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I. Neuroenhancement – a short introduction
on medical options
Julia Ihde

1. Definition

In its broadest sense, the term ›neuroenhancement‹ refers to different
types of measures taken by healthy people with the aim of increasing their
performance, for example with regard to cognitive or emotional skills.1 In
contrast to the term ›enhancement‹, which also includes every kind of
physical performance improvement (e. g. doping in sports), ›neuroen-
hancement‹ specifically refers to interventions that influence neurobiolo-
gical processes in the brain. The focus of the discussion about neuroen-
hancement mostly lies on biochemical enhancement strategies, especially
on the intake of pharmaceutical substances. Apart from that, there are
many other ways to influence performance or behaviour, ranging from
elements of daily life such as sleep or coffee consumption to physical
measures such as brain stimulation. Although there are also considera-
tions to influence other human behaviours such as moral behaviour,2 tar-
gets of enhancement are primarily cognitive, motivational or emotional
functions. This brief introduction will mainly focus on the enhancement
of cognitive functions.3
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1 For a detailed overview of the definition of enhancement cf. section 4 (»What is enhance-
ment? On the definition of enhancement«) of part 2 (Ethics of Neuroenhancement) of this
expert report.
2 For an example that covers this issue, cf. Sellaro et al. 2015. In this article, Sellaro et al.
examined whether increasing cognitive control through brain stimulation helps overcome
negative bias toward members of social out-groups.
3 A short discussion of three targets of enhancement, cognition, mood and moral, is also
provided in section 2 (»What can be enhanced? On the targets of (neuro-)enhancement«) of
part 2 (Ethics of Neuroenhancement) of this expert report.
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2. Possible targets of neuroenhancement and
the measurability of its effects

The human mind consists of a broad variety of cognitive functions. Gen-
erally, cognitive performance is classified into different cognitive do-
mains, which are again divided into subdomains.4 The cognitive domains
that are particularly interesting in the context of neuroenhancement are
attention and concentration as well as memory which on their part have
an impact on other, more complex domains such as executive functioning
(e. g. reasoning and problem solving). There are no cognitive enhancers
that augment every cognitive function in equal measures. Each enhancer
or enhancing strategy, whether biochemical (e. g. pharmaceutical sub-
stances), behavioural (e. g. meditation or mnemonic strategies) or physical
(e. g. brain stimulation), has a specific profile regarding its efficacy for
different cognitive domains. For example, attention is enhanced by medi-
tation, but not by mnemonic strategies. In contrast, memory can be en-
hanced through mnemonic strategies, but not by meditation.5 Besides,
there are cases where the enhancement of one domain by a certain enhan-
cer goes along with the impairment of another cognitive domain. For ex-
ample, methylphenidate, a prescription drug used to treat attention deficit
hyperactivity disorder (ADHD), improves the ability to resist distraction,
but impairs cognitive f lexibility.6

The examination of different enhancement effects on cognitive func-
tions relies on tests and methods used in clinical neuropsychology. De-
spite being designed to measure cognitive function in a standardised
manner, there is a variety of neuropsychological test batteries. Studies
show that the effects of pharmacological enhancement on different cogni-
tive domains might differ depending on the cognitive test battery used.7
Besides, not only the tests that are used might have an impact on the
observable effects, but the effects are also influenced by personal factors,
such as the cognitive skills of the individual prior to the enhancement
intervention (the so-called baseline performance). Most pharmaceuticals
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4 There are different ways to conceptualise and organise cognitive ability domains. Cognitive
functions can be classified either by the general process involved (e. g. attention, memory, or
language), or by regional brain functions which are connected to certain cognitive functions,
or in a hierarchy based on the complexion of the operations. Inconsistencies described in the
clinical and research literature especially concern broad domains that may include multiple
component processes. Cf. Harvey 2019: 227.
5 Cf. Dresler et al. 2019: 1140.
6 Cf. ibid., where they refer to Fallon et al. 2017.
7 Cf. ibid., where they refer to Lees et al. 2017.
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that are designed to treat conditions like dementia or ADHD primarily
show their effects on individuals which have a low baseline performance,
whereas for those subjects with a high baseline performance the pharma-
ceuticals show either no effect or can cause impairments of cognitive func-
tions. This can be explained by the inverted U-model. It shows how opti-
mal performances are achieved with intermediate levels of the targeted
neurochemicals while impairments are caused by levels that are either
too low or too high.8 Basic biological and psychological factors, such as
the genotype, gender, hormonal status, age or personality of a person9, as
well as social and socio-environmental factors, such as social resources,
family composition or parental occupation, may also affect the efficiency
of a cognitive enhancer.10

