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The brain digitalization: it's all
happening so fast!

Laura-Joy Boulos*

ENSA Lab, Department of Psychology, Saint-Joseph University, Beirut, Lebanon

The use of tech in mental health has drastically increased in the recent years.
Indeed advances in technology have made it possible to better characterize,
predict, prevent, and treat a range of psychiatric illnesses. What is less paid
attention to however is the impact of tech on our mental health and brain
functioning, or what we have called, the digitalization of our brains. The
acceleration of tech is correlated with an increased prevalence of reported
mental health disorders. The overuse of technology and social media is also
correlated to cognitive and affective alterations in apparently healthy individuals,
including increased feelings of isolation, stress, memory and attention deficits,
as well as modifications in information and reward processing. In this review
we discuss the impact of technology on our mental health and brains,
emphasizing on the need to take into account our brain capacities in order to
optimize the integration of tech in our daily lives all while preserving our core
cognitive functions.
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“We had better be quite sure that the purpose put into the machine is the purpose
which we really desire.” Norbert Wiener, 1960

Or in other words: careful what you wish for; and hope to still have the cognitive
capacity to wish, a few decades from now.

Introduction

Our brains are the interface between us and the rest of the world. They are the
physical organ that underlies our cognitive and executive functions that is, the way
we process things, learn things, pay attention to them, memorize, and even anticipate
them (Jung, 2018). Throughout our evolutionary history, our brain functioning and
cognitive systems have been modified by technological inventions such as primitive tools
or spoken language (Loh and Kanai, 2016). The recent advent and widespread use of
digital technologies—whether it is Internet and social media a few decades ago or Al and
large language models such as ChatGPT more recently, have particularly impacted human
cognition and its neurobiology, and are about to deeply reshape our brain functioning
both in ways we can predict and in ways that we cannot yet imagine or conceive (Firth
et al., 2020). Although still underexplored, epigenetic mechanisms are probably already
promoting neurobiological evolutionary adaptations to this digital environment (Castelon
Konkiewitz and Ziff, 2024). Al particularly, is being applied globally and across sectors at
an unprecedented pace compared to previous technologies, which makes it harder to pause,
analyze, examine then understand its impact on brain and cognition; as such, it is of utmost
importance to regularly review the state of the art on what we call here: the digitalization
of our brains.
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This review is not about unlocking the potential of Al in
healthcare, fintech, climate change, or any other industry. It is also
not about providing guidelines on how to leverage AI tools or how
to exploit their transformative potential, nor is it about venting all
the merits of advanced AI tools. It also isn’t about the potential
threat that AI constitutes to humanity nor is it about differentiating
the good and the bad in digital technologies [others are working
on it; The Lancet Psychiatry just announced, in October 2024,
the formation of a Commission focused on problematic usage of
digital technologies and its impact on mental health, particularly
for children and youth (Fineberg et al, 2024)]. As a matter of
fact there is little utility in broadly labeling the phenomenon of
digital technology as “good” or “bad.” The technological genie
is out of the bottle, and it seems unlikely that efforts to put it
back would succeed anyway. The aim here is rather to examine
brain and cognition reshaping in this exponentially accelerated and
generalized digitalization era.

More precisely we first aim at synthetically reviewing existing
literature on how internet and social media have been affecting
human cognition, with a focus on five cognitive functions:
attention, memory, information processing, reward-processing,
and multitasking. Secondly, we use more recent findings to examine
how the emergence of advanced AI is further impacting brain
functioning, namely decision making and emotional processes.
Although focus was put on cognitive changes that are more
widely documented, we also included potential alterations of
neurobiological mechanisms that may underlie observed cognitive
changes with particular emphasis on the important indication
that these relationships may vary across different age groups,
or depending on personal traits, brain health condition, and
environmental or socioeconomical factors. Finally, reviewing all
evidence, we raise the obvious question whenever an important
change is imminent: what are we loosing and what are we gaining
in the process of brain digitalization, and most importantly, how
can we integrate these alterations when building the future of
ethical technologies? How can we translate neuroscience advances
into tangible knowledge that can help us use AI and all past
and future digital technologies as tools to augment not diminish
our capacities and wellbeing, as it should? A key element we
emphasize on being the unprecedented pace and speed at which
digital technology evolves.

Method

This paper is a literature review (Samnani et al., 2017) as it
covers the broad topic coined here as brain digitalization, focusing
mainly on the impact of digital technologies on cognition, as well as
potential (but less documented) brain repercussions (brain activity,
neural networks etc.). In such, our literature review has the purpose
to point at most pressing unanswered questions at the intersection
of brains and digital technologies, as well as to provide a space to
pause and reflect on the rapid advancements of said intersection.

Specific attention was paid to distinguishing the impact of each
digital technology separately, with an effort to include the most
recent emergence and wide adoption of Al technologies. An effort
to include opposing arguments and publications was also deployed,
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emphasizing on the gray zones and the fact that most of the time
we are not in a position to reach strong conclusions yet.

We conducted a systematic search across the following
electronic databases: PubMed, PubMed Central, Scopus, and Web
of Science, focusing on studies that investigate the impact of
digital technologies on brain function and cognition. Initially,

» <«

we employed keywords such as “brain,

» «

brain activity,” “neural
networks,” “cognition,” and “cognitive functions” in conjunction
with the broad term “digital technology,” as well as specific

»

technologies including “internet,

» o«

smartphones,” “social media,”
and “AlL” Following this, we screened the resulting articles to
identify the most frequently documented cognitive alterations,
which included “attention,” “memory,” “information processing,”
“reward processing,” and “multitasking.” In a subsequent step,
we conducted searches for each of these cognitive alterations in
combination with the aforementioned specific digital technologies.
This further search led to the identification of three additional
cognitive processes: “decision-making processes,” “risk-taking
behavior;” and “empathy.”

