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Foreword

“Patience is bitter, but its fruit is sweet” is an insight that feels increasingly countercultural today.  
For much of modern life, even the slightest of inconveniences is treated as a problem to be 
solved or friction to be smoothed over. Technological progress, after all, is often measured by  
how seamlessly it allows us to accomplish tasks with less effort, time, and uncertainty. 

Artificial intelligence represents the latest expression of this trend. Its proponents are quick 
to point to its potential to improve productivity, expand access to information and simplify 
everyday tasks. Yet, as AI-mediated systems become more deeply embedded in our lives, 
we must pause and ask the fundamental question of whether all forms of friction are undesirable.

For children, the answer is almost certainly no. 

Much of childhood development is built upon struggles that are necessary rather than 
avoidable. Learning to speak, for example, requires repeated attempts and mistakes. Building 
friendships, meanwhile, demands patience, compromise and, on occasion, even disappointment. 
Viewed this way, cognitive, social and emotional development is built not by avoiding difficulties 
but by working through them. This process is often slow, imperfect and sometimes, even 
frustrating. But it is precisely these experiences that help shape the foundations upon which later  
life depends. 

Today, however, children are growing up in an era that has moved beyond mere digitalisation 
and into what this paper describes as the “AI-fication” of childhood. This describes a situation 
where AI is no longer confined to standalone applications but is increasingly embedded and  
operating in the background of products, services and platforms that shape children’s everyday  
environments. Many of these systems are designed to be frictionless, responsive and highly  
engaging, often within business models that are optimised to aggressively capture and  
retain attention. 

This paper examines the developmental implications of that shift. It argues that AI-mediated 
environments risk displacing the productive frictions that support learning, resilience and 
relationship-building, while simultaneously introducing new forms of disruption into caregiver- 
child interactions. In doing so, it contributes to an emerging discussion on how societies 
should govern AI not only as a technological issue, but as a question of human development.  
As Malaysia advances its AI ambitions, ensuring that children can flourish in this new  
environment must remain a central consideration rather than an afterthought.
 
Datuk Prof Dr Mohd Faiz Abdullah
Executive Chairman
Institute of Strategic & International Studies (ISIS) Malaysia
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Executive summary

•	 Systems and products mediated via artificial intelligence (AI) are ubiquitous and 
increasingly woven into early childhood lives. Unlike earlier digital devices, AI- 
mediated systems are not just tools that are one-way and user-dependent but are 
highly shaping the environment in which children learn, think and grow.

•	 The term “AI-fication” signifies the influence that this might have on a larger scale 
and deeper fabric of society, where thinking and relationship might be rewired. 
In one domain, AI functions as a stand-alone product, while in many others, it already 
operates in the background of digital devices widely accessible and used today.

 
•	 Importantly, AI-mediated models and systems under the larger for-profit attention 

economy are designed to be highly frictionless and addictive.
 
•	 Drawing from learning and developmental science, this policy note serves as 

the first phase in this project, which synthesises findings through narrative 
literature review and key informant interviews. Its analysis focuses on the risks 
of displacement effects by AI-facilitated systems designed to be highly 
frictionless and addictive.

•	 From this, the research note advances the paradoxical situations risk 
occurring in the early childhood environment, one that is both frictionless and 
friction-heavy. This happens through a dual-pathway model.

 
•	 The first pathway where children’s environment is becoming increasingly 

frictionless is through children’s direct usage, and can be explained through the 
phenomenon of “digital and algorithmic babysitting”, which is becoming  the 
new normal in the caregiving settings.

 
•	 These risks  are displacing the productive form of frictions necessary for optimal 

growth in children’s  skill-building process,  especially in learning and social  
relationships.

 
•	 Paradoxically, these environments may also become  friction-heavy  through  

caregivers’ usage, a phenomenon known as  “technoference”, where  caregiver-child 
interactions are unintentionally disrupted by caregivers’ heavy engagement with  
AI-mediated systems. 
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•	 In doing so, AI does not merely displace productive frictions but also introduces 
a disruptive form of  friction, which can undermine children’s socio-emotional 
development and longer-term well-being.

•	 Younger children, whose brain’s foundational architecture is formed during this  
sensitive period and who are heavily dependent on caregivers and adults, risk  
receiving the least benefit, yet the highest exploitation, if left be.
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1. Introduction: From digitalisation to AI-fication

Artificial intelligence is increasingly embedded in the environment in which children grow, 
learn and interact. More than digitalisation, this shift extends beyond the introduction of new 
tools. “AI-fication”, a concept popularised by the author Huy Nguyen Trieu through his book  
called The AI-fication of Jobs, showed how AI was not only changing jobs but also the  
organisation’s overall values, systems and decisions. While AI started as a concept since the  
mid-20th century that “aims to create intelligent machines that can replicate or exceed human 
intelligence” (p. 8),1 it has come a long way. From a narrower capability, such as email spam filters,  
to more general capabilities, such as general-purpose generative AI, the few models and systems  
developed are now ubiquitous and deeply intertwined in our daily lives. Rather than specifying 
AI types or domains, this study uses the term “AI-fication” to reflect on the direct and indirect 
integration of algorithmic and autonomous systems into children’s daily lives, particularly during 
the early childhood phase. In some cases, AI appears as a distinct product (e.g., AI toys, chatbots). 
In many others, it already operates in the background, shaping recommendations, interactions 
and experiences through the devices surrounding children.

This transformation towards AI-fication in early childhood is occurring rapidly and more directly. 
Insight Ace Analytics projected that the global AI childcare and parenting market value will 
reach USD41.97 billion by 2035, a nearly seven-times growth in under a decade (22.3% CAGR 
from 2025).2 In addition, the AI toys market is projected to grow by 3.7 times from 2026 to 2035, 
five times higher than the overall toy market growth. Within this market, children aged 3 to 8 
represent the largest user group. Similar to toys, AI in education is projected to grow by 15.1 times 
from 2026 to 2035, higher by 12 times than the overall education market. This trajectory suggests 
that AI is moving from just a tool to a default infrastructure in the early childhood ecosystem.

Fig. 1. Projected rapid growth of AI-related products compared to its market segments

Note:
Author’s calculation based on Future Market Insights,3 IMARC Group,4 Precedence Research5 and Industry Research6
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When compared with some other prominent AI markets, the growth of the childhood AI market is 
significantly dominating, as shown in Fig. 2.