To sum up, the idea of a single pill or intervention improving all our
cognitive skills at once and equally in every individual is not tenable.
Every enhancer or enhancement strategy is targeted at a different set of
cognitive functions and therefore influences different types of brain pro-
cesses. Their efficiency depends on a variety of personal factors and may
vary depending on the measurement method.

3. Enhancement strategies

There are several ways of conceptualising the wide variety of enhancement
strategies. For example, one can distinguish between pharmaceutical and
non-pharmaceutical methods, between invasive and non-invasive meth-
ods, between psychopharmaceuticals / herbal medicine / dietary supple-
ments and endogenous substances or between psychopharmaceuticals,
neurostimulation and genetic manipulation.11 In order to get the broadest
possible overview of the different enhancement strategies, one can follow
Martin Dresler et al. (2019) and differentiate between biochemical, physi-
cal and behavioural enhancement strategies.

15
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8 Cf. ibid. According to Dresler et al., a general baseline-dependency can also be observed in
other enhancement strategies. In the cases of computer games, cognitive training or brain
stimulation, individuals with a low baseline performance benefit more than individuals with
a known high performance. Sleep, in contrast, rather improves memory functions for indivi-
duals with a previously detected higher baseline performance in memory or intelligence.
9 A study by Smillie and Gökçen shows, for example, that caffeine enhances working mem-
ory especially in extraverted individuals. Cf. Smillie / Gökçen 2010 and Dresler et al. 2019:
1140.
10 Cf. Dresler et al. 2019: 1140.
11 Cf. also part 2 (Ethics of Neuroenhancement) of this expert report.
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3.1 Biochemical strategies

3.1.1 Everyday substances and dietary supplements

There is a wide range of biochemical enhancement strategies. In the field
of non-prescription daily substances, the widely socially accepted stimu-
lants caffeine, taurine or glucose are most popular.12 Numerous studies
have shown that the consumption of sugar, coffee or other beverages from
caffeine-bearing plants has cognition-enhancing effects.13 In case of caf-
feine, for instance, its cognitive enhancing effects depend on the exami-
nation conditions. When information is learned passively, caffeine has
performance-enhancing properties. However, this is not the case with re-
gards to intentional learning. The substance can also increase the perfor-
mance of working memory, but only if the level of difficulty is moderate;
in complex tasks, caffeine even tends to reduce performance. Long-term
memory does not seem to be affected by caffeine either. However, caffeine
increases attention and vigilance and reduces response times; it develops
its effects especially in sleep-deprived or exhausted subjects and also in
repetitive cognitive tasks.14 Other drugs that are typically used recreation-
ally have also shown potential enhancement effects on cognition: nicotine
might enhance attention;15 alcohol, while impairing certain cognitive
functions, might enhance creative processes.16

