.



CHATS: Five elements of parent-and-baby 
communication that have been shown - by 
an extensive body of research - to lead to 

healthy brain development and optimal later 
life outcomes

• Cues

• History

• Attachment

• Talk

• Synchrony

Mutual experiences connect 
parent & child, make 

interactions more predictable 
and enjoyable

Children learn to organise their 
own actions and reactions, and 

to gain control over their 
arousal levels (self-regulation)

Shows children that they can 
express their negative feelings, 
have them recognised, and feel 

better again with the parent



CHATS: Five elements of parent-and-baby 
communication that have been shown - by 
an extensive body of research - to lead to 

healthy brain development and optimal later 
life outcomes

• Cues

• History

• Attachment

• Talk

• Synchrony

As we have seen earlier, 
synchrony is not about 

parents being constantly 
present and attuned to 

their children. Synchrony 
is a constant “social 

dance” of
synchronisation, de-

synchronisation and re-
synchronisation, which 
builds children’s skills.  



CHATS: Five elements of parent-and-baby 
communication that have been shown - by 
an extensive body of research - to lead to 

healthy brain development and optimal later 
life outcomes

• Cues

• History

• Attachment

• Talk

• Synchrony

https://babygro.org/babygro-book



Additional resources

https://pvrticka.com/
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Additional resources

https://seasinternational.org/
https://seasinternational.org/explanations-of-attachment-theoretical-concepts/


Thank you

essex.ac.uk

Any Questions or Remarks?
Email: p.vrticka@essex.ac.uk

More Information:
Website: https://pvrticka.com/
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