We scanned all articles and selected only those directly related
to the impact of digital technologies on brain and cognition.
Articles published outside the 2013-2023 timeframe were excluded,
except for a few widely cited reference papers from 2005-2009.
Additionally, papers focused solely on smartphones were excluded
due to existing extensive reviews on this technology (Barr et al.,
2015; Bottger et al., 2023; Wilmer et al., 2017).

The results of the literature search (including numbers of
citations screened, duplicates removed, and full-text documents
screened) are reported in the PRISMA-ScR flow diagram (see
Figure 1).

Part | — The cognitive repercussions of
internet and social media

The term digital technologies includes a plethora of tools that
may or may not have similar impacts on human brain functioning.
From screen exposition and screen time to the internet, from
AR and VR to advanced-Al and the metaverse, from hardware
(potential extensions or implants) to programs, games and software
(Anderson and Subrahmanyam, 2017); more often than not, we
use at least one of them on a daily basis. But how do each of
them impact us? In this first part we take the two main advances
from the past decades, internet and social media, and we review
existing body of works drawing associations between the use of
these technologies and modifications in human cognition.

The internet

More than half of the world has access to the Internet (Internet
Live Stats). The discovery was poised to be a revolutionary
“cognitive enhancement tool” (Bostrom and Sandberg, 2009) but
the composition and use of Internet turned out to be more
complex (Voinea et al., 2020). Human beings can only process so
much information at a given time, and more information is not
necessarily better. The impact of the Internet on cognitive functions
is thus being studied (Dong and Potenza, 2016, 2015; Kithn and
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Records identified through
searching multiple databases
(n=5107)

Additional records identified
through other sources (n= 17)

Records after duplicates removed (n= 2854)

Records screened (n= 2854)

Records excluded (n= 2253) and the reasons:
* Focused on smartphones (n= 48)
On digital tools to analyze the brain (n= 892)
More broadly out of scope (n= 749)
Digital technologies and perception of
brain/mental health conditions (n=215)
The use of digital technologies in
neurological and psychiatric treatments
(n=332)
Al tools to categorize mental health subjects
in social networks and online (n=17)

Full-text articles assessed for eligibility (n= 601)

A4

Studies included in synthesis (n= 151)

FIGURE 1
PRISMA extension for scoping reviews (PRISMA-ScR): flow diagram.

Full-text excluded (n= 450) and the reasons :
Already mentioned in a cited review / no
need to multiply the references (n= 219)
Quality of evidence (n=63)

Unable to retrieve an article (n= 0)

Gallinat, 2014; Li et al., 2022; Takeuchi et al., 2018) and reviewed
regularly (Brand et al., 2014; Bremer, 2005; Firth et al., 2019; Loh
and Kanai, 2016; Park et al., 2017; Pezoa-Jares et al., 2012; Voinea
et al., 2020).

One very much explored aspect of internet use is devices. Long
periods of time are spent on mobile phones, and total time spent is
proportionately associated with poor sleep and worsen study habits
in adolescents (Gupta et al., 2015) as well as lower cognitive abilities
and analytical capacity (Barr et al., 2015). Long periods of mobile
use can also lead to smartphone addictions, which in turn increases
the propensity of mood and anxiety symptoms as well as perceived
stress (Samaha and Hawi, 2016). Repeated use of fingertips on
touchscreens even reshapes cortical activity in the somatosensory
cortex, as shown by an EEG study (Gindrat et al., 2015a,b).

Another extensively researched aspect of the internet is content
(Firth et al., 2020). Available content is wide and rich (you can find
almost anything), including controversial content such as internet
pornography (Kithn and Gallinat, 2014) or “dark participation” i.e.,
the spreading of hate speech, fake news and conspiracy theories
(Quandt et al., 2022), as well as generally deceptive or manipulative
interfaces called dark patterns (Luguri and Strahilevitz, 2021) that
often lead users to act against their best interests (Potel-Saville and
Da Rocha, 2023; Luguri and Strahilevitz, 2021).

Multiple studies also explore brain changes associated with the
overall use of the internet, namely through neuroimaging (Takeuchi
et al.,, 2018). Functional brain activation associated with internet
searching include higher orbitofrontal cortex activity (related to
reward) and lower activity in the right middle temporal gyrus
(language processing) (Dong et al, 2017; Dong and Potenza,
2016). Higher amounts of internet use or addictive internet
use is further associated with decreased gray matter volumes in
brain regions involved in executive control (dorsolateral prefrontal
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cortex, anterior cingulate and supplementary motor area), emotion
processing (the insula), language processing (temporal areas)
and reward processing (orbitofrontal cortex) (Pezoa-Jares et al.,
2012). A cross-sectional and longitudinal study looking to address
causality (Takeuchi et al., 2018) also showed that a higher frequency
of internet use in children was associated with decreased verbal
intelligence and smaller volume increases in widespread brain areas
(language processing, attention, executive functions, emotion, and
reward) after a few years (Takeuchi et al., 2018).

Of particular interest to the main message of this review,
emerging evidence demonstrate that the rapidly growing extent of
internet usage, rather than just access to it, is a major factor for
reshaping cognition (Firth et al., 2020).