Additionally, there are numerous dietary supplements that promise
positive effects on cognitive functions, e. g. preparations containing herbs
like salvia,17 Bacopa monnieri (in Indian herbal medicine known as brah-
mi),18 ginseng or ginkgo biloba. So far, especially the last two have failed
to show ascertainable positive effects on a range of targeted cognitive
functions in healthy individuals.19 Ginkgo biloba, for example, contains
high concentrations of flavonoids and terpenoids, which were assumed to
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12 However, there are several controversial debates on possible health-damaging effects of
these substances. Cf. for example Cappelletti 2015.
13 Cf. Dresler et al. 2019: 1138, where they refer to Smith et al. 2011; Glade 2010 and Nehlig
2010.
14 Cf. Gründer / Bartsch 2014: 1539.
15 Cf. Dresler et al. 2019: 1139, where they refer to Warburton 1992 and Valentine / Sofuoglu
2018. Cf. also Gründer / Bartsch 2014: 1540.
16 Cf. on this Jarosz / Colflesh / Wiley 2012 and Benedek et al. 2017.
17 Cf. Dresler et al. 2019: 1138, who refer to Tildesley et al. 2003.
18 Cf. Kongkeaw et al. 2014.
19 Cf. Dresler et al. 2019: 1129, who refer to Laws / Sweetnam / Kondel 2012 and Geng et al.
2010.
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counteract oxidative stress as antioxidants. However, according to a sys-
tematic literature review carried out by Andreas G. Franke and Klaus
Lieb in 2010, gingko biloba showed no positive effects on reaction time
and mood of healthy people and no consistent effects on vigilance, atten-
tion, memory, and subjective self-assessment.20

3.1.2 (Psycho-)Pharmaceuticals

Much of the discussion about neuroenhancement revolves around the use
of drugs that were designed to treat conditions such as dementia, ADHD
or depression. In the media, medications that are used off-label to improve
cognition are often referred to as ›intelligent drugs‹. For various reasons,
determining how broadly intelligent drugs are used is only possible to a
limited extent. Results might vary depending on the definition of neuro-
enhancement, heterogeneous investigation populations or the type of in-
vestigation (samplings, tolls etc.). Although determining the prevalence
of illegal substances and medication used for enhancing purposes is
linked to certain difficulties, there have been tolls and surveys examining
how widespread biochemical neuroenhancement strategies are.21 Since
2009, there have been three representative surveys on neuroenhance-
ment in Germany carried out by the Robert Koch Institute and the
Deutsche Angestellten-Krankenkasse (German employee health insur-
ance, DAK).22 According to the population-based study (Studie zum
Konsum leistungsbeeinflussender Mittel in Alltag und Freizeit, KOLI-
BRI) by the Robert Koch Institute in 2010, 1.5% of the German popula-
tion used medication without medical indications or illegal substances for
enhancement purposes.23 The study also reveals that younger people and
people with high weekly working hours are more likely to take intelligent
drugs.24 In 2009 and 2015, the DAK conducted online surveys on 3,000
and 5,000 DAK insured persons. The evaluation of the online surveys
shows that about 5% (2009) and 6.7% (2015) of employees between the
ages of 20 and 50 take medication or other substances for enhancement
purposes without medical indications. In their second study from 2015,
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20 Cf. Franke / Lieb 2010: 858.
21 The discussion was mainly initiated by a poll carried out by Nature magazine in 2008, cf.
for this Maher 2008.
22 Cf. Müller / Freude / Kersten 2019.
23 Cf. Schilling et al. 2012: 2.
24 The usage of substances like methylphenidate seems to be especially high among students.
Cf. on this Carton et al. 2018 and Cândido et al. 2019.
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they conclude that especially employees with simple or insecure jobs be-
long to the risk groups for medication abuse linked to enhancement.25

Especially D-amphetamine and methylphenidate have well documen-
ted cognitive-enhancing properties in healthy test subjects.26 Ampheta-
mines and methylphenidate, both used to treat ADHD,27 block presynap-
tic norepinephrine and dopamine transporters. As a result, they increase
monoaminergic neurotransmission due to a lack of negative feedback.28
Amphetamine is known for increasing long-term attention, counteracting
the reduction of performance after sleep deprivation and overall reducing
the need for sleep.29 A review of single dose studies conducted by Anke
Linssen et al. (2014) comes to the conclusion that methylphenidate im-
proves cognitive performance especially in the domains of working mem-
ory and speed of processing; to a lesser extent it may also improve verbal
learning and memory, attention and vigilance as well as reasoning and
problem solving.30 However, according to Dresler et al., the empirical evi-
dence for the efficacy of synthetic stimulants for enhancing brain function
and cognition in healthy subjects is often markedly lower than assumed in
theoretical discussion. As mentioned before, the effects of methylpheni-
date and other synthetic stimulants are not only baseline-dependent, but
placebo effects must be considered as well.31

