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ABSTRACT

Context. The world of psychiatric disorders is vast and complex to unravel, as many layers need to be taken into consideration if
we want to understand it profoundly. And this is essential in order to devise effective assessments and treatments for these disorders.
That’s the reason why some of the most relevant elements (from Shakespeare to cognitive neuroscience) needed to understand how it
is possible to treat some mental disorders playing a videogame are presented in the introduction.
Aims. The aim of this report is presenting the study of a new BCI-based gaming application meant for training cognitive control using
EEG neurofeedback in order to really understand whether this methodology and technology is valuable or not in the assessment of
the disorder severity and in the treatment of patients.
Methods. In the study it was proposed the use of EEG signals to measure the focus level of some OCD patients on the UFO game
displayed in front of them after being put under a stressful condition. All the different stages of the experiment have been linked to
the theoretical elements given in the introduction. The idea is that this methodology can be used to assess the severity of the patient’s
disorder while helping in the medical treatment.
Results. The obtained results have been compared with a classical assessment test namely the YBOCS and found a good link between
the score obtained in the game and the result of the questionnaire. Moreover this result also show therapeutic effectiveness in the case
group of the study, however much more research is needed on a wider sample of subjects affected by various disorders to really assess
the improvement in their quality of life.
Conclusions. The path traced by the study is positive as the technique of neurofeedback has been found to be slightly more effective
than the classical ways of training. However, measuring the focus level on a fixed visual element is a task not easily assessable from
EEG signals at the moment, so other types of games should be designed.
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1. Introduction

If you read the following two obituaries and were asked to
choose which one is referred to a person suffering from a mental
disorder and which one is referred to an esteemed mathematics
and logic professor, what would you say?

1. "Regarded by some mathematicians as the world’s leading
logician, He died yesterday at the Medical Center in Prince-
ton, N.J. He was 71 years old and lived at the 145 Linden
Lane in Princeton."(1)

2. "Born in what was then Austria, on April 28 1906, He died
in Princeton, New Jersey on January 14 1978, having devel-
oped a paranoia that he was being poisoned and, as a result,
starving himself to death."(2)

The right answer is that they are referred to the same person,
his name was Kurt Gödel. I’m sure if his dearest friend Albert
Einstein, during one of their many walks in Princeton, would
have asked him "Imagine, Kurt, the following situation:

1. A wants to survive,
2. A needs B to survive,
3. B can cause death,
4. A decides to renounce B.

How would you define this simple situation?. He would have an-
swered: "It is a paradox, A should not renounce B".
In his later years, Gödel only ate food prepared by his wife, so
when she was hospitalized he renounced eating and died of star-
vation. So why, despite being a banal reasoning, wasn’t he able
to behave in accordance with it?

To be, or not to be, that is the question:
Whether ’tis nobler in the mind to suffer

The slings and arrows of outrageuos fortune,
Or to take arms against a sea of troubles

And by opposing end them.
..

Thus conscience does make cowards of us all
, And thus the native hue of resolution

Is sicklied o’er with the pale cast of thought,
And enterprises of great pitch and moment
With this regard their currents turn awry

And lose the name of action (3).

Hamlet, the son of the murdered King of Denmark, entitled
by the ghost of the dead father himself to take revenge against
his murderer, finds himself obsessively thinking of whether to
face the sea of troubles taking revenge or to suffer in his mind
brooding over his outrageous fortune. So, why wasn’t Hamlet
able to commit this right homicide? He wants to do that. He
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knows it’s the right thing to do. But in his mind the strength of
his native enterprises is weakened by too much thinking, and so
he finds himself incapable of turning it into action ([...] And lose
the name of action).

1.1. Psychiatric disorders - ADHD and OCRDs

The content of this chapter is almost completely taken from the
DSM-5: Diagnostic and Statistical Manual of Mental Disorders
(4), please note that the content of this chapter is far from be-
ing exhaustive. It is aimed at giving the general idea of the main
characteristics of these disorders. Among all the different psy-
chiatric disorders, this report is specifically focused on the fol-
lowing ones:

1.1.1. Obsessive-Compulsive and Related Disorders

OCRDs are characterized by the presence of obsessions and/or
compulsions.
1. Obsessions: recurrent and persistent thoughts, urges, or im-

ages that are experienced, at some time during the distur-
bance, as intrusive and unwanted, and that in most individu-
als cause marked anxiety or distress. The individual attempts
to ignore or suppress such thoughts, urges, or images, or to
neutralize them with some other thought or action (i.e., by
performing a compulsion) (6).