Social media

According to Statista, Almost 100% of internet users are
on social media, which is perfectly aligned with the biology of
human (and specifically adolescent) brains: hunger for human
connectedness, appetite for adventure and desire for data (Giedd,
2020). In such, social media is just “a new playing field for the same
game” (i.e. “real-world sociability”) (Firth et al., 2019). Same game,
except larger scale and faster deployment. Social media thus have
a profound impact on collective cohesion, group interactions but
also individual cognitive functions and this is vastly documented
namely through the number of data obtained from harnessing
social media (Dunbar, 2018; Firth et al., 2019).

By facilitating new forms of collective engagement, enabling
individuals to come together around shared interests or identities
and fostering a new sense of belonging and solidarity (Giedd,
2020), digital platforms are increasing cognitive polarization and
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the reinforcement of existing beliefs (Takeuchi et al., 2018). And
while networking on these platforms increases social trust and
connectedness (Alloway et al., 2013), frequent use or over-use of
social network is associated with socio-emotional dysregulation
(Hormes et al., 2014; Uhls et al, 2014), decreased cognitive
control and reduced gray matter density in brain regions related
to attention (Loh and Kanai, 2016). Social media multitasking
has also been correlated with poor wellbeing (Valkenburg et al.,
2022), with a potential mediating role of cognitive functions (Xu
etal., 2022). Finally, recent studies indicate significant disparities in
sensitivity to social media feedback between adolescents and adults,
revealing that adolescents’ moods are more adversely affected by a
reduction in likes (da Silva Pinho et al., 2024). Specifically, emerging
research has found that this sensitivity correlates with variations
in subcortical-limbic brain volumes in young adults, underscoring
the urgent need for digital competence programs aimed at helping
youth effectively navigate the constant feedback inherent in social
media environments (da Silva Pinho et al., 2024).

The strong connection between neurobiological mechanisms
underlying both online and off-line networking further indicates
that social media can have “real-world” consequences, namely on
social cognitions and other cognitive processes (Firth et al., 2020).
Given the ubiquitous nature of social media, more studies should
be conducted to better understand how it shapes our thoughts or
cognitions, influences our opinions, and impacts our future actions
(Keles et al., 2020; Lima Dias Pinto et al., 2022).

Below we review the repercussions of internet and social
media on five majorly impacted cognitions: attention, memory,
information processing, reward-processing and multitasking.
Many cited studies rely on self-report and correlational measures
(Wilmer et al,, 2017), and some of them haven’t been duplicated
yet, so “boxed” conclusions should be viewed with caution.

Attention

As mentioned earlier, one of the major variables that modulate
the effects of digital technology is the extent of usage, so quantity
(Firth et al., 2019, 2020). Extensive screen time (Jeong and Hwang,
2016) or prolonged internet use (Firth et al, 2020; Jeong and
Hwang, 2016; Uncapher and Wagner, 2018) are both associated
with reduced sustained attention, one of the major symptoms of
ADHD (Ra et al,, 2018). As a matter of fact, internet overuse is
directly linked to ADHD, both in children and teens (Ra et al,
2018) but also in adults (Andreassen et al., 2016), with over 3 times
higher likelihood to develop ADHD for individuals with Internet
Use Disorder compared to healthy controls (Wang et al., 2017).
Prolonged internet usage by apparently healthy individuals, and
particularly media-multitasking, is further correlated with reduced
gray matter volume in prefrontal regions associated with sustaining
attention/ignoring distractor stimuli (Kithn and Gallinat, 2015;
Loh and Kanai, 2016). Importantly, even brief interactions with
hyperlinks can immediately reduce concentration capacities, with
deficits persisting beyond internet usage (Peng et al., 2018).

Individual changes can lead to the emergence of population-
level alterations. Using a simple mathematical model, Lorenz-
Spreen et al. (2019) demonstrate how the abundance of online
information available and consumed has shorten population-level
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attention span, or what the authors call “collective attention
span.” Using popular tweets as one of their data points, the
authors conclude that gains of popularity become steeper, while
the saturation point (at which a given tweet or hashtag loses its
popularity) is also reached more quickly (Lorenz-Spreen et al,
2019). This compelling piece of evidence should encourage new
studies on how internet usage effects on individuals can translate
into population-scale changes in human cognition.

The reason for the link between tech use and attention
alterations is uncertain, but might be attributed to the overload
of information processing characterized by rapid and repetitive
attention shifting (Fox et al., 2009), or to the fact that we have
fewer opportunities to allow our brains to rest in their default mode
(Raichle, 2015). It is of course important to note that certain usages
of digital technologies such as videogames have the tendency to
improve visual attention and reaction time, as they consist forms
of training of these cognitive capacities (Green and Bavelier, 2003;
Spence and Feng, 2010).

— Reduced sustained attention, improved visual attention and
reaction time.

Memory

The Internet, with its endless accessible information, serves
as an external memory storage, or as a form of external
transactive memory (Ward, 2013). The information is held by
the Internet and the user has little responsibility to remember
any information (Ward, 2013). The only responsibility they have
is to remember where and how to access information rather
than the information itself (Ward, 2013). This over-reliance on
external digital tools interferes with retention processes by failing
to recruit brain regions associated with working memory (Dong
and Potenza, 2016; Sparrow et al,, 2011) and memory retrieval
circuits (Liu et al,, 2020; Sparrow et al., 2011), a modification
labeled a decade ago as “the Google effect” (Sparrow et al., 2011).
Specifically, Internet search changes brain activity as shown by
decreased regional homogeneity in the middle temporal gyrus
(object identification and recognition) and decreased functional
connectivity between the temporal gyrus and parahippocampal
cortex (memory encoding and retrieval) (Liu et al., 2020).