Another drug that is considered as potential neuroenhancer is moda-
finil, a medication originally used to treat sleepiness due to narcolepsy,
shift work sleep disorder, or obstructive sleep apnoea; depression in bipo-
lar disorder, fatigue syndrome in depression and ADHD are also exam-
ined as further potential indications.32 The exact therapeutic effect me-
chanism of modafinil is still unknown. However, studies have shown
that it induces an increase in various monoamines such as dopamine, nor-
adrenaline and serotonin. It was also proven that modafinil causes a his-
tamine release into the central nervous system, which promotes vigilance.
Yet, its effectiveness as a neuroenhancer in healthy, non-sleep-deprived
subjects remains controversial among experts. A meta-analysis by Ruair-
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25 Cf. Deutsche Angestellten-Krankenkasse 2009; id. 2015.
26 Cf. Gründer / Bartsch 2014: 1540.
27 Under German law, amphetamines, which are an approved medication to treat ADHD in
the US, are classified as illegal substances. In Germany, mainly methylphenidate, best known
under its trading name Ritalin, is used for the treatment of ADHD and less frequently for
narcolepsy.
28 Cf. Franke / Lieb 2010: 854.
29 Cf. Gründer / Bartsch 2014: 1539.
30 Cf. Linssen 2014: 973.
31 Cf. for example Cropsey et al. 2017.
32 Cf. Förstl 2009: 843.
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idh Battleday and Anna-Katharine Brem (2015) concluded that modafinil
has genuine cognitive enhancing effects on some cognitive domains with-
out causing severe side effects or changes in mood. In studies that used
complex assessments, modafinil appears to improve attention, executive
functions and learning consistently. In contrast, only half of the studies
included in the meta-analysis that used basic testing paradigms came to
similar results.33 Zackary Cope et al. (2017) also describe modafinil as an
effective cognitive enhancer in healthy adult subjects. Compared to other
stimulants, the cognitive enhancing effect is achieved at doses that do not
result in hyperactivity.34 In this sense, one can conclude that it acts simi-
larly to methylphenidate, nevertheless, without the adverse side effects of
the amphetamine-like substances.35 In addition, studies indicate that no
substantial baseline-dependent effects appear to be caused.36

Antidementia drugs, such as acetylcholinesterase inhibitors and mem-
antine, are also considered to initiate cognitive enhancing effects in
healthy subjects. So far, only few studies exist on the issue. Most of them
examine the medication donepezil.37 Donepezil is a potent acetylcholines-
terase inhibitor; by blocking the acetylcholinesterase, the enzymatic break-
down of acetylcholine in the synaptic cleft is inhibited and the concentra-
tion of acetylcholine in the synaptic cleft is increased.38 In subjects
suffering from dementia, this appears to reduce symptoms of the disease.
However, a meta-analysis by Dimitris Repantis et al. (2010) on acetylcho-
linesterase inhibitors and memantine for neuroenhancement in healthy
individuals indicates that there is no consistent evidence for a cognitive
enhancing effect of donepezil in healthy people. According to six small
trials, donepezil might improve the retention of training on complex avia-
tion tasks and verbal memory for semantically processed words. Never-
theless, results were especially inconsistent regarding positive effects on
episodic memory.39 A reduction of memory and attention deficits was
only observed in subjects with a 24-hour sleep deprivation but not in
rested individuals.40
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33 Cf. on this Battleday / Brem 2015.
34 Cf. on this Cope et al. 2017.
35 Cf. Förstl 2009: 843.
36 Cf. d’Angelo / Savulich / Sahakian 2017: 3260.
37 Cf. ibid.
38 Cf. Brewster et al. 2019: 159.
39 Cf. d’Angelo / Savulich / Sahakian 2017: 3260, who refer to Repantis / Laisney / Heuser
2010.
40 Cf. Repantis / Laisney / Heuser 2010, who refer to Chuah / Chee 2008.
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3.1.3 ›Microdosing‹

