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This literature review offers a comprehensive analysis of peer-reviewed research
pertaining to the science of brain development and its implications for healthy

child development. The review delves into three key aspects: (1) the science of
brain development in infants below 18 months, (2) the pivotal role of parents/
caregivers in communication development and attachment, and (3) the influence of
immersion and technoference on infant-caregiver relationships and early childhood
development. Examining socio-economic influences and other factors influencing
child development, the review emphasises the necessity for a preventive and early
intervention approach to infant mental health, attachment, and communication
development. Additionally, it addresses the impacts and challenges posed by
technoference. By critically exploring the caregiver’s role and the significance of
nurturing relationships in speech and communication, the paper highlights sensory
and linguistic play in infant communication development. This research underscores
the importance of caregiver-infant interactions for designing effective interventions,
particularly for families facing heightened challenges such as low socioeconomic
status.




Introduction
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The foundational period of infant
development predominantly occurs
within the home environment and is
primarily influenced by the quality

of careqgiving provided. Within the

first 18 months, cognitive and socio-
emotional skills undergo crucial
formative processes. Recent strides in
research have significantly augmented
our comprehension of the factors
influencing the maturation of the
developing brain. These encompass, but
are not limited to, parental sensitivity
and consistency, the prevailing home
environment, socio-cultural elements,
community support structures, and
overarching public policies (Scott

& Brito, 2022). This review paper
explores various dimensions of infant
development, with a particular focus
on brain development, early childhood
experiences, communication, caregiver
roles, relationships, attachment, and
the phenomenon of technoference.
Beginning with an overview of brain
development from birth to early
childhood, the paper discusses the
critical role of positive interactions with
caregivers and essential contributors
to optimal brain development such as
sleep, play, nutrition, and interaction.
Subsequently, it delves into the impact

of early childhood experiences on
lifelong health, behaviour, and learning
outcomes, emphasising the importance
of enriched environments and play in
fostering robust development. The paper
also examines effective communication,
caregiver roles, and the significance

of secure attachment relationships

in shaping children’s development

and well-being. Finally, it addresses

the concept of technoference and its
potential adverse effects on parent-child
interactions and emotional bonding.
Through this exploration, the paper aims
to shed light on the complex interplay
between caregiving, environmental
influences, and developmental
outcomes, highlighting the profound
significance of early experiences

in shaping human development
trajectories.
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The science of brain development is vital

for comprehending the complexities

of the human mind and has far-
reaching implications across various
domains. It provides insights crucial

for understanding early childhood
development, informing tailored
educational practices, and preventing
and addressing mental health issues and
neurological disorders (Gilmore et al.,
2018). This knowledge plays a pivotal
role in shaping public policies and social
services, ensuring effective support

for individuals with developmental
challenges and promoting overall well-
being across the lifespan. During the
first 18 months of life, infants experience
a period of rapid expansion and
maturation of the brain which forms the
foundation for future learning, behaviour,
health and overall development. This
period is characterised by the formation
of neural connections and pathways,
which are influenced by a child’s
experiences and interactions with their
environment (Tierney & Nelson, 2009).

The body’s main control centre is the
brain, and its functionality is driven

by the intricate connections among
the neurons present from birth (Stiles
& Jernigan, 2010). All the neurons it
will ever possess are already present
in newborn infants, and it is these
connections that enable various
activities such as movement, thinking,
and communication. It is during this
developmental phase that approximately
one million new synaptic connections
are crafted per second within the
brain, marking the most prolific period

of such growth (Cao et al., 2017) and
underscoring the significance of the
early years in shaping the intricate
neural network that governs the brain’s
functioning.

The brain’s development is influenced by
both genetic factors and environmental
experiences (Brito et al., 2020).

Distinct brain regions cater to specific
functions, including motor skills,
language comprehension, and emotional
responses, each evolving at a unique
pace. As development progresses,

these connections interweave, fostering
more intricate cognitive abilities and
behaviours. These early connections
shape the architecture of the brain,

with environmental inputs such as
stimulation from caregivers or teachers,
nutrition, and exposure to trauma playing
significant roles in this process (Tierney &
Nelson, 2009). Neural pathways flourish
through enriching interactions with
parents, caregivers, and the environment.
It is the quality and quantity of nurturing,
stimulation, and engagement during
these early phases that profoundly

shape a child’s neural development
(Bick & Nelson, 2016), demonstrating
the interplay between nature and nurture
(Stiles & Jernigan, 2010).
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Newborns, within hours of birth,

exhibit a distinct preference for

their mother’s voice, indicating the
remarkable receptivity of their brains
to specific communicative cues. This
responsiveness is facilitated by the
phenomenon of ‘parentese,” a form

of communication that serves as a

vital link between infants and their
caregivers. Termed Child-Directed
Speech (CDS), also referred to as
‘motherese’, this mode of infant directed
communication is the way adults/
caregivers talk to babies and young
children (Wermelinger et al., 2019). It
involves deliberate use of simpler words,
clear pronunciation, and exaggerated
pitch and intonation. CDS supports
language acquisition in infants by
making concepts easier to understand
and engaging them in communication
through repetition, gestures, and facial
expressions. The distinguishing feature
of CDS is its adaptation specifically

for young children’s linguistic and
cognitive abilities. It aims to facilitate
language acquisition and development
by providing linguistic input that is
tailored to the child’s current level of
understanding and cognitive processing
capabilities (Schwab & Lew-Williams,
2016). This form of speech helps infants
and young children to comprehend
language more easily, facilitates

their language learning process, and
strengthens the bond between the
child and caregiver through interactive
communication. Early experiences

of dyadic synchrony such as mutual
gaze, complimentary vocalisations and
expressions between mother and infant
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play a significant role in influencing brain
development and shaping the bond
between infants and their caregivers
(Dissanayake, 2008; Trevarthen, 2001).

CDS extends beyond its role as a
linguistic tool; it possesses arousing
properties with a direct connection to
cognitive development. These early
dyadic interactions, characterised by
synchrony and turn-taking, progress
into exploratory vocal play between
four and six months, evolving further
into repetitive babbling from seven

to 11 months. This babbling acts as a
precursor to more complex linguistic
developments, including variegated
babbling where the infant starts

to combine different sounds and
syllables, leading to the emergence of
early words around nine to 13 months
(Kuhl, 2004). As linguistic behaviours
advance, parent-infant interactions
increasingly involve vocalisations and
gestures to convey emotions and initiate
exchanges, representing a crucial
phase in the development of effective
communication between caregivers
and infants (Guevara-Rukoz et al., 2021;
Krasotkina & Veraksa, 2019).

Research has demonstrated that infants’
concurrent use of gesture and speech
during social interactions is predictive
of later language development (Alfonso
et al.,, 2015). These findings point to the
significance of early social interactions,
language acquisition, and neural
processes in shaping communication
abilities in children under 18 months

of age. Joint attention, a fundamental
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developmental milestone, involves an
infant’s capacity to share attention with
another individual towards a common
focal point or object. This cognitive
achievement arises from a dynamic
interplay of attention, gaze-tracking,
and mutual understanding between

the infant and their caregiver, laying
the groundwork for various advanced
cognitive and socio-emotional
competencies, including language
acquisition, social cognition, and
interpersonal relationships (Mundy &
Newell, 2007; Szufnarowska et al., 2019).

Similar to CDS, joint attention facilitates
interactive communication and aids

in language acquisition among infants
and young children. Caregivers

engage in joint attention episodes by
directing the infant’s focus towards
relevant stimuli and participating in
reciprocal exchanges, thereby providing
opportunities for observational learning
and imitation of social cues, gestures,
and communicative behaviours, which
are essential for language development
and social interaction (Morales et al,,
2018). Furthermore, joint attention
contributes significantly to the formation
of secure attachment between the
infant and caregiver (Bigelow et al.,
2018; Donald et al., 2020). By actively
engaging in joint attention activities,

caregivers demonstrate responsiveness
and sensitivity to the infant’s needs,
fostering a sense of trust and security
within the relational bond. This secure
attachment serves as a foundation from
which infants explore their environment,
regulate their emotions, and develop
autonomy (Mundy & Newell, 2007).
Caregivers play a crucial role in
scaffolding infants’ understanding of the
social world through shared attentional
experiences, thereby fostering language
acquisition, nurturing secure attachment
relationships, and facilitating the
development of advanced socio-
cognitive skills (Alfonso et al., 2015).