However, this increased reliance on external memory sources
is not necessarily maladaptive. Humans have been relying on
external tools such as calendars and shopping lists for a long
time (Heersmink, 2016). This “off-sourcing” of memory can have
cognitive enhancing effects by off-loading cognition for other
tasks, which is illustrated by increased white matter integrity that
facilitates in turn neural connectivity (Dong et al., 2017). A recent
study analyzing data from 36,542 participants (Kang and Malvaso,
2024) revealed a positive relationship between the frequency of
internet use and episodic memory, supporting the notion that
internet usage functions as a form of transactive memory, which
relies on the retrieval of how information was accessed rather than
the information itself. According to this study, regular engagement
with the internet may enhance individuals' episodic memory
capabilities, as assessed through immediate and delayed word recall
task (Kang and Malvaso, 2024).
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Of course, and similar to video games for visual attention,
certain usages of digital tools have been identified for their cognitive
training capacities including improvement of different aspects of
memory, specifically in older adults (80+) either healthy (Corbett,
2015) or with mild cognitive impairment (Hu, 2019).

— An external transactive memory that shifts the processes of
our memory from content-based to methodology based.

Information processing

Perhaps one of the biggest changes that the Internet has
cultivated is a shallow mode of information seeking and processing
(Wolf and Barzillai, 2009). This shallow mode is characterized
by increased scanning behavior, selective reading and keyword
spotting, rapid non-linear attention shifts, reduced contemplation,
and decreased information retention (Baron, 2021a; Schurer et al.,
2023).

Specific aspects of the digital environment such as hypertexts
contribute to this mode of information processing (Schurer et al.,
2023). All at once they give users quick access to new information
but reduce the cognitive resources available for deeper processing
(Jayes et al., 2022). This in turn increases mind wandering (Schurer
et al., 2023) mental shortcuts to cope with information overload,
reduced cognitive load, and the complexity of technologies (Voinea
et al., 2020).

By giving effortless access to massive amounts of information,
digital technologies thus reduce the need for elaborative processing
to commit the information to memory (Baron, 2021a,b), decreases
natural learning processes (Dubose, 2012), which could in turn
disrupt the development of deep reading skills such as reasoning,
critical analysis and reflection (Hutton et al., 2020; Korte, 2020;
Nicholas and Carr, 2010).

Of course we could expect upsides to this new information
processes, namely a potential increase in cognitive flexibility given
the ever growing amounts of information to constantly adapt to.

— A shallower mode of information processing but potentially
more flexibility.

Reward processing

The digital environment offers users a highly stimulating and
rewarding experience. Music, videos, social information, games
all are inherently pleasurable stimuli that feed our hunger for
connectedness and our appetite for adventure. Even in “real
life} they are extremely gratifying and often associated with
overuse and potential alterations of underlying brain circuitry:
the mesolimbic system and the amygdala-to-hypothalamus circuit
(Cao et al, 2021; Hu et al, 2021). Leveraging on the Internet’s
infrastructure, these desirable content and activities can be more
frequently and conveniently accessed, and their impact on reward
and social reward is proportionately increased, and even more so in
adolescence a phase of pivotal social transformation (Lamblin et al.,
2017).

Changes occurring are mainly attributed to the intense
popularity of social media largely justified by our psychological
need for social rewards (likes) (Hayes et al., 2016). To top that, the
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Internet environment also distributes rewards on a variable ratio
schedule that is, at unpredictable frequencies and magnitudes. This
rewarding structure strongly reinforces reward-pursuing behavior,
increases impulsivity (Raiha et al., 2020), and can lead to altered
reward processing reflected by changes in subjective wanting
(Wadsley and Thssen, 2022), and a preference for immediate
rewards even in the face of potential losses or reduced reward
possibilities (Loh and Kanai, 2016), which can in turn alter self-
control and increase the prevalence of addictive behaviors (Loh
and Kanai, 2016; Raiha et al., 2020; Wadsley and Thssen, 2022),
associated with reduced fronto-striatal functional connectivity
(Dong et al., 2021).

For the specific case of social reward processing, it remains
unclear precisely how it is altered and how associated neural
networks are impacted by the online sharing of informational
content, from factual to fabricated (Lima Dias Pinto et al., 2022).
A study analyzing over one million posts from 4,000+ individuals
on multiple social media platforms consistently showed that
behavior on social media conforms to the principles of reward
learning, supporting a reward learning account of social media
engagement (Lindstrom et al., 2021). Another study using EEG
to explore dynamic reconfigurations of brain networks underlying
opinion change/opinion formation found that individuals who
changed their opinions are characterized by less frequent network
reconfigurations vs. those with more stable opinions tend to
have more flexible brain networks with frequent reconfigurations
(Lima Dias Pinto et al., 2022). This suggests that brain network
reconfiguration could be underlying opinion formation, namely
when using social media (Lima Dias Pinto et al., 2022).

— Reduced motivation and decreased emotional regulation —
Increased risk of mental health issues and addictive behaviors

Multitasking

Multitasking either refers to the ability to perform two
simultaneous tasks, or the capacity to switch rapidly between
tasks (Colom et al, 2010). Such task-switching behavior place
increasing demand on neurocognitive networks responsible for
sustained attention (Aagaard, 2019; Waskom et al., 2014). Digital
technologies mirror a dramatic increase in multitasking processes
(Aagaard, 2019; Vedechkina and Borgonovi, 2021), which are
in turn correlated with increased distractibility and error rates,
and poorer inhibition of irrelevant stimuli, or poorer executive
control abilities more generally (Uncapher and Wagner, 2018).
Higher levels of media-multitasking also reflect decreased gray
matter densities in the anterior cingulate cortex (ACC) and altered
connectivity between the ACC and the pre-cuneus (Loh and Kanai,
2016), a possible neural correlate to the cognitive control deficit
observed in high level multitasking.