Besides the use of widespread illegal substances that are not only taken
for recreational, but also for performance enhancing purposes—e. g. am-
phetamines (speed or crystal meth), cocaine and novel psychoactive sub-
stances (NPS, also called designer drugs)—, a trend has emerged in re-
cent years which promotes the intake of minimal doses of mostly illegal
psychedelic substances, referred to as microdosing. The idea behind this
is that the regular ingestion of very small quantities of psychedelic sub-
stances like lysergic acid diethylamide (LSD) and psilocybin might lead
to mental health benefits such as an improvement of creativity and atten-
tion and a reduction of depression and anxiety. Research on psychedelics
has been performed for decades and despite highly controversial debates,
it provides evidence for therapeutic effects of full-doses.41 In contrast,
since microdosing is quite a young phenomenon there is barely any em-
pirical research. Vince Polito and Richard J. Stevenson (2019) have sum-
marised the results of the four scientific articles on microdosing existing
to date.42 Three of them, describing qualitative interview studies and ob-
servational studies, report positive outcomes, namely an improvement of
mood, energy levels and cognition, open-mindedness and creativity as
well as a reduction of negative attitudes and emotions.43 These results
are based on interviews or small-scale non-blinded, non-placebo-con-
trolled experiments; one must assume that there are significant placebo
effects. The only randomised, double-blind, placebo-controlled trial on
LSD microdosing by Steliana Yanakieva et al. (2019) concludes that mi-
crodosing LSD can lead to changes in time perception. However, benefits
on health, cognition or well-being were not investigated.44 In summary, in
view of promising results of existing research on full-dose psychedelics it
has yet to be shown whether small doses of psychedelics could have cog-
nitive enhancing effects. Further empirical research is required to deter-
mine the effectiveness of microdosing.

3.1.4 Genetic editing

For some years, a new generation of genetic engineering techniques, in-
cluding CRISPR-Cas9, has been revolutionising the whole field of genet-
ic editing, promising more precise, more effective and more economic
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41 Cf. Prochazkova et al. 2018: 3402–3403; Anderson et al. 2019: 732.
42 Cf. Polito / Stevenson 2019.
43 Cf. Johnstad 2018; Prochazkova et al. 2018 and Anderson et al. 2019.
44 Cf. Yanakieva et al. 2019.
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interventions in the human genome.45 These innovations have made the
once seemingly distant, unrealistic idea of improving cognitive perfor-
mance through genetic engineering more probable. However, apart from
the ethical problems that would accompany such interventions, this re-
search area is still in its early days. So far, the question of which cognitive
functions are influenced by which gene expressions has been the subject
of basic research. The idea of cognitive enhancement through genetic
editing is thus only subject of hypothetical considerations. An article by
Andrea Lavazza (2018) examines the possibilities and critical issues re-
lated to enhancement via genetic engineering.46 He describes certain dif-
ficulties besides ethical issues that arise in this context. Although it is a
well-established belief that genes are not only the basis of inheritable
traits but also of cognitive abilities, the idea of one gene or a small set of
genes that can be identified with a certain cognitive function might be
misleading. Although certain cognitive functions can be linked to a single
gene or a small group of genes, complex brain processes do not seem to
depend on these alone. The main cognitive functions involve different
brain areas and probably a cascade of neuronal activations which requires
the expression of many genes.47 Besides, research on complex epigenetic
mechanisms shows that the expression of genes also depends on their
interaction with the development and on the external environment of the
individual.48

