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State of the art 

The impact of the digital revolution  
on human brain and behavior: where  
do we stand?
Martin Korte, PhD

This overview will outline the current results of neuroscience research on the possible effects of digital media use on 
the human brain, cognition, and behavior. This is of importance due to the significant amount of time that individuals 
spend using digital media. Despite several positive aspects of digital media, which include the capability to effortlessly 
communicate with peers, even over a long distance, and their being used as training tools for students and the elderly, 
detrimental effects on our brains and minds have also been suggested. Neurological consequences have been observed 
related to internet/gaming addiction, language development, and processing of emotional signals. However, given that 
much of the neuroscientific research conducted up to now relies solely on self-reported parameters to assess social media 
usage, it is argued that neuroscientists need to include datasets with higher precision in terms of what is done on screens, 
for how long, and at what age.
© 2019, AICH - Servier Group Dialogues Clin Neurosci. 2020;22(2):101-111. doi:10.31887/DCNS.2020.22.2/mkorte

Keywords: addiction; adolescence; amygdala; attention; brain development; cognitive neuroscience; digital media; 
language development; prefrontal cortex

Introduction

One hundred eleven years ago, E. M. Forster published 
a short story (The Machine Stops, 1909, The Oxford and 
Cambridge Review) about a futuristic scenario in which a 
mysterious machine controls everything, from food supply 
to information technologies. In a situation that evokes 
internet and digital media events of today, in this dystopia, 
all communication is remote and face-to-face meetings 
no longer happen. The machine controls the mindset, as it 
makes everybody dependent on it. In the short story, when 
the machine stops working, society collapses.

The story raises many questions, still relevant today, about 
the impact of digital media and related technology on our 

brains. This issue of Dialogues in Clinical Neuroscience 
explores in a multifaceted manner how, by what means, 
and with what possible effects digital media use affects 
brain function—for the good, the bad, and the ugly sides 
of human existence.

Overall, digital media use, from online gaming to smart-
phone/tablet or internet use, has revolutionized societies 
worldwide. In the UK alone, according to data collected 
by a regulatory agency for communication (Ofcom), 95% 
of people aged 16 to 24 years old own a smartphone and 
check it on average every 12 minutes. Estimates suggest 
that 20% of all adults are online more than 40 hours per 
week. There is no doubt that digital media, most of all the 
internet, are becoming important aspects of our modern life. 

C
op

yr
ig

ht
 ©

 2
02

0 
A

IC
H

 - 
Se

rv
ie

r G
ro

up
. A

ll 
ri

gh
ts

 re
se

rv
ed

. w
w

w
.d

ia
lo

gu
es

-c
ns

.o
rg

Author affiliations: Department of Cellular Neurobiology, Zoological Institute, TU Braunschweig, Germany; Helmholtz Centre for Infection Research, Neuroin-
flammation and Neurodegeneration Group, Braunschweig, Germany. Address for correspondence: Martin Korte, Prof Dr, TU Braunschweig, Zoological Institute, 
Dept. Cellular Neurobiology, Spielmannstraße 7, 38106 Braunschweig, Germany (email: m.korte@tu-bs.de)



102 • DIALOGUES IN CLINICAL NEUROSCIENCE • Vol 22 • No. 2 • 2020

State of the art 
Impact of digital media on the human brain - Korte

Nearly 4.57 billion people worldwide have access to the 
internet, according to data published December 31, 2019 on 
the webpage http://www.internetworldstats.com/stats.htm. 
The speed of change is astonishing, with an exponential 
increase in the last decade. How and 
at what possible costs and/or benefits 
can our brain and mind adapt?