Interestingly, a study testing whether engaging in frequent
multitasking could train the ability to hold items in short
term memory and ignore distractors while switching between
tasks, found out that, on the contrary, heavy media multitaskers
performed worse on a variety of cognitive control tasks compared
to light media multitaskers (Ophir et al., 2009). This suggests
that prolonged use of social media and internet increase
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bottom-up processing (i.e., automatic and exploratory) (Ophir
et al, 2009; Vedechkina and Borgonovi, 2021) and potential
cognitive repercussions.

Of note: increased media-multitasking is also associated with
better integration of multiple sources of information despite the
poorer inhibition of distractors. This is particularly interesting
because it allows us to develop a less linear, rhizome reflection
that connects many ideas among them and allow us to establish
more links—which obviously and even etymologically, is one of
the greatest aspects of the internet; the nets, intertwined. The
combinations, the links, the relations.

— Increased multitasking with poorer inhibition of distractors
but greater integration of multiple resources

Part Il — A focus on galloping Al advances:
are we heading toward even more drastic
brain changes?

As digital technologies, specifically Al automation, seamlessly
integrate into various sectors such as Biotech, Fintech, Edtech,
Agritech, and entertainment, a comprehensive transformation
unfolds. Yet, this transformation is not confined merely to the
external landscape or to our relationship to it; it is reshaping our
very essence as human beings.

As mentioned in the introduction, this paper is not about
enumerating the risks of digital technologies and AI (from wide-
scale job loss to despair and anxiety, from distorted perceptions
of life, to online addiction exemplified by the rise of TikTok) nor
venting the strong potential of it [from clinical tools (Maron, 2022)
to tracking, optimizing and tailoring the educational experience to
the heterogenous needs of individual brains (Eyre et al., 2023), from
aid in drafting emails (Alnajjar, 2019) to socially assistive robots
(Lee, 2022)].

What we are more interested in here, is to explore early on,
at the premise of massive AI deployments, their repercussions
on human cognition, and how neurotechnologies are poised to
significantly influence human augmentation in the future (Cinel
etal, 2019), whether by enhancing cognitive functions, improving
mental health, or enable new forms of human interaction with
machines, thereby blurring the lines between biological and
artificial systems. Our approach includes a better understanding of
brain-computer interfaces and their impact on brain functioning
and plasticity with a focus on decision making, risk-taking and
empathy (Cinel et al., 2019). This also includes pointing at the
topics that need to be further researched, such as the human state
of consciousness (Sattin et al., 2021), that could eventually be
reached by advanced AI, although this remains speculative and
highly unlikely according to some (Larson, 2021).

Decision making processes

The co-evolution of Al and brain science (Chen et al., 2022)
has brought a panoply of brain-inspired AI solutions such as
deep learning and other machine learning frameworks (Goodfellow
et al., 2016; Sejnowski, 2018), as well as brain-computer interfaces
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that come with ethical and existential concerns about cognitive
enhancement (Doya et al., 2022) and possible alterations (or
reduction) of decision making (Ahmad et al., 2023; Doya et al,
2022) and autonomy (Doya et al., 2022).

AT algorithms analyze vast amounts of data and provide
insights to aid and support decision-making processes. They offer
valuable suggestions and predictions, that have been interpreted
as either augmenting human decision-making capabilities (Jarrahi,
2018) or reducing cognitive effort and even increasing laziness, as
shown by a recent study demonstrating that AI has a significant
positive relationship with human loss in decision making and
increase laziness (Ahmad et al., 2023). Large language models and
generative Al tools like ChatGPT can facilitate the exploration
of diverse perspectives, thereby supporting informed decision-
making (Carr, 2020). However, these technologies also risk
institutionalizing misinformation (Garry et al., 2024), and while the
specific impacts on information processing remain underexplored,
there is intuitive concern that over-reliance on AI platforms
could diminish critical thinking skills, evaluation abilities, and
independent thought development (Shanmugasundaram and
Tamilarasu, 2023).

In both cases, Al programs often have the objective to maximize
our engagement. By learning to give us what we want, they
have the capacity to reinforce existing human biases in decision
processes (Reich et al., 2021), or even induce new biases where
initial human decisions were unbiased without Al advice (Danaher,
2018). This was framed by BJ Fogg’s captology or the intricate
ways computing products shape human beliefs and behaviors, and
was demonstrated across different domains, namely in medical
emergency settings (Adam et al., 2022).

Even more disrupting, algorithms are slowly making us more
predictable (Reich et al., 2021). Since greater human predictability
allows algorithms to maximize their objective (i.e., to send humans
content that they will select) (Benkler et al., 2018; Doya et al,
2022; Russell, 2019), better Al leads to more predictable humans,
regardless of what humans become (Doya et al, 2022). Some
even argue that, by performing repetitive automated task and not
letting humans use their analytical mind skills, AI programs are not
only responsible for the gradual loss of people’s decision-making
(Ahmad etal., 2023; Cukurova et al., 2019) but also making humans
slowly less intelligent (Ahmad et al., 2023; Nikita, 2023).

Thus, as Al advances, it brings forth ethical dilemmas about
autonomy and particular attention should be paid to decision-
making alterations.