Socioeconomic
Influences
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The effects of socioeconomic status
(SES) start even before birth, with

the economic and educational

status of parents influencing the

brain development of the foetus.
Neuroscientific investigations with a
focus on infants show that those from
wealthier backgrounds have differences
in their brain structures and how
different parts of the brain connect and
communicate with each other (McLoyd,
1998). Notably, SES during the prenatal
phase influences both foetal (Lu et al,,
2021) and neonatal brain structures
(Nolvi et al., 2023).

Limited research has explored the
intricate interplay between prenatal
challenges and SES in shaping the brain
development and functions of infants.
However, a notable study by Ramphal

et al. (2020) revealed that infants born
into higher SES backgrounds exhibited
heightened neural connections in
specific areas of the prefrontal cortex and
reduced connections between other brain
regions, irrespective of their gestational
term. The prefrontal cortex is involved in
high-order cognitive functions such as
decision-making, executive control and
social cognition, therefore potentially
leading to advantages in academic
achievement and socioemotional
functioning later in life (Gao et al., 2015).
This suggests that SES may exert an
influence on the neural connectivity

of newborns, particularly those born
prematurely. In contrast to the scarcity
of neuroscience findings, numerous
studies have demonstrated that a higher
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SES contributes to enhanced cognitive
development in prematurely born or
low-birth-weight children (Beauregard
et al., 2018; Lean et al,, 2018). Some
studies have even underscored the
potential protective benefits of a higher
SES, countering the adverse effects

of premature birth on early cognitive
functions, encompassing language
abilities and executive skills (Beauregard
et al., 2018; Benavente-Fernandez et al.,
2019, Bilsteen et al., 2021; Mallinson et
al., 2019; Richards et al., 2015). Given the
association between low birth weight,
prematurity, and lower SES, it's important
to consider these factors in the context
of early brain development and their
potential implications for cognitive
outcomes. Infants with low birth weight
or born prematurely are already at

risk for additional developmental
challenges, and, when combined with
socioeconomic disparities, this can

lead to a compounded impact on neural
connectivity patterns and cognitive
functioning (McKinnon et al., 2023;
Tomalski et al., 2013). Understanding

the neural correlates of socioeconomic
disparities in early brain development
can inform targeted interventions and
policies aimed at promoting equitable
access to resources and opportunities
for children from diverse socioeconomic
backgrounds (Cantiani et al., 2019). Early
interventions that provide enriching
experiences and support for families
from disadvantaged backgrounds could
potentially mitigate some of the observed
differences in neural connectivity
patterns.
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In infancy, SES correlates with variations
in brain structure and maturation
(Betancourt et al., 2016; Hanson et al.,
2013) and functional neural connectivity
(Gao et al., 2015; Ramphal et al., 2020).
For instance, infants from higher

SES backgrounds tend to exhibit
increased cortical volume, particularly
in the frontal and parietal regions, and
augmented subcortical grey matter
volume (Betancourt et al., 2016; Hanson
et al., 2013). Increased cortical volume
suggests that infants from higher SES
backgrounds may have more extensive
neural networks or larger brain regions
associated with cognitive processes
such as decision-making, attention,
language, and spatial processing.
Subcortical grey matter structures,
such as the thalamus, basal ganglia,
and hippocampus, play important roles
in various functions including sensory
processing, motor control, emotion
regulation, and memory (Betancourt et
al., 2016; Romeo et al., 2018). A higher
SES, encompassing factors such as
family income and parental education,
emerges as a strong determinant for
enhanced cognitive development and
improved mental well-being in children
(Duncan et al., 2017; McLoyd, 1998).
This advantage can also be seen in the
actual structure of the brain, whereby
children from higher SES backgrounds
exhibit larger brain structures, such as
the hippocampus (Spann et al., 2020;
Triplett et al., 2022).

Further corroborating this, a Randomised
Controlled Trial (RCT) conducted by
Troller-Renfree and colleagues in 2022,
demonstrated that early-life poverty
alleviation through unconditional financial
assistance led to a significant increase in
EEG (Electroencephalogram) power in
the high-frequency bands of the infants’
brains. Increased EEG power indicates
enhanced neural activity or connectivity
in the brain (Troller-Renfree et al., 2022).
The conclusion drawn from this study

is that addressing early-life poverty

has a positive effect on infant brain
functionality, reinforcing the pivotal role
of socioeconomic conditions in shaping
early brain development. This finding
adds to the existing understanding of
how external factors, such as poverty
alleviation measures, can play a central
role in shaping cognitive outcomes in
early childhood. Understanding these
differences in brain structure related to
SES is crucial for identifying potential
avenues for intervention and support,
with equitable access to resources and
opportunities, to promote optimal brain
development and cognitive outcomes
for children from diverse socioeconomic
backgrounds.

Environments rich in stimulating
experiences, such as language
exposure, interactive play, and
exploration, are crucial for healthy brain
and child development. Responsive
caregiving and nurturing environments
during early childhood support language

development and communication skills,
helping to bridge developmental gaps
related to socio-economic disparities.




The Role of Caregiver
Speech in Supporting
Child Development
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The role of caregiver speech, that is
the way in which parents or caregivers
communicate and interact with their
infant, to support child development has
been a subject of extensive research.

In the 1990s, seminal studies by Hart

et al (1997) and Huttenlocher and
colleagues (1991) demonstrated the
significant impact of caregiver speech
on children’s language skills. These
studies found that infants exposed to
more caregiver speech during early
life, exhibited better language skills
later in life. Furthermore, these studies
highlighted the influence of SES on

the amount and quality of caregiver
speech, with children from higher

SES families being exposed to more
language-rich environments. Quality
caregiver speech encompasses various
linguistic and interactional features
that contribute to a rich and supportive
language-learning environment for
children. These features go beyond
simple word count and involve aspects
such as vocabulary diversity, syntactic
complexity, narrative skills, responsive
interaction, positive reinforcement, and
cultural relevance. Longitudinal studies
revealed that the quality, rather than
the quantity, of linguistic input from
caregivers at 18 months correlated

with children’s language abilities at
three years old. Specifically, directing
utterances (i.e., those which served to
direct the child’s behaviour or actions,
such as ‘Look right here’) were found to
contribute significantly to variations in
child language outcomes (Ambrose et
al., 2015). This research is more recently
supported by studies undertaken by
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Ying and colleagues who acknowledge
the prevalence of lower levels of verbal
interaction between caregivers and
toddlers in low-income households
compared to higher-SES households
(Ying et al., 2023). However, the
significance lies in the quality of the
interactions, encompassing factors such
as the range of vocabulary, complexity
of utterances (represented by the
average length of utterances) and verbal
interaction style (direct vs responsive),
as these elements predict language
outcomes in higher-SES households
(Masek et al., 2021).

Research exploring the types of
caregiver speech that best support
language skills across different stages
of child development, emphasise

the importance of speech quality in
supporting infant language skills. A
central concept in this context is the
‘word gap’, denoting disparities in
language exposure and interactions
during infancy, particularly between
different socioeconomic backgrounds
(Greenwood et al., 2020). Such
disparities refer to differences or
inequalities in the frequency, quality,
and nature of verbal interactions
between caregivers and infants across
various socioeconomic contexts.

By age three years, children from
lower SES families will have heard
approximately 30 million fewer words
than their higher SES counterparts. This
discrepancy contributes to variations
in vocabulary size, school readiness,
and long-term educational and health
outcomes (Greenwood et al., 2020).
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The impact of the word gap extends
beyond word quantity, encompassing
the quality of responsive interactions,
thus emphasising the importance of
understanding both aspects in fostering
optimal language development (Hart et
al., 1997).

While subsequent research has generally
supported the existence of the word
gap, some studies have questioned the
magnitude identified by Hart et al (1997).
Methodological differences between
studies have contributed to the debate
surrounding the word gap, underscoring
the need for a nuanced understanding of
language development factors. Overall,
the evidence highlights the crucial role
of caregiver speech in shaping children’s
language development and the need to
support parents in providing rich and
responsive language environments for
their children (Asada & Endo, 2015).

