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As an independent investment research firm, 13D Research studies a wide 
range of topics that inform and shape both our world and the investment 
landscape. Finance is not an island, but the manifestation of a vast and 
complex civilization. We study and write about history, geopolitics, the 
environment, technology, and a vast array of topics, including neuroscience.

At this juncture in history, we are witnessing a powerful socioeconomic 
inflection point in how rapid changes to media and communications 
technology are affecting not only our collective societal discourse and politics 
but also our individual mental health. The communications revolution of 
the printing press resulted in the Thirty Years’ War, the complete remaking 
of Europe, and hundreds of years of witch trials. We are now undergoing 
a similar revolution in communications technology that could be even 
more societally disruptive.

This is particularly troubling when it comes to our children, whose brains are 
still developing. A growing body of research over the years has been showing 
strong correlations between technologies, such as mobile devices and social 
media, and a growing collection of psychological pathologies in our children. 

The following article is a collection of the latest research from 
highly credible sources, showing strong correlations between media 
technology and declining mental health in our children. We are not 
neuroscience experts, but we have followed neuroscience very closely 
over the years, and as both parents and global citizens, these developments 
concern us greatly.
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How does technology rewire the intricate 
circuitry of the teenage mind?
In an era dominated by digital advancements, the impact of smartphones 
and tablets on the developing brain has become a subject of intense concern. 
Neuroscience research in this area, still in its early stages, grapples with the 
uncertain long-term implications of increased technology use among young 
people. Nonetheless, existing studies have revealed a nuanced interplay between 
the digital landscape and neurodevelopment—providing insight into the 
profound ways technology has left its mark on the evolving brains of today’s youth. 

We have written at length on how the prevalence of portable technology 
and the ease of access it provides to social media platforms are associated 
with heightened levels of teen depression and anxiety. A new study 
conducted by Seoul’s Hanyang University Medical Center analyzed data on more 
than 50,000 teens. They found that teens who use their smartphones excessively 
are 66% more likely to report substance use and 22% more likely to contemplate 
suicide than their peers.[1]
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As demonstrated by the figure below, researchers have identified a direct 
correlation between smartphone use and worsening mental well-being: 

Source: PLOS One

Corroborating this data is research published earlier this year encompassing 
nearly 28,000 individuals aged 18-24 across 41 countries. The Global 
Mind Project’s robust study suggests that delaying the introduction of 
smartphones in a child’s development correlates with better mental health 
outcomes.[2]
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Source: Sapien Labs

The links between well-being and smartphone use are clear. But what is driving 
this severe deterioration? Smartphone use is increasingly connected with 
alterations in the physical structure of teens’ prefrontal cortices—the brain 
region responsible for executive function over emotion, behavior, and cognition. 
The heightened neuroplasticity—or the ability of the brain to form and 
reshape neural connections—during these formative years makes teens 
even more vulnerable to external influences.

Neuroplasticity is highest during critical developmental windows—including 
those linked to sensory processing, motor skills, and language systems. These 
periods, most sensitive in early adolescence, play a pivotal role in shaping 
cognition.[3] As children interface with technology at increasingly younger 
ages, it directly impacts their neurocircuitry during critical periods, leaving 
a lasting impact on the development of their behaviors. Children become 
more susceptible to anxiety disorders, impaired emotional processing, and 
neurodevelopmental conditions like ADHD.[4]
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Contrary to previously-held beliefs, abundant research has shown that the brain 
remains plastic throughout life, with the most significant changes occurring until 
the mid-twenties. This is because the prefrontal cortex takes nearly two decades to 
fully mature. It is during the gradual development of this brain region that the 
majority of mental illnesses emerge—at least 50% of disorders are diagnosed 
by the age of 14, and 75% are identified by 24, according to the UK’s Mental Health 
Foundation.[5] Yet, as kids start using devices at younger ages, the growth of the 
prefrontal cortex is impaired, exacerbating difficulties in emotion regulation.