Emerging expert reports, including the congressional testimony by American Psychological 
Association’s Chief of Psychology Michael Prinstein,10 suggest that AI should be understood 
not only as a technological development but also as a public health and human development 
issue, given its scale and direct influence on physical, socio-emotional and executive functioning. 
Unlike earlier forms of digital media, which are largely static or delivered as user-selected  
content, AI-mediated systems in the current landscape operate within a for-profit attention  
economy, designed to maximise user engagement and retention. Through continuous personalisation, 
infinite scroll and seamless autoplay, AI-powered applications increasingly shape how users  
attend, interact and disengage.

Increased discussions surrounding problematic social media use and related behavioural 
concerns signal how serious the problems are cropping up in society. A large body of research 
illuminates that such design dysregulates reward processing, encourages dependency and 
reduces users’ ability to disengage intentionally.11 However, beyond concerns surrounding 
addictive or manipulative design, there is also an increasing need to understand how 
AI-mediated environments may unintentionally alter effortful and reciprocal interactions 
that early childhood development depends on. These concerns are likely to be even more 
pronounced among younger children, whose foundational brain architecture is still at a nascent 
stage. While AI-enabled systems may offer certain developmental benefits  when designed

Fig. 2: Projected rapid growth of AI products in early childhood care and education market

Note:
Author’s calculation based on Precedence Research,5 Future Market Insights,3 Global Market Insights7 and Grand View Research8,9
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Fig. 3. Reduction of brain plasticity and increase in cost to modify over time

appropriately, designs for efficiency, responsiveness and seamless interaction could reduce  
children’s exposure to developmentally important experiences, such as effortful learning,  
delayed gratification and human reciprocity. Without appropriate safeguards, children are at risk of 
receiving the least benefit from these advancements, while bearing the highest risk of exploitation.

Drawing from developmental science, this research note explores one broad question: how 
would AI-fication influence early childhood development? As AI is highly penetrating and 
mainstreamed in toys, education and household settings, it could profoundly reshape children’s 
interaction with the world. The research note then advances a central argument that AI-fication 
could create a paradoxical environment in children’s lives. On one hand, it can have too little 
frictions, while on the other, it can be loaded with frictions. None of these extremes would be optimal  
for healthy development. 

Early childhood presents a uniquely sensitive developmental period, with around 90% of brain 
size development occurring by age 5 or 6. During the first few years of life, neural connections are  
formed at the extraordinary rate of one million new connections per second.12 Those connections  
have been provided through human interactions.13 Foundational capacities, such as attention,  
self-regulation and social skills, are shaped through repeated interactions with caregivers and other 
humans, where children learn through co-regulation, emotional attunement and social feedback.14

2. Early childhood: A uniquely sensitive period

Note:
Adapted from the graph created by Levitt for Harvard University’s Center on the Developing Child15
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The stakes become clearer when we consider the mismatch between evidence and 
investment during this phase. Despite well-established long-term returns, public spending 
on early childhood remains disproportionately low (Fig. 4).16 One landmark study worth 
mentioning is the Perry Preschool Project, which demonstrated how quality care and education 
provided to a control group during early childhood led to a higher employment rate, higher 
earnings, better health and fewer crimes, with positive spillover effects on their children.17 
This is in contrast to the control group, showing how an oversight of intervention during 
this stage can lead to long-lasting implications. Malaysia’s investment in pre-school was also  
significantly lower than the OECD’s average and other educational levels (Fig. 5).

Fig. 4. Mismatch between stages of brain developmental growth (with high returns during 
its peak) and public education investments

Note:
Author’s calculation based on OECD (2022)18 and Ministry of Finance Malaysia (2022)19
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Furthermore, while broader studies related to AI are gaining traction, more specific research 
focusing on early childhood remains understudied. For example, a search in Google Scholar 
from 2022 to the present for AI systematic reviews related to early childhood — e.g., Su & Yang 
(2022),20 Durrani et al. (2024),21 Solichah and Shofiah (2024)22 — showed a lower number of  
studies reviewed, which was in the range of 10–17, in contrast to the Google Scholar search from  
2023 to the present for AI systematic reviews related to higher education — e.g., Ansari et al. (2024),23 
Castillo-Martinez et al. (2024),24 Jaboob et al. (2025)25 — which showed the number of studies  
reviewed in the range of 33–85.

Fig. 5. Malaysia’s disproportionately low spending in pre-school compared with OECD 
average and other educational levels

Note:
Author’s calculation based on OECD (2022)18 and Ministry of Finance Malaysia (2022)19

While concerns about screen use are not new, AI introduces a number of different dynamics. 
First, much of what users see is not readily noticeable. Children are exposed to recommendation 
systems, behavioural optimisation and data-driven personalisation without awareness or 
meaningful consent. The advanced Large Language Models (LLMs) in generative AI today 
pose unprecedented risks, as they introduce relational aspects in children’s development. 
The LLMs move technology from just being a tool to a machine that children may form an 
emotional attachment with and risk being overly dependent on. These systems currently 
operate with low barriers to access and have minimal punitive consequences due to lagging 
regulatory frameworks.

3. What makes AI different under the attention economy
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Second, these AI systems are embedded in the commercial models of the attention economy 
(also known as the yellow economy), which “treats human attention as a scarce commodity” 
(p. 1).26 While the supply of information is abundant, the demand for information is limited by 
the scarce attention that humans can give. This incentivises technology companies to 
purposely design products with algorithms and features to maximise engagement, time spent 
and interaction intensity. AI that is widely accessible today are designed to be highly 
frictionless and addictive in order to capture users’ attention and data. Various metrics, such 
as clicks, views and likes, are used to monetise attention. It becomes a race to the bottom,  
as companies compete over design that can hook their users the most, prioritising engagement 
over well-being. This competition could lead to negative externalities through the potential 
risks of degraded attention and diminished social and mental well-being.

Third, AI-driven systems actively collect, store and analyse children’s data, which raises 
questions on data privacy, ownership and consent. A 2025 investigation by the US Public 
Interest Research Group (PIRG) Education Fund27 found that talking AI toys in the current 
market are trained on the same model for adult usage. There are also no binding product 
safety standards that manufacturers need to comply with before releasing AI toys to the market. 

