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INTRODUCTION

magine a world in which all your memories can be

recorded and played back at will through an embedded

chip-a concept explored in the Black Mirror episode “The

Entire History of You." In this alternate reality, humans
receive an implant behind their ear which can do exactly that
[1]. However, what if this is closer to our reality rather than
some distant dystopia? Perhaps we will even reach a point
where our thoughts can be decoded and read, such as in the
Black Mirror episode “Crocodile” [1]. In fact, we have already
approached these abilities to record memories and mind-read
[2, 3]. Furthermore, scientists have demonstrated the capacity
to transfer such memories and thoughts, a concept known as
brain-to-brain communication [2, 4]. In one study, five groups
consisting of three participants each were playing a Tetris-like
game, though one individual called the “Receiver” was unable
to see the screen. The other two, called the “Senders,” would
make a decision as to how to manipulate the incoming shape
and send this information to the receiver via magnetic stim-
ulation of the occipital cortex. On average, the groups were
able to complete the task with an average of 81.25% accu-
racy [4]. While this is quite an accomplishment, it is still far
from being perfected and implemented into our daily lives.
Neurotechnological development continues to accelerate rap-
idly though [5], so one can only imagine where we will be in a

few decades.

One path neurotechnology is following investigates influ-
encing cognition, which involves the processes of acquiring
and understanding knowledge; this means modulating acts
such as thinking, perceiving, remembering, and reasoning
[6]. Cognitive augmentation can manifest as the alleviation of
symptoms in treatment-resistant depression, memory com-
pensation in patients with dementia, improvement in read-
ing performance in those with dyslexia, and numerous other

ways [7, 8, 9]. This area of research has gained noteworthy

momentum recently. Publications on deep brain stimulation,
a form of cognitive enhancement, has expanded from a mere
75 articles published in 2000 to 741 published in 2010 [5]. The
popularization of this field will not exclusively impact scientists
though; as demand for neurotechnology increases, it is pro-
jected that the market size will nearly triple in the next 10 years
to over $38 billion [10]. Thus, one can only conclude that soci-
ety, down to the individual, will face significant changes-con-
ceivably to the point of Black Mirror becoming more of a reality
show. Though there are numerous advantages to this kind of
technology, the extent of its potential may lead us down a sim-
ilar dystopian path if left unregulated. Therefore, ethical con-
siderations are an essential part of this field in order to ensure
our privacy and autonomy are protected. With investigations
on cognitive enhancement and neurotechnology growing and
becoming more commonplace, we may be forced to adapt our

understanding of what it means to be human.

TECHNOLOGICAL FORMS OF
COGNITIVE ENHANCEMENT

Scientists have already discovered ways to physically alter
cognition through noninvasive and invasive brain stimula-
tion [11]. Unlike invasive brain stimulation (IBS), noninvasive
brain stimulation (NIBS) does not require surgical interven-
tions, making it a safer and more accessible method [11]. NIBS
includes technologies such as transcranial magnetic stimu-
lation (TMS) and transcranial electrical stimulation (tES); the
former is performed by sending electromagnetic waves via
a coil placed against the scalp, whereas the latter places an
electrical conductor known as electrodes on the scalp [12].
A prominent method for IBS is deep brain stimulation (DBS),
in which electrodes are surgically implanted into the brain to

very precisely modulate neuronal activity [13].

Various other forms of brain stimulation are available as well,
with one impressive development called neurofeedback.

By merging brain recording and stimulating devices, users
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Table 1

Types of Brain Stimulation

Type Subtypes Function Implications
Transcranial Repetitive Coils with electrical | Majorly used for
Magnetic Stimulation | Transcranial currents inside are mental disorders such
(TMS) Magnetic Stimulation | placed against the as treatment-resistant

(rTMS)® and Deep scalp to produce a depression’, anxiety,

Transcranial magnetic field, which | post-traumatic stress

Magnetic Stimulation | influences current disorder,

(dTMS)* flow in the brain® obsessive-compulsive
disorder, and
schizophrenia®

Transcranial Transcranial Electrodes are Popular for cognitive
Electrical Stimulation | Direct-Current attached to the scalp | enhancement®
(tES) Stimulation (tDCS) to inject small

and Transcranial currents®

Alternating-Current

Stimulation (tACS)*

Deep Brain Electrodes are Commonly used to

Stimulation (DBS) surgically implanted | treat movement,
into specific sites in | mental, and memory
the brain, using disorders®
electrical pulses to
modulate neuronal
activity”

[“16°17,°18,°19].

waves, which may optimize meditation and creativity; alpha
waves, which are involved in alertness and peacefulness; beta
waves, which play a role in several cognitive functions such as
thinking and focusing; and gamma waves, which are related to
higher cognitive tasks like learning and problem-solving [15].
With an abundance of ways to physically augment our brain
function, its applications hold potential for yet another giant leap
for mankind, but due diligence must be exercised to ensure this

leap is in the right direction.