Addressing speech, language, and
communication difficulties in children
and families from low SES backgrounds
is of paramount importance due to
increased risk for language delay and
subsequent school problems within this
cohort (Greenwood et al., 2020), whilst
mechanisms to minimise the factors that
lead to these differences must also be
established. The communication needs
of vulnerable children and young people
are often not consistently identified or
addressed, highlighting the importance
of involving speech and language
therapists and earlier intervention
within health, education, and social
services (Clegg, 2021). Upskilling of
those who engage with babies, infants,
and their carers, so that they can both
support a language rich home learning
environment and identify additional
needs, is also central to an effective
approach.
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Collaborative practices and
interprofessional/multi-agency
interventions have proven effective in
supporting young children with speech,
language, and communication needs

in inclusive early childhood education
and care (Langner and Fukkink, 2022).
Targeted pre-school interventions
focusing on language development

and enhancing parental interaction,
have been shown to be cost-effective
in alleviating the societal impact of
children with low levels of speech,
language, and communication (Frizelle
et al., 2021). A systematic review found
that there is a relatively high degree of
trustworthiness in language intervention
research with low-SES children, but a
low degree of readiness for scale-up
among professionals and parents to
reach a broader population (Greenwood
et al., 2020). Early intervention and
parental involvement in treatment have
proven beneficial for pre-school children
experiencing language development
difficulties, particularly in disadvantaged
areas (Gibbard & Smith, 2015). These
interventions not only enhance social
and educational capacities but also
contribute positively to overall child
development.

Effective communication encompasses
both verbal and nonverbal elements,
including gestures, facial expressions,
tone of voice, and body language.
Frequent verbal interaction with babies
accelerates their learning and speech

development. Studies show that babies
who are regularly spoken to know
approximately 300 more words by

age 2 compared to those who are less
frequently engaged in conversation.




The Role of Nurturing
Relationships in Early
Childhood Development
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In the crucial first years of life, the
significance of nurturing relationships
cannot be overstated, as they

play a pivotal role in optimal brain
development. The primary influencers

on a child’s brain development are the
relationships they forge with adults.
Affectionate, responsive bonds with
consistent caregivers lay the groundwork
for robust brain development.

Winston and Chicot (2016) stress that
while the initial bond is cultivated within
the family, it extends to encompass
educators, community members,

and other influential figures. These
relationships not only provide the
necessary sensory stimulation for
neural growth but also establish the
foundation for important cognitive

and socio-emotional skills (Winston &
Chicot, 2016). Social cognition in infant
children is influenced by a combination
of both neurocognitive maturation and
environmental factors, including parental
responsivity and children’s language
skills (Corlett, 2008).

Responsive caregiving, which involves
attentiveness to a child’s cues and
needs, fosters secure attachment

and healthy development. As primary

role models, caregivers significantly
influence children’s behaviours, beliefs,
and values through observation and
imitation.

Early parent-infant interaction is
highlighted as a key factor in fostering
productive dyadic relationships.
Hasan & Hazam (2022) emphasise

20

the importance of communication,
bonding, and responsiveness to cues
in these interactions. Additionally, the
interplay between environmental, social,
and genetic factors is identified as a
significant factor influencing language
development in infants and toddlers,
with social class and family history
playing a substantial role in predicting
language development (AlHammadi,
2017; Odoom, 2020).

From infancy, children actively

seek engagement through various
expressions, including gestures,
vocalisations, coos, smiles, and cries.
Engaging in conversations from infancy
is crucial, aligning with the inherent
biological predisposition of babies to
establish social connections essential
for survival (Shonkoff & Phillips, 2000).
This reciprocal exchange between
infant and caregiver, termed “serve and
return,” is foundational to the effective
development of neural pathways in the
brain and subsequent child development
(Fisher et al., 2016). Caregivers who
attentively respond to these cues play a
crucial role in shaping the child’s neural
pathways. Therefore, engaging with
infants through conversation, songs,
stories, and play from their earliest
days is deemed imperative, fostering
exploration, and ensuring children thrive
in safe, nurturing environments (Bick &
Nelson, 2016; Hirsh-Pasek & Golinkoff,
2018).
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At birth, infants can discern their
mother’s language from others’,
indicating pre-verbal neural
engagement. Before uttering their first
words, infants actively establish neural
connections by absorbing the linguistic
environment, seemingly practising the
intricate sounds for future articulation
(May et al., 2011). Babies display innate
responses to parental communication,
and the unique phenomenon of turn-
taking in human discourse becomes a
foundation for subsequent attachment
and language acquisition (Trevarthen,
2001). This process of contingent
communication, present from the
beginning, serves the purpose of
‘containment’. Parents signal their
interest and readiness to understand
and appropriately respond to the
infant’s feelings, ranging from providing
comfort to eliciting excitement. This
conversational duet unfolds within

the emotional overlap of ‘primary
intersubjectivity’, established through
the biological imperative of physical
closeness in attachment dynamics.
This ‘potential space’ becomes the
harmonious link between baby and
mother, reinforcing the emotional bond
and often leading to secure attachment
(Trevarthen & Aitken, 2001). Nurturing
and responsive interactions continually
shape the developing brain of the infant.

Infant Mental Health focuses on the
emotional and social well-being of
infants and young children, particularly
in the context of their early relationships,
attachment, and interactions. In terms
of communication development,
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infant mental health highlights the
crucial role of a secure attachment
between caregivers and infants,
emphasising responsive caregiving

to promote positive communication
experiences (Clinton, 2016). The
concept underscores the significance
of emotional regulation, language
development, and social engagement
for a child’'s overall well-being. Babies'
effective early interactions with

others are crucial for their first social
experiences and the rapid development
of communicative and socio-cognitive
skills (Dunster-Page, 2023). The
assessment of infant mental health
should encompass characteristics of
caregiving relationships, such as the
capacity for emotion regulation, the
ability to communicate feelings to
caregivers, and active exploration of
the environment (Gratier & Devouche,
2017). By recognising and addressing
potential challenges in communication
early on, infant mental health theories
advocate for interventions that support
healthy development, acknowledging
the interconnectedness of social and
emotional factors in shaping effective
communication skills during the early
years of life. By promoting behaviours
such as social engagement, turn-taking,
expressive language, and emotion
regulation, caregivers and educators
can foster positive outcomes in
socio-emotional competence, school
readiness, and academic and social
performance (Kaur & Sharma, 2022).
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Babies and toddlers are essentially
dependent on caregivers’ sensitive

and responsive behaviours within

the context of the development of
attachment patterns. Maternal perinatal
depressive symptoms, occurring
during both pregnancy (prenatal) and
after childbirth (postnatal), have been
demonstrated to influence different
facets of infant socio-emotional
development. Disturbances in parental
attention can have a negative impact
on attachment-related interactional
processes between parents and children
and on child developmental outcomes.
Playing together offers parents and
their toddlers a unique opportunity

for language-rich interactions and
emotional engagement (Ginsburg,
2007; Hirsh-Pasek & Golinkoff, 2018;
Yogman et al., 2018). Furthermore, there
is evidence that the quality of such early
parent-child interactions is a powerful
predictor of socio-emotional, cognitive,
and linguistic child development and
the parent-child bond (Ainsworth, 1979;
Landry et al., 2006, Tamis-LeMonda et
al., 2001). Socio-emotional development
in early infancy is primarily influenced
by the infant’s relationship with their
primary caregiver. This relationship is
described as bi-directional, with the
infant’s behaviour also impacting the
caregiver-infant relationship. Maternal
responsivity is identified as a key
factor in children’s social-cognitive
development, mediated through
language skills (Gerlach et al., 2022).

Drawing particular attention to the
involvement of fathers, it is widely
accepted that mothers engage in more
verbal communication with their young
children than fathers do, particularly

with girls over boys. Mothers tend to
employ more supportive speech, while
fathers often adopt a more directive and
informative approach (Shapiro et al., 2021).
However, it is crucial to recognise that
these patterns may be influenced more by
contextual factors such as culture, access,
and role within the family than solely by
gender. Research indicates that fathers
are inclined to use “parentese” more when
they are aware of its significance (Ferjan
Ramirez et al., 2022).