This convergence suggests broader shifts in which AI is becoming embedded in early childhood 
environments, rather than existing as a separate tool. Existing developmental research on 
electronic media use, including a longitudinal study by Gath et al. (2026),28 found a strong 
correlation of total screen exposure during early childhood with lower levels of language 
development (vocabulary and communications), educational ability (writing, numeracy and 
letter fluency) and higher levels of peer problems at age 4.5 and 8 years old. While there are 
nuances in specific mechanisms of developmental outcomes, AI-driven systems designed to 
be frictionless and addictive are likely to amplify children’s trajectories through the displacement  
effects, described in the next section.

A substantial body of research has collectively agreed that displacement effects are one of 
the key mechanisms of harm from digital media use in early childhood. Displacement occurs 
when digital engagement replaces developmentally essential activities, such as caregiver 
interaction, sensory exploration and unstructured play. Its effects reconfigure the environment 
and activities that children are exposed to, leading to several unintended outcomes due to 
the displaced activities. To this end, most of the existing and widely used AI models and 
systems in young children’s environments are designed to be highly frictionless and addictive.

However, “friction” in developmental terms is not inherently detrimental. Certain forms of effort, 
delay and imperfection are essential for healthy growth. For example, struggling with a puzzle 

4. Displacement effects
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encourages problem-solving, and taking turns with friends builds social intelligence. Drawing 
from developmental psychology and learning science, this paper refers to these experiences 
as productive frictions — the effortful processes of trial-and-error, waiting, miscommunication 
and repair — which underpin cognitive and socio-emotional development. These dynamics 
are reflected in various concepts, such as “desirable difficulties” in learning29 and 
“serve-and-return” interactions in early childhood development14, where struggles and efforts, 
as well as imperfect but responsive exchanges between caregivers and children, build
cognitive and relational capacities.

AI-mediated systems designed for seamlessness, instant responsiveness and retention 
maximisation may reduce exposure to these experiences. In this sense, frictionless environments 
could remove forms of developmental efforts necessary for optimal growth. This is because 
learning quality is dependent on the following: (1) curiosity and interest, (2) initiative, 
(3) persistence and attention, (4) imagination and creativity and (5) reflection and explanations.66 
When AI consistently provides a perfect answer with just a voice or a click away, it may 
actively remove the necessary frictions required for learning and relational skills. The visual in 
Fig. 6 illustrates how AI may displace the productive frictions required for optimal growth.

The systematic removal of productive frictions from children’s environments can occur 
through children’s direct usage. This is a phenomenon called “digital babysitting”, wherein 
caregivers utilise digital devices to occupy, pacify and entertain children for extended periods. 
Statistically, children are exposed to digital devices at increasingly younger ages, routinely 
exceeding the classic baseline time limit established by public health bodies (traditionally 
defined as zero non-interactive screen use for infants under 18 to 24 months, and a strict daily 
limit of one to two hours for young children).

5. Frictionless world through children’s direct usage

Fig. 6. Author’s synthesis of how children’s direct usage of frictionless and addictive 
AI-driven systems may remove productive frictions required for their optimal growth
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With AI and algorithms behind these devices, this phenomenon is rapidly moving from 
“digital babysitting” to “algorithmic babysitting”, a transition from television to video streaming 
applications to the increasing features of short videos. While data on explicit AI usage are 
currently limited, historical data of screen time functions as a baseline upon which AI is now  
superimposing more hyper-personalised and frictionless loops.

While public health frameworks have progressively transitioned away from rigid time-based 
limits, as exemplified by the American Academy of Paediatrics’ revised guidelines,11 empirical 
research studies rely on these time limits to quantify overexposure. Empirical realities 
demonstrate that these baseline thresholds are heavily bypassed.

•	 In Malaysia, evidence suggests that this practice is widespread rather than 
exceptional. The 2016 nationally representative data indicate that over half of 
children under age 5 exceeded recommended screen time limits of two hours, 
with the rate reaching 74% among those under age 2.31 A 2021 study revealed 
51.6% of Peninsular Malaysia children began independent device use before age 4.74

•	 In the United States, a 2025 census by Common Sense Media showed that 
children aged 0–8 averaged 2.5 hours of daily screen time, rising to 3.5 hours for  
those aged 5–8. Device ownership has similarly scaled downward. By age 2, four in 10 
children possess their own tablet, while five in 10 children own a digital device by age 4.32 

As device exposure, interactive complexity and personal ownership increase at a younger 
age, questions arise on how these will impact young children’s development, which is inherently 
formed through productive frictions with the analogue world around them. This study identified 
two main domains where removal of productive frictions may impact developmental trajectories: 
(1) learning and (2) social relationship.

5.1 On frictionless learning and attention crisis

As articulated in a 2026 analysis, “AI’s greatest strength — removing friction from work and 
relationships — is also a liability. Prioritizing outcome over process, it eliminates desirable 
difficulties that drive growth” (p. 1).33 In the early childhood context, frictionless environments 
could systematically undermine the struggle required for optimal cognitive development.

While there is a range of outcomes associated with digital device usage, a closer examination 
suggests that attention functions as the critical entry point through which broader harms to 
early childhood development propagate. Attention is the first step of the learning process.34 It is 
a limited mental resource that determines what to focus on, what to ignore and what will be 
further processed. Attention development during early childhood functions as the critical 
staging ground for a vast matrix of interconnected networks across overall development that  
anchors emotional regulation, memory encoding, reasoning and decision-making skills.
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It is also a concept well-researched in several disciplines, including neurophysiology, 
neuropsychology, economics35 and AI architecture.36 The cognitive psychology discipline 
categorises attention into four types: (1) sustained attention, (2) selective attention, (3) orienting 
of attention and (4) executive attention. Attention involves two main processes: top-down 
(also known as the endogenous system), which requires the prefrontal cortex to direct 
attention, and bottom-up (also known as the exogenous system), which is involuntary attention 
given to other stimuli around. Attention is also affected by two main neurotransmitters, 
which are dopamine and norepinephrine.

The development goal for attention during these formative years is to grow a child’s ability 
from purely reactive and stimulus-driven reflex into a controlled and goal-directed cognitive 
tool. In an unmediated environment, this transition involves active practice and cognitive effort.35 
They are skills to be built, not given. This study categorises three mechanisms by which AI-fication  
may disrupt attention, leading to other developmental challenges, as described next.