2. Compulsions: repetitive behaviors(e.g., handwashing, order-
ing, checking) or mental acts(e.g., praying, counting, repeat-
ing words silently) that the individual feels driven to perform
in response to an obsession or according to rules that must
be applied rigidly. The behaviors or mental acts are aimed
at preventing or reducing anxiety or distress, or preventing
some dreaded event or situation; however, these behaviors
or mental acts are not connected in a realistic way with what
they are designed to neutralize or prevent, or are clearly ex-
cessive (6).

Many adults with the disorder have a lifetime diagnosis of an
anxiety disorder (76%; e.g., panic disorder, social anxiety disor-
der, generalized anxiety disorder, specific phobia) or a depres-
sive or bipolar disorder.

1.1.2. Attention-Deficit/Hyperactivity Disorder

Inattention manifests behaviorally in ADHD as wandering off
task, lacking persistence, having difficulty sustaining focus, and
being disorganized.
Hyperactivity refers to excessive motor activity (such as a child
running about) when it is not appropriate.
Impulsivity refers to hasty actions that occur in the moment
without forethought and that have high potential for harm to
the individual (e.g., darting into the street without looking). Im-
pulsive behaviors may manifest as social intrusiveness (e.g., in-
terrupting others excessively) and/or as making important de-
cisions without consideration of long-term consequences (e.g.,
taking a job without adequate information) (7).

1.2. Compulsivity and Impulsivity

In the previous chapter we encountered the concepts of two key
features, namely Compulsivity and Impulsivity, which seem to
be two opposite features, the first related to harm-avoidance
while the second to risk-seeking.

1. The key characteristics of compulsivity are: (8):
(a) impaired adaptation of behavior after negative feedback

(contingency-related cognitive flexibility),
(b) impaired switching of attention between stimuli

(Task/attentional set-shifting),
(c) impaired shifting of mental sets away from disorder-

relevant stimuli (attentional bias),
(d) lack of sensitivity to goals or outcomes of action (habit

learning).
2. The key characteristics of impulsivity are: (8):

(a) impaired ability to stop motor responses following envi-
ronmental change (motor impulsivity),

(b) difficulty weighing options and taking appropriate risks
based on available information (decision-making impul-
sivity),

(c) difficulty in delaying gratification and tendency to
choose immediate small rewards despite negative long-
term consequences (choice impulsivity),

(d) insufficient information sampling before making a
choice (reflection impulsivity).

Comparing this analysis with the profile of an OCD patient
and an ADHD patient described in Chapter 1.1, the following
qualitative considerations are taken:

1. the symptomatology of OCD patients is, as expected, com-
pletely in line with the description of compulsivity, as 1.a
and 1.d motivate the compulsions, while 1.b and 1.c cause
the obsessions. However 2.a is also a characteristic of OCD
patients too and 2.c may have to do with the tendency of
harm-avoidance typical of OCD patients,

2. ADHD patients are in line with the characteristics of impul-
sivity, in fact 2.a justifies hyperactivity, 2.b, 2.c and 2.d are
referred to the impulsive behavior. However 1.a and 1.d are
necessary to complete the profile and explain the inatten-
tional and hyperactivity features of ADHD patients.

Impulsivity and Compulsivity have in common the feeling
of lack of control and, rather than polar opposites, they may rep-
resent orthogonal factors each contributing at varying degrees to
a person’s behavior. (8).

1.3. Executive Functions

Executive functions (also called executive control or cognitive
control) are a family of top-down mental processes defined by
the National institute of Mental Health (NIMH) as the ability
for top-down control on task relevant processes to coordinate
thoughts and actions towards a particular goal (14). There is gen-
eral agreement that there are three core EFs:

– Inhibitory Control: inhibitory control involves being able to
control attention (selective attention), behavior (behavioral
inhibition) and thoughts (cognitive inhibition) to do what’s
more appropriate or needed. Without inhibitory control we
would be at the mercy of impulses, old habits of thought
or action, and/or stimuli in the environment that pull us this
way or that (10).

– Working Memory (WM): working memory involves holding
information in mind and mentally working with it (or said
differently, working with information no longer perceptually
present) in order to guide the decision making (10).
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– Cognitive Flexibility: cognitive flexibility is the ability to
switch from a certain mental representation to another, so it
involves changing perspective in the way we look at a certain
situation (set shifting) and adjusting our behavioral response
depending on past feedback or changed environmental con-
ditions (task switching).