Caregivers who promptly respond to

an infant’s cues contribute to building

a sense of security and trust, positively
influencing the development of the
infant’s brain circuits associated

with emotional regulation and stress
response. Furthermore, the quality of
the caregiver-child relationship during
the early years has lasting effects

on cognitive, social, and emotional
development. By providing a responsive
and supportive environment, caregivers
play a critical role in promoting secure
attachments and laying the groundwork
for healthy development in infants
(Zimmer-Gembeck et al., 2022).

Healthy attachment relationships
promote the development of
interpersonal skills such as empathy,
communication, cooperation, and
conflict resolution, essential for building

and maintaining relationships.




Sensory and Linguistic Play
for Infant Development
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In tandem with infant-caregiver
relationships, sensory stimulation and
exploration play a pivotal role in infant
brain development. Britto et al. (2017)
highlight the importance of sensory
activities in shaping neural pathways
during infancy. Infants actively engage
with their surroundings through sensory
experiences, crucial for organising and
refining neural networks. Caregivers can
support this developmental stage by
introducing age-appropriate sensory
activities. These may include supervised
tummy time, gentle massage, and
exposure to toys and books with varying
textures, sounds, colours, and patterns.
The integration of sensory stimulation
and exploration have been found to
further enrich the developmental
landscape (llyka et al., 2021).
Recognising and maximising these
dynamics is vital for shaping effective
interventions and support systems to
ensure children receive the linguistic
and sensory inputs necessary for optimal
growth and future success.

‘Serve and return’ interactions with
babies and toddlers involve engaging
in back-and-forth exchanges through

conversation, expressions, and sensory
and linguistic play, helping to nurture
their social and emotional development.

24

The Lego Foundation conducted

a review to assess the relationship
between learning through play and
children’s holistic development,
identifying the need for further
understanding in this domain (Zosh

et al., 2017). Despite the inclusion of
more than 300 studies on this topic,
the review highlights the absence

of conclusive evidence establishing

a causal or directional relationship.

The challenge lies in determining
whether learning through play actively
supports skill development or if the
observed link is merely correlational.
The review emphasises the necessity to
systematically evaluate the strength of
evidence both in favour of and against
a causal relationship. Additionally, it
advocates for the formulation and
rigorous testing of potential mechanisms
that may underlie such a relationship
(Zosh et al., 2017). The interactions,
through play, between caregivers and
babies/infants are identified as a key
avenue for the development of essential
self-regulatory skills. As children grow,
adult engagement in play continues to
reinforce the development of coping
strategies that children carry with them
throughout their lives (Whitebread et al.,
2017).




Screentime, Immersion
and Technoference
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When caregivers or parents become
immersed in technology, such as
constantly checking their smartphones
or engaging in prolonged screen

time, it can lead to a lack of attention
and responsiveness to the needs of
infants. Infants thrive on consistent
and responsive interactions with their
caregivers, as these interactions play a
crucial role in their emotional, social, and
cognitive development. Technoference
refers to the interference or disruption
in face-to-face interactions caused

by the use of technology, particularly
smartphones and other digital

devices, and has garnered attention

in the context of relationships and
family dynamics (Mackay et al 2022;
Odoom, 2020). In the realm of infant
development, technoference introduces
the concept of ‘immersion’ (Agrawal

et al., 2019), where individuals become
deeply engaged in technology to the
detriment of interpersonal relationships
(Komanchuk et al., 2023). Caregivers
immersed in technology risk the infant
experiencing attachment and bonding
issues, language development delays,
hindrances in social and emotional
development, and challenges in
attention regulation (Harding et al.,
2022; Komanchuk et al., 2023).
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Parental responsiveness is crucial for
infants; in addition to the factors noted
above, it nurtures the development of
secure attachment, a vital component
in their development. However, the
pervasive influence of technology poses
a risk to this responsiveness. When
parents are immersed in their devices,
this can impede their ability to connect
with their infant and so hinder the
formation of secure attachments and
cognitive and emotional development.
Socio-emotional development,
encompassing the ability to self-
regulate behaviours and emotions,
begins during infancy (Scott & Brito,
2022) and is important for developing
future emotional intelligence and
resilience. In terms of socio-emotional
development, infants learn by observing
and engaging with their caregivers.
Technoference, by diverting caregivers'
attention away from the child, may
deprive infants of essential social cues
and emotional connections. This can
impact the development of social

skills and emotional regulation, with
negative impacts on parent-child
relationships and children’s health and
developmental outcomes (Hasan &
Hazam, 2022; Kwok et al., 2022). Several
studies have investigated the impact
of technoference on infant-caregiver
relationships and these realms of early
childhood development. One study
found that technoference, measured by
the amount of time parents spend on
their mobile devices and the number
of audible notifications they receive,
negatively predicted infant vocabulary.
The study suggests that technoference




Cultivating Cognitive Foundations
Shildlhood
&2 9 BB Coiciement

negatively predicts the development of
infant vocabulary through its impact on
parental directiveness; indicating that
when parents are more distracted by
their mobile devices, they may engage
less in direct interactions with their
infants (Corkin, et al., 2021). Another
study found that frequent technoference
was associated with less secure
mother-child attachment as reported

by children. It was also associated with
decreased ratings by mothers regarding
their child’s socio-emotional functioning
(Zayia et al., 2021).

Research on technoference and its
effects on infant development is still
evolving. Various factors, such as the
frequency and duration of device

use, the quality of caregiver-infant
interactions, and individual differences,
contribute to the complexity of the
impact. Despite this, experts emphasise
the need to strike a balance between
technology use and face-to-face
interactions to support healthy infant
development. Excessive screen time and
digital media use can lead to negative
outcomes such as reduced parent-
child interaction, language delays, and
behavioural problems (Cunningham et
al., 2021; Hasan & Hazam, 2022; Kwok et
al., 2022).
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During the formative stages of infancy
and early childhood, the brain undergoes
an incredible and unparalleled period of
growth and development. The quality
and quantity of nurturing relationships
and experiences encountered by infants
during this period play a significant role
in shaping their neural connectivity, and
ultimately their cognitive, emotional,
and social competencies. Substantive
research consistently highlights the key
role of positive, responsive associations
with adults and caregivers in shaping
optimal developmental outcomes.

The evidence supports the premise
that positive, responsive relationships
during infancy provide the essential
sensory stimuli for neural growth.

These relationships also serve as

the foundation for cultivating critical
higher-order skills like motivation, self-
regulation, and communication (Britto et
al., 2017; Romeo et al., 2018).

Enriching interactions not only foster
exploration but also ensure that children
thrive in safe and nurturing environments,
setting the stage for healthy, adept,
emotionally secure and prosperous adults
in the future. By responding to an infant
child’s cues and providing a supportive
and nurturing environment through
conversation, songs, stories, and play
right from the earliest days carers can
help shape the child’s neural development
and lay the foundation for lifelong learning
and well-being. It is crucial for parents,
caregivers, and society as a whole to
prioritise and invest in promoting healthy
relationships and providing supportive
environments for young children.
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Parent-child communication emerges
as a critical aspect of healthy child
development, influenced by various
factors, including marital relationships
and family socioeconomic status
(Carlone & Milan, 2021). There is

a need for further research and
professional development on the
specific interplay of predictive factors,
such as environment and social class on
language development among infants
and toddlers; the relationship between
children’s developmental delays and
their communicative participation;

and interventions aimed at addressing
parental technoference. The complex
interplay between genetic factors,

brain development, and environmental
influences is underscored, particularly in
shaping communication skills in children
younger than 18 months. Research
consistently shows that early exposure
to cognitive and linguistic enrichment,
such as regular parental communication
and interaction, access to toys and
books at home, and reqular reading
sessions, benefits infants (Pace et al.,
2017; Rodriguez & Tamis-LeMonda, 2011;
Son & Morrison, 2010). Such enriching
experiences not only help infants with
their thinking and understanding abilities
but also in their emotional and social
growth. Essentially, a richer linguistic
environment in early childhood can
positively impact brain development,
especially in the growth of neural
pathways associated with language
comprehension, attention, and self-
regulation (King et al., 2021; Romeo et
al., 2018; Pierce et al., 2021).
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The early caregiver-infant relationship,
particularly with the primary careqiver,
significantly influences socio-emotional
development in infancy. This relationship
is bi-directional, meaning the infant’s
behaviour also impacts it. Maternal
responsivity, crucial for children’s social-
cognitive development through language
skills, is emphasised. Additionally,
maternal perinatal depressive symptoms
can negatively affect various aspects

of infant socio-emotional development
(Clinton et al., 2016). Therefore,
promoting infant mental health through
both antenatal and in postnatal services,
and implementing specific screening

for prenatal depression, are essential

for fostering healthy communication
development in children younger than 18
months (Zayia et al., 2021; Zeanah et al.,
2008). Early attachment is highlighted
as mitigating the impact of subsequent
exposure to maternal depression on
children’s externalising symptoms. This
underscores the potential benefits of
interventions aimed at improving early
parent-child relationships, especially in
families at elevated risk (Gerlach et al,,
2022).