Smartphone addiction is getting worse among younger demographics, but 
all of us have experienced attachment to a device no matter what age. This 
stems from the feedback loops that smartphone apps operate on—fueled by 
dopamine, or the “feel-good” neurotransmitter that powers pleasure systems. 
Dopamine feeds motivation, learning, and reward centers—prompting the 
repetition of previously-satisfying activities.[6]

Contributing to the success of smartphone apps is the leveraging of reward 
prediction error (RPE) encoding.[7] As we interact with a certain stimulus, we 
learn to associate a reward with a cue—in the case of social media, this takes the 
form of likes, comments, and shares. RPE is reinforced when unexpected rewards 
heighten stimulation of dopamine neurons, serving as positive feedback signals. 
If the anticipated reward is not received (e.g. no notifications), dopamine 
activity decreases and is linked to depressive symptoms.

When rewards (e.g. notifications) are delivered randomly and checking for them 
has minimal cost, the habit of frequent-phone monitoring develops. The benefit 
of a dopamine spike from an alert far exceeds the time cost of checking your 
device. For example, Instagram’s algorithm uses a variable-ratio reward schedule 
in which notifications are not displayed in their real-time. Instead, they are 
spaced out so that users receive them in bursts. The initial disappointment 
surrounding content that acquires fewer likes is soon followed by a surge in 
positive feedback.[8] 

Studies most notably conducted at Harvard and Stanford have 
demonstrated that social media and messaging notifications are equally—
if not more—effective at eliciting dopamine production as real-world 
interactions.[9] The effortless replacement of real connections with virtual 
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ones even concerns Chamath Palihapitiya, former Vice President of User 
Growth at Facebook. At a 2018 lecture at Stanford Graduate School of Business, 
Palihapitiya remarked, “I feel tremendous guilt… The short-term, dopamine-
driven feedback loops that we created are destroying how society works.” 
[10] Essentially, the always-accessible social world that smartphones offer is 
chipping away at our humanity. 

If one alert spikes dopamine, many alerts must lead to greater satisfaction—at 
least, this is the logic behind the emerging trend of “media multitasking” (MMT) 
or using several media sources at once. A recent Kaiser Family Foundation 
study reveals that in 2022, kids and teens engaged with virtual media 
for an average of 7 hours and 38 minutes per day. But because of media 
multitasking, this figure is more accurately represented as 10 hours and 45 
minutes of screen time daily.[11]

In a 2017 Pediatrics study, Chief of Research and Development for the Advanced 
Education Research and Development Fund, Dr. Melina Uncapher, expresses 
her concerns over extensive multimedia use: “29% of [teen phone use] is spent 
juggling multiple media streams simultaneously. Given that a large number of 
MMTs are children and young adults whose brains are still developing, there is 
great urgency to understand the neurocognitive profiles of MMTs.”[12]

Teens think that they can watch TikTok while completing math homework. 
But genuine multitasking is more a myth than a reality. A 2009 Stanford study, 
“Cognitive control in media multitasksers” found that humans cannot effectvely 
multitask. In fact, cognitive neuroscientist Dr. David Strayer states that 97.5% of 
the population cannot truly multitask—and attempting to do so only generates 
stress.  Human brains are not equipped to handle numerous tasks simultaneously, 
but smartphones constantly require us to do so.[13]

Every time we shift our focus to a new notification, we interrupt a previous 
task. This transition is associated with a “switch cost,”14 which may only cost a 
few seconds of time. However, when we are constantly bombarded with new 
alerts, this adds up. Cognition and perception expert, Dr. David Meyer, has 
stated that shift costs can use up to 40% of brain time every day, drastically 
reducing productivity and focus. [15]



 8 OF 12	 13D RESEARCH & STRATEGY, 13D.COM | PRINT ONCE - DO NOT FORWARD - DO NOT COPY	 Back to top

HOW DOES TECHNOLOGY REWIRE THE INTRICATE CIRCUITRY OF THE TEENAGE MIND?
December 2023

Switch costs subconsciously trigger the stress-hormone, cortisol—and the best 
antidote for this anxiety is a dopamine spike resulting from engaging with the 
notification that caused the distraction in the first place. In this way, many of 
us are trapped in a vicious cycle in which the cause of our stress is also the 
remedy for it.

