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Executive Summary

(A) Mobile Phones, Social Media use and the Developing Adolescent Brain


https://scampstudy.org/about/

Adolescence is a sensitive period for the development of mental health disorders, in particular
socio-emotional disorders including anxiety, depression and eating disorders. One possible
factor at play is the increasing use of mobile digital technology by children and adolescents.
The Study of Cognition, Adolescents and Mobile Phones (SCAMP) was set-up to examine the
impacts of mobile phone and digital technology use on mental health, cognition, and
behavioural development in the UK. Overall, while associations between digital technology
use and adolescent well-being are on the negative side, they are small. The type of use matters:
procrastination and passive use are related to more negative effects, while social and active use
are related to more positive effects

Adolescence is a period of social transition, with heightened social sensitivity and maturation
of brain networks supporting social interactions, allowing adolescent to adapt to their social
environment. Importantly, within this cohort, those who reported more social media use also
reported better peer relationships but also more positive affect and less negative affect and
loneliness when interacting face-to-face compared to online.

Sleep is essential for adolescent development and maintenance of daily brain and cognitive
functions. Although the studies are not causal, they suggest that limiting the use of mobile
phones and social networking sites at night and encouraging adolescents to have a better sleep
hygiene may be important targets to limit the potential negative influence of these practices on
well-being and mental health.

Importantly, the data currently available provide correlational evidence rather than causal
evidence.

(B) The Impact of Pace-of-Information in screen interactions on Early Years brain
development

Young brains are also much slower than adult brains. Consequently, optimal learning for young
brains comes from content that is relatively slow-paced, repetitious and predictable. There are
two distinct brain pathways through which the makers of screen content can engage and sustain
young children’s attention. The first is use slow-paced material to target comprehension-driven
attention networks. The second is to use fast-paced movement and sound to capture children’s
attention, targeting brain mechanisms that automatically attract our attention to things that are
moving in our environment. Increasingly, evidence shows that the makers of screen content
are relying on fast-paced attention capture, rather than slow-paced comprehension-driven
attention.

Overall, the findings are consistent with a model in which early-life exposure to poorly
designed screen content which is fast-paced and unpredictable triggers short- and long-term
over-activation of the brainstem and sympathetic nervous system. This physiological hyper-
activation has accompanying effects on emotional/behavioural dysregulation and long-term
mental health (e.g., anxiety). However, it is also important to understand that this evidence
remains correlational rather than causal in humas.

(C) The Impact of Virtual Reality and Immersive Technologies on Developing Brains

Immersive technologies such as Virtual Reality (VR) are not simply another kind of screen. By
replacing much of the user’s sensory world, coupling perception to head and body movement,



heightening presence, and often introducing mismatches between visual, vestibular, and
proprioceptive signals, they engage core neural systems involved in multisensory integration,
executive control, attention, emotion, spatial cognition, and social processing. Do these
immersive technologies systematically shape experience-dependent plasticity in ways that
matter for developing systems of sensorimotor calibration, executive control, emotional
regulation, and social cognition? Immersive environments can increase perceptual and
cognitive load, which may be particularly demanding for children whose executive systems are
still maturing. Taken together, the current evidence does not support strong claims of lasting
harm from ordinary short-term use of VR but more research is required. This field lacks
technology-specific longitudinal, brain-focused, developmentally stratified evidence.

(D) The impact of Al-enhanced technologies on early development

Despite the rapid changes in young children’s exposure to Al during the most significant period
of brain and behavioural development, the current “state-of-play' around Al-mediated
technology use in UK families is largely unknown, nor do we understand the benefits or
problems associated with AI use for child motor and cognitive development, or developing
parent-child relationship. This creates a critical blind spot in the national conversation,
limiting our understanding of both the challenges and opportunities of Al in early childhood.

Because implementations of Al are rapidly evolving, future research should focus on the impact
of the fundamental capacities of Al-enhanced technologies to (i) enable adaptive systems, (ii)
possess perceived agency, and (ii1) uncover hidden patterns in large-scale data, rather than
current specific technologies themselves.

