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ABSTRACT: In the article I present cognitive, emotional and social benefits of playing video games, suggest simple guidelines
for ethical evaluation of gaming, and offer an overview of findings which support the use of video games for cognitive
enhancement and social collaboration.
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1. Introduction

In the past, research has been mostly focused on the negative effects of video games, but in the last decade, a growing number
of studies has supported the view that playing video games may significantly enhance our cognitive abilities and agility. These
contradicting facts fuel the discussion on whether playing video games is harmful or not. Here I focus on the benefits of gaming
and offer an overview of findings which support using video games as tools for cognitive enhancement and social collaboration,
while also outlining the ethical framework which is to be followed in order to avoid negative aspects of gaming.

2. Proposed Ethical Framework to Evaluate Video Games

Up until a few years ago, research has been mainly focused on the potential adverse effects of video games, such as increased
aggression [1] [2], addiction to gaming [3] and increased obesity risk [4]. While I do not believe that gaming is inherently bad, I
can understand the reservation and caution. For better or worse, playing video games significantly changes our brain [5], which
carries serious implications. With our growing understanding of the brain comes greater responsibility about how to apply this
knowledge in a benevolent manner. If we consider video games as a tool for self-improvement and cognitive enhancement, they
should align with (neuro)ethical guidelines which govern any other means for cognitive therapy. Ethics is a set of principles which
prescribe what is right or wrong in terms of rights, obligations, or benefits for individuals and society. The subfield of neuroethics,
which is focused particularly on the issues in neuroscience, is less than 20 years old. The concept was first introduced in 2002,
when William Safire defined it as “the examination of what is right and wrong, good and bad about the treatment of, perfection of,
or unwelcome invasion of and worrisome manipulation of the human brain” [6]. Video games possibly constitute a case of
‘worrisome manipulation’ and open a window for ‘unwelcome invasion’ of the brain, but at the same time they can also act as one
of the most pleasurable and safe brain enhancement tools. Do benefits warrant the dangers?
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To do good, we first have to determine what is good. The ethical framework to help us evaluate the ‘goodness’ of video games in
this article is an epicurean-like teleological/consequentialist theory of ethics with a bit of pragmatism, where we pursue good and
pleasurable outcomes, where an action’s value is based on the outcome of that action, and where the evaluation whether the
outcome is good or bad might shift when new scientific discoveries are made. It appears that this ethical framework fits neuro-
science research better than other normative ethical theories, simply because the subjective virtuous conduct of game-designers
(virtue ethics) or a scientists’ firm belief that undertaking experiments is the right thing to do (deontological ethics) is of little or
no importance in comparison to unwanted, but nonetheless possibly detrimental effects a person might suffer as the conse-
quence of her or his invaded and changed brain.

The last conclusion partly rests on the notion of ‘fairness’ — it is not fair that a player would be harmed for the sole purpose of
advancing science, or because the game designer made a mistake despite the designer’s moral character being impeccable.
Fairness can be fostered by assuming equality of all involved parties and by clear and honest communication, where the gaming
industry candidly informs the player about possible effects. Informing the player is also the prerequisite for the player to give their
consent to undergo a benevolent cognitive manipulation when playing a game. At the same time, the player should provide
feedback, so that the industry can align and improve their practice. This also involves the issue of privacy protection, especially

in the case of collecting neurodata in neurogaming'.

Simply put, for gaming to be ethical, it has to benefit the player and it has to fulfill three criteria: it should result in positive, useful
outcome for the gamer and/or society, it should respect and protect gamer’s privacy, and the gamer must participate knowingly
and willingly. Since new technologies pose difficult ethical questions and could be easily used for ill intentions, it is important to
show, why is it worth to undergo the gaming experience despite the risk, or even better, while avoiding the risk. In the following
sections I offer an overview of beneficial uses of video games and discuss how they affect the brain.