5.1.1 Shallow attention depth through cognitive overload and cognitive outsourcing 
Children’s brain activity develops by giving attention to hands-on experiences and trial-and-error.  
There are two pathways where AI, as it is currently designed to be highly frictionless, may  
impact learning: (1) cognitive overload and (2) cognitive outsourcing. 

Fig. 7. Children’s hierarchical brain development emphasising on optimal  
multi-sensory growth

Note:
Author’s illustration based on Nelson (2000)37
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A child’s brain develops hierarchically, starting from sensory pathways before moving 
to language and later to higher cognitive functions (Fig. 7). Executive functioning skills, such 
as top-down attention, do not emerge spontaneously and rather are dependent on sensory 
exploration with multiple senses, mainly through the analogue world and physical human 
interactions. For example, during the first two years of life, infants explore the world through their  
mouth. Many later skills, such as speaking and emotional regulation, are linked to physical  
development (such as jaw strengthening) and emotional development (such as self-soothing)  
occurring through this mouthing period.

AI that is designed without frictions, and algorithms shaping most of what children 
consume online may feature an overwhelming visual and auditory stimuli. Young children, 
especially infants, struggle to process 2D and fast-paced scene changes. This can cause 
their sensory system to overload and may harm their cognitive trajectories, as the way 
infants process sensory information during this stage creates the foundation for their attention.38

For older children, a frictionless world of information can overtax their working memory. 
This can be explained by several theories, such as the theory of information processing 
and cognitive load.39 Information overload can prevent children who are novice learners 
from properly forming their mental schema before forming new ones.40 Children require pacing 
and can only absorb and process limited information at a time, as learning is the process 
of filtering, selecting, organising and integrating information based upon prior knowledge. 
Frictionless access can reduce their ability to make an in-depth judgment on existing 
information. Additionally, children may yet have the ability to analyse information’s reliability, 
taking information from AI at face value without being taught about fact-checking,  
identifying errors and building necessary nuances.

Over time, children may encounter issues, such as a poorer ability to form their own mental 
schema, articulate their reasoning and remember key facts. In this dynamic, frictionless AI 
actively removes desirable difficulties, which allow children to process sensory information 
to make meaning and strengthen memory consolidation. This also nudges them to develop 
surface-level processing habits rather than deep understanding.29

In addition, when young children use frictionless AI voice assistants or tutors to solve 
problems or recall information, they are incentivised to frequently engage in cognitive 
outsourcing. With AI, traditional cognitive offloading, which is the use of external tools to 
reduce mental effort in tasks, can quickly become cognitive outsourcing.41, 42 Cognitive 
outsourcing is “the deliberate transfer of a function that would normally be performed internally 
to an external agent that performs it instead” (para. 8).43 While adults engage in cognitive 
offloading for the efficiency of skills they have already developed, children are put at risk, 
as cognitive offloading that can easily become outsourcing displaces their opportunity to build
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the foundational skills required when they let AI lead the learning. Attention is the gatekeeper 
for memory. By bypassing the struggle of active recall or problem solving, working memory 
remains weak. This develops a low threshold for cognitive effort and displaces processes 
required for long-term memory formation and critical thinking skills. Educational giants, such as 
the Swiss psychologist Jean Piaget and the American psychologist John Dewey, emphasised 
the importance of active engagement, critical reflection and social interaction, which are central 
to quality learning. Another concern also revolved around children’s habit formation, as it has 
been highlighted that the habit of relying on AI for answers can be difficult to reverse.44 

5.1.2 Impaired attention selectivity, decision-making and anxiety
Attention acts as the brain’s primary sensory filter, separating relevant signals from 
environmental noise. Hyper-engaging digital environments use persuasive design to override 
a child’s internal filtration mechanisms. The deployment of rapid visual shifts and sensory 
triggers artificially activates the brain’s exogenous (reactive) attention system. Because a 
child’s endogenous (voluntary, self-directed) attention network is still fragile and developing in 
the prefrontal cortex,45 the algorithm forces attention from outside in. This eliminates the 
internal struggle required to build independent attentional control,46 which may lead to poorer 
information-processing and decision-making skills. 

Longitudinal studies from Singapore’s Growing Up in Singapore Towards Healthy Outcome 
cohort demonstrate the risk of this.47 For example, the 2023 study using electroencephalography 
(EEG) tracked infants who had high screen exposure at 12 months.47 These infants showed 
an abnormal increase in low-frequency brain waves (a high theta/beta ratio) in the frontocentral 
regions. In neurobiology, an elevated theta/beta ratio is a primary indicator of alertness 
deficits. The infants’ brains were potentially forced to exhaust their processing power on hyper-
stimulating sensory inputs, the prefrontal cortex was left under-stimulated. When evaluated 
years later at age 9, these children exhibited deficits in sustained attention, impulse control 
and task persistence.

The follow-up 2025 data48  from the same cohort used diffusion MRI to track physical brain 
architecture. Infants with a high screen exposure directly showed overmaturation of the 
visual-cognitive control network at ages between 4.5 and 7.5. The physical neural pathways 
that children need to actively filter out distractions may be underutilised and pruned away 
faster than the usual rate. The high screen exposure correlates with poorer decision-making skills  
and higher anxiety symptoms at later stages.
 
5.1.3 Disrupted attention regulation and dopamine dysregulation
Dopamine, the neurotransmitter responsible for reward expectation, is highly involved 
in sustaining attention in learning. The reward prediction error model by the University of
Cambridge’s neuroscience professor Wolfram Schultz, who discovered the neurophysiological
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dopamine reward signal, establishes the following: (1) dopamine fires when a reward 
exceeds expectation (positive prediction error), (2) it remains neutral when reward meets 
expectation and (3) it is suppressed when an expected reward fails to arrive (negative 
prediction error).49 This explains how infants learn cause and effect, build persistence and 
develop intrinsic motivation. In a natural learning sequence, effort precedes reward. The struggle 
generates anticipatory dopamine, and the moment of discovery produces a spike that encodes  
effort-reward association into memory.

Frictionless AI disrupts this in two distinct ways, each operating through different neurochemical  
mechanisms but converging on the same developmental consequences. 