This is generally true of most contemporary digital technologies. Consequently, to be future
proofed policy should focus on the critical functional features of a technology, rather than
the specific implementations that exist today.

(E) Mobile Phones, Social Media use and the Developing Adolescent Brain

A.1 Adolescence and mental health disorders

Adolescence is a sensitive period for the development of mental health disorders, in particular
socio-emotional disorders including anxiety, depression and eating disorders (Rapee et al.,
2019). There is evidence of a 10% increase in common mental disorders, including anxiety,
depression and stress, in young adults in the UK, based on health care records, and a 19%
increase in psychological distress symptoms, with fastest rise in mental ill-health in deprived
areas (Dykxhoom, 2025). While this increases likely reflect a wide range of factors, including
increased awareness and acceptance of mental health issues, one possible factor at play is the
increasing use of technology by children and adolescents.

The Study of Cognition, Adolescents and Mobile Phones (SCAMP) is led by Prof. Mireille
Toledano at Imperial College London and was set-up to examine the impacts of mobile phone
and digital technology use on mental health, cognition, and behavioural development. More
than 6,000 secondary school pupils from more than 30 schools in Greater London were initially
recruited when they were 11-12-year-olds (in 2014-2016) and a subsample was tested again
when they were 13—15-years-old (in 2016-18). In the SCAMP data, weekday and weekend
self-reported social networking sites use on mobile phones and other devices was linearly
associated with lower self-reported health-related quality of life (which included both physical



and mental health symptoms) in females, but not in males, and increased behavioural
difficulties (including peer problems, conduct problems, emotional problems and
hyperactivity) in both genders in 11-12-year-olds (Jenkins et al., 2020). Longitudinally,
adolescents who used social networking sites for more than 3 hours per day when they were
11-12 years old (11% of the sample), compared to 0-30 min per day (58%), reported higher
levels of symptoms of anxiety and depression when they were 13-15 years old (Shen et al.,
2026). Importantly, this evidence is correlational, so it is possible that greater use of social
networking sites has a negative impact on physical and mental health, but it is also possible
that those children with poorer physical and mental health spend more time using social
networking sites, or that there are bidirectional associations.

The Adolescent Brain and Cognitive Development (ABCD) study is a USA-based larger cohort
study starting at age 9-10 years. The ABCD study has provided some insights into the potential
impact of screen use in early adolescence. Analyses of baseline and 2-year follow-up data
indicate that higher self-reported total screen time was associated with more mental health
symptoms, with strongest associations for depressive, conduct, somatic and attention-
deficit/hyperactivity symptoms (Nagata et al., 2024). Specific screen use showing the greatest
associations with depressive symptoms included video chat, texting, videos, and video games.
There was no evidence of moderation of these associations by sex, however screen time was
associated with higher depressive, oppositional defiant and attention-deficit/hyperactivity
symptoms in white adolescents but not black adolescents.

Overall, while associations between digital technology use and adolescent well-being are on
the negative side, they are small. The type of use matters: procrastination and passive use are
related to more negative effects, while social and active use are related to more positive effects
(Dienlin & Johannes, 2020).

A.2 Adolescence and socio-cultural development

Adolescence is a period of social transition, with heightened social sensitivity and maturation
of brain networks supporting social interactions, allowing adolescent to adapt to their social
environment (Blakemore & Mills, 2014). The increasing share of online social interactions
necessarily has an impact of adolescents’ brain and cognitive development underlying social
interactions. In the UK a passive monitoring study in 2024-2025 found that in a representative
sample of 692 children, 8—14-year-olds spent an average of 3 hours a day online across
smartphone, table or computer, with 52% of this time spent on YouTube and Snapchat (Ofcom,
2025). In a nationally representative US samples, it was found that adolescents in the 2010s
spent an hour less a day engaging in in-person social interactions compared to adolescents in
the late 1980s, that, at the cohort level, feelings of loneliness increased sharply after 2011, and
that adolescents low in in-person social interaction and high in social media use reported the
most loneliness (Twenge et al., 2019). Importantly, within cohort, those who report more social
media use also report better peer relationships (Paulich et al., 2021; Twenge et al., 2019). In
an experience sampling study, it was found that adolescents reported less positive affect when
alone compared to when interacting online, but also more positive affect and less negative
affect and loneliness when interacting face-to-face compared to online (Achterhof et al., 2022).