Play fosters creativity, imagination,
social skills, and cognitive abilities,
helping children learn about themselves
and their environment. Responsive

caregiving and nurturing environments
are essential for early language
development and communication skills.
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Research on technoference and its
effects on infant development is
described as ongoing and complex,
indicating that scholars are actively
studying this phenomenon and its
implications. Factors such as the
frequency and duration of device use,
as well as the quality of caregiver-infant
interactions, are highlighted as important
considerations in understanding the
impact of technoference. Excessive
screen time and digital media use by
either the caregiver or the infant are
noted to have negative outcomes,
which can include reduced parent-
child interaction, language delays,

and behavioural problems (Mackay

et al., 2022). Despite these potential
negative effects, experts emphasise

the importance of striking a balance
between technology use and face-to-
face interactions to support healthy
infant development. This balance should
reflect the fact that while technology can
have benefits, such as educational apps,
it should not replace or overshadow the
crucial role of in-person interaction in
fostering infant development. Strategies
such as limiting screen time, prioritising
in—person interactions, using technology
mindfully, creating tech-free zones, and
modelling healthy tech habits can help
mitigate immersion and the negative
effects of excessive screen time and
technoference while fostering strong
parent-child relationships (Radesky,
2020).
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In conclusion, the comprehensive of language intervention programmes for
synthesis of this paper underscores the low socioeconomic status children, with
critical role of nurturing relationships attention to factors like infrastructure,

in early childhood development. community engagement, and progress
From neural pathway development monitoring/evaluation. Overall, fostering
to emotional regulation and language positive and supportive relationships in
skills, caregivers, educators, and the early years lays the foundation for a
community members all contribute child’s lifelong well-being.

to shaping the trajectory of a child’s
cognitive, social, and emotional well-
being. Recognising the significance

of these early interactions is vital for
designing effective interventions,
particularly in families facing
heightened challenges such as maternal
depression or low socioeconomic
status. Agencies working in low SES
areas are encouraged to understand
the role of child development and
attachment in caregiving, to use this
knowledge to inform their work with
families and to provide attachment-
informed resources and interventions
for parents (Zimmer-Gembeck et

al., 2022). There is a need for more
extensive trials and longer-term tracking
of outcomes to definitively influence
policy changes in language development
interventions for children facing social
disadvantages. The importance of
accurately assessing communication
needs in at risk children and providing
evidence-based interventions is
underscored. Future studies should
concentrate on understanding the
benefits of daily collaborative practices
in early intervention for children with
speech, language, and communication
needs. Furthermore, there is a need

for research to enhance the ecological
validity, trustworthiness, and scalability




References



Cultivating Cognitive Foundations
ghildlhood
I ] oo i

Agrawal, S., Simon, A., Bech, S., Baerentsen, K., & Forchhammer, S. (2019). Defining Immersion:
Literature Review and Implications for Research on Immersive Audiovisual Experiences. Audio
Engineering Society, New York, United States. ffhal-02512570f.

Alfonso, I., Bosch, L., Prieto, P, & Prieto, P. (2015). Language development at 18 months is related to
multimodal communicative strategies at 12 months. Infant Behavior & Development, doi: 10.1016/J.
INFBEH.2015.02.004

Ainsworth, M. S. (1979). Infant—mother attachment. American Psychologist, 34(10), 932-937.
https://doi.org/10.1037/0003-066X.34.10.932

AlHammadi, F. S. (2017). Prediction of child language development: A review of literature in early
childhood communication disorders. Lingua, 199, 27-35. https://doi.org/10.1016/j.lingua.2017.07.007

Ambrose, S. E., Walker, E. A, Unflat-Berry, L. M., Oleson, J. J., & Moeller, M. P. (2015). dire Ear and
hearing, 36 Suppl 1(0 1), 485-59S. https://doi.org/10.1097/AUD.0000000000000209

Asada, M., & Endo, N. (2015). Infant-caregiver interactions affect the early development of
vocalization. Annual International Conference of the IEEE Engineering in Medicine and Biology
Society. IEEE Engineering in Medicine and Biology Society. Annual International Conference, 2015,
5351-5354. https://doi.org/10.1109/EMBC.2015.7319600

Beauregard, J. L., Drews-Botsch, C,, Sales, J. M., Flanders, W. D., & Kramer, M. R. (2018). Does
socioeconomic status modify the association between preterm birth and children’s early cognitive

ability and kindergarten academic achievement in the United States? American Journal of
Epidemiology, 187(8), 1704-1713.

Beauregard, J. L., Drews-Botsch, C,, Sales, J. M., Flanders, W. D., & Kramer, M. R. (2018). Preterm
birth, poverty, and cognitive development. Pediatrics, 141(1).

Benavente-Fernandez, I., Synnes, A., Grunau, R. E., Chau, V., Ramraj, C,, Glass, T., ... & Miller, S. P.
(2019). Association of socioeconomic status and brain injury with neurodevelopmental outcomes of
very preterm children. JAMA Network Open, 2(5), €192914-e192914.

Betancourt, L. M., Avants, B., Farah, M. J., Brodsky, N. L., Wu, J., Ashtari, M., & Hurt, H. (2016). Effect
of socioeconomic status (SES) disparity on neural development in female African-American infants
at age 1 month. Developmental Science, 19(6), 947-956.

Bick, J., & Nelson, C. A. (2016). Early Adverse Experiences and the Developing
Brain. Neuropsychopharmacology : official publication of the American College of
Neuropsychopharmacology, 41(1), 177-196. https://doi.org/10.1038/npp.2015.252

Bigelow, A. E., Power, M., Bulgrin, N. H., & Simard, M. (2018). The relation between maternal
sensitivity and infant response to the still-face procedure from newborn to three months. Infant
Behavior and Development, 50, 121-131.

33



https://psycnet.apa.org/doi/10.1037/0003-066X.34.10.932
https://doi.org/10.1016/j.lingua.2017.07.007
https://doi.org/10.1097/AUD.0000000000000209
https://doi.org/10.1109/EMBC.2015.7319600
https://doi.org/10.1038/npp.2015.252

Cultivating Cognitive Foundations

Shildlhood
evelopment
[(p]] Initiative

Bilsteen, J. F., Ekstrem, C. T., Berch, K., & Nybo Andersen, A. M. (2021). The role of parental
education on the relationship between gestational age and school outcomes. Paediatric and
Perinatal Epidemiology, 35(6), 726-735.

Brito, N. H., Troller-Renfree, S. V., Leon-Santos, A., Isler, J. R., Fifer, W. P., & Noble, K. G. (2020).
Associations among the home language environment and neural activity during infancy.
Developmental Cognitive Neuroscience, 43, 100780.

Britto, P. R, Lye, S. J., Proulx, K., Yousafzai, A. K., Matthews, S. G., Vaivada, T., Perez-Escamilla,
R., Rao, N, Ip, P, Fernald, L. C., MacMillan, H., Hanson, M. A., Wachs, T. D., Yao, H., Yoshikawa,
H., & Richter, L. M. (2017). Nurturing care: Promoting early childhood development. The Lancet,
389(10064), 91-102. https://doi.org/10.1016/S0140-6736(16)31390-3

Cao, M., Huang, H., & He, Y. (2017). Developmental Connectomics from Infancy through Early
Childhood. Trends in neurosciences, 40(8), 494-506. https://doi.org/10.1016/].tins.2017.06.003

Cantiani, C., Piazza, C., Mornati, G., Molteni, M., & Riva, V. (2019). Oscillatory gamma activity
mediates the pathway from socioeconomic status to language acquisition in infancy. Infant
Behavior and Development, 57, 101384.