Indeed, concerns about the effects of 
digital media use on brain function 
and structure, as well as physical and 
mental health, education, social inter-
action, and politics, are increasing. In 
2019, the World Health Organization 
(WHO) published strict guidelines 
about children’s screen time. And—
announced a law (Assembly Bill 272) 
that permits schools to restrict smart-
phone usage. These actions were 
taken after results were published 
implicating intensive digital media 
use in reducing working memory 
capacity1-3; in psychological problems, from depression to 
anxiety and sleep disorders4,5; and in influencing the level of 
text comprehension while reading on screens.6,7 The latter is 
a rather surprising example showing that reading complex 
stories or interconnected facts in a printed book leads to 
better recall of the story, of details, and of the connection 
between facts than reading the same text on screen.7-9 The 
reason for the astonishing results, considering that the words 
on a light emitting diode (LED) screen or in a printed book 
are the same, seems to be related to how we use associa-
tions of facts with spatial and other sensory cues: the loca-
tion on a page in a book we read something in addition, 
for instance, to the fact that each book smells differently 
seems to boost recall.9 In addition, the language scientist 
Naomi Baron, cited in an article by Makin,10 argues that 
reading habits are different in such a way that digital envi-
ronments lead to superficial engagement in text analysis. 
This possibly depends on the fact that most digital media 
users glance at and multitask from one item to the next—a 
habit that might reduce attention span and contribute to the 
fact that diagnosis of attention-deficit hyperactivity disorder 
(ADHD) is higher than it was 10 years ago.1 Is this just a 
correlation or does it indicate that multitasking with digital 
media contributes to, or even causes, the higher incidence of 
ADHD? Two arguments support the hypothesis that inten-

sive digital media use is related to impairments in working 
memory: simply seeing a smartphone (not even using it) 
lowers working memory capacity and leads to decreased 
performance in cognitive tasks, due to the fact that part 

of the working memory resources 
are busy ignoring the phone.11 In 
addition, the more that people use 
their smartphones in a multitasking 
modus (switching quickly between 
different engagements of the mind), 
the easier they respond to distraction 
and indeed perform more poorly in 
task-switching exams than users who 
rarely try to multitask.11 The results 
have been disputed (see ref 10), and 
this discrepancy in results might be 
related to the fact that digital media 
per se are neither good nor bad for 
our minds; it is rather how we use 
digital media. What we use smart-
phones or any other digital media 
for and how often are the important 

parameters to analyze, a point often ignored in this discus-
sion.

Brain plasticity related to the use of digital 
media

The most straightforward and simple approach to eluci-
dating whether digital media use has a profound effect on 
the human brain is to explore whether the use of fingertips 
on touchscreens changes cortical activity in the motor or the 
somatosensory cortex. Gindrat et al12,13 used this approach. It 
was already known that cortical space assigned to the tactile 
receptors on fingertips is influenced by how often the hand 
is used.14 For example, string instrument players have more 
cortical neurons of the somatosensory cortex allotted to the 
fingers they use in playing the instrument.15 This so-called 
“cortical plasticity of sensory representation” is not limited 
to musicians; for example, it also occurs with often-repeated 
grasp movements.16 As repeated finger movements occur 
with use of touchscreen smartphones, Gindrat et al12,13 used 
electroencephalography (EEG) to measure cortical poten-
tials resulting from touching tips of the thumb, middle, 
or index fingers of touchscreen phone users and control 
subjects who used only non-touch-sensitive mobile phones. 
Indeed, the results were remarkable, as only touchscreen 

Neurons learn  
to represent artificial  

devices via processes of 
activity-dependent synaptic 
plasticity…, [illustrating]  
that, indeed, our sense  
of self can be altered  

by electronic technologies  
to incorporate external  

devices
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users showed an increase in the cortical potentials from the 
thumb and also for the index fingertips. These responses 
were statistically highly significantly correlated to the inten-
sity of use. For the thumb, the size of cortical representa-
tion was correlated even with the day-to-day fluctuations 
in touchscreen use. These results clearly demonstrate that 
repetitive use of touchscreens can reshape somatosensory 
processing in fingertips, and they also indicate that such 
representation in the thumb can change within a short time 
frame (days), depending on use.