A.3 Sleep as a potential key mediator of the negative effects of technology use in
adolescence

Sleep is essential for adolescent development and maintenance of daily brain and cognitive
functions. Adolescence is characterised by a high prevalence of sleep deficits and delayed
bedtime, due to both biological maturation and environmental factors (Crowley et al., 2007).



Data from a Scottish study (Woods & Scott, 2016) and the SCAMP study (Shen et al., 2026)
indicate that social networking sites use, especially at nighttime, is associated with insufficient
and poor sleep quality, as well as poorer well-being and mental health. As sleep problems are
well-documented risk factors for poor mental health in adolescents (Scott et al., 2021; Shen et
al., 2021), sleep is likely an important mediator of the impact of technology use, and in
particular social media use, on adolescents’ well-being and mental health. This was directly
tested in the SCAMP longitudinal data, and it was found that the association between high
levels of social networking site use at age 11-12 years old and anxiety and depression
symptoms at age 13-15 years old was partly accounted by those 11-12-year-olds not sleeping
for long enough (particularly on weekdays), and taking a while to fall asleep. While these
analyses are not causal, they suggest that limiting the use of mobile phones and social
networking sites at night and encouraging adolescents to have a better sleep hygiene may be
important targets to limit the potential negative influence of these practices on well-being
and mental health.

A.4 How does this vary with characteristics including age, sex, socioeconomic
background, ethnicity, and others?

There is considerable evidence of individual differences in technology use. For example, in the
baseline SCAMP data, 10-11 year-olds with black or mixed ethnicities had lower odds of
owning a mobile phone ownership but higher levels of mobile phone call frequency and
duration than those of white ethnicity, and those of from independent schools or who parental
occupations were classified as ‘higher managerial, administrative and professional’ had higher
odds of owning a mobile phone that those from state schools or with parents with other
occupations (Toledano et al., 2018). In the ABCD data, lower neighbourhood quality (e.g.
higher social vulnerability and higher area deprivation) was associated with higher screen time
in 9—10-year-olds (Nagata et al., 2026).

A.5 Is the evidence around the impact of digital devices on the development of children
and adolescents adequate?

Despite the ubiquity of technology use by adolescents, there are limited longitudinal studies
that examine associations between technology use and cognitive development and mental
health during development.

Because of the large sample and longitudinal follow-up needed, there are even fewer studies
directly measuring impacts on brain development. The ABCD study has brain data, and a
stream of analyses are being published, although at the moment they tend to only include the
first two timepoints (9 to 12 years old); moreover, findings obtained in a US cohort may not
necessarily apply to the UK, in particular when considering moderating effects of socio-
economic status or ethnicity.

Key limitations of existing research are that:
- The data provide correlational evidence rather than causal evidence.
- There are a lot of possible confounding factors, such as socio-economic status, genetic
risk for poor mental health, physical health, parenting, which are rarely all taken into
account.



- Technologies, software and behaviour change rapidly, e.g. switch from phone calls with
a device held at the ear vs. messaging with a device held in the hands, switch from
Facebook to Instagram to TikTok, earlier and earlier use of smartphones by children.

- The samples taking part in the existing research do not tend to be representative of the
population.

- Most current research is based on self- or parent-reported technology use rather than
objectively measured data. While self-reported use adequately distinguishes between
high and low use (e.g. Mireku et al., 2018), objective measures may be needed to obtain
a more accurate picture of associations between technology use and cognitive
development and mental health.

Where is more research needed on their impact?

- While directly measuring impacts on brain structure and brain function is costly,
behavioural, cognitive and self- or parent/carer/teacher-reports of well-being can
provide important markers of brain development.

- Comparing data before and after changes in policy (such as the recent social media ban
for under 16s adopted by Australia or the recent push in Finland to return to the use of
physical books in schools), and between countries, could provide important causal
evidence of the impact of technology use, as well as evidence of the impact different
policies could have on technology use in childhood and adolescence.