APPLICATIONS OF COGNITIVE
ENHANCEMENT

Both NIBS and IBS have shown great capacities in ameliorat-
ing symptoms in psychiatric and neurological disorders when
other treatment options appear inauspicious [20]. These ther-

apies typically involve patients with prolonged illnesses like
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depression, schizophrenia, attention deficit hyperactivity disor-
der (ADHD), and dementia, to name just a few [12]. A common
goal is to promote the brain’s plasticity, a process in which neu-

rons reorganize their structure, function, and connections [21].

Alzheimer's disease (AD) has been a prominent area of inter-
est due to the considerable challenges in treating it. A primary
attribute of this neurodegenerative disease is a steep decline in
cognitive function and, in turn, quality of life [22]. Promisingly,
though, a meta-analysis including 32 studies found that certain
types of TMS and tES-specifically repetitive TMS (fTMS) and
transcranial direct current stimulation (tDCS), respectively-were
able to immediately rehabilitate cognitive abilities in those with
AD [23]. Another study with epileptic patients demonstrated
improvement in cognitive functions by stimulating the hippo-
campus-a brain region critical for memory. The results yielded
a 35% increase in short-term and long-term visual memory
[24]. Additionally, stroke patients can also benefit from cogni-
tive enhancement due to its ability to restore speech and motor

functions [7]. Thus, these technologies illustrate the possibility



of improving the well-being of people facing severe adversities.

Various stimulation techniques can be applied to psychiatric ill-
nesses as well. 30.9% of depressed individuals do not respond
to treatments such as medication and therapy, but brain stim-
ulation provides a hopeful alternative route [25]. DBS pres-
ents promising outcomes, in both the short and long term [26].
Patients immediately experienced “sudden calmness or light-
ness,” “disappearance of the void,” and increased “connected-
ness” and interest [26]. Even at the six month follow-up, 67% of
participants were in remission, meaning they no longer met the

criteria for depression [26].

These applications have also displayed positive effects on
healthy individuals, such as in the case of creativity and per-
formance, attention, perception, and, of course, memory [7, 27].
For example, tDCS is able to enhance cognitive processes such
as attention, learning, memory, decision-making, and prob-
lem-solving [8]. A review assessing cerebellar tDCS addresses
its enhancing effects on motor control and learning and recog-
nizing emotions in others as well [28]. Even a musician's skills

are able to improve through neurofeedback—specifically in
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creativity, accuracy, interpretive imagination, and expressive
range [27]. This is far from an exhaustive list of neurotechnol-
ogy's capabilities, and while this may be exciting, these tools
must be used conscientiously as society starts to implement

them.

ETHICAL CONSIDERATIONS

What does this mean for humanity? While the potential bene-
fits of such technologies are limitless, do we trust that access
to our most private information will only be used for good? On
the other side of the same coin, to what extent will we allow
our minds to be manipulated? Society already accepts various
forms of our experiences being augmented, from psychiatric
medications to prosthetics, so where will the line be drawn?
While there are innumerable questions to pose, one thing is
for sure: regulations must rapidly be put in place to ensure the
safety of humanity, lest we find ourselves in a real-life Black

Mirror episode.

Some primary concerns involve agency, privacy, equality,
and human identity altogether. One's agency and identity
have the potential to be compromised due to neurotechnol-

ogy's ability to manipulate our brain, and, thus, our thoughts,

emotions, and behaviors. Even if thoughts are not manipu-
lated, but rather read, consequences could still be disastrous.
The episode “Crocodile” illustrates just how much of a threat
this could be: because memories can be retrieved by other
people, a woman involved in manslaughter finds herself in a
series of murders to try to prevent her memories from being
discovered [1]. Though this is a bit of a hyperbolic example,
the episode highlights some more realistic issues, such as
how unreliable and suggestible human memory can be. If the
legal system were to integrate mind-reading technologies,
who's to say testifiers won't misremember things and provide
faulty evidence, or even have their memories manipulated to
sway the trial? This could hurt certain populations, and there is
concern about how neurotechnology will exacerbate inequal-
ity outside of the court as well. As wealthy people will have
more resources to obtain these technologies, the gap with the
rest of the population will only continue to expand. Addressing
these ethical concerns and establishing regulations is para-
mount to ensuring neurotechnology is here to benefit society
rather than upend it. Regardless, what it means to be human
and how society functions is bound to be redefined in light of

such advancements.
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