Taken together, this shows that intensive touchscreen use 
can reorganize the somatosensory cortex. Therefore, one can 
conclude that cortical processing is continuously shaped via 
digital media use. What was not investigated but should be 
explored in the future is whether such expansion of cortical 
representation in the fingertips and thumb occurred at the 
expense of other motor coordination skills. This response is 
of tremendous importance considering that motor skills are 
inversely correlated with screen time, due to either competi-
tion between cortical space and motor programs or because 
of an overall lack of exercise (eg, see ref 17).

Influences on the developing brain

Effect on motor skills is one aspect to consider with digital 
media use, other aspects are effects on language, cognition, 
and perception of visual objects in the developing brain. 
In this respect, it is remarkable that Gomez et al18 showed 
that details of the development of the visual system can 
be affected by the content of digital media. To explore 
this, functional magnetic resonance imaging (fMRI) was 
used to scan brain from adult subjects who had played the 
game Pokémon intensively when they were children. It was 
already known that object and face recognition is achieved 
in higher visual areas of the ventral visual stream, mainly 
in the ventral temporal lobe.19 Typical Pokémon figures 
are a mixture of animal-like humanized characters and 
are a unique type of object otherwise not visible in human 
environments. Only adults with intensive Pokémon experi-
ence during childhood showed distinct distributed cortical 
responsiveness to Pokémon figures in the ventral temporal 
lobe near face-recognition areas. These data—as a proof 
of principle—indicate that digital media use can lead to a 
unique functional and long-lasting representation of digital 
figures and objects even decades later. Surprisingly, all 
Pokémon players showed the same functional topography 

in the ventral visual stream for Pokémon figures. Also, here 
it is not clear whether these data simply show the tremen-
dous plasticity of the brain to add new representations 
for novel classes of objects to the higher visual areas or 
whether object representation from intensive digital media 
use might have negative consequences for face recognition 
and processing as a consequence of competition for cortical 
space. In this respect, it is noteworthy that in empathy 
studies in young adults, a correlation between time spent 
with digital media and a lower cognitive empathy with 
other humans has been reported.20,21 Whether due to lack of 
insight into what other people might think (theory of mind) 
or to problems with facial recognition or lack of exposure to 
peers (due to excessive online time) is not currently clear. It 
should be emphasized that some studies reported no correla-
tion between online time and empathy (for reviews, see refs 
22 and 23).

Another area of interest is whether the development of 
processes related to language (semantics and grammar) is 
by any means affected by intensive digital media use. It is 
in this respect worrisome that early extensive screen use 
in preschoolers can have dramatic influences on language 
networks, as shown by sophisticated diffusion tensor MRI24,25 

(Figure 1). This method provides estimates of white-matter 
integrity in the brain. In addition, cognitive tasks were tested 
in preschool children. This was measured in a standard-
ized way by using a 15-item screening tool for observers 
(ScreenQ), which reflects the screen-based media recom-
mendations of the American Academy of Pediatrics (AAP). 
ScreenQ scores were then statistically correlated with the 
diffusion tensor MRI measurement and with cognitive test 
scores, controlling for age, gender, and household income. 
Overall, a clear correlation was observed between intensive 
early childhood digital amedia use and poorer microstruc-
tural integrity of white-matter tracts, especially between the 
Broca and Wernicke areas in the brain (Figure 1). Language 
comprehension and capacity are highly correlated with the 
development of these fiber tracts, as reviewed in Grossee et 
al26 and Skeide and Friederici.27 In addition, lower executive 
functions and lower literacy abilities were observed, even 
when age and the average household income were matched. 
Also, digital media use correlated with significantly lower 
scores in behavioral measures for executive functions. The 
authors conclude25: “Given that screen-based media use is 
ubiquitous and increasing in children in home, childcare, 
and school settings, these findings suggest the need for 
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further study to identify the implications for the developing 
brain, particularly during stages of dynamic brain growth 
in early childhood.” This study indicates that reading skills 
might be compromised if fiber tracts between the language 
areas are not developed to their full extent. Considering that 
reading ability in children is an excellent predictor of school 
success, it would also be beneficial to study if ScreenQ scores 
correlate to school success or to how traditional reading in 
books compares with reading on screens, in e-books, and on 
web pages.