- Similarly, on a smaller scale, studies could be done assessing the impact of delaying the
use of laptops at school, or banning the use of mobile phones at schools, or
interventions.

- Studies often attempt to control for factors like socio-economic status or ethnicity and
report differential technology use according to these factors, but more research is
needed to investigate the extent to which these factors associate may moderate the
impact of technology use on cognitive development and mental health.

- More research is also needed on how to more objectively measure technology use in
children and adolescents, to avoid reliance on self- or parent-reports only, with the
collection of not only duration/frequency of use measures, but also the type of use, for
example passive vs. social and active use (Dienlin & Johannes, 2020).

(F) The Impact of Pace-of-Information in screen interactions on Early Years brain
development

B.1 Young brains learn best from content that is slow-paced and predictable

Our brains are prediction machines (Clark, 2013). For each word that we read, and each time
we move our eyes while we watch TV, our brains generate a prediction for what we will see —
and then test how our expectations conform to what we experienced (Friston & Kiebel, 2009).
This process of generating and testing predictions is how we learn (Howwy, 2013). Everybody
learns best in situations where we can accurately predict what is going to happen in advance

sometimes, but not always. In neuroscience, this is known as the Goldilocks zone (Kidd et al,
2012)


https://www.esafety.gov.au/about-us/industry-regulation/social-media-age-restrictions
https://www.esafety.gov.au/about-us/industry-regulation/social-media-age-restrictions

Young brains, which lack prior knowledge and experience, process information differently to
older brains (Wass & Goldberg, 2025) A situation that is predictable to an experienced adult
brain is unpredictable for an inexperienced child’s brain. For that reason, the Goldilocks zone
for young children lies in situations that are repetitious and predictable — such as peekaboo,
pressing a button over and over again to make a toy pop up, or reading the same book repeatedly
These tend to be the types of learning situations that young learners seek out (Smith et al, 2011).

Young brains are also much slower than adult brains. For example, an adult brain can
distinguish up to ten separate visual events per second, but a 15-month-old’s brain is ten times
slower than that (Farzin et al, 2011). Anything that has been and gone in less than a second is
too fast for them to process.

In summary, optimal learning for young brains comes from content that is relatively slow-
paced, repetitious and predictable.

B.2 Early years screen content has been getting more fast-paced and unpredictable in
recent years

There are two distinct brain pathways through which the makers of screen content can engage
and sustain young children’s attention. The first is to target comprehension-driven attention
networks (Buschman & Kastner, 2015). To do this, content needs to be slow-paced, simple and
pitched at a developmentally appropriate level. Many adults find well-made early years TV to
be almost comically slow - but that is the point: slow pacing, clear speech, hyper-articulated
facial expressions and emotions, and simple structure give young children the clarity and time
they need to process and understand what is happening (Wass & Smith, 2015).

Another approach is to use fast-paced movement and sound to capture children’s attention,
targeting brain mechanisms that automatically attract our attention to things that are moving
in our environment (Itti & Baldi, 2009). These mechanisms have developed, we think, because
as early humans, movement used to signal threat (e.g. predators) or opportunities (e.g. food),
so we have evolved to pay instant attention to movement. Although no longer needed from a
survival perspective, this automatic tendency to pay attention to movement remains — and is
exploited to capture children’s attention to screens. This attention capture is immediate,
involuntary, and does not require understanding of the content being viewed.

Increasingly, evidence shows that the makers of screen content are relying on fast-paced
attention capture, rather than slow-paced comprehension-driven attention (Koolstra et al.,
2004). This is because comprehension-driven attention is subjective and slow to develop — it
builds gradually over repeated viewings (Barr et al., 2007) — whereas movement-driven
attention capture is universal and instantaneous.

B.3 Exposure to fast-paced and unpredictable screen content associates with
brainstem/physiological dysregulation — short- and long-term

Using screens to placate a dysregulated child is effective in the short term: watching screens
associates with immediate reductions in negative as well as positive mood expression in
children (Haverson et al., 2026). We are generally less emotional when screens are on. Short-
term, children’s bad moods going into screen use predicts bad moods after screens are turned



off (Coyne et al., 2022). And, long-term, increased use of devices to calm bad moods predicts
long-term increases in emotional reactivity (Radesky et al, 2023) and increased behavioural
and emotional dysregulation- even after controlling for demographic covariates.