Exposed to chronic stress, the prefrontal cortex is weakened and can no longer 
manage the emotion centers in the brain. This is bad enough for adults but is 
even more detrimental for teens whose prefrontal cortices are not mature 
until their twenties. Teen brains are overwhelmed by the loop of cortisol 
followed by dopamine which exhausts the prefrontal cortex, and results in 
increased irritability, emotional volatility, and difficulty concentrating.[16]

Underlying the worsening emotional symptoms from phone use are the 
associated chemical irregularities. Neuroimaging studies provide valuable 
insights into these changes. The figure below is from a 2021 study, “The 
Developing Brain in the Digital Era,” and depicts the disproportionate presence 
and competition between reward systems (red circles) and control systems 
(blue circles). A healthy brain would have an approximate balance between 
reward and control.[17] But in this image of a teen MMT’s brain, we see that 
reward systems have higher activation compared to control mechanisms.

Source: Frontiers Media [18]
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Using new imaging techniques like this, researchers can visualize the imbalances 
that result from profound smartphone use. A groundbreaking 2017 study 
conducted by the Radiological Society of North America found that smartphone 
addiction disrupts levels of GABA, an inhibitory neurotransmitter 
implicated in regulating anxiety. Errors in GABA[19] production make it harder 
to control anxiety symptoms, manifesting in more stress, fear, and restlessness. 

Moreover, a 2020 paper published in Frontiers in Human Neuroscience 
discusses the biochemical mechanisms that promote digital dependence 
among young people. Using MRI analysis, researchers found that nodes in the 
mesolimbic network (associated with sleep disruptions, depression, and fear) 
are overactivated in teens who use smartphones more frequently.[20] The 
manifestations of this disruption were far more extensive in girls than boys. 

As the narrative of technology's influence on the neurocircuitry of the adolescent brain 
continues to unfold, one wonders when parents will wake up and put a stop to it. 
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Endnotes 

[1] From the article, “Teens who use phones excessively are more likely to consider suicide: study” published in The 	
Messenger: https://themessenger.com/health/teens-excessive-phone-use-mental-health-study

Cross-referenced with the PLOS One publication from December 6, 2023 publication, “Association between smartphone 
usage and health outcomes of adolescents” by Jong Ho Cha, Young-Jin Choi, Soorack Ryu, and Jin-Hwa Moon.

[2] This statistic and figure are from The Global Mind Project (with Sapien Labs) report which was cross-referenced here: 
https://sapienlabs.org/wp-content/uploads/2023/05/Sapien-Labs-Age-of-First-Smartphone-and-Mental-Wellbeing-
Outcomes.pdf?

[3] Neuroplasticity is a well-accepted phenomenon even through popular psychology in the general public. 
Understanding neuroplasticity and its sensitive periods cannot be isolated to a singular, or even a few paradigmatic 
studies. It is the accumulation of decades of research.

[4] 1) ADD/ADHD, see this webinar about how screen time impacts development conducted by Dr. David Anderson, 
Senior Director of the ADHD and Behavior Disorders Center and the Senior Director of National Programs and Outreach 
at the Child Mind Institute: https://www.additudemag.com/webinar/screen-time-adhd-brain/ 
2) See the paper, “The Use of Social Media in Children and Adolescents: Scoping Review on the Potential Risks” https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC9407706/  
3) See the paper “Excessive Smartphone Use Is Associated With Health Problems in Adolescents and Young Adults”https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC8204720/

[5] Direct link to The Mental Health Foundation’s page, “Children and young people statistics:” https://www.
mentalhealth.org.uk/explore-mental-health/statistics/children-young-people-statistics  
This stat comes from and is cross-referenced with this paper: Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, 
Walters EE. (2005). Lifetime Prevalence and Age-of-Onset Distributions of DSM-IV Disorders in the National Comorbidity 
Survey Replication. Archives of General Psychiatry, 62 (6) pp. 593-602. doi:10.1001/archpsyc.62.6.593.

