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Abstract. Cognition ability represents a group of cognitive processes, which involves a lot of
human’s basic cognitive functions, including executive attention, episodic memory, prospective
memory, uncertainty monitoring and metacognition, and self-control and delay of gratification,
playing an essential role in human’s fundamental life. Mainstream cognition enhancing technologies
are task based method, drug based method and brain computer interface based method, whose
general principles are directly training relative functions, rebuilding nerve interactions in cell or
molecular level and giving signals stimulating neurons respectively. In This essay, after introducing
these three cognitive enhancement methods and analyzing the advantages and disadvantages of
each of them, some advises and expectations are given.
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1. Introduction

Cognition ability is an essential ability for human, which includes a wide range of fundamental
functions, such as executive attention(the ability to pay attention, exclude external distractor, focus
on certain things, response external stimuli), episodic memory(form self-features: “‘what,” ‘where,’
‘when,” ‘who,’ etc.”, construct human’s thinking, planning, communicating, language and so on),
prospective memory( consistently put and keep intentions on one thing until a response is needed),
uncertainty monitoring and metacognition(administrate cognition to meet different situations and
difficulties, foresee potential failure), self-control, and delay of gratification( refuse present gain to
get the higher gain after, which is significant to self-management and self-success)[1]. People will
face huge difficulty in basic actions and daily life if cognition control is impaired. Cognition
enhancing technology is a composite technology combining the knowledge in neuron science,
biological and medical science, life science and other topics, aiming to repair and enhance the
cognitive ability especially for those patients having cognition deficits because of decease like stroke,
Parkinson decease, psychiatric disorder. Recent years scientists put great efforts in developing
cognition enhancing technologies to rebuild those functions completely and lots of researches have
been taken to state more detailed interpretation of these behaviors, and there were also plenty of
studies trying to find ways of enhancing cognition abilities.

There are three mainstream cognition enhancing technologies in the state-of-the-art studies, which
includes therapies based on tasks (motor and cognitive exercises, new technologies like VR and
computer games), drugs, and technologies based on brain computer interface. In the past, when
information technologies, medicine industries and neurology have not been developed yet, the
mainstream of approaches improving cognition ability was based on tasks, and this kind is still the
most popular direction and been studied nowadays. Instead of deeply analyzing the internal
mechanisms of how repeat and particular tasks, scientists mainly focused on the effects on tasks,
ignoring the principles behind, and therefore this essay will also put attention on the results rather
than reasons. Then, drugs are induced to cure some related diseases (like stroke, Parkinson or
psychiatric disorders, whose one prominent symptom is cognitive impairment) at cell or molecular
level. The areas of those drugs work would mostly be the neurons in the brain, which are the most
basic and important cells constructing the brain. The functions of the brain are mainly achieved by
the interactions between neurons, so some deceases leading to the loss of those interactions will cause
the cognition abilities going wrong. To fix those functions, some drugs are used to rebuild those
connections.
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As mentioned before, cognition ability is mental processes in brain, so neurology studying the
mechanisms in brain will help most in the improvement of cognition ability and with brain-computer
interfaces (BCI), which can directly stimulate corresponding cortex in brain responsible for memory
or information processing. BCI can provide a time-based data of decoding brain signals, which allows
us to analyze patients’ brain activities and stimulate certain neurons by providing control signals.
Using BCI, machines can decode patients intentions and response them, building the lost connection
between cognition and motor.

This study mainly introduces and concludes the basic principles and development of these three
kinds of cognition improving technologies by giving some current research about these field, and
simply by analyzing and comparing to show the advantages and disadvantages of each of them. The
analysis of this paper might provide references to future direction of the development of cognition
impairment treatment.

2. Cognition Enhancing Approaches

Cognition ability, or cognition control, is one of human’s internal mental abilities, which is
responsible for fundamental and regular cognitive behaviors and executive functions (like distributing
attention to analyze necessary external information with excluding distractions and then store useful
messages into brains or forming memories of future plans (what is needed to be done later), evaluating
existing memories and required information, and self-control. Studies related to cognition control are
these several areas: “executive attention, episodic memory, prospective memory, metacognition, and
self-control” [1]. Those behaviors are essential to human, so those people who facing the cognition
deficiency due to deceases or age will face huge problems in daily life, and also better cognition
ability benefits broad aspects of people’s life in all aspects.

There are three main methods applied in the enhancement of cognitive abilities, including methods
based on task, drugs and a newly developed Brain Computer Interface-based method.

2.1. Tasks based method

The general principle of the tasks-based method is repeating simple and basic training which
represents the functions of cognition. By going to several 60-120 minutes sessions per week
continually, those functions can be re-built based on the self-healing function of human body.

