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Abstract

The advancement of technology has made mobile and screen-based devices ubiquitous in
daily life. With work and communication increasingly reliant on such devices, imagining a life
without them seems antiquated and overly rudimentary. However, the question that remains
uncertain is at what point in the neurodevelopmental trajectory such devices should be
introduced. The present article examines the neurobiological, circadian, and psychosocial
consequences of premature and excessive screen exposure, particularly in developing
populations. Drawing on research in circadian phototransduction, adolescent reward
circuitry, sleep physiology, and digital cognition, this paper argues that early, unregulated
exposure to screen-based devices may disrupt normative developmental processes.
Furthermore, algorithm-driven engagement systems may exploit immature reward circuitry,
compounding these effects. Implications for parenting, education, and policy are discussed.
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1. The Neurodevelopmental
Implications of Premature Screen
Exposure: A Neurobiological and
Psychosocial Analysis

The advancement of technology has made mobile and screen-based devices ubiquitous in
daily life. With work and communication increasingly reliant on such devices, imagining a life
without them seems ancient and overly rudimentary. The question that remains uncertain is
at which period of the neurodevelopmental trajectory this new-age commodity should be
introduced.

In countries like India, parents begin exposing their infants to mobiles and other screen-
based devices at a concerningly young age. What follows is the normalisation of premature
use and a perceived necessity for the premature user.

This phenomenon raises a fundamentally neurobiological question: whether a system that
evolved under specific environmental constraints is being subjected to stimuli it was never
designed to process.

2. Neurodevelopmental Vulnerability:
Limbic Dominance and Reward
Systems

Adolescence and late childhood are characterised by asynchronous development between
subcortical reward systems and prefrontal regulatory systems. Specifically, the nucleus
accumbens (NAc), a key reward-processing region, shows heightened responsivity to reward,
while orbitofrontal cortex (OFC) maturation lags(Galvan et al., 2006).

This imbalance results in a state of limbic dominance, wherein reward-seeking behaviour is
amplified while top-down inhibitory control remains underdeveloped. Connecting this to
screen exposure, the implications become evident.

Algorithm-driven digital platforms are designed to maximise engagement through reward-
based reinforcement schedules, effectively targeting dopaminergic pathways. Such systems
parallel variable-ratio reinforcement paradigms—reward given unpredictably, as in slot
machines—which are known to produce strong behavioural conditioning. The Internet's
design capitalises on this through continuous novelty, notifications, and unpredictable
rewards, sustaining attention and reinforcing compulsive use (Firth et al., 2019).
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Thus, the developing brain—already biased toward immediate reward over long-term
evaluation—is placed in an environment engineered to exploit exactly this vulnerability.

3. Cognitive and Psychosocial
Consequences of Digital Overexposure

Beyond reward circuitry, the Internet may also influence core cognitive domains. Evidence
suggests that constant exposure to rapidly changing digital stimuli may impair sustained
attention, alter memory processes, and reshape social cognition (Firth et al., 2019). The shift
toward fragmented attention and externalised memory storage—relying on the Internet
rather than internal memory—represents a fundamental alteration in cognitive processing.

Simultaneously, large-scale epidemiological data indicate that increased screen time is
associated with higher rates of depressive symptoms and suicide-related outcomes among
adolescents (Twenge et al.,, 2017). Adolescents who spent more time on screen-based
activities were more likely to report mental health issues, whereas those engaged in non-
screen activities demonstrated protective effects.

These findings align with the hypothesis that reduced face-to-face interaction and increased
digital engagement may contribute to social disconnection and psychological vulnerability.

4. Discussion

By connecting the biological, cognitive, and behavioural domains, it can be confidently stated
that arbitrary screen use for the developing brain is physically and mentally harmful. The
convergence of circadian disruption via ipRGC-mediated pathways, sleep impairment and
psychiatric vulnerability, limbic-dominant reward sensitivity, and algorithmically engineered
reinforcement creates a multi-level risk environment for the developing individual.

What compounds this concerning situation is the active development of algorithms designed
to exploit young users' reward pathways. These systems are designed not for developmental
compatibility, but for engagement maximisation.

4.1. Implications for Parenting and Education

New-age parenting and schooling require an understanding of the neurobiology of screens
and exploitative algorithms. The question is no longer whether screens are harmful in
isolation, but rather when they should be introduced, how they should be regulated, and
whether current exposure patterns are developmentally appropriate. A precautionary
approach appears warranted, particularly in the early developmental stages, when neural
architecture is still being shaped.

5. Conclusion

The integration of screen-based technologies into daily life is irreversible. However, their
unregulated introduction during critical neurodevelopmental periods may have unintended
consequences. Understanding the interaction between biology and technology is essential for
developing informed behavioural norms. Without such awareness, society risks normalising
patterns of exposure that may be fundamentally misaligned with human neurodevelopment.
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