[6] Dopamine and its systems are well-known. Research on its function and activation is incredibly widespread.

[7] RPE encoding is a well-accepted and explored phenomenon in the neuroscience community.

It was first suggested by Schultz et al. in 1997. Citation below:

Schultz W, Dayan P, Montague PR: A Neural Substrate of Prediction and Reward. Science 1997, 275: 1593-1599.  

[8] From an article published by Harvard University Graduate School of Arts and Sciences, originating from a 60 Minutes 
Interview with a former Google product manager. Watch it here: https://www.cbsnews.com/news/brain-hacking-tech-
insiders-60-minutes/.

[9] Stanford University: Stanford Medicals’ psychiatrist Dr. Anna Lembke is a frontrunner in the field of dopamine 
research as it relates to smartphone use. See her book, Dopamine Nation: https://scopeblog.stanford.edu/2021/10/29/
addictive-potential-of-social-media-explained/  
Harvard: https://sitn.hms.harvard.edu/flash/2018/dopamine-smartphones-battle-time and https://hms.harvard.edu/
news/screen-time-brain 
Harvard Health Publishing from Harvard Medical School: https://www.health.harvard.edu/staying-healthy/staying-
focused-in-the-era-of-digital-distractions

[10] Find Palihapitiya’s talk here: https://www.youtube.com/watch?v=PMotykw0SIk

[11] From a Kaiser Family Foundation Report that can be accessed here: https://www.kff.org/wp-content/
uploads/2013/01/8010.pdf

https://themessenger.com/health/teens-excessive-phone-use-mental-health-study
https://sapienlabs.org/wp-content/uploads/2023/05/Sapien-Labs-Age-of-First-Smartphone-and-Mental-Wellbeing-Outcomes.pdf?utm_source=substack&utm_medium=email&fbclid=PAAaZekz4yrC749O1CJfECiAKP7oUOCzZvEZWEU8XxAjg6UiB3AZTDyEaMOqY
https://sapienlabs.org/wp-content/uploads/2023/05/Sapien-Labs-Age-of-First-Smartphone-and-Mental-Wellbeing-Outcomes.pdf?utm_source=substack&utm_medium=email&fbclid=PAAaZekz4yrC749O1CJfECiAKP7oUOCzZvEZWEU8XxAjg6UiB3AZTDyEaMOqY
https://www.additudemag.com/webinar/screen-time-adhd-brain/
https://www.additudemag.com/webinar/screen-time-adhd-brain/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9407706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9407706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204720/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204720/
https://www.mentalhealth.org.uk/explore-mental-health/statistics/children-young-people-statistics#:~:text=50%25%20of%20mental%20health%20problems,and%2075%25%20by%20age%2024.&text=10%25%20of%20children%20and%20young,at%20a%20sufficiently%20early%20age
https://www.mentalhealth.org.uk/explore-mental-health/statistics/children-young-people-statistics#:~:text=50%25%20of%20mental%20health%20problems,and%2075%25%20by%20age%2024.&text=10%25%20of%20children%20and%20young,at%20a%20sufficiently%20early%20age
https://www.cbsnews.com/news/brain-hacking-tech-insiders-60-minutes/
https://www.cbsnews.com/news/brain-hacking-tech-insiders-60-minutes/
https://scopeblog.stanford.edu/2021/10/29/addictive-potential-of-social-media-explained/
https://scopeblog.stanford.edu/2021/10/29/addictive-potential-of-social-media-explained/
https://scopeblog.stanford.edu/2021/10/29/addictive-potential-of-social-media-explained/
https://sitn.hms.harvard.edu/flash/2018/dopamine-smartphones-battle-time
https://hms.harvard.edu/news/screen-time-brain
https://hms.harvard.edu/news/screen-time-brain
https://www.health.harvard.edu/staying-healthy/staying-focused-in-the-era-of-digital-distractions 
https://www.health.harvard.edu/staying-healthy/staying-focused-in-the-era-of-digital-distractions 
https://www.youtube.com/watch?v=PMotykw0SIk
https://www.kff.org/wp-content/uploads/2013/01/8010.pdf
https://www.kff.org/wp-content/uploads/2013/01/8010.pdf
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[12] This quote is form the paper, “Media multitasking and Cognitive, Psychological, Neural, and Learning Differences” 
and can be accessed here: https://pubmed.ncbi.nlm.nih.gov/29093034/