Carlone, C., & Milan, S. (2021). Maternal Depression and Child Externalizing Behaviors: The Role
of Attachment Across Development in Low-income Families. Research on Child and Adolescent
Psychopathology, 49(5), 603-614. https://doi.org/10.1007/s10802-020-00747-z

Clegg, J. (2021). Children’s communication and their mental health: Perspectives from speech
and language therapy. Improving Communication in Mental Health Settings (pp. 70-87).
doi:10.4324/9781003024330-5-6

Clinton, J., Feller, A. F., & Williams, R. C. (2016). The importance of infant mental health. Paediatrics
& Child Health, 21(5), 239-241. https://doi.org/10.1093/pch/21.5.239

Corkin, M. T., Henderson, A. M. E., Peterson, E. R., Kennedy-Costantini, S., Sharplin, H. S., &
Morrison, S. (2021). Associations between technoference, quality of parent-infant interactions, and
infants’ vocabulary development. Infant Behavior & Development, 64, 101611. https://doi.org/10.1016/j.
infoeh.2021.101611

Corlett, M. K. (2008). A review of: A dynamic and synthesized review of brain-behavior research
in children. Journal of Clinical and Experimental Neuropsychology, 30(2), 258-259. https://doi.
org/10.1080/13803390701579887

Cunningham, B. J., Thomas-Stonell, N., & Rosenbaum, P. (2021). Assessing communicative
participation in preschool children with the Focus on the Outcomes of Communication Under Six:
a scoping review. Developmental Medicine & Child Neurology, 63(1), 47-53. https://doi.org/10.1111/
dmcn.14665

34



https://doi.org/10.1016/S0140-6736(16)31390-3
https://doi.org/10.1016/j.tins.2017.06.003
https://doi.org/10.1007/s10802-020-00747-z
https://doi.org/10.1093/pch/21.5.239
https://doi.org/10.1016/j.infbeh.2021.101611
https://doi.org/10.1016/j.infbeh.2021.101611
https://doi.org/10.1080/13803390701579887
https://doi.org/10.1080/13803390701579887
https://doi.org/10.1111/dmcn.14665
https://doi.org/10.1111/dmcn.14665

Cultivating Cognitive Foundations
ghildlhood
I ] oo i

Dissanayake, E. (2008). If music is the food of love, what about survival and reproductive success?
Musicae Scientiae (Special issue), 169-195.

Donald, E., Luke, C., & Byrd, R. (2020). Understanding Attachment and Development Aspects of
Children and Adolescents. In C. Luke, & R. Byrd (Eds.), Counseling Children and Adolescents (1st
ed., pp. 15). Routledge. doi:10.4324/9781351133159-5

Duncan, G. J., Magnuson, K., & Votruba-Drzal, E. (2017). Moving beyond correlations in assessing
the consequences of poverty. Annual Review of Psychology, 68, 413-434.

Dunster-Page, C. (2023). Infant Mental Health. Early Years Educator, doi: 10.12968/
eyed.2023.23.18.36

Ferjan Ramirez, N., Hippe, D. S., Correa, L., Andert, J., & Baralt, M. (2022). Habla conmigo, daddy!
Fathers’ language input in North American bilingual Latinx families. Infancy : the official journal of
the International Society on Infant Studies, 27(2), 301-323. https://doi.org/10.1111/infa.12450

Fisher, P. A., Frenkel, T. I, Noll, L. K., Berry, M., & Yockelson, M. (2016). Promoting Healthy

Child Development via a Two-Generation Translational Neuroscience Framework: The Filming
Interactions to Nurture Development Video Coaching Program. Child Development Perspectives,
10(4), 251-256. https://doi.org/10.1111/cdep.12195

Frizelle, P, McKean, C., O’'Shea, A., Horgan, A., & Murphy, A. (2021). Economic evaluation of the
Happy Talk pilot effectiveness trial: A targeted-selective speech language and communication
intervention for children from areas of social disadvantage. International Journal of Speech-
Language Pathology. Advance online publication. https://doi.org/10.1080/17549507.2021.1975815

Frizelle, P, Mullaneg, E., O'Shea, A., Ceroni, A., Dahly, D., Horgan, A., Levickis, P., & McKean, C.
(2021). Happy Talk: A pilot effectiveness study of a targeted-selective speech-language and
communication intervention for children from areas of social disadvantage. International Journal
of Language & Communication Disorders. Advance online publication. https://doi.org/10.1111/1460-
6984.12648

Gao, W., Alcauter, S., Elton, A., Hernandez-Castillo, C. R., Smith, J. K., Ramirez, J., & Lin, W. (2015).
Functional network development during the first year: relative sequence and socioeconomic
correlations. Cerebral cortex, 25(9), 2919-2928.

Gerlach, J., FoRel, J. M., Vierhaus, M., Sann, A., Eickhorst, A., Zimmermann, P., & Spangler, G.
(2022). Family risk and early attachment development: The differential role of parental sensitivity.
Infant mental health journal, 43(2), 340-356. https://doi.org/10.1002/imhj.21964

Gibbard, D., & Smith, C. (2015). A transagency approach to enabling access to parent-based
intervention for language delay in areas of social disadvantage: A service evaluation. Child
Language Teaching and Therapy, 32. https://doi.org/10.1177/0265659014567785

35



https://doi.org/10.1111/infa.12450
https://doi.org/10.1111/cdep.12195
https://doi.org/10.1080/17549507.2021.1975815
https://doi.org/10.1111/1460-6984.12648
https://doi.org/10.1111/1460-6984.12648
https://doi.org/10.1002/imhj.21964
https://doi.org/10.1177/0265659014567785

Cultivating Cognitive Foundations

Shildlhood
evelopment
[(p]] Initiative

Gilmore, J., Knickmeyer, R. & Gao, W. (2018) Imaging structural and functional brain development in
early childhood. Nat Rev Neurosci 19, 123-137. https://doi.org/10.1038/nrn.2018.]

Ginsburg, K. R. (2007). The importance of play in promoting healthy child development and
maintaining strong parent-child bonds. Pediatrics, 119(1), 182-191. https://doi.org/10.1542/peds.2006-
2697.

Gratier, M., & Devouche, E. (2017). The development of infant participation in communication. In
M. Filippa, P. Kuhn, & B. Westrup (Eds.), Early vocal contact and preterm infant brain development:
Bridging the gaps between research and practice (pp. 55-69). Springer International Publishing.
https://doi.org/10.1007/978-3-319-65077-7_4

Greenwood, C. R,, Schnitz, A. G., Carta, J. J., Wallisch, A., & Irvin, D. W. (2020). A systematic
review of language intervention research with low-income families: A word gap prevention
perspective. Early Childhood Research Quarterly, 50(Part 1), 230-245. https://doi.org/10.1016/j.
ecresq.2019.04.001

Guevara-Rukoz, A., Barr, R., & Bornstein, M. H. (2021). Talker differences in mothers’ child-directed
speech influence infants’ vocabulary. Journal of Child Language, 48(2), 370-384.

Hanson, J. L., Hair, N., Shen, D. G., Shi, F., Gilmore, J. H., Wolfe, B. L., & Pollak, S. D. (2013). Family
poverty affects the rate of human infant brain growth. PloS one, 8(12), e80954.

Harding, C., Whiting, L., Petty, J., Edney, S., Murphy, R., & Crossley, S. L. (2022). Infant
communication. How should we define this, and is it important? Journal of Neonatal Nursing, 28(6),
452-454. https://doi.org/10.1016/j.jnn.2022.01.006.

Hart, B., Risley, T. R., & Kirby, J. R. (1997). Meaningful differences in the everyday experience of
young American children. Canadian Journal of Education, 22(3), 323.

Hasan, M., & Hazam, M. (2022). The role of early parent-infant interaction in fostering productive
dyadic relationships. Journal of Child Development, 34(2), 215-230.

Hirsh-Pasek, K. & Golinkoff, R. M. (2018) “Languagizing” Their World: Why Talking, Reading, and
Singing Are So Important. Zero to Three, 38 (3) 12-18.)