Why is this the case? It is suggested that faced with situations that are too fast-paced and
unpredictable, our brains shift into ‘high alert’ mode, to mobilise rapid target detection— an
automatic, evolutionary reaction to being in situations that are unpredictable, and so might be
dangerous Changes in the brainstem trigger overall increases in arousal and wakefulness, and
the sympathetic (‘fight or flight’) nervous system becomes active.

Evidence shows that exposure to fast-paced screen content leads to short-term increases in
brainstem arousal (Lissak, 2018) and increased sympathetic nervous system activity with
expected knock-on effects on behaviour (e.g. impaired inhibitory control). Evidence from
animal research suggests that long-term exposure to fast-paced screen content causally
increases long-term brainstem arousal (Christakis et al, 2018) There is no direct evidence from
humans that exposure to fast-paced screen content increases brainstem arousal over longer
time-frames. However, there is evidence that viewing screen content increases long-term
behavioural and emotional dysregulation; and, over long time-frames, incidence of affective
disorders such as anxiety (Huang et al. 2025; Tang et al., 2021). Behavioural/emotional
dysregulation in children and anxiety in adults are both associated with brainstem hyper-
arousal and overactivation of the sympathetic nervous system.

Overall, these findings are consistent with a model in which early-life exposure to poorly
designed screen content which is fast-paced and unpredictable triggers short- and long-term
over-activation of the brainstem and sympathetic nervous system. This physiological hyper-
activation has accompanying effects on emotional/behavioural dysregulation and long-term
mental health_(e.g. anxiety). However, it is also important to understand that this evidence
remains correlational rather than causal in humas.

B.4 Recommendations for future research

¢ Direct measurements of long-term brain stem hyperarousal in children because of high
paced digital media use needs to be observed in humans to confirm this Theory of
Change.

e Establishing causal relations between the pace of information in digital content and
long-term mental health outcomes needs to be evaluated using causal longitudinal and
cohort analysis methods.

(G)The Impact of Virtual Reality and Immersive Technologies on Developing Brains

C.1 What is special about immersive technologies?

Immersive technologies such as Virtual Reality (VR) are not simply another kind of screen. By
replacing much of the user’s sensory world, coupling perception to head and body movement,
heightening presence, and often introducing mismatches between visual, vestibular, and
proprioceptive signals, they engage core systems involved in multisensory integration,



executive control, attention, emotion, spatial cognition, and social processing. For that reason,
immersive technologies merit distinct scrutiny in childhood and adolescence.

From a developmental neuroscience perspective, the key question is not whether VR
“changes the brain” in some generic sense. All learning changes the brain. The real question is
whether immersive technologies systematically shape experience-dependent plasticity in
ways that matter for developing systems of sensorimotor calibration, executive control,
emotional regulation, and social cognition. This matters especially in childhood because the
brain is still under construction. Prefrontal systems that support inhibition, self-monitoring, and
reality checking mature over a long developmental period, while multisensory and motor
systems are also still being calibrated across childhood and adolescence.

C.2 Prefrontal Regulation and Immersive Presence

One of the clearest brain-based findings relevant to policy comes from Baumgartner et al.
(2008), who used fMRI to examine “presence” inside an immersive virtual environment. In
adults, presence was modulated by dorsolateral prefrontal mechanisms that appeared to
regulate immersive experience. In children, these regulatory patterns were not evident,
alongside evidence of relative immaturity in the relevant prefrontal regions. The implication is
not that VR is necessarily harmful, but that the same immersive experience may place
different demands on the developing brain than on the mature brain. In practice, children
may be less able to down-regulate highly salient or emotionally compelling virtual experiences,
with possible consequences for attention, arousal, memory, and behavioural control
(Baumgartner et al., 2008).