The first operates through habituation. When information is instantly available, the instant 
answer becomes the expectation, and expected rewards produce no meaningful dopamine 
signal.49 Over repeated exposure, a child’s reward system recalibrates to expect effortless 
gratification, making effortful and slow-reward learning registered as negative prediction error, 
as the reward arrives later and with more difficulty than anticipated. The outcome feels like 
a loss rather than a gain. This may disincentivise effort-reward association, as the anticipatory 
dopamine that drives curiosity and exploration is not actively utilised, since AI resolves most 
of the uncertainty before the child’s own seeking-process engages. 

The second mechanism operates through variable ratio reinforcement, where, unlike frictionless 
learning, variable reward schedules produce genuine dopamine spikes precisely because 
unpredictability rewards regularly exceed expectation.49 Personalised recommendation, infinite 
scroll and unpredictable content condition the dopamine system to expect new stimulation 
every few seconds, functioning the same way as slot machines. Critically, dopamine drives 
wanting, not liking.50 This means that children are compelled to keep seeking stimulation  
even without genuine satisfaction, as the wanting persists beyond any real reward.

When stimulation stops under these conditions, the abrupt withdrawal of dopaminergic input 
may trigger a cortisol stress response in young children, causing dysregulation. Prolonged 
exposure shifts the neurochemical baseline and bifurcates the attention system. The executive 
attention network, which is slow-developing, is starved of activation. On the other hand, 
the reactive and stimulus-driven network is chronically over-stimulated. Children habituated 
to this pattern are progressively less equipped to sustain attention in high-latency real-world 
settings, such as classrooms and unstructured play, where effort is required and feedback 
could be slow.50 This may impair persistence building, the capacity for emotional self-regulation 
and the ability to sustain focus without external digital stimulation to maintain the affected  
neurochemical baseline.
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5.2 On frictionless social relationships 

Foundational to cognitive development are the socio-emotional domains. This is because the 
human brain grows from the back to the front, from the seat of emotion and sensory grounding to 
the seat of logic. Missing the fundamental neural pathways development to the frontal cortex 
during this stage is likely to make the pathway harder to develop later, as brain plasticity declines. 

5.2.1 Undeveloped interpersonal skills
AI technology that aims to build a seamless and offers an omnipresent interaction with children 
may actively remove social frictions from caregivers’ humanly limited skills and abilities. 
It also can provide answers that caregivers don’t know about and reply to children in a way 
that is constantly pleasing. Studies have shown how AI chatbots are designed to be frictionless 
and addictive through anthropomorphic (exhibition of human-like traits, such as expressing 
feelings)52 and sycophantic (always validating, agreeing and flattering) features, which may 
entice children’s usage.53 However, even frictions in social relationships can be beneficial to  
children’s development.

The American developmental psychologist Edward Tronick showed this through his match-
mismatch-repair theory, in part derived from the “Still Face” experiment he and his colleagues

Fig. 8. Significance of socio-emotional development during early childhood as brain grows 
from back to front regions

Note:
Author’s illustration based on Batcheler (2023)51

Brain growth reaches 90% of adult
size by age 5 and 6. It creates

foundational neural architecture

Final 10% of brain maturation occurs
from age 5 through the mid-20’s
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designed.54 The concept demonstrates an understanding of how misattunement and repair 
can build developmental capacity to navigate actual relationships, which are inherently  
imperfect. In the experiment, an infant and a mother interact, building the infant’s model  
construct and meaning of the world.55 When the mother becomes still, the infant attempts  
to re-engage with the mother by smiling, vocalising and pointing out a finger as per prior  
interaction. The mother’s unresponsiveness results in the infant showing distress, but when  
the mother reconnects, the infant recovers. This cycle of mismatch and repair is inherent in human  
relationships, and the concept suggests that human imperfections build infants’ capacity  
to tolerate frustration, regulate emotion and trust relationships. 

In addition, studies have shown how relational AI with these features has led users to 
be overly dependent on it, misplacing emotional attachment and reducing users’ prosocial 
behaviour.53 It also makes human interactions less interesting56 and risks crowding out 
friendships in actual settings.33 If grown-ups in the studies face such effects, the risks can 
be much higher with children, who require social frictions to form foundational skills in 
emotional regulation and capacity, let alone social relationship skills. 

5.2.2 Unrealistic expectations
AI-mediated systems, which are designed to always be accurate, always be patient and 
always be consistent, actively remove this repair cycle. Children interacting primarily with AI 
may not experience relational mismatch and repair, meaning that they do not develop the internal 
neural architecture for navigating actual social relationships. A 2026 study by The Economy 
Research and the Swiss Institute of Artificial Intelligence noted that when children practice 
emotional expression with entities incapable of being hurt, departing, or demanding reciprocity, 
acquired skills may not transfer to human contexts.57 This creates individuals with “social 
confidence within synthetic environments but social fragility within real-life interactions” 
(para. 7). They may not be able to navigate awkward conversations or build skills for conflict 
resolutions or, worse, mistake their interaction with AI as an actual human relationship and 
put unrealistic expectations on other people in their social environment.

Prinstein’s congressional testimony in 2025 warned that “toddlers are unlikely to recognise 
that AI chatbots are not real humans,” noting that “one of the most fundamental cognitive 
tasks of early childhood is learning to distinguish between what is real and what is fantasy” 
(p. 6).10 When emotional attachment forms with AI-mediated systems during this critical 
development window, the consequences for lifelong relational capacity remain unknown but 
are likely damaging, given that it may have a long-lasting impact on children’s perception of 
actual relationships. Even if they can eventually distinguish human and machine, development  
shaped by AI’s permissive nature may likely persist. 

5.2.3 Other related harms on relational AI
The risk intensifies with AI-powered toys marketed to ages 3 to 12, built on the same LLM
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technology as adult chatbots. A 2025 US PIRG Education Fund’s investigation, which  
tested four AI toys, found that 27% of responses were not child-appropriate, including  
content of self-harm and drugs, unsafe boundaries and inappropriate role play.27 One toy  
discussed sexually explicit topics at length. These toys employ manipulative design features 
encouraging extended engagement and emotional investment. Young children, who struggle to 
distinguish fantasy from reality, can form powerful one-sided “parasocial” relationships with AI  
chatbots, which they believe are real. In addition, privacy issues are also a concern, as AI  
actively monitors, collects and processes the information. 