In addition to the fact that it is difficult or maybe even impossible to
discover a specific gene (or a small set of genes) that is responsible for a
specific cognitive function, there are certain risks regarding the insertion
of modified gene sequences into the cells of the human body. In gene
therapy, mainly viruses are used as vectors to deliver genetic material into
cells. This technique bears several risks, for example, the risk of an im-
mune reaction or the incorrect integration of the modified genetic mate-
rial into the genome. Although techniques like CRISPR-Cas9 appear to
be more accurate, the risk of incorrect gene-cuts or inaccurate insertion
events remains. Moreover, for cognitive enhancement, vectors or other
insertion techniques would have to traverse the blood-brain barrier to
reach the neurons where the target genes are mainly expressed.49
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45 First described by Doudna / Charpentier 2014.
46 Cf. Lavazza 2018.
47 Cf. ibid.: 390.
48 Cf. ibid. Lavazza refers to Bonduriansky / Day 2018.
49 Cf. ibid.: 389.

https://doi.org/10.5771/9783495999615-13, am 10.04.2024, 03:14:34
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783495999615-13
https://www.nomos-elibrary.de/agb


DRZE_21 (49180) / p. 22 / 3.6.22

In order to get from hypothetical considerations to actual possible
applications, significant amount of research is still required, which can
only be partly justified to this date. Considering the current state of
knowledge about gene therapy, experimental applications of genetic edit-
ing should only be authorised on patients likely to pass away due to a
severe disease that cannot be treated otherwise or on patients suffering
from other serious diseases. Since genetic editing techniques intervene in
complex processes that are not yet completely understood, modifying the
expression of one gene could lead to unwanted, serious, and irreversible
effects. Accordingly, non-clinical applications of new gene editing techni-
ques can currently be ruled out because of general safety issues.50

3.2 Physical strategies

3.2.1 Brain stimulation

In the field of physical enhancement strategies, especially brain stimula-
tion techniques are discussed regarding their potential cognitive enhance-
ment effects on healthy subjects. Brain stimulation techniques have been
developed for therapeutic purposes in psychiatry and neurology. Today
they are used to treat conditions such as Parkinson’s disease, epilepsy,
chronic pain, or major depression. Some of these methods also show en-
hancing effects on the cognition of healthy individuals.51 A distinction is
generally made between two main types of brain stimulation: invasive and
non-invasive methods.

Deep brain stimulation (DBS) is an invasive brain stimulation techni-
que. It requires a neurosurgical procedure, during which a medical device
—a neurostimulator which sends electrical impulses (also called brain pa-
cemaker)—is placed inside the brain. It is considered as a promising treat-
ment for a variety of neurological and psychiatric conditions.52 Besides,
studies have shown that DBS might enhance the memory of patients with
intractable epilepsy.53 However, since it requires a neurosurgical proce-
dure and is, therefore, associated with a risk that is not proportionate
without medical indication, it is restricted to subjects with pathological
conditions.
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50 Cf. Lavazza 2018: 391.
51 Cf. Dresler et al. 2013: 535. Cf. also McKinley et al. 2011.
52 Cf. Aum / Tierney 2018.
53 Cf. Inman et al. 2018 and Suthana et al. 2012.
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There are also several non-invasive methods that are associated with
rather low risks and minor side effects, for example electrical stimulation
methods such as transcranial direct current stimulation (tDCS), transcra-
nial alternating current stimulation (tACS), transcranial random noise
stimulation (tRNS), transcranial pulsed current stimulation (tPCS), or
transcutaneous vagus nerve stimulation (tVNS).54 In the case of these
non-invasive electric stimulation methods, usually electrodes that are con-
nected with a battery-powered device are placed on the head. This enables
the stimulation of the human brain using electrical impulses. There are
other, similar methods that work with magnetic impulses (e. g. trans-
cranial magnetic stimulation, TMS). Those methods use a magnetic coil
that is applied tangentially to the skull and creates a short magnetic field.
Either way, brain activity is influenced by modulating the membrane po-
tential to provoke cognitive, emotional, and behavioural changes. The sti-
mulation is intended to increase or inhibit the activity, connectivity and
sensitivity of nerve cells. These techniques are, for instance, used in re-
search. In combination with imaging methods, they allow an investigation
into causal relationships between brain areas and behaviour. A small num-
ber of them are also used in clinical practice (mostly tDCS and TMS).55
However, recent studies have questioned whether some of the commonly
used techniques (like tDCS) have neurophysiologically meaningful ef-
fects at all.56 Although there are a number of studies that suggest enhan-
cing effects on cognitive functions such as memory and learning,57 it is
impossible to assume that brain stimulation methods in general have clear
and simple enhancing effects.58 Thus, their efficacy strongly depends on
applying the devices and electrodes to the correct region; individual varia-
tion in anatomy and response often occurs.59 Another problem concerns
the clear identification of brain areas and cognitive functions. To achieve
a response linked to certain cognitive skills, it is crucial to understand
which area must be stimulated. This area of research must be further in-
vestigated.60 Besides electrical and magnetic stimulation methods, techni-
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54 Cf. Dresler et al. 2019: 1139. Transcranial means ›through the skull (cranium)‹ ; transcuta-
neous ›through the skin (cutis)‹.
55 Cf. Science Media Center Germany 2019.
56 Cf. Dresler et al. 2019: 1139, who refer to Lafon et al. 2017; Thibaut et al. 2017; Parkin et al.
2018 and Grossman et al. 2017.
57 Cf. Dresler et al. 2013: 536.
58 Cf. Dresler et al. 2019: 1139.
59 Cf. Dresler et al. 2013: 536.
60 Cf. ibid: 536.