— Both and diminished human decision-
making capabilities; reinforced existing biases; increased

augmented

predictability; and potentially reduced cognitive effort.

Risk-taking behavior

The interplay between Al and human decision-making extends
to risk-taking behavior, particularly among vulnerable populations
such as adolescents and young adults (Osmont et al., 2021). Studies
reveal that avatars and robots influence risk-taking tendencies,
raising pertinent questions about ATI’s role in shaping behavioral
patterns and cognitive responses. Specifically, a study using the
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balloon analog risk task (BART) measured the propensity to take
risk in adolescents playing alone and in the presence of either a
robot avatar or human avatar (Di Dio et al., 2023). Tendency to
impulsivity as well as age and gender effects were also evaluated.
Results revealed riskier behavior during incitement compared to
discouragement, indicating a significant effect of both avatars on
risk-taking behavior (Di Dio et al, 2023). Another study also
using the BART in young adults when alone, in the presence of a
silent robot, or in the presence of a robot that actively encouraged
risk-taking behavior (Hanoch et al., 2021) showed similar results,
mainly that participants who were encouraged by the robot
did take more risks (Hanoch et al., 2021). Furthermore, both
informational (Salomons et al., 2021) and normative conformity
were induced in adults too (Qin et al, 2022), as shown by a
subjective game with three myKeepon robots (Salomons et al.,
2021) and by the classical Asch paradigm with a single social robot
influencing human decisions (Qin et al., 2022). In a related area
of investigation, a study examining inhibitory control and EEG
patterns in excessive Internet gamers (EUG) revealed that these
gamers exhibited significantly shortened P3 latency compared to
non-gamers, suggesting enhanced inhibitory control (Xu et al,
2024). Moreover, resting state EEG showed reduced theta and alpha
band power in EUG gamers, indicating distinct neural activity
associated with excessive gaming. This contrast with individuals
exhibiting Internet gaming disorder contributes to understanding
how excessive gaming without addiction may influence cognitive
processes and neural dynamics (Xu et al., 2024).

These findings raise new questions on a hot and highly
delicate subject, providing insight into the influence of nudges and
robots on human risk-taking behavior and impulsivity in virtual
environments (Di Dio et al., 2023).

— Increased impulsivity and riskier behavior, especially

in adolescents and young adults, as well as in

virtual environments.

Moral distance and empathy

In this transformative era, AI’s role as a decision-making
aid also prompts questions about its implications for empathy,
creativity, and human interaction. Specifically, AT’s impact on
moral distance, the detachment from consequences, raises ethical
considerations, and prompts reflection on the modification of
brain networks governing decision-making processes (Villegas-
Galaviz and Martin, 2023). From the Milgram experiment to
current use of Al in drones (that kill easier and better), moral
distance, or the disappearance of the vulnerable face of people we
target, allow colder decisions that ignore the context or specific
characteristics of concerned individuals (Chatterjee, 2003). By
decreasing face to face interactions and blurring the processes or
repercussions of a given decision, the development and deployment
of Al is exacerbating this moral distance (Villegas-Galaviz and
Martin, 2023) both through proximity distance (in space, time and
culture) (Coeckelbergh, 2013) and bureaucratic distance (opacity of
complex processes) (Huber and Munro, 2014). People less likely to
interact with other humans are probably less likely to feel with them
too (Hamington, 2019; Villegas-Galaviz and Martin, 2023). This has
given birth to a whole current on ethics of care (Hamington, 2019).
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Beyond the efficiency and fairness in automated decision
making (Zarsky, 2016), or the value-alignment matter (Brundage
et al., 2018), this also raises the question of possibly modified
brain networks that underpin altruistic emotional processes such
as empathy.

As the world hurtles forward with AI integration, the
transformation is unmistakable. The interplay between Al
cognition, decisions and emotions unveils a landscape rife with
opportunities and challenges. The path ahead should be one of
deep introspection, ethical contemplation, and careful navigation,
as humans embrace AI not only as a tool but as a catalyst that
reshapes our very identity.

— Diminished face-to-face interactions, colder, more distant
and less empathetic decisions.

Part Ill — Factors affecting the uneven brain
digitalization across individuals and
populations

Using similar digital technologies and facing identical Al
inputs, individuals are differently impacted based on their own
cognitive profiles (Meissner and Keding, 2021). Here we go through
the main factors depending on which the repercussions of digital
technologies will vary across individuals and populations.

Individual and collective differences

There is no single universal response to things, nor is there
a single universal response to digital technologies (Meissner and
Keding, 2021). Quite the opposite, each and every individual
difference can alter the impact of a digital tool. This includes
personality traits (extraversion, conscientiousness, emotionality,
honesty (Uncapher and Wagner, 2018), disabilities (reading
disabilities, cognitive decline (Chadwick, 2017; Seale, 2015)
and mental health conditions [mood and anxiety disorders
(Vedechkina and Borgonovi, 2021)]. Different responses to
digital technologies lead to inequalities in digital experiences
and adaptability (Dobransky, 2016). This goes from challenges
and difficulties in using certain interfaces (adapted UX and UI
specificities are required here) to symptom exacerbation by certain
technologies (longer social media time increase ADHD symptoms
for instance (Thoma, 2018).