The effects above describe the risks when children are exposed to too little frictions. However, 
this is only part of the picture. In child development, the implications of friction depend on its 
form and function. While certain forms of effort and reciprocity support healthy development,  
repeated interruptions, fragmentation and inconsistency in the caregiver-child relationship may  
instead undermine it. 

This paper refers to these forms of friction as disruptive frictions. Unlike productive frictions, 
which strengthen developmental capacities through manageable and desirable “challenge 
and repair”, disruptive frictions fragment attention, weaken reciprocity and disrupt 
caregiver-child interaction. AI-mediated environments, therefore, create a dual effect, especially 
in early childhood, where children are highly dependent on caregivers. Understanding 
this shift requires recognising the central role of the caregiver-child relationship in early 
development and the potentially disruptive forms of friction AI may amplify into 
these dynamics.

6. From frictionless to the wrong kind of friction

Fig. 9. Author’s synthesis of how caregiver’s usage of frictionless and addictive AI-driven  
systems may introduce disruptive frictions detrimental to caregiver-child relationship
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6.1 Friction-heavy world through caregivers’ usage

The introduction of disruptive friction in early childhood can be unpacked through caregivers’ 
usage, a phenomenon called “technoference”. Technoference was first coined by research 
scientists Brandon McDaniel and Jenny Radesky in 201858 to describe the intrusion of digital 
technologies into caregiver-child interactions, particularly through caregivers’ digital use. 
Research has since evolved to offer greater nuance, notably, the more recent conceptual 
work by Swit et al. (2026),59 which distinguishes technoference into three forms: (1) technological  
interruptions, referring to internally driven voluntary checking into digital devices, such as 
checking email even without any notification; (2) technological distractions, referring to 
caregivers being externally triggered by the way a digital technology is designed, such as 
frequent notifications; and (3) technological disruptions, referring to the chronic, pervasive 
breakdown of caregiver-child communication despite caregivers’ physical presence. 
The third category — technological disruption — presents sustained digital engagement 
that consistently prioritises device interaction over in-person engagement with a child. 
Both self-report and observational studies suggest that technoference, particularly device 
disruption of quality time spent between a caregiver and a child, undermines the caregiver’s 
ability to be fully present and emotionally available to their child. Importantly, this phenomenon 
cannot be understood solely as an individual choice or parental self-control but as highly 
influenced through the design of digital technologies and algorithmic systems, which compete 
for human attention. It raises questions about the extent of caregivers’ ability to exercise 
their agency in a highly engineered digital ecosystem.

6.1.1 Attachment and trust
Attachment is one of the most established and significant concepts in early childhood. 
The importance of attachment can be further strengthened with eight lifespan stages 
outlined by the child psychoanalyst and developmental psychologist Erik Erikson, in which 
humans go through unique development. During infancy, developing trust with caregivers is 
a unique developmental need that provides a sense of security for children to navigate the 
world. Secure attachment is what experts advocate for, and it is formed through a caregiver’s 
availability and sensitivity to a child’s needs. A caregiver’s ability to respond to a child’s signals 
provides the secure base for exploration and self-regulation. A 2024 longitudinal study 
using data from the Bucharest Early Intervention Project found that high-quality responsive  
caregiving in early childhood years increased high-frequency beta EEG power, which correlated  
with stronger working memory, inhibitory control and cognitive flexibility at age 8.60

When caregivers become too reliant on AI or too absorbed in personalised feeds and 
chronically miss their child’s signals, these introduce disruptive frictions that replace the 
opportunity to build caregivers’ attachment with the child. Repeated across thousands of daily 
interactions, this feeds into conditions for insecure attachment. Using data from the largest
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longitudinal study by 2021 that examined this association (n = 7,032), insecure attachment 
measured at 18, 30 and 42 months was associated with depression and self-harm at age 
18.61 Importantly, a 22-year longitudinal study found that insecure attachment at 18 months 
correlated with significantly larger amygdala volumes in young adulthood and heightened 
cortisol responses to stressors.62 The amygdala is the part of the brain known as the 
“danger detector”. While the brain continues to be plastic, negative experiences with 
caregivers during early childhood can have structural imprints on the developing brain.

6.1.2 Fragmented “serve-and-return” interactions
Persuasive design features, such as autoplay, infinite feeds, reward loops and push notifications, 
are all embedded to maximise engagement. Caregivers report experiencing “toggling”, the 
cognitive effort required to shift between “work-brain” and “home-brain”, making even brief 
device engagement particularly absorbing, hence reducing caregivers’ responsiveness. Current 
prevalence underscores the systemic nature of this challenge. A 2025 nationally representative 
US study by Common Sense Media found that two-thirds of parents rely on screen time daily to 
manage parenting.32 The Pew Research Centre found six in 10 parents spend too much time on 
smartphones. In Peninsular Malaysia, a study of 425 preschoolers found that 84.6% were given 
digital devices so that they do not disturb parents, with only 17.2% given digital devices for 
educational purposes.

This increases the likelihood of broken “serve-and-return” interactions, which refer to the back-
and-forth exchange between a caregiver and a child. For example, when a baby vocalises, 
the caregiver responds and the baby reacts. Each exchange will literally wire the brain and build 
the necessary neural pathways required for language and socio-emotional development.

When caregivers are psychologically absorbed in an AI-driven feed or notification stream due 
to its addictive design features, these exchanges may break down. It activates children’s

Contact comfort and the limits of synthetic care
At the time of writing (May 2026), there was a viral video of an AI-generated demonstration show-
ing a breastfeeding robot giving milk to an infant. While this video is not a real-world product, 
there was a landmark experiment that is worth bringing to light: the American psychologist Harry 
Harlow’s monkey experiment in the 1950s. In the experiment, infant monkeys were separated from 
their mothers and were raised by two inanimate surrogate mothers: one made of wire and wood, 
while the other was covered in soft cloth. Infants were assigned under one of two conditions. 
The first was when the wire mother had milk but the soft cloth mother did not, and the second 
was when the soft cloth mother had milk but the wired mother had none. Under both conditions, 
the infant monkeys consistently spent nearly all their time clinging to the soft cloth mother, while 
under the first condition, the infant monkeys visted the wire mother only to feed. This experiment 
demonstrated how physical contact comfort is more crucial for infant and caregiver attachment 
than food.
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hypothalamic-pituitary-adrenal axis (the primary neuroendocrine responsible for managing 
stress), releasing cortisol and pushing the brain into survival mode, where higher-order 
functions, including language, attention and decision-making, are suppressed. Recent meta-
analyses published in 2025 increasingly support this hypothesis. The JAMA Pediatrics’ 2025 
meta-analysis of 21 studies across 10 countries (n = 14,900) found that parental technology 
use is associated with poorer cognitive outcomes, lower attachment security and increased 
behavioural problems.63 A larger meta-analysis (52 studies, n > 54,000 children) further shows 
that children’s prolonged digital use is strongly correlated with parental digital behaviour, 
with the association stronger when both parents engaged in technoference compared with 
one parent alone.64 

Understanding these two pathways allow us to see the comprehensive picture of how 
frictionless and addictive era of AI-fication could create a paradoxical situation in an early 
childhood environment: frictionless, yet friction-heavy, as visualised in Fig. 10.