https://doi.org/10.5771/9783495999615-13, am 10.04.2024, 03:14:34
Open Access –  - https://www.nomos-elibrary.de/agb

https://doi.org/10.5771/9783495999615-13
https://www.nomos-elibrary.de/agb


DRZE_21 (49180) / p. 24 / 3.6.22

ques that use optical stimulation via lasers or acoustic stimulation61 are
also assumed to have a potential for cognitive enhancement.

3.2.2 Biohacking devices

In recent years, a new debate on physical tools that assist cognitive func-
tioning arose in the context of biohacking communities. The term ›bio-
hacking‹ describes a do-it-yourself citizen science that merges body mod-
ification with technology. Although this community of hobbyist software
developers is primarily interested in tracking their daily physical and bio-
chemical activities in order to maintain a healthy lifestyle based on the
data they gain, there are also attempts to create devices that enhance cog-
nitive functions directly.62 These include technical devices such as wear-
able electronic memory aids, augmented reality gadgets or neural im-
plants that—under controlled laboratory settings—showed enhancing
effects on human memory.63 However, do-it-yourself enhancement meth-
ods bear specific risks that should not be underestimated. In this context,
clear regulations must yet be determined.

3.3 Behavioural strategies

In addition to biochemical and physical methods, there are methods and
activities belonging to our everyday or cultural activities that help im-
prove certain cognitive skills. These include sleep, physical exercise, learn-
ing a second language as well as meditation, computerized training, or
mnemonic techniques.

3.3.1 Sleep

The neural mechanisms underlying the effects of sleep on cognitive func-
tions like memory consolidation are not yet completely understood. How-
ever, research literature suggests that enhancing cognitive functions,
especially memory and creativity, is one important function of sleep.64
Accordingly, sleep deprivation impairs neurocognitive functioning, parti-
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61 Cf. Dresler et al. 2019: 1139.
62 Cf. Yetisen 2018: 744.
63 Cf. Dresler et al. 2019: 1139, who refer i. a. to Warwick 2014 and Hampson et al. 2018.
64 Cf. Dresler et al. 2013: 532, who refer to Diekelmann / Born 2010. On the effects of sleep
on memory consolidation also cf. Chambers 2017.
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cularly within the domains of sustained attention and executive function.
At the same time, there are studies that suggest that the neurocognitive
effects of sleep restriction are differentially tolerated by different age
groups. Elderly subjects are affected more than younger adult subjects.65

3.3.2 Physical exercise

It is well known that regular physical activity helps to stay healthy in gen-
eral. Furthermore, there is evidence suggesting that regular aerobic exer-
cise has beneficial effects on brain functions and cognition.66 A meta-
analysis of randomised controlled trials by Patrick J. Smith et al. (2010)
concluded that aerobic exercise training enhances attention, processing
speed and executive function.67 Although data on the neural mechanism
underlying the effects of physical exercise on human cognition is still re-
latively sparse, there is sufficient evidence that physical exercise enhances
cognitive functions throughout the lifespan.68