3. Benefits of Video Games

Video games have become increasingly diverse and complex, (hyper)realistic, and socially engaging. It has been shown that
playing certain types of video games may enhance perceptual, motor, social, emotional and cognitive learning [8]. While scien-
tists still do not know exactly how different brain regions interact, or what is the role of each and every particular neuroanatomical
element, some hypotheses have been made in studies researching the impact of gaming on brain plasticity. Below I present the
supporting studies in more detail.

3.1 Learning

At aneuroethics conference in 2013 C. Shawn Greene explained that the adult brain does not want to learn anything new, because
learning entails costly brain tissue restructuring [9]. So, how do games facilitate learning and foster neuroplasticity? An incentive
for the brain to more readily learn something new is the possibility of a reward at the end [9]. A study by Shaowen Bao and his team
has shown that when stimulation of the dopaminergic system occurs at the same time as a particular tone is played, over time a
larger area of auditory cortex is allocated to process that particular frequency of sound [10]. The brain structurally changes itself
in order to more accurately and quickly process the input that will reward it with dopamine release. Games foster learning because
they activate the reward system.

Circumstances which bathe the brain in rewarding hormones are also excitement and exploratory behavior [11], which both
abound in challenging, but ultimately safe virtual environment of your favorite game. Learning is further encouraged by the fact
that you can safely fail — paired with novelty and flexibility of the play, safe environment promotes creativity [12]. In addition, the

'Tn neurogaming, the player’s heart rate, brain activity, facial expressions, voice, skin conductance, eye movement, pupil dilation,
and similar indicators are measured in order to use the input to dynamically adjust the gaming content and provide a completely
personalized, immersive gaming experience, which takes into account the player’s emotional and cognitive state [7]. In this way,
the desired (or feared) cognitive manipulation is perfectly suited to the player. Some game engines allow the players to navigate
the game merely by directing their gaze or blinking. Future development also includes different techniques which will simulate
certain sensations, e.g. the player holding an object in their hand while there is no object there [7]. The ethical concerns are
significant, but in this article I mainly focus on the benefits of gaming and mention neurogaming merely as an interesting new
branch of the industry, and my purpose is to show, why it is worthwhile that we acknowledge and tackle these ethical issues to
be able to benefit from our gaming experience as much as we can.
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immediate feedback evaluating the player’s game (leveling-up, points, new abilities and tools), present a perfect ground to
acquire an ‘incremental theory’ of players’ ability, where the players believe that they can change and actively improve their
skills by investing more time and effort [8]. How is this useful in real-life scenarios? The learned skills can be transferred, as
illustrated by the examples below.

3.2 Visual Attention

Green explains that action games exhibit particular qualities, which sharpen a gamer’s visual attention [9], such as: complex 3D
environment, fast motion, transient visual stimuli, and heavy perceptual load with several events occurring simultaneously,
where not all events are important. 15 years ago Green and Bavelier demonstrated that selective visual attention improves with
playing action video games, with effects lasting for 6 months after the last training [ 13]. In more complex multiplayer first person
shooter games, there is also a heavy cognitive load: the player has to observe certain strategy and keep track of other players’
actions. While primary visual focus is centrally on the screen, peripheral vision is fully engaged as well, since important
elements tend to pop up from the sides.

The causal relationship between playing action games and improved players’ ability to coordinate visual input with their motor
control was shown in 2016 [14]. Players who played action games for 5 hours per week over 6 months were later retested for their
driving abilities and they exhibited better lanekeeping and visuomotor-control skills. Cognitive gains acquired in gaming are
thus transferable to real-world visual ability.

Another example of induced neural plasticity in the players’ visual system is the case of adult amblyopia (‘lazy eye’) patients,
whose fundamental visual functions improved from 16- 54% after playing action video games [15]. It was a small scale pilot
study, but researchers are optimistic about the possibility to apply the principles to treating other cortical dysfunctions as well.
Additional benefits of playing action games in relation to vision are improved visual attentional skills in dyslexic children [16].
Without any direct reading training, the reading abilities of these children improved significantly after only 12 hours of playing
action video games.