Besides the development of language areas, reading 
habits might change with the use of electronic media. 
This change might have implications for new readers and 
for individuals with reading disabilities. Indeed, this has 
been explored recently.28 Here, fMRI was used when chil-
dren listened to three similar stories in audio, illustrated, 
or animated format, followed by a test of factual recall. 
Within- and between-network functional connectivity was 
compared across formats involving the following: visual 
perception, visual imagery, language, default mode network 

Figure 1. Diffusion tensor magnetic resonance imaging of brain in preschoolers, showing associations between use of  
screen-based media and white-matter integrity. White-matter voxels exhibit a statistically significant correlation between 
ScreenQ scores (which indicate screen-based media use, ie, how intensive digital media have been used) and lower fractional 
anisotropy (FA; A), as well as higher radial diffusivity (RD; B); both indicate fiber tract in the analysis of whole-brain images. 
All data were controlled for household income level and child age (P<0.05, familywise error–corrected). The color code  
depicts the magnitude or slope of correlation (change in the diffusion tensor imaging parameter for every point increase 
in ScreenQ score). Adapted from ref 24: Hutton JS, Dudley J, Horowitz-Kraus T, DeWitt T, Holland SK. Associations between 
screen-based media use and brain white matter integrity in preschool-aged children. JAMA Pediatr. 2019;e193869.  
doi:10.1001/jamapediatrics.2019.3869. Copyright © American Medical Association 2019 



DIALOGUES IN CLINICAL NEUROSCIENCE • Vol 22 • No. 2 • 2020 • 105

State of the art 
Impact of digital media on the human brain - Korte

(DMN), and cerebellar association. For illustration relative 
to audio, functional connectivity was decreased within the 
language network and increased between visual, DMN, 
and cerebellar networks, suggesting decreased strain on the 
language network afforded by pictures and visual imagery. 
Between-network connectivity was decreased for all 
networks for animation relative to the other formats, partic-
ularly illustration, suggesting a bias toward visual percep-
tion at the expense of network integration. These findings 
suggest substantial differences in functional brain network 

connectivity for animated and more traditional story formats 
in preschool-age children, reinforcing the appeal of illus-
trated storybooks at this age to provide efficient scaffolding 
for language. In addition, deep reading can be influenced by 
digital media.29 This shift in reading pattern may threaten 
the development of deep reading skills in young adults.

A particularly important time for brain development 
is adolescence, a period when brain areas involved in 
emotional and social aspects are undergoing intensive 

Figure 2. Magnetic resonance imaging of the human brain and analysis showing correlation between gray-matter  
volume (GMV) and social-networking site (SNS) addiction score. Depicted is the visualization of the voxel-wise–based  
morphometry (VBM) exemplified in three different views: (A) rendered brain; (B) coronal view; and (C) sagittal view.  
The SNS addiction score was negatively correlated with GMV in bilateral amygdala (shown as blue areas) and positively  
correlated with GMV in the anterior/mid cingulate cortex (ACC/MCC, shown as yellow area). Imaging is displayed in  
radiological view (right is on the viewer’s left). (D-F) Scatter plots show the pattern of correlation between GMV and SNS 
addiction score in (D) ACC/MCC, (E) left amygdala, and (F) right amygdala. Adapted from ref 57: He Q, Turel O, Bechara 
A. Brain anatomy alterations associated with Social Networking Site (SNS) addiction. Sci Rep. 2017;7:45064. doi:10.1038/
srep45064. Copyright© 2017, The Authors.
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changes. Social media might have a profound effect on 
the adolescent brain due to the fact they allow adolescents 
to interact with many peers at once without meeting them 
directly. And indeed, published data indicate a different 
mode of processing emotions in adolescents, which is 
highly correlated to the intensity of social media use. This 
has been shown in the gray matter volume of the amygdala, 
which processes emotions (Figure 2).30,31 This suggests an 
important interplay between actual social experiences in 
online social networks and brain development.32 Emotion 
precedence, peer conformity, or acceptance sensitivity might 
make teenagers in particular vulnerable to fake or shocking 
news, as well as unlikely self-expectations, or vulnerable 
as regards regulation of emotions due to unfavorable use 
of digital media.33 What is missing here are longitudinal 
studies to elucidate whether the adolescent brain is differ-
ently shaped by social network size online instead of direct 
personal interaction.