Lots of researches combine physical training with cognition training (CT), and the type of physical
training is mostly aerobic exercise. Edgardo found that through regular walking on the plane, aged
women in high air pollution not only showed better resistance ability against air pollution, but also
improved performance on EF, mainly because of better brain integrity and oxygen transport [2]. Jon-
Frederick has concluded that physical exercises, especially aerobic exercises, had positive effects on
EF and working memory (WM) [3]. Also, Sandra analyzed participants’ (who went to the training
sessions every week and it lasted for 12 weeks) cognition abilities’ changes and concluded that short-
term and isolated exercises could slow down the speed of cognition loss when aging [4]. When the
idea that physical training is beneficial to cognition ability is widely accepted, some further studies
focused on the relationship between physical training and CT. They compared isolated physical
exercises and CT with sequential “motor-cognitive” training (finish CT first and then do physical
exercises) and simultaneous exercise-cognitive training (do some tasks that require both mental and
motor works), and found evidence that simultaneous training may be more significant than sequential
tasks and single fitness training with explaining the possible reasons that those two training both
increase “cerebral blood flow”, “induce angiogenesis in the cortex and cerebellum” [5][6].

However, although this combination is always proposed to enhance elderly people’s cognition
ability, some researches indicates that these exercises show no obvious impact on the cognition ability.
There is a report showed that no strong evidence showed that short-term cognitive training for the
elderly people was effective, which conflicts with previous study [7]. In addition to cardiopulmonary
exercises, some other elements are added into the tests, like traditional puzzle games or music. One
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essay investigated the internal relationship between musical training (musical perception, production
and learning) and EF, and finally implied a generally positive result for the improvement of cognition
ability by musical training, which are affiliated with working memory updating [8]. Besides, with the
development of information technologies, scientists are allowed to add more advanced electronic
devices into tasks. Some experiments introduced video games or virtual reality (VR) (which can be
flexibly customized by researchers to meet the goal of brain training) into cognition training. In one
experiment, participants were asked to play online brain-training games, and then researchers
measured their improvement by getting EEG data, which indicated that “targeted cognitive training
using online games” showed both short term and long-term impact on cognitive flexibility [9].
Moreover, a study was taken with “non-action video games” training for older adults, showing a
significant improvement over all periods [10] Besides, research analyzed the effects of “VR-based
therapies” on patients having stroke (who face high levels of cognitive impairment and mental health
problem), and the outcomes were positive and displayed the improvements on EF, memory and
visuospatial function [11].

It’s obvious that those aerobic exercises or other tasks are mostly designed for elderly people who
are capable to do fundamental regular exercises, but for those patients facing more serious cognition
impairment, they have difficulties in finishing those tasks or the effects are not so significant to fully
cure the deceases, so some other more effective and direct therapies need to be introduced.

2.2. Drugs based method

Drugs can bring external stimuli to more directly rebuild those functions. By introducing
specialized compounds, neurons’ rehabilitation is supported and accelerated. The main type of drugs
is antioxidant. One certain type of antioxidants was introduced in one report, called “grape seed
proanthocyanidin” (GSPA), which may be able to interfere the accumulation of synthetic A peptides,
which plays an essential role in the Alzheimer decease (AD) [12]. At the same time, “atypical
antipsychotic drugs” (AAPDs), was proved to have close relationship with 5-HT1A receptor, which
has huge contribution to cognition improvements (especially for EF and verbal memory) by
“diminishing the activity of gamma-aminobutyric acid (GABA) neurons, leading to dis-inhibition of
Glu neurons” [13].

2.3. Brain computer interfaces method

The mechanisms of BCI work are similar to the drugs, which both concentrate on the repair of
basic functions of neurons, but this has more straight and effective effects. What is worth mentioning
is a typical technique in BCI, named deep brain stimulation (DBS), which a process that after using
electrodes detecting neuron signals in the deep areas of the brain and decode, optimize them,
stimulating those neurons with particular signals, which to some extent simulate the functions of
neurons.

Ravikiran demonstrated two BCI strategies for stroke rehabilitation: one is assistive BCI, which
means avoiding broken neuronal pathways by providing a consistent communication with external
devices; another one is called rehabilitative BCI, aims to recover those damaged neuron links and
corresponding functions by a series of treatment (among them the key step is stimulating, building
and enhancing neuronal circuits) [14]. Also, one paper systematically concludes the applications of
BCI technologies in stroke, Parkinson decease psychiatric disorders and others, listing lots of
rehabilitation paradigms, like “Neurofeedback”, “EEG-based imagery enhancement”, “Close
sensorimotor loop”, “Train motor preparation” and “State-dependent training”, and analyzing their
curative effects on those deceases correspondingly, which got a positive result and bright future of
further studies [15].