Cultural, environmental and socioeconomic factors also impact
the digitalization of our brains, including access to resources,
affordability of necessary devices or appropriate support systems
for training and reskilling (Hatuka, 2021). Empirical research
namely point at the digital divide in emerging countries and
underserved populations (Stewart et al., 2023), as well as on the
scarcity of studies on the subject in the Global South vs. the Global
North (Ghai et al., 2022). Future studies should explore a more
nuanced, contextual perspective of digital technologies and their
impact on the brain (Ghai et al., 2022). Efforts should also be made
into providing users with a digital autonomy i.e., an understanding
on how the digital world works and how information and power
asymmetries affect each and every one of us (Voinea et al., 2020).
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Age differences

People use digital technologies at any age and across
generations, from young infants to middle-aged and older adults
(Small et al., 2020). Internet, social media and AI thus shape
various aspects of human development (Firth et al., 2020). Young
infants and toddlers (<2 years) are now automatically exposed
to touchscreens both directly (using the devices) or indirectly
(surrounded by adults who are distracted by them) (Anderson
and Subrahmanyam, 2017). Little is known however about their
comprehension of the content they encounter although we do know
that television viewing before 2 years old alters the development of
language and executive functions (Anderson and Subrahmanyam,
2017). Older children (2-11 years old) are also growingly exposed
to digital technologies, at school and at home. Impact here is
mainly on learning and academic knowledge (Thorell et al., 2009),
as shown by deeply altered language networks in diffusion tensor
MRI studies (Hutton et al., 2020) and a shift in reading pattern
that may threaten the development of deep reading skills at a
later stage (Hutton et al., 2020). Other alterations include problem-
solving, critical thinking alterations and sleep pattern disruptions
(Bremer, 2005; Cheung et al, 2017), all of which pushed the
World Health Organization to published strict guidelines about
children’s screen time in 2019. As for adolescents who are more
connected than ever (Jackson, 2020), they are showing major
alterations of social dynamics and wellbeing (Orben and Przybylski,
2019). Published data indicate a different mode of processing
emotions (Uhls et al., 2014), with changes in the gray matter volume
of the amygdala (Crone and Konijn, 2018; Kanai et al.,, 2012).
By creating new avenues for peer interaction, social media have
also introduced concerns of exponentially increased cyberbullying,
social comparison, and pressure to conform to online standards
(Crone and Konijn, 2018; Korte, 2020). Digital technologies have
also transformed the way teenagers consume information and
engage with the world, with potential effects on attention span,
critical thinking, and information literacy (Korte, 2020). Finally, as
adolescents have a high rate of mental health illnesses, smartphones
and the internet can both increase addictive-like behavior and
potential addictions (Roojj et al., 2014) such as Internet Gambling
Disorder or Smart Phone Addiction (Li et al., 2022), which in
turn can increase the propensity to develop a mood or anxiety
disorder (Li et al., 2022; Pancani et al., 2020; Yen et al., 2019). In
the same vein, daily use of certain tools such as internet searching
or more complex algorithms may alter the brain’s responsiveness of
adults and older adults (55-76 years) in neural circuits controlling
decision making and complex reasoning (Small et al, 2020).
Interestingly and depending on its usage, Internet use (and brain
training video games) in older adults could also improve memory
and fluid intelligence (Small et al., 2020) and reduce cognitive
decline (Pallavicini et al., 2018; Xavier et al., 2014); it is however
important to manipulate the cognitive enhancement capacities of
the Internet with prudence (Voinea et al., 2020).

In summary, we are uniquely affected by digital technologies
due to differences encompassing individual and population factors
such as personality traits, disabilities, and culture or context.
These variances lead to unequal experiences and adaptability, from
challenges in interface use to exacerbated symptoms. Age-related
effects of digital tech also vary widely, impacting development in
children and adolescents, but also older adults, through altered
learning, social dynamics, and emotional processing.
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Part IV — Flags for future brain digitalization
research

In the first three parts of this review we explored how the rapid
and widespread digitalization era is reshaping brain and cognition.
As most body of works included here are fairly recent, we still
lack the necessary perspective to fully understand the complex
relationship between digital technologies and the human brain.
Similarly, it is too soon to visualize the long term effects of chronic
use of digital technologies. They ought to be continuously explored,
with a focus on neurobiological pathways through which digital
technologies impact human cognition. In this last part we simply
highlight indispensable facets that merit inclusion in future studies
on brain digitalization, with the aim to harness the potential of ever-
expanding array of digital technologies as instruments intended to
enhance rather than detract from our cognitive faculties and overall
wellbeing, aligning with their inherent purpose.

Neuroethics

“Researchers are afraid that by 2030 the AI revolution will

focus on enhancing benefits and social control but will also raise

‘ ethical concerns, and there is no consensus among them. A

clear division regarding Al’s positive impact on life and moral
standing” (Rainie et al., 2021).

Neuroethics plays a crucial role in exploring the co-evolution
of advanced AI tools and brain sciences. Simultaneously, it
undertakes the crucial task of scrutinizing the ethical ramifications
arising from the influence exerted by the former upon the latter.
This encompasses the exploration of what has been termed the
“alignment problem” by Brian Christian (Christian, 2020). For
instance, the use of digital technologies such as brain-computer
interfaces introduces a spectrum of ethical concerns regarding
privacy, identity, agency, and equality (Yuste et al, 2017) as
well as potential for cognitive manipulation (Doya et al., 2022).
Ethical frameworks and guidelines are being established to promote
data protection, transparency, and equitable access to digital
technologies and to ensure a deployment of digital technologies.
These initiatives are underpinned by a comprehensive perspective
that extends beyond immediate technical aspects, encompassing
the broader societal repercussions (Chiong, 2020) and embracing
a more expansive conception of cognitive faculties.