C.3 Multisensory Integration and Sensorimotor Calibration

Another major aspect of using immersive technologies with children concerns multisensory
integration and sensorimotor calibration. VR can alter the normal relationship between vision,
proprioception, and vestibular input. Valori et al. (2020) showed that younger children were
less accurate than older children and adults in proprioceptive tasks, and that immersive VR
disrupted visuo-proprioceptive performance when visual information was present. Miehlbradt
et al. (2021) similarly found that immersive VR interfered with default head—trunk
coordination strategies in young children. These findings are important because they point not
only to discomfort, but to interference with developing brain systems that support balance,
posture, body representation, and coordinated action. The most plausible concern is therefore
not immediate injury, but repeated perturbation of sensory-motor systems that are still being
calibrated.

C.4 Executive Control and Inhibitory Regulation

Executive control provides a third important issue. Bailey et al. (2019) found that 4- to 6-year-
olds showed poorer inhibitory control in a VR version of a task than in a television version,
while also showing stronger socially responsive behaviour towards the virtual character. This
suggests that immersive environments may amplify salience and social pull, thereby increasing
demands on frontal systems that support inhibition and self-regulation. More recently, Dina et
al. (2025) showed that immersive virtual environments can also be used productively as
scientific tools: in a CAVE-based Go/No-Go task paired with fNIRS, young children showed
activation in the left inferior frontal gyrus, a region closely associated with inhibitory control.
Together, these studies suggest that immersive environments can both alter the behavioural
expression of executive control and provide a more naturalistic platform for measuring its
neural development.

C.5 Social Brain Engagement



The same logic applies to the social brain. Bulgarelli et al. (2023) used child friendly wearable
neuroimaging technology (fNIRS) with preschoolers and showed that child-friendly immersive
VR paradigms can engage frontal and temporo-parietal regions relevant to social processing.
This does not show that VR changes social development in any simple or direct way, but it
does show that immersive contexts can recruit neural systems central to social cognition. That
makes immersive technologies developmentally significant and strengthens the case for
studying impact of immersive technologies separately rather than treating them as
equivalent to conventional screens.

C.6 Immersive Technologies and Neurodiversity

The difference between VR and conventional screen technologies becomes especially
important in neurodevelopmental conditions such as ADHD, autism spectrum disorder, and
developmental coordination disorder. The significance of immersive technology is not simply
that it may make assessment more engaging, but that immersive environments can expose
brain-relevant processes under conditions that more closely approximate daily life. In ADHD,
virtual classrooms and real-world-like VR tasks have revealed heightened susceptibility to
distractors, altered gaze allocation, and links between attentional symptoms and the sampling
of visual information (Negut et al., 2017; Mangalmurti et al., 2020; Merzon et al., 2022). In
Autism, immersive paradigms have been used to examine interpersonal distance regulation and
repetitive movement in ways that may better capture multisensory, motor, and social processes
than static laboratory tasks (Gessaroli et al., 2013; Alcafiiz Raya et al., 2020; Simdes et al.,
2020). In Developmental Coordination Disorder, VR-based interventions have shown promise
for motor performance, but they also expose a central weakness in the literature: most studies
still measure outcomes more readily than the continuous sensorimotor dynamics and neural
mechanisms from which those outcomes arise (EbrahimiSani et al., 2020). Finally, Muszynska
et al. (2025) showed that children with ADHD performed more poorly on switch than non-
switch trials in a whole-body object-interception task, and that the magnitude of these
switching costs was related to children’s impulsivity and inattention, further illustrating how
immersive paradigms can reveal executive-control differences in ecologically valid settings.

C.7 Cognitive Load, Sensory Conflict, and Short-Term Safety

Greater immersion is not automatically better for learning. Immersive environments can
increase perceptual and cognitive load, which may be particularly demanding for children
whose executive systems are still maturing. They can also introduce sensory conflict,
cybersickness, visual fatigue, and disruption of balance or coordination, all of which are brain-
relevant because they arise from the way immersive displays interact with perceptual and
sensorimotor systems. Hoffman et al. (2008) and Shibata et al. (2011) showed that stereoscopic
displays can create vergence—accommodation conflicts that contribute to visual discomfort,
while Rushton and Riddell (1999) raised the possibility that developing visual systems may be
especially sensitive to such demands. Chang et al. (2023) reviewed EEG studies of
cybersickness and concluded that brain-based measurement of VR-related discomfort is
advancing, though the evidence remains dominated by adult samples. By contrast, Silva et al.
(2025) found that moderate, time-limited VR exposure in 10—12-year-olds did not produce
clear negative effects on a range of visual, physical, and cognitive measures. Taken together,
the current evidence does not support strong claims of lasting harm from ordinary short-
term use of VR, but neither does it justify complacency.