The key of whether we can get enough curative effects is the percentage of successfully detecting
and decoding neuron signals, and to what extent the stimulated signals can be optimized, and the DBS
has been consistently evolving due to the efforts of a majority of researchers. A laboratory delivered
a new DBS technology, called “AlphaDBS system”, which was able to collect signal data, manage
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the interface with deep brain neuron system, and generally gave a reliable system for decoding,
modulating [16].

3. Discussion

This essay mainly analyzes part of the main features of several categories of cognition enhancing
technologies, which are technologies based on tasks (motor exercise, music, information
technologies), drugs and neuron engineering (BCI), and systematically state the development of
cognition enhancing therapies. The following discussion will be the detailed analysis on those
technologies, the comparison between them to get the advantages and disadvantages of each of them,
and finally a expectation to the future of this field.

Therapies based on tasks have the longest history in the treatment of cognition disease, and the
most obvious reason and advantage is of course is the cost. The cost is not just about the money, but
also about the limitation of the difficulties of those therapies and relative technologies. Compared
with expensive drugs and devices of BCI, these motor tasks only require aerobic exercises (normally
are running) or resistance exercises (e.g., use “resistance bands, machines or free weights”), which
nearly need no extra money for devices [3]. In addition, those physical works are just the repeating
of some simple physical movement, requiring no budget for learning, both for the patients and doctors.
In contrast, when applying drugs or BCI, professors, even a team all in master’s degree or PHD in
corresponding topic are often needed to design and manage the whole process of treatment, while any
doctor experiencing short time training can perform motor treatment. Similarly, these advantages are
also shown in the tasks about music and information technologies.

However, the simplicity of tasks has also their side effects. The first disadvantage is high time cost.
Although other cost is low, the time cost cannot be ignored. Usually, patients need only less than 8
weeks of treatment using BCI technologies [14], but as for motor exercises, they often require more
than 6 month, 3 sessions per week, 60-120 minutes per session [2]. Because those exercises are not
fierce, meaning that few months of training will not have profound influence [7]. Besides, even having
adequately long training, the curative effect is not so effective. Also, for those having serious
cognition impairment, who have difficulties in daily life, they cannot finish those tasks, so tasks are
not applicable in any situation for any group of people.

Nowadays, approaches based on tasks are often considered as a support basis and recover in the
treatment, mixed with drugs and BCI technologies. The occurrence of BCI makes the role of drugs a
little bit embarrassing. The complexity of analyzing drugs and BCI is roughly at the same level, but
as a new cutting-edge technology, BCI have experienced great progress these years. Meanwhile, the
development of drugs is limited by lack of experiment subjects (the experiment must be seriously
cautious) and unknown side effects. But that is not to say that the research on drugs is totally
abandoned, for those patients who only can lie on the bed, medicine is still needed and plays an
essential role.

As the most popular technology in this area, BCI has its undoubtedly unique benefits. The
improvement brought by BCI is all-round. EEG which can monitor neuron signals firstly allows
scientists to study and analyze the mechanisms and actions of brain, letting researchers have a deeper
understanding about cognition deficits. Meanwhile, BCI can also be combined with other
technologies. Researchers have found that with BCl-based therapies, motor and cognitive training
have better effect in shorter time, perfectly solve the problems that the technologies based on tasks
are facing [14][15]. Besides, advanced BCI technologies can precisely and continually get the
neuron signal data and directly stimulate certain area in brain, strongly improve the functions of BCI.
But BCI also has problem which must be solved, that is, too invasive. Unlike regular EEG, which
only requires some electrodes put on patients’ head, DBS need to dig out patients’ head to jab thick
and a large number of electrodes into the internal areas of the brain, which is too invasive for those
conservative and old people, who are the greatest group having cognition deficits.
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Table 1. Principles, advantages, disadvantages of three methods.

Types Principles Advantages Disadvantages
Task . - Time-consuming, not
Function training Low cost .

based effective

Drug Rebuilding interactions in cell Available for all groups Unknown side effects
based or molecular level

BCI Signal stimulating neurons Can mixing other Invasive
based g g methods, monitoring

Unlike studying the effect of each therapy separately, the present and future treatment for cognition
deficits will be the combination of all those cognition enhancing technologies, so the development of
any of them cannot be left behind. But BCI must be paid the most attention to, due to its functions in
the whole treatment. Furthermore, the strengthening effect of BCI on other cognition improving
technologies should be studied more, which can not only develop BCI technologies, but also take
more advantages of other therapies. Instead of just the repairing cognition deficits, the enhancement
of cognition ability for ordinary people should be studied, which can be beneficial to all humanities.

4. Conclusion

This essay introduces the main functions of cognition ability and analyzing the principles,
advantages, disadvantages of three cognition enhancing methods: task based method, drug-based
method and brain computer interface method, and pointing out that the present and future treatment
of cognition deficits should be the combination of three methods, with putting the most attention to
the development of brain computer interface technologies.
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