3.3 Multi-tasking

Each time we switch our attention from one task to another we pay a small cognitive cost and playing action games helps to
reduce this cost [9]. In our everyday life we often have to multitask, and the cumulative time spent in task switching is relevant.
The positive effects that action games training has on the brain is lasting and can still be observed months after the last gaming
session. This effect is also applicable in serious, complex real-life events such as surgery. When novice surgeons played action
games for prescribed period of time, the result was a significant improvement in their ability to perform surgery [17]. Even more
surprisingly, surgical skills could be better predicted by their screen time than by the number of surgeries performed, or even the
amount of time spent practicing the surgery.

3.4 Social and Emotional Support

Multiplayer online games which engage thousands of people from all over the globe are probably the most exciting, rewarding
and productive development in the realm of video games. Immersive social contexts not only provide a playground to develop
social skills, but also serve as a solid source of emotional support and resilience, which I present in more detail below.

Massive multiplayer online games (MMOGs) encourage the development of online communities, with associated attachments
and social rituals [ 18]. These communities represent a suitable model for a variety of human societies [19], because they exhibit
a strong sense of social connection, identification with other members of the group and a sense of distinguishing themselves
from other groups, as well as a strong commitment to the group [18], [19]. On the continuum from Gemeineschaft (communal
society) to Gesellschaft (associational society) [20], where the first originates from solidarity, social union and spontaneous
expressions of emotions in personal relationships, and the second is established on rational self-interest with less emphasis on
kinship and personal relations, MMOG communities show a greater degree of Gemeineschafi [18]. Such social environment
promotes cohesion among the members and increases social proximity among them [18], which in turn creates a safe space for
establishing personal relationships which offer similar support as real-life interaction [21]. Research on social support from
MMOG relationships and associated levels of depression in players demonstrated that higher social involvement in MMOG
communities resulted in a greater level of perceived social support, which consequentially led to lower levels of depression [21].

On a different note, but still relevant, because studies have shown that emotional and physical pain share a lot of common
properties [22], [23], playing video games might also have an analgesic effect. In patients undergoing treatment for severe burns,
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playing video games proved successful in their pain management [24]. When conducting a study in treatment of combat-related
burns where pharmacological therapy was complemented with VR gaming, the perceived pain intensity score fell from 6.25 to
4.50 out of 10, unpleasant feelings related to pain dropped from 6.25 to 2.83 out of 10, and the time spent thinking about the pain
dropped from 76% during no VR to 22% during VR-coupled treatment [25]. It is suggested that inputs from intense, fast-paced
immersive virtual environment distract the brain from processing the pain by disturbing the descending pain-control system,
which results in painattenuating effects [26].

3.5 Collaboration and Problem Solving

In addition, in the last decade a subset of these games has tried to tackle some of the many problems which trouble our society
and attempted to gamify real life problems. One of the first games which was successful in harnessing the gamers’ superior
spatial and problem-solving skills was Foldit in 2008 [27]. The objective of the game was to predict the native structure of
various proteins to help the scientists to better understand the molecules. Over 50,000 players collaboratively interacted with
protein models using user-friendly manipulation tools, and at the end of 2010 their results matched or outperformed algorithmically
computed solutions. Foldit players achieved ‘an epic win’ in 2011, when they successfully deciphered the structure of an
enzyme which is critical for reproduction of the HIV/AIDS virus — a problem which had been previously unsolved for 15 years
[28]. Following in Foldit’s steps is Eterna, a similar online gaming tool, which asks players to solve puzzles in order to design
molecular medicines in collaboration with Stanford’s School of Medicine [29]. The mechanisms which are responsible for the
success of gamification in solving difficult tasks are probably the same learning-promoting mechanisms described in 3.1.

4. Conclusion

I summarized important benefits of playing video games, which can be mainly characterized as improved motor, cognitive, social,
emotional and problem solving skills. Is there something as a benevolent brain manipulation? I dare say there is, and as studies
suggest, playing games moderately and in a responsible way can serve as a therapeutic and cognitive enhancement tool despite
the dangers inherent to gaming technologies.
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