Huttenlocher J, Haight W, Bryk A, Seltzer M, & Lyons T (1991). Early vocabulary growth: Relation to
language input and gender. Developmental Psychology, 27, 236—248. https://doi: 10.1037/0012-
1649.27.2.236

llyka, D., Johnson, M. H., Lloyd-Fox, S. (2021). Infant social interactions and brain development: A
systematic review. Neuroscience & Biobehavioral Reviews, 130, 448-469. https://doi.org/10.1016/j.
neubiorev.2021.09.001

36



https://doi.org/10.1038/nrn.2018.1
https://doi.org/10.1542/peds.2006-2697
https://doi.org/10.1542/peds.2006-2697
https://psycnet.apa.org/doi/10.1007/978-3-319-65077-7_4
https://doi.org/10.1016/j.ecresq.2019.04.001
https://doi.org/10.1016/j.ecresq.2019.04.001
https://doi.org/10.1016/j.jnn.2022.01.006
https://doi: 10.1037/0012-1649.27.2.236
https://doi: 10.1037/0012-1649.27.2.236
https://doi.org/10.1016/j.neubiorev.2021.09.001
https://doi.org/10.1016/j.neubiorev.2021.09.001

Cultivating Cognitive Foundations

Shildlhood
evelopment
[(p]] Initiative

Kaur, J., & Sharma, A. (2022). Establishing Early Foundations to Promote Emotional Competence
in Preschool Children. Journal of Applied Social Science, 16(2), 399-418. https://doi.
org/10.1177/19367244211054 381

King, L. S., Camacho, M. C., Montez, D. F.,, Humphreys, K. L., & Gotlib, I. H. (2021). Naturalistic
language input is associated with resting-state functional connectivity in infancy. Journal of
Neuroscience, 41(3), 424-434.

Komanchuk, J., Toews, A. J., Marshall, S., Mackay, L. J., Hayden, K. A., Cameron, J. L., Duffett-Leger,
L., & Letourneau, N. (2023). Impacts of Parental Technoference on Parent-Child Relationships and
Child Health and Developmental Outcomes: A Scoping Review. Cyberpsychology, behavior and
social networking, 26(8), 579-6083. https://doi.org/10.1089/cyber.2022.0278

Krasotkina, A., & Veraksa, A. (2019). Child-directed speech in early language development:
Importance, structure, variability. International Journal of Early Years Education, 27(3), 243-259.

Kuhl, P. K. (2004). Early language acquisition: Cracking the speech code. Nature Reviews
Neuroscience, 5(11), 831-843.

Kwok, E., Bootsma, J., Cahill, P, & Rosenbaum, P. (2022). A scoping review of qualitative studies
on parents’ perspectives on speech, language, and communication interventions. Disability and
rehabilitation, 44(25), 8084-8093. https://doi.org/10.1080/09638288.2021.1989061

Landry, S. H., Smith, K. E., & Swank, P. R. (2006). Responsive parenting: establishing early
foundations for social, communication, and independent problem-solving skills. Developmental
psychology, 42(4), 627-642. https://doi.org/10.1037/0012-1649.42.4.627

Langner, J., & Fukkink, R. (2022). A realist synthesis of interprofessional collaborative practices
in early intervention for children with speech, language, and communication needs. International
Journal of Language & Communication Disorders. Advance online publication. https://doi.
org/10.1111/1460-6984.12789

Lean, R. E., Paul, R. A, Smyser, T. A,, Smyser, C. D., & Rogers, C. E. (2018). Social adversity and
cognitive, language, and motor development of very preterm children from 2 to 5 years of age. The
Journal of pediatrics, 203, 177-184.

Lu, Y. C., Kapse, K., Andersen, N., Quistorff, J., Lopez, C., Fry, A,, ... & Limperopoulos, C. (2021).
Association between socioeconomic status and in utero fetal brain development. JAMA network
open, 4(3), e213526-e213526.

Mackay, L.J., Komanchuk, J., Hayden, K.A. et al. (2022) Impacts of parental technoference on
parent-child relationships and child health and developmental outcomes: a scoping review protocol.
Syst Rev 11, 45 (2022). https://doi.org/10.1186/s13643-022-01918-3

37



https://doi.org/10.1177/19367244211054381
https://doi.org/10.1177/19367244211054381
https://doi.org/10.1089/cyber.2022.0278
https://doi.org/10.1080/09638288.2021.1989061
https://doi.org/10.1037/0012-1649.42.4.627
https://doi.org/10.1111/1460-6984.12789
https://doi.org/10.1111/1460-6984.12789
https://doi.org/10.1186/s13643-022-01918-

Cultivating Cognitive Foundations
ghildlhood
I ] oo i

Mallinson, D. C., Grodsky, E., & Ehrenthal, D. B. (2019). Gestational age, kindergarten-level literacy,
and effect modification by maternal socio-economic and demographic factors. Paediatric and
perinatal epidemiology, 33(6), 467-479.

Masek, L. R., Paterson, S. J., Golinkoff, R. M., Bakeman, R., Adamson, L. B.,, Owen, M. T., Pace, A.,
& Hirsh-Pasek, K. (2021). Beyond talk: Contributions of quantity and quality of communication to
language success across socioeconomic strata. Infancy, 26, 123-147. https://doi.org/10.1111/infa.12378

May, L., Byers-Heinlein, K., Gervain, J., & Werker, J. F. (2011). Language and the newborn brain:
does prenatal language experience shape the neonate neural response to speech?. Frontiers in
psychology, 2, 222. https://doi.org/10.3389/fpsyg.2011.00222

Mckinnon, K., Galdi, P., Blesa-Céabez, M., Sullivan, G., Vaher, K., Corrigan, A., Hall, J., Jiménez-
Sanchez, L., Thrippleton, M., Bastin, M. E., Quigley, A. J., Valavani, E., Tsanas, A., Richardson,
H., & Boardman, J. P. (2023). Association of Preterm Birth and Socioeconomic Status With
Neonatal Brain Structure. JAMA network open, 6(5), e2316067. https://doi.org/10.1001/
jamanetworkopen.2023.16067

McLoyd, V. C. (1998). Socioeconomic disadvantage and child development. American psychologist,
53(2), 185.

Morales, M., Mundy, P., Delgado, C. E. F,, Yale, M., Messinger, D., Neal, R., & Schwartz, H. K. (2018).
Responding to joint attention across the 6-to 24-month age period and early language acquisition.
Journal of Applied Developmental Psychology, 55, 37-50.

Mundy, P., & Newell, L. (2007). Attention, joint attention, and social cognition. Current Directions in
Psychological Science, 16(5), 269-274.

Nolvi, S., Merz, E. C., Kataja, E.L., & Parsons, C.E. (2023) Prenatal stress and the developing brain:
Postnatal environments promoting resilience. Biological Psychiatry, 93(10), 942-952.

Odoom, D. (2020). Understanding Development Communication: A Review of Selected
Literature. E-Journal of Humanities, Arts and Social Sciences, 1(1), 37-48. https://doi.org/10.38159/
ehass.2020055

Pace, A., Luo, R., Hirsh-Pasek, K., & Golinkoff, R. M. (2017). Identifying pathways between
socioeconomic status and language development. Annual Review of Linguistics, 3, 285-308.

Pierce, L. J., Reilly, E., & Nelson, C. A. (2021). Associations between maternal stress, early language
behaviors, and infant electroencephalography during the first year of life. Journal of Child Language,
48(4), 737-764.

Radesky, J. S. (2020) Advocating for a child-centered digital environment. Zero to Three, 41(2),
5-14)

38



https://doi.org/10.1111/infa.12378
https://doi.org/10.3389/fpsyg.2011.00222
https://doi.org/10.1001/jamanetworkopen.2023.16067
https://doi.org/10.1001/jamanetworkopen.2023.16067
https://doi.org/10.38159/ehass.2020055
https://doi.org/10.38159/ehass.2020055

Cultivating Cognitive Foundations

Shildlhood
evelopment
[(p]] Initiative

Ramphal, B., Whalen, D. J., Kenley, J. K., Yu, Q., Smyser, C. D., Rogers, C. E., & Sylvester, C. M.
(2020). Brain connectivity and socioeconomic status at birth and externalizing symptoms at age 2
years. Developmental cognitive neuroscience, 45, 100811.

Richards, J. L., Chapple-McGruder, T., Williams, B. L., & Kramer, M. R. (2015). Does neighborhood
deprivation modify the effect of preterm birth on children’s first grade academic performance?.
Social Science & Medicine, 132, 122-131.