As a side note, the evidence that violent games do have 
a profound effect on human behavior is better defined.34 
A meta-analysis of current papers shows that exposure to 
violent video games is a highly significant risk factor for 
increased aggressive behavior and for a decrease in empathy 
and lower levels of prosocial behavior.34

Synaptic plasticity

Principally, the study described above supports the notion 
of high brain plasticity induced by intensive use of digital 
media. In detail, the effects observed are amazing, but 
overall, it has been previously shown that the brain changes 
its functional and structural connectivity with usage, in other 
words, due to learning, habits, and experience.35,36 To judge 
this effect on the quality of human cognition and health, 
the question is more whether our brains—by using digital 
media extensively—are working in a certain cognitive 
mode, perhaps at the expense of others that are important. 
The effects of the brain’s potential to adjust its functional 
and structural connectivity has been demonstrated in many 
neuroimaging studies with humans37; for a review, see ref 
38. Other studies, including one by Maguire39 in London 
taxi drivers, and studies in pianists (as mentioned above)14 
and jugglers40 show that intensive usage can stimulate the 
growth of new synaptic connections (“use it”) while at the 
same time eliminating neuronal synaptic connections that 
are used less often (“lose it”).41,42

On the cellular level, this phenomenon has been named 
synaptic plasticity, reviewed by Korte and Schmitz.35 It 
is by now widely accepted that neurons in human cortex 
and hippocampus, as well as in subcortical areas, are 
highly plastic, meaning that changes in neuronal activity 
patterns, for example, generated by intensive training, 
change synaptic function as well as synaptic structure. 
Activity-dependent synaptic plasticity alters the efficacy of 
synaptic transmission (functional plasticity) and modifies 
the structure and number of synaptic connections (structural 
plasticity).35,43,44 Synaptic plasticity builds the foundation 
for adjusting the postnatal brain in response to experi-
ence and is the cellular implementation for learning and 
memory processes, as suggested in 1949 from Donald O. 
Hebb. He proposed that changes in neuronal activity due to 
usage, training, habit, or learning are stored in assemblies 
of neurons and not in single nerve cells.41 Plasticity by this 
means happens at the network level by altering the synapses 
between neurons and is therefore called activity-depen-
dent synaptic plasticity. Hebb’s postulate also includes an 
important rule, predicting that synaptic strength changes 
when the pre- and postsynaptic neurons show coincident 
activity (associativity), and this changes the input/output 
characteristic of neuronal assemblies. Only if these are acti-
vated together again can they be remembered. Important 
is that the synaptic response to a certain brain activity of a 
given intensity is enhanced; for further details see Magee 
and Grienberger.45 This implies that all human activity 
performed on a regular basis— including use of digital 
media, social networks, or simply the internet—will have 
an imprint on the brain, whether for the good, the bad, or 
the ugly side of human cognitive function depends on the 
activity itself, or whether it occurs at the expense of other 
activities. In this respect, linking multitasking mode with 
cellular synaptic plasticity, Sajikumar et al46 showed that 
activation of three inputs impinging on the same neuronal 
population within a narrow time window (as is the case of 
humans trying to multitask) leads to the arbitrary strength-
ening of inputs, and not necessarily the strongest. This 
means the storage of relevant facts may be compromised 
if the input to a neuronal network in a particular brain area 
exceeds its limit of processing power.