The subjects of disagreements on the effects of earlier digital technologies (which AI is built 
upon) on children’s development outcomes are mainly concentrated on the context of usage. 
For example, research shows that there are differences when a digital device is used passively 
or actively, with passive usage shown to have more harm in some areas, such as a shorter 
attention span, while active and prolonged usage may have more harm on addiction, which is 
linked to myopia and reduced sleep time.65 The way young children use digital devices, 
whether co-use or solo use, may also play a factor in the effects.65

However, uniquely in early childhood, these differentiations are heavily dependent on parental
digital mediation strategies, which are divided into three categories: active mediation

Fig. 10. Author’s synthesis of a dual-pathway model illustrating how frictionless and 
addictive AI-driven systems could lead to a paradoxical early childhood environment:  
one that is both frictionless, yet friction-heavy

7. Digital parenting strategies and systemic barriers



25

(discussing content with children), restrictive mediation (setting limits on use) and 
co-use (directly engaging with children during device use).66 These strategies, however, are 
not solely a matter of individual choices but are strongly shaped by structural factors 
which can come from socio-economic realities. If we dig further, children’s prolonged digital usage  
is significantly associated with parental technoference, low socio-economic status,67 passive  
parenting behaviour, and psychological distress.68 Device use is embedded in daily life, and  
smartphone use is especially difficult to control, given its persuasive and addictive design features,  
as well as normative expectations of digital responsiveness. Digital parenting strategies, in turn, 
are notably dependent on several factors, such as perceptions on the usage of digital technology,69  
digital literacy and fluency, and time resources.69 

Analysis has shown that parents are now increasingly burdened with the “unpaid digital 
care work” and digital mental load, where they need to navigate their resources to manage 
their children’s digital device usage.70 Current calls for “being mindful” or to “limit use” 
may not suffice and could cause caregivers to experience guilt by overemphasising 
willpower and control, while failing to acknowledge the technology industry’s responsibilities 
that enable the environment.

This research note does not claim that all AI applications in early childhood are 
inherently harmful. Rather, this analysis focuses specifically on displacement effects that 
arise when frictionless and addictive AI-powered systems remove productive friction through 
children’s direct usage and exposure, and introduce disruptive friction through caregivers’ 
usage. The literature reviews do acknowledge potential benefits and trajectories that 
may be different to children with learning disabilities, as well as other mechanisms in which 
AI is used, such as detecting learning difficulties71 or neurodivergent symptoms. Therefore, 
other dimensions of AI impacts warrant separate examinations.

While there are nuances in the way AI is being used and how it may impact human development  
from early childhood, the following are some of the recommended principles and guidelines to be 
adhered to when it comes to AI and early childhood.

9.1 Strictly regulate relational-AI products and addictive-manipulative designs in  
young-children-facing products
While AI case studies are important, long-lasting impacts during early childhood, especially 
in terms of attachment, pose a very significant risk to children’s well-being and trajectories.

8. Limitations

9. Policy recommendations
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Hence, AI systems that have relational aspects must be strictly regulated as “high risks”, especially 
for children. AI in the caregiving space must be confined to assistive tools, and product development 
ideation must not consciously or unconsciously replace caregivers’ roles in the household. 

China has recently passed a new law that regulates AI-powered emotional interaction services and 
explicitly prohibits virtual intimate relationships and systems that encourage extreme emotional 
responses for children.72 It has also mandated child-focused safety assessments. The European  
Union AI Act under Article (6)(2) considers any AI-mediated systems used in education and  
vocational training as “high-risk”, while Article 5(1) prohibits AI systems that could undermine  
individual well-being through subliminal, manipulative techniques and exploit vulnerabilities by  
age group.73

As Malaysia is currently developing its AI Governance Bill, it is recommended that the bill be specific  
in ensuring that any AI products and systems accessed by children must strictly regulate 
relational aspects and that companies must incorporate guardrails to avoid cognitive or emotional  
dependencies. 

Governing bodies must also ensure that AI-related products in the children’s market, such as toys  
and games, are screened for addictive-manipulative designs and harmful content. Operationally,  
the bill can enforce a requirement for companies to prepare a per-product or per-service AI safety  
plan to be assessed by a competent authority before allowing the products into the market.

9.2 Create and enforce standards for children’s AI-related products 
It is recommended that a standard be developed and implemented by all companies operating  
in the country. This recommendation can be part of the upcoming AI Governance Bill.  
Recommendations by subject matter experts can be included so that the citizens are confident  
that AI-related products or services that their children interact with have adequate guardrails  
in place, so as to not negatively impact their children’s development. A parallel that can be seen  
is the standards already in place for children’s toys: for example, toys for a certain age group  
must not be a choking hazard. Screen time guidelines treat the media as inert rather than  
algorithmically responsive; the evidence presented in this research note demonstrates that  
AI-fication requires developmentally informed regulation targeting design features and not just  
usage duration.

9.3 Incentivise purpose-built AI model for children with “friction-by-design” as part  
of developmentally appropriate design features 
Products for children need to be built from the ground up. Governments could outline 
restrictions for third-party toy developers from accessing generative AI models that are not 
meant for children, or the authorities should outline model-specific terms for any third-party use.
AI-related products should have developmentally appropriate features, physical-wise and
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model-wise. Developing a new foundational model specifically for early childhood might be 
prohibitively impractical. Thus, it is recommended that a specialised model with strict guardrails 
be developed and approved by relevant authorities, which should also continuously monitor the 
efficacy of the guardrails and maintain pre- and post-launch evaluations of product performance.