Rodriguez, E. T., & Tamis-LeMonda, C. S. (201). Trajectories of the home learning environment
across the first 5 years: Associations with children’s vocabulary and literacy skills at prekindergarten.
Child development, 82(4), 1058-1075.

Romeo, R. R, Segaran, J., Leonard, J. A,, Robinson, S. T., West, M. R., Mackey, A. P,, ... & Gabrieli,
J. D. (2018). Language exposure relates to structural neural connectivity in childhood. Journal of
Neuroscience, 38(36), 7870-7877.

Schwab, J.F. and Lew-Williams, C. (2016), Language learning, socioeconomic status, and child-
directed speech. WIREs Cogn Sci, 7: 264-275. https://doi.org/10.1002/wcs.1393

Scott, L. S., & Brito, N. H. (2022). Supporting Healthy Brain and Behavioral Development During
Infancy. Policy Insights from the Behavioral and Brain Sciences, 9(1), 129-136. https://doi.
org/10.1177/23727322211068172

Shapiro, N. T., Hippe, D. S., & Ramirez, N. F. (2021). How Chatty Are Daddies? An Exploratory Study
of Infants’ Language Environments. Journal of speech, language, and hearing research: JSLHR,
64(8), 3242-3252. https://doi.org/10.1044/2021_JSLHR-20-00727

Son, S.-H., & Morrison, F. J. (2010). The nature and impact of changes in home learning environment
on development of language and academic skills in preschool children. Developmental Psychology,
46(5), 103-118. https://doi.org/10.1037/a0020065

Spann, M. N., Bansal, R., Hao, X., Rosen, T. S., & Peterson, B. S. (2020). Prenatal socioeconomic
status and social support are associated with neonatal brain morphology, toddler language and
psychiatric symptoms. Child Neuropsychology, 26(2), 170-188.

Stiles, J., & Jernigan, T. L. (2010). The basics of brain development. Neuropsychology review, 20(4),
327-348. https://doi.org/10.1007/s11065-010-9148-4

Szufnarowska, J., Rohlfing, K. J., & Fawcett, C. (2019). Early social experience affects the
development of eye gaze processing. Current Biology, 29(13), 2286-2292.

Tamis-LeMonda, C. S., Bornstein, M. H., & Baumwell, L. (2001). Maternal responsiveness and
children’s achievement of language milestones. Child development, 72(3), 748-767. https://doi.
org/10.1111/1467-8624.00313

39



https://doi.org/10.1002/wcs.1393
https://doi.org/10.1177/23727322211068172
https://doi.org/10.1177/23727322211068172
https://doi.org/10.1044/2021_JSLHR-20-00727
https://doi.org/10.1044/2021_JSLHR-20-00727
https://doi.org/10.1007/s11065-010-9148-4
https://doi.org/10.1111/1467-8624.00313
https://doi.org/10.1111/1467-8624.00313

Cultivating Cognitive Foundations
ghildlhood
I ] oo i

Tierney, A. L., Nelson, C. A. (2009). Brain Development and the Role of Experience in the Early
Years. Zero to Three, 30(2), 9-13.

Tomalski, P., Moore, D. G,, Ribeiro, H., Axelsson, E. L., Murphy, E., Karmiloff-Smith, A, ... &
Kushnerenko, E. (2013). Socioeconomic status and functional brain development—associations in
early infancy. Developmental science, 16(5), 676-687.

Trevarthen, C. (2001). Intrinsic motives for companionship in understanding: Their origin,
development, and significance for infant mental health. Infant Mental Health Journal, 22(1-2), 95-
131. https://doi.org/10.1002/1097-0355(200101/04)22:1<95::AID-IMHJ4>3.0.CO;2-6

Trevarthen, C. (2001). The neurobiology of early communication: Intersubjective regulations in
human brain development. In F.A. Kalverboer & A. Gramsbergen (Eds.), Handbook on brain and
behavior in human development (pp. 841-882). Dordrecht: Kluwer Academic.

Trevarthen, C., & Aitken, K. J. (2001). Infant intersubjectivity: research, theory, and clinical
applications. Journal of child psychology and psychiatry, and allied disciplines, 42(1), 3—48.

Triplett, R. L., Lean, R. E., Parikh, A., Miller, J. P, Alexopoulos, D., Kaplan, S., ... & Smyser, C. D. (2022).
Association of prenatal exposure to early-life adversity with neonatal brain volumes at birth. JAMA
network open, 5(4), e227045-e227045.

Troller-Renfree, S. V., Costanzo, M. A., Duncan, G. J., Magnuson, K., Gennetian, L. A., Yoshikawa,
H., ... & Noble, K. G. (2022). The impact of a poverty reduction intervention on infant brain activity.
Proceedings of the National Academy of Sciences, 119(5), e2115649119.

Wermelinger, L. R. T., Truzzi, M., & Alvarenga, M. A. S. (2019). Effects of infant-directed
speech on early language acquisition: A systematic review. First Language, 39(5), 507-526.
doi:10.1177/0142723719857240

Whitebread, D., Neale, D., Jensen, H., Liu, C,, Solis, S.L., Hopkins, E., Hirsh-Pasek, K. Zosh, J. M.
(2017). The role of play in children’s development: a review of the evidence (research summary).
The LEGO Foundation, DK.

Winston, R., & Chicot, R. (2016). The importance of early bonding on the long-term mental health
and resilience of children. London Journal of Primary Care, 8, 12-14. https://doi.org/10.1080/17571472
.2015.1133012

Ying, L., Wang, Y., & Yu, S. (2023). Marital Conflict, Family Socioeconomic Status, and Depressive
Symptoms in Migrant Children: A Moderating Mediational Model. Behavioral sciences (Basel,
Switzerland), 13(6), 441. https://doi.org/10.3390/bs13060441

Yogman, M., Garner, A., Hutchinson, J., Hirsh-Pasek, K., Golinkoff, R. M., COMMITTEE ON
PSYCHOSOCIAL ASPECTS OF CHILD AND FAMILY HEALTH, & COUNCIL ON COMMUNICATIONS
AND MEDIA (2018). The Power of Play: A Pediatric Role in Enhancing Development in Young
Children. Pediatrics, 142(3), e20182058. https://doi.org/10.1542/peds.2018-2058

40



https://doi.org/10.1002/1097-0355(200101/04)22:1%3c95::AID-IMHJ4%3e3.0.CO;2-6
https://doi.org/10.1080/17571472.2015.1133012
https://doi.org/10.1080/17571472.2015.1133012
https://doi.org/10.3390/bs13060441
https://doi.org/10.1542/peds.2018-2058

Cultivating Cognitive Foundations

Shildlhood
evelopment
[(p]] Initiative

Zayia, D., Parris, L., McDaniel, B., Braswell, G., & Zimmerman, C. (2021). Social learning in the digital
age: Associations between technoference, mother-child attachment, and child social skills. Journal
of School Psychology, 87, 64-81. https://doi.org/10.1016/].jsp.2021.06.002

Zeanah, P, Zeanah, C., & Gleason, M. M. (2008). Mental Health, Infant. In Encyclopedia of Infant and
Early Childhood Development (pp. 301-311). doi:10.1016/B978-012370877-9.00100-6

Zimmer-Gembeck, M. J., Rudolph, J., Edwards, E. J., Swan, K., Campbell, S. M., Hawes, T., & Webb,
H. J. (2022). The Circle of Security Parenting Program (COS-P): A Randomized Controlled Trial

of a Low Intensity, Individualized Attachment-Based Program With at-Risk Careqivers. Behavior
therapy, 53(2), 208-223. https://doi.org/10.1016/j.beth.2021.07.003

Zosh, J. M., Hopkins, E. J., Jensen, H., Liu, C., Neale, D., Hirsh-Pasek, K., Solis, S. L., & Whitebread, D.
(2017). Learning through play: a review of the evidence (white paper). The LEGO Foundation, DK.



https://doi.org/10.1016/j.jsp.2021.06.002
https://doi.org/10.1016/j.beth.2021.07.003

Childhood
Development
Initiative

i

O .
.o
*ey’ @
Mo,

® X
T PY S An Ghniomhairead]ltu m o @
Leanai agus an Teaghla ®arts i
1 ' Leanafagusan Teaghl ;s Area Based Childhood
¢ : Programme