Digital media impact on the aging brain

The effects and possible negative or positive aspects 
of digital media use, culture, and interaction might not 
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only depend on total consumption time and the cognitive 
domain involved; it might also depend on age. Thus, the 
negative effects on preschoolers, as reported by Hutton et 
al,25 might be quite different from those seen with usage 
in adults (like addiction) or to the effects observed in the 
elderly. Therefore, training of the aged brain with digital 
media might have different consequences than screen time 
for preschoolers or permanent distraction in adults.

Aging is not only genetically determined, but also depen-
dent on lifestyle and on how the brain is used and trained; 
for example, see ref 47. One successful attempt involving 
digital media resulted in an increased attention span in 
elderly subjects through training response inhibition via 
computer games.48 Here, the training was done on a tablet 
for just 2 months, and significant cognitive effects on lateral 
inhibition were observed in comparison with a control 
group. These results correlated with growth processes, 
seen as greater cortical thickness in the right inferior frontal 
gyrus (rIFG) triangularis, a brain area associated with lateral 
inhibition.49 These effects, probably mediated via processes 
of structural plasticity depend on time spent performing the 
training task: the results became better in linear correlation 
with training time. Overall, it can be summarized that game-
based digital training programs might foster cognition in 
the elderly and is in line with other studies showing that 
attention training is mediated via increasing the activity in 
the frontal lobe.50 Other studies have supported these results 
by showing that computer training is a possible means to 
train the brain in older people (>65 years of age), and brain 
training programs can assist in promoting healthy cogni-
tive aging51,52 (see also ref 53). It will be exciting to probe 
whether digital media in the future can be used in the elderly 
to preserve or even increase cognitive capacities, such as 
attention, that suffer after intensive digital media/multi-
tasking use at younger ages.

Mechanism of addiction and digital media use

In addition to classical substance-use disorders, behav-
ioral addictions are also classified as addictive behavior.54 
The WHO now includes internet-use disorder (IUD) or 
internet gaming disorder/internet addiction (IGD) in the 
International Classification of Diseases 11th Revision 
(ICD-11), which might in the future also include “smart-
phone-use disorder” as a behavioral addiction (https://icd.
who.int/browse11/l-m/en). Addiction is characterized as a 

chronic relapsing disorder, depicted by compulsion to seek 
and use either a substance or a behavior, like gambling. 
In addition, it includes loss of control in limiting certain 
behaviors or drug intake, and mostly is associated with the 
emergence of negative emotions (eg, anxiety, irritability, 
or dysphoria,) in situations where the drug or behavior is 
not attainable. Neurologically, addiction is characterized 
by overall network changes in frontostriatal and frontocin-
gulate circuits. These are also the hallmarks for IGD/IUD 
addiction.54 Adolescents in particular might be at risk.55 
For a systematic and more detailed meta-analysis of func-
tional and structural brain changes related to IGD, see the 
following reviews by Yao et al56 and D’Hondt et al.57

It is also noteworthy that some studies found a correlation 
between brain anatomy alterations and social networking 
site (SNS) addiction.58 It specifically shows that inten-
sive interactions with social media can be correlated to 
gray-matter alteration of brain areas involved in addictive 
behavior. Also, other studies reported that intense use of 
social media can lead to a profound effect on neuronal struc-
tures in the human brain, as reviewed in ref 32. Overall, 
the implications of these data are that neuroscience and 
psychology research should turn more attention toward the 
understanding and prevention of online addiction disorders 
or other maladaptive behaviors related to gaming and social 
network use.