[13] This study was conducted by Stanford’s Communication Between Humans and Interactive Media Lab and was 
published in the Aug 24, 2009 edition of the Proceedings of the National Academy of Sciences. 

Stanford’s study on PNAS: https://www.pnas.org/doi/abs/10.1073/pnas.0903620106

Dr. Strayer’s statistic: https://the1thing.com/lie-2-multitasking-increases-productivity/

A review can be found here: https://news.stanford.edu/2009/08/24/multitask-research-study-082409/

Here is the study referenced in a Business Insider article: https://www.businessinsider.com/what-your-smartphone-is-
doing-to-your-brain-and-it-isnt-good-2018-3

[14] “Switch cost” is a technical term but more information on it can be found here: https://www.apa.org/topics/
research/multitasking

[15] This is from a Business Insider piece with psychologist David Meyer who proposed this statistic: https://www.
businessinsider.com/what-your-smartphone-is-doing-to-your-brain-and-it-isnt-good-2018-3

[16] This is very well-established but see: 
1. “Excessive Smartphone Use is associated with health problems in adolescents and young adults” published in Frontiers 
in Psychiatry https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8204720/2.  
2. “Role of frontostriatal connectivity in adolescents with excessive smartphone use” published in Frontiers in Psychiatry 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6143708/ 
3. 2018 Scientific American article, “Are Smartphones Really Destroying the Lives of Teenagers”https://www.
scientificamerican.com/article/are-smartphones-really-destroying-the-lives-of-teenagers/

[17] See the 2017 paper published in the peer-reviewed journal, Social Cognitive and Affective Neuroscience, “A balance 
of activity in brain control and reward systems predicts self-regulatory outcomes” 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5460048/#:~:text=A%20recent%20theory%20suggests%20
that,Heatherton%20and%20Wagner%2C%202011 
This was also well-established by a 2011 Heatherton and Wagner study that proposed a theory in which “the neural 
basis of self-control involves a balance between automatic processes that represent rewarding qualities of stimuli and 
controlled activity in prefrontal cortex that regulates this bottom-up activity”

[18] This image and the statistic is directly from the referenced 2021 study, “The Developing Brain in the Digital Era.” 
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.671817/full 

The authors directly state: 
“Results highlight three important key messages: (i) a frequent and longer duration of screen-based media consumption 
(including Internet-related addictive behaviors) is related to a less efficient cognitive control system in adolescence, 
including areas of the Default Mode Network and the Central Executive Network; (ii) online activities act as strong 
rewards to the brain and repeated screen time augments the tendency to seek short-term gratifications; and (iii) 
neuroscientific research on the correlates between screen time and adolescent brain development is still at the beginning 
and in urgent need for further evidence, especially on the underlying causality mechanisms.”

[19] https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7357649/

[20] https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7577047/

https://pubmed.ncbi.nlm.nih.gov/29093034/
https://www.pnas.org/doi/abs/10.1073/pnas.0903620106
https://the1thing.com/lie-2-multitasking-increases-productivity/
https://news.stanford.edu/2009/08/24/multitask-research-study-082409/ 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5460048/#:~:text=A%20recent%20theory%20suggests%20that,
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