3.3.3 Cultural activities

Several studies have shown that music training has a broad range of posi-
tive effects on cognition. Playing an instrument requires constant training
of highly specialised sensorimotor, auditory, and auditory-spatial skills. It
was observed that the brains of people who play an instrument differ from
those who do not. This leads to the question if music training or pre-
existing biological dispositions for musicality are responsible for this dif-
ference. A meta-analysis by Assal Habibi et al. (2018) concludes that mu-
sic training induces brain and behavioural changes in children, which are
not attributable to pre-existing biological traits.69 In addition, music
training also shows cognition enhancing effects on older adults. Sofia
Seinfeld et al. (2013) describe a significant improvement of executive func-
tions, inhibitory control and divided attention, a trend indicating an en-
hancement of visual scanning and motor ability and finally a decrease of
depression and an evocation of positive mood states linked to regular
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65 Cf. Lowe / Safati / Hall 2017: 600.
66 Cf. Dresler et al. 2013: 532, who refer to Hillman / Erickson / Kramer 2008.
67 Cf. Smith et al. 2010. For other meta-analyses on cognition enhancing effects of physical
exercise that come to similar results cf. Chang et al. 2012; Roig et al. 2013 and Hötting / Röder
2013.
68 Cf. Dresler et al. 2013: 532.
69 Cf. Habibi et al. 2018.
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piano lessons given to older adults.70 Besides instrumental training, learn-
ing a second language similarly shows enhancing effects. For example, a
study by Ellen Bialystok, Fergus I. M. Craik and Gigi Luk (2012) con-
cludes that bilingualism might protect against cognitive decline in older
age.71 And even contemporary dance improvisation might be a useful way
to improve cognitive f lexibility in aging. A study by Olivier A. Coubard
et al. (2011), for example, suggests that high attentional dance improvisa-
tion improves switching attention in older adults.72

3.3.4 Cognitive training techniques

There are several training techniques such as mnemonic techniques or
meditation that have been developed and used for centuries to enhance
certain cognitive functions. Mnemonic training might lead to superior
memory performance73 while meditation training enhances attention pro-
cesses and mindfulness.74 While these results are widely accepted, the
effects of computerised training and commercial computer games are
rather controversial. There are concerns that especially violent computer
games might have a negative impact on social behaviour, leading to an
increase of aggression and reduction of empathy.75 However, there is a
growing interest in computerised training programs that are designed to
enhance long term memory or brain plasticity in healthy or mildly im-
paired older adults to prevent conditions such as dementia.76 However,
recent studies give rise to doubt concerning the efficacy of computer
training programs and the transferability of their positive effects on cog-
nitive skills outside the computer game or training program.77

In contrast to biochemical or physical enhancement strategies, beha-
vioural methods are hardly ever linked to health risks and ethical concerns.
In some cases, their impact on human cognition seems to be greater than
the impact of pharmaceutical or physical interventions. In addition, they
are easily accessible to a large majority of people, for example in the case
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70 Cf. Seinfeld et al. 2013.
71 Cf. Bialystok / Craik / Luk 2012.
72 Cf. Coubard et al. 2011.
73 Cf. Dresler et al. 2017.
74 Cf. Dresler et al. 2019: 1139, who refer to Chiesa / Calati / Serretti 2011 and Sedlmeier et al.
2012.
75 Cf. Dresler et al. 2013: 535, who refer to Kirsh / Mounts 2007 and Anderson et al. 2010.
76 Cf. Dresler et al. 2013: 535, who refer to Tardif / Simard 2011. Also cf. Hill et al. 2017.
77 Cf. Dresler et al. 2019: 1139, who refer to Simons et al. 2016; Melby-Lervåg / Redick /
Hulme 2016 and Stojanoski et al. 2018.
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of physical exercise and meditation. However, they are time-consuming,
which is why research on more efficient means of improving human per-
formance will certainly continue to be conducted.
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