Neuroenhancement with electronic devices

So far, we have discussed digital media, but electronic 
devices in general can also be used to directly stimulate the 
human brain. The difficulty here is that the human brain is 
not a simple Turing machine,59 and the algorithm it uses is 
less clear. For this reason, it is unlikely that our brains can 
be reprogrammed by digital technologies and that simple 
stimulation of certain brain areas will increase cognitive 
abilities. However, deep-brain stimulation as a treatment 
option for Parkinson disease, depression, or addiction is a 
different story.60-62 Additionally, research on so-called brain/
machine interfaces (BMIs) has shown that with regard to 
motor functions and the assimilation of artificial tools, eg, 
robotic/avatar extremities, incorporation in the somatosen-
sory representation of the brain is possible.63 This works 
partly because neurons learn to represent artificial devices 
via processes of activity-dependent synaptic plasticity.63 
This illustrates that, indeed, our sense of self can be altered 



108 • DIALOGUES IN CLINICAL NEUROSCIENCE • Vol 22 • No. 2 • 2020

State of the art 
Impact of digital media on the human brain - Korte

by electronic technologies to incorporate external devices. 
Nicolelis and colleagues have recently demonstrated that 
such an extension of the sense of body in paralyzed patients 
trained to use BMI devices could allow them to steer the 
movements of artificial avatar bodies, leading to a clinically 
relevant recovery.64

This does not mean that the human brain can mimic the 
binary logic or even the algorism of digital devices, but it 
highlights how digital machines and digital media could have 
a huge impact on our mental skills and behavior (discussed in 
depth by Carr65). This impact is also highlighted by the effect 
of online cloud storage and search engines on human memory 
performance. A paradigmatic example is a study in which 
digital natives were made to believe that facts they had been 
asked to memorize would be stored in online cloud storage.66 
Under this assumption, they performed more poorly than 
subjects that expected to have to rely only on their own brain 
memory function (mainly in the temporal lobe), as fMRI  
analysis illuminated.66 These results suggest that subcon-
tracting some simple mental searches to internet cloud storage 
and relying on search engines instead of memory systems 
in our own brain reduces our ability to memorize and recall  
facts in a reliable manner.

Human well-being and multitasking

Addiction and neuroenhancement are particular effects of 
digital media and electronic devices. More common are the 
effects of multitasking on attention span, concentration, and 
the capacity of working memory.11 Processing multiple and 
continuous incoming streams of information is certainly a 
challenge for our brains. A series of experiments addressed 
whether there are systematic differences in information 
processing styles between chronically heavy and light media 
multitaskers (MMTs).6,67 The results indicate that heavy 
MMTs are more susceptible to interference from what are 
considered irrelevant external stimuli or representations in 
their memory systems. This led to the surprising result that 
heavy MMTs performed worse on a task-switching ability 
test, probably due to reduced ability to filter out inter-
ference from irrelevant stimuli.6 This demonstrates that 
multitasking, a rapidly growing behavioral trend, is asso-
ciated with a distinct approach to fundamental information 
processing. Uncapher et al6 summarize the consequences of 
intense multimedia use as follows: “American youth spend 
more time with media than any other waking activity: an 

average of 7.5 hours per day, every day. On average, 29% of 
that time is spent juggling multiple media streams simulta-
neously (ie, media multitasking). 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.”