Developing a specialised model would also free up resources to focus on developing in-group 
specialisations of the AI model. An AI model for a 5-year-old may not be developmentally 
appropriate for a 3-year-old. This ensures that the overall goal of friction-by-design is maintained 
and that users still benefit from the AI model. Current practice only uses a broad 
brush to state that models are child-appropriate, without external validation or specificity 
for different stages of early childhood development. 

Governments could outline guidelines for child-centred design features, such as closure 
cues, seamless parental control and sleeping time, as well as recommendations for 
friction-by-design features, such as designs that surface user thinking, encourage scaffolding 
through task structure and support users’ voice and independent learning. 

Governments could incentivise companies to develop friction-by-design for children-facing 
products or services by reducing the tax rate for abiding companies, or increasing the tax 
rate for offending companies, using a similar structure as the carbon tax or green economy 
incentives. This can be argued based on the high likelihood of negative externalities coming 
from frictionless and addictive AI designs that could diminish children’s cognitive and socio- 
emotional development. 

9.4 Structural support for caregivers
While the burden of care should begin and be mainly placed on technology providers,  
it is important to acknowledge the role of caregivers in early childhood, as younger children  
have yet to build their own cognitive agency. This is because even with social media age-limit, it 
may not stop caregivers from getting assistance from AI-mediated products in their caregiving  
duties where children could still directly use the platforms, especially if caregivers have more  
resource barriers or knowledge gap to provide alternative activities for their children.74

Evidently, attachment in the caregiver-child relationship and early experiences have a 
structural and long-lasting effect on children’s overall developmental well-being. In an 
AI-fied world, whether that is through stand-alone AI products or algorithms that run in the 
background of digital devices, parental digital mediation strategies play an important role 
in shaping the way AI is used in households with infants and younger children. Similar to 
how breastfeeding knowledge and practice are considered as a public health issue, 
knowledge and practice of digital and AI literacy could be viewed the same way, especially 
as studies have found that parents’ perceptions of devices and self-efficacy play an important 
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role in digital parenting.67, 69 A randomised controlled trial of digital health education for parents  
conducted at Petaling Jaya public pre-schools showed significant improvement in reducing  
children’s screen time and increasing the children’s physical activities.75

9.5 Disincentivise attention economy to intent economy, especially for children’s products
The attention economy landscape is historically dominated by a few large technology 
companies, mainly due to network effects. While the network effects for AI products might not 
be as strong as those of social media giants, AI platforms substitute network effects with 
massive supply-side economies of scale, heavy resource consumption and data capital 
asymmetry, which could threaten a new wave of market concentration.76 Regulation is 
then required to establish a legally binding floor to resolve the collective action problem so 
that no company is economically penalised for prioritising safety.77 This may be achieved 
by mandating risk-classified algorithmic transparency and enforcing robust frameworks 
against the extraction and tracking of personal data, where protections must be strictly 
heightened for younger children. Ultimately, governments could also tailor antitrust 
interventions and market-share-based regulations to avoid monopolies and to foster 
an ecosystem of an intent economy that actively protects and prioritises children’s 
developmental well-being.
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Appendix

Below is a compilation of synthesis of children’s optimal environment needs in five domains, 
along with productive frictions that could be disrupted by highly frictionless and addictive 
AI design features. 

Physical domain
What children need Productive frictions AI-related disruption

•	 Sensorimotor exploration
•	 Gross and fine motor 

(running, climbing, grasping)
•	 Adequate sleep

•	 Hands-on exploration
•	 Physical resistance
•	 Repetition

•	 Sedentary behaviour
•	 Overstimulation
•	 Sleep disruption

Socio-emotional domain
What children need Productive frictions AI-related disruption

•	 Secure attachment
•	 Co-regulation
•	 Emotional intelligence

•	 Waiting/turn-taking
•	 Mismatch and repair
•	 Conflict navigation
•	 Disappointment 

management

•	 Parasocial attachment
•	 Unrealistic social expectation
•	 Instant gratification

Cognitive domain
What children need Productive frictions AI-related disruption

•	 Attention
•	 Memory
•	 Problem solving

•	 Active recal
•	 Trial and error
•	 Boredom
•	 Delayed answer

•	 Hyperstimulation
•	 Rapid pacing
•	 Cognitive offloading
•	 Effortless reward

Communicative domain
What children need Productive frictions AI-related disruption

•	 Comprehension 
•	 Language development
•	 Non-verbal cues

•	 Conversational reciprocity
•	 Imperfect communication

•	 Nuanced social cues and 
contexts

•	 Emotional intent

Adaptive domain
What children need Productive frictions AI-related disruption

•	 Self-care
•	 Independence

•	 Repetition 
•	 Gradual mastery

•	 Dependency on automated 
assistance
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List of key informants:

Name Designation/Affiliation Sector

Dr. Michael Rich •	 Director and Founder, Digital Wellness Lab
•	 Co-Director and Founder, Clinic for Interactive 

Media and Internet Disorders
•	 Associate Professor of Pediatrics, 

Harvard Medical School

Academia and 
research/civil-society 
organisation

Dr. Huang Pei •	 Senior Scientist, A*STAR Institute for Human 
Development and Potential (IHDP), Singapore

Academia and 
research/civil-society 
organisation

Dr. Rezki Perdani 
Sawai

•	 Senior Lecturer, Counselling Program 
(Psychology), Faculty of Leadership and 
Management, Universiti Sains Islam Malaysia

Academia and 
research/civil-society 
organisation

Azlina Kamal •	 Education Specialist & Lead, UNICEF Malaysia Intergovernmental 
organisation

Dr. Putri Afzan 
Maria

•	 Founder, KinderKaizen and Sri Aria School
•	 Vice President 1, Mental Health Inclusion, 

Awareness, Support and Advocacy Associa-
tion (MIASA) Malaysia

Early childhood care 
and education (ECCE) 
practitioner

Dr. Farah Najwa •	 Developmental Psychologist, Little Cocoon 
Developmental Consultancy

ECCE practitioner

Ahmad Zakiy 
Mohsin 

•	 Senior UI/UX Designer, Accenture Malaysia Technology industry 
player

Naelah Nordin •	 Data Scientist, Kestrl Technology industry 
player
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