What is gained, what is lost

The brain contains complex networks and each cognitive
function requires synergizing different brain regions that constitute
sophisticated functional networks (Bu et al., 2020). If algorithms
start replacing our cognitive tasks, we are likely bound to lose the
ability to perform these tasks ourselves, and with time, bound to
also lose the necessary brain networks to perform such tasks.

A plethora of studies have illustrated our cognitive flexibility
and its underlying synaptic plasticity (Engert and Bonhoeffer, 1999;
Korte, 2020; Maguire et al., 2000). It is a well-established fact that
the human brain exhibits a remarkable adaptability across a wide
spectrum of contexts. The core question at this juncture is whether
the process of digitalizing our brains, marked by the forging
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of novel neural connections and the concomitant elimination
of others, is orchestrated in a manner that accentuates specific
cognitive modes at the potential expense of others that could be
equally or vitally pertinent. Fluid, adaptive intelligence yes but at
what cost?

The ultimate aim is thus to understand the gains and losses in
brain digitalization and to harness neuroscience insights for the
ethical development of Al and digital technologies that enhance
human capacities and foster wellbeing.

It's all happening so fast: the question of time and
uncertainty

“It's kind of evident that AI will take increasing control
over our lives. Not in a Terminator-style theme hopefully, but
a fast-paced infusion of technological advancements” Mahdi
Barkhordari, 2023.

As Al models evolve faster than their deployment, and
definitely faster than one can conceive, considerations about time
and unintended consequences become paramount. One specific
challenge at the intersection of time and AI appears in the
temporal distance between the development of Al models and their
deployment. AI being highly impacted by changes in context, the
problem of time and unforeseen, hard to predict consequences
should be considered more closely. Another challenge lies in the
capacity of human brains to predict at the speed of these machines
and their development, or to anticipate the changes to-come
associated with their deployment. This rapid, almost fast-tracking
landscape of digital technologies installs humans in an uncertainty
that can be challenging to navigate.

Uncertainty is defined by the difficulty to make predictions
about the world when one only has access to small and constantly
changing fragments of it (Peters et al., 2017). It is associated with
unpredictability and lack of control (Feldman and Friston, 2010;
Friston, 2023). While certain amounts of uncertainty can be dealt
with by the brain using sophisticated statistical methods, prolonged
uncertainty is too hard to manage, generating stress then altering
cognitive functions (Peters et al., 2017). More specifically, in order
to navigate the stress and uncertainty, the brain tries to reduce
it (Peters et al, 2017). Reducing uncertainty has a high cost in
energy, as modeled by the free energy principle (Feldman and
Friston, 2010; Gagnon et al., 2019; Harrison et al., 2006). Behavior
thus tend to shift from a flexible hippocampal dependent memory
system to a less cognitively demanding habitual, stereotyped
dorsolateral striatal dependent memory system (Gagnon et al,
2019; Harrison et al, 2006). In short, in the context of digital
technologies, this means that we could be balancing the cognitive
cost of adapting to internet or advanced AI by habit forming.
Which brings us back to the main question of this article: are
we taking the time to analyze what it means to human cognition
and brain function? Or are we rushed solely by productivity,
competitiveness and the excitement of unlocking the potential
of these technologies, at the expense maybe of our essence as
human beings?
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Limitations

Writing a review on the digitalization of the brain presents
significant challenges due to the rapidly evolving understanding of
its complexities and the theoretical frameworks aimed at explaining
consciousness and cognitive functions. For instance, Drigas and
Pappas’s innovative eight-layer pyramid model illustrates the
intricate interactions between consciousness, intelligence, and
knowledge, particularly underscoring the crucial role of emotional
intelligence in enhancing decision-making and problem-solving
(Drigas and Pappas, 2017). As new research emerges, the interplay
between digital technologies and brain function further complicates
our ability to draw clear conclusions, necessitating a nuanced
consideration of these dynamic theoretical perspectives (Drigas and
Pappas, 2017; Sattin et al., 2021).

The review also faces several limitations: incomplete answers
due to reliance on self-report and correlational measures, especially
for attention studies; the rapid evolution of AI and digital
technologies, which can quickly render findings outdated; the
unpredictable nature of technological advancements, complicating
predictions of cognitive impacts; significant interindividual
variability influenced by factors like age, personal traits, brain
health,
the challenge of maintaining a balanced perspective when

socio-economic status, and environmental contexts;
discussing potential cognitive detriments—while avoiding broadly
labeling digital technologies as “good” or “bad”; and difficulties
in integrating interdisciplinary findings from neuroscience,
psychology, and technology due to differing terminologies,
methodologies, and research priorities.

Another limit lies in the fact that online exchanges are
inherently intertwined with the competitive and achievement-
driven cultures of modern market societies, reflecting the values
and pressures that characterize these environments (Butler, 2024).
This connection underscores the complex dynamics that influence
individual behavior, interactions in digital spaces, and their impact
on brain and mental health.

Conclusion

Amidst the rapidly advancing digital era, our brains serve as
the interface governing vital cognitive functions such as attention,
memory, and multitasking. The impact of digital technologies on
human cognition, particularly the Internet and social media, has
been profound, altering how we process information and interact
with each other. Advanced AI technologies, like ChatGPT, are
further shaping cognitive processes, notably in decision-making
and emotion processing.

As digital integration evolves at an unprecedented pace,
with soon-to-come novel neurotechnologies poised to shape the
future of human augmentation, understanding its effects on brain
functioning becomes crucial for optimizing human capacities
and wellbeing amidst the intricate challenges it presents to the
human brain.

“But all will pass will end too fast you know?” Twenty
Years, Placebo.
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