On the other hand, it will obviously be important to under-
stand what information processing is necessary for effec-
tive learning within the environment of the 21st century. A 
growing body of evidence demonstrates that heavy digital 
MMTs show poorer memory function, increased impul-
sivity, less empathy, and a higher amount of anxiety.5 On the 
neurological side, they show a reduced volume in the ante-
rior cingulate cortex. In addition, current data indicate that 
switching quickly between different tasks (multitasking) 
during digital media use can negatively affect academic 
outcomes.6 However, one needs to be careful in the interpre-
tation of these results because, as the direction of causality 
is not clear, media multitasking behavior might also appear 
more pronounced in people with reduced prefrontal activity 
and shorter attention span to start with. Here, longitudinal 
studies are needed. The overall impact of online social 
media on our natural social skills (from empathy to theory 
of other people’s minds) is another realm in which we may 
experience how and to what extent digital media affects our 
thinking and sensory processing of social signals. Of many 
studies, one by Turkle5 should be highlighted here. Turkle 
used interviews with teenagers or adults who were heavy 
users of social media and other kinds of virtual environ-
ments. One of the outcomes of this study was that extreme 
use of social media and virtual reality environments can lead 
to an increase in risk of anxiety, fewer real social interac-
tions, lack of social skills and human empathy, and difficul-
ties in handling solitude. In addition, the people interviewed 
reported symptoms related to addiction to internet use and 
digital social media. This mental routine of being “always 
connected” to hundreds or even thousands of people might 
indeed be overburdening our brain areas related to social 
interaction by dramatically expanding the number of people 
with whom we can closely communicate. The evolutionary 
constraint might be a group size limit of approximately 150 
individuals.68 This may be the reason for our increase in 
cortical volume, eg, chimpanzees interact regularly with 50 
individuals, but it may also be the limit of what our brains 
can achieve. In contrast to this evolutionary constraint, 
we are more or less in continuous contact with a group of 
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people that by far exceeds our neurobiological limit due to 
social media. What are the consequences of this cortical 
overtaxing? Anxiety and deficits in attention, cognition, 
and even memory? Or can we adapt? So far, we have more 
questions than answers.

Conclusion

The brain is affected by the way we use it. It is hardly a 
stretch to expect that intensive digital media use will change 
human brains due to processes of neuronal plasticity. But 
it is less clear how these new technologies will change 
human cognition (language skills, IQ, capacity of working 
memory) and emotional processing in a social context. 
One limitation is that many studies thus far did not take 
into account what humans are doing when they are online, 
what they are seeing, and what type of cognitive interac-
tion is required during screen time. What is clear is that 
digital media do have an impact on human psychological 
well-being and cognitive performance, and this depends on 
total screen time and what people are actually doing in the 
digital environment.69 Over the past decade, more than 250 
studies have been published trying to elucidate the impact 
of digital media use; most of these surveys used self-re-
porting questionnaires that for the most part did not take into 
account the vastly different activities people experienced 
online. However, the pattern of use and the total time spent 
online will have different effects on a person’s health and 
behavior.69 Researchers need a more detailed multidimen-
sional map of digital media use. In other words, what is 
desirable is a more precise measure of what people do when 
they are online or looking at a digital screen. Overall, the 
current situation cannot distinguish in most cases between 
causal effects and pure correlation. Important studies have 
been started,70,71 and the Adolescent Brain Cognitive Devel-
opment Study (ABCD study) should be mentioned. It is 

orchestrated by the National Institutes of Health (NIH) and 
aims to explore the effect of environmental, social, genetic, 
and other biological factors affecting brain and cognitive 
development. The ABCD study will recruit 10 000 healthy 
children, ages 9 to 10 across the United States, and follow 
them into early adulthood; for details, see the website 
https://abcdstudy.org/. The study will include advanced 
brain imaging to visualize brain development. It will eluci-
date how nature and nurture interact and how this relates to 
developmental outcomes such as physical or mental health, 
and cognitive capabilities, as well as educational success. 
The size and scope of the study will allow scientists to 
identify individual developmental trajectories (eg, brain, 
cognitive, emotional, and academic) and the factors that 
can affect them, such as the effect digital media use will 
have on the developing brain.

What remains to be determined is whether the increasing 
frequency of all users moving toward being knowledge 
distributors themselves might become a great threat to the 
acquisition of solid knowledge and the need that each has 
to develop their own thoughts and to be creative. Or will 
these new technologies build the perfect bridge to ever more 
sophisticated forms of cognition and imagination, enabling 
us to explore new knowledge frontiers that we cannot at 
the moment even imagine? Will we develop completely 
different brain circuit arrangements, like we did when 
humans started to learn to read? Taken together, even if 
much research is still needed to judge and evaluate possible 
effects of digital media on human well-being, neuroscience 
can be of tremendous help to distinguish causal effects from 
mere correlations. n
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