C.8 Recommendations for Future Research



Immersive technologies deserve serious attention in any neuroscience account of digital
childhoods because they engage the brain differently from conventional digital media. They
act directly on systems for perception, action, salience, and self-regulation, all of which are
still developing across childhood and adolescence. The strongest current evidence points to
particular relevance for prefrontal control, multisensory calibration, and sensorimotor
function. There is also promising evidence that immersive technologies can become valuable
tools for education and developmental neuroscience when used carefully (Cherry et al., 2024).
But the present evidence base remains too limited to support broad claims about long-term
developmental effects on the brain.

The field lacks technology-specific longitudinal, brain-focused, developmentally stratified
evidence. Most existing studies are short-term, cross-sectional, or feasibility-oriented. We still
know too little about whether repeated immersive exposure alters trajectories of brain
development across months and years. We also lack sufficiently precise comparisons across
device types and use contexts. Head-mounted displays are not equivalent to projection-based
immersive environments, and entertainment use is not equivalent to educational or clinical use.
These distinctions matter both scientifically and for policy.

Future studies should:
o distinguish clearly between device properties, content properties, and patterns of use.
e compare immersive and non-immersive versions of the same tasks,
e should measure brain-relevant outcomes such as cognitive load, inhibitory control,
visuo-vestibular integration, and social processing.
e follow children longitudinally over development to establish causality

(H)The impact of Al-enhanced technologies on early development

Young children growing up in the UK are already affected by Al. They can interact with virtual
assistants like Amazon Alexa™, play with smart toys like Galaxy Kid™ that allows young
children to speak with ‘Al Chat Buddies’ that adapt to their language level, and are monitored
by smart mats that can detect potential medical problems. Such advances hold transformative
potential for supporting early child development through “smart” toys, intelligent tutoring
systems, and individualised parenting support (Zhang et al., 2022; Wang et al., 2022; McStay
et al., 2021). Despite this potential, Al-based tools could critically risk replacing key ‘real
world’ interactions, reducing opportunities for self-initiated learning, algorithmic
discrimination, amplifying technological poverty, and algorithms that monetise attention or
drive early addictive-like behaviours (Asai, 2020; Holmes et al., 2022). We rapidly need to
generate empirical data on the impact of AI during this critical period of child and brain
development to optimise the balance of risk and benefits and ensure a prosperous future
society.

The rapid pace of learning in the first five years of life is driven by children’s expanding
abilities to actively explore the world around them. Neuroconstructivist' theories posit that
through their own actions, children learn about the causal relationships between physical
objects (what happens when I drop my rattle?), the labels we use for objects, and what other
people find rewarding. How are these processes impacted by Al, which has the power to allow
adaptation of input to each individual? How does this impact learning about own agency, or



the regularities that govern the real world? How do children differentiate what is real from what
is computer-generated? We will deliver new empirical information on the impact of Al on
children through a series of studies co-designed with parents and families.

Despite the rapid changes in young children’s exposure to Al during the most significant period
of brain and behavioural development (Mareschal et al, 2007) , there is currently no evidence
related to this issue. The current “state-of-play’’ around Al-mediated technology use in UK
families is largely unknown, nor do we understand the benefits or problems associated with
AI use for family dynamics, or developing parent-child relationship (Croeser et al., 2019)
This creates a critical blind spot in the national conversation, limiting our understanding of
both the challenges and opportunities of Al in early childhood.

Because implementations of Al are rapidly evolving, future research should focus on the impact
fundamental capacities of Al-enhanced technologies to (i) enable adaptive systems, (i1) possess
perceived agency, and (iii) uncover hidden patterns in large-scale data, rather than current
specific technologies themselves.
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