Comparing what has been said in Chapter 1.2 with the con-
cept of executive functions, we obtain the following qualitative
consideration:

1. 1.a, 1.b and 1.d seem related to little cognitive flexibility,
while 1.c may be related to little selective attention and cog-
nitive inhibition.

2. 2.a could be caused by little capacity of behavioral inhibition
and cognitive flexibility, while 2.b, 2.c and 2.d seem related
to bad management of WM and by little cognitive flexibility.

1.4. Stress

Everyone intuitively knows what stress is: it is when you are
playing your favorite videogame and someone tells you the din-
ner is ready so you has to stop playing, it is when your are laying
on your bad and you start to think you will die some day so your
heart starts to beat faster, it is when you find yourself dreaming
of being alone in the Savana with a cutie, nasty lion pointing at
you so you wake up sweating in your bed, it is when you are tak-
ing an exam and you achieve remembering everything you need
to answer the questions faster than you expected, but it also is
when you are taking an exam and you don’t remember anything
you studied the weeks before. Investigating the endocrinology
of stress is far away from the aim of this report, but just know
that stress is the perception of the "fight or flight" response me-
diated by the sympathetic nervous system (11). What is relevant
here is the effect of stress on attention and task performance:

1. Attention shifts and lapses: one obvious response to a threat-
ening or challenging stimulus is to shift attention away from
the task at hand to search for the source of the stimulus. De-
creased attention to a task favour responses which require
less information processing and these may include execution
of well-rehearsed, routine or "default" responses (12).

2. Attention narrowing: when a to-be-remembered event in-
duces emotional arousal or stress in the observer the result is
accurate memory of the features of the event at the expenses
of memory of peripheral details (12).

The knock-on consequences of these features of stress may
be poor performance of an ongoing task unless the threatening
stimulus is part of the task itself.

1.5. Aims of the research

The aims of the presented study are:

1. helping medical practitioners treating psychological disor-
ders by playing interactive games other than medication. To
accomplish the goal, EEG-based BCI technology has been
used to model and implement the system which is a culmi-
nation of medical and entertainment industry,

2. detecting severity levels of disorders with the help of BCI
technology,

3. working on the cognitive control parameter to gather useful
insight into enhancement of cognitive control function with
the aim of helping people suffering from Psychiatric disor-
ders.

In order to achieve these goals, a BCI-based gaming applica-
tion was developed. A controlled application was also developed
that was made free from the cognitive conflict present in the se-
lected tasks. Twenty-one subjects fulfilling study criteria were
randomly assigned for a clinic-based practice with either ther-
apeutic application or control application. Individuals in case
and control group were assessed for adherence to task assigned,
disorder related clinical outcome (YBOCS, WHOQOL-BREF,
CGI/GI) and performance on assigned tasks (UFO movement
game score and reaction time). A well-recognized measuring in-
dex, YBOC, for checking the severity of the disorder has been
used for comparison (13).

2. Materials and Methods

The content of this chapter is almost completely taken from the
original study (13). The study explores the therapeutic effective-
ness of a novel BCI-based gaming application for enhancing
cognitive control in obsessive–compulsive disorder, predomi-
nantly contamination type ( obsessions related to getting in con-
tact with germs, viruses, etc. compulsions related to decontami-
nation as excessive hand-washing, disinfection etc.) as a primary
model for pilot study. The objective is to extend the experiment
to patients suffering from any cognitive-dysfunction related dis-
order. The data is collected from the temporal region of the brain
via two non-invasive dry non-spikey electrodes which mainly
deal with a person’s focus levels. This data that is collected is
directed to the computer via Bluetooth module, and correspond-
ingly alpha and beta wave frequency values are obtained. This
stream of data is used as a parameter to move the object in our
proposed game. This game is a 2-D game developed with the
ability to operate in real time. It is aimed to not only find an alter-
native and exciting way to play games but also to serve the ther-
apeutic application enhancing cognitive control. Implicit sensi-
tization and training to control one’s own cognitive performance
by feedback EEG synchronization in EEG-based BCI interface
is widely documented by various research (30).

2.1. Severity detection for obsessive–compulsive disorder
(OCD)

2.1.1. Subject

There were 34 clinic attendees (screened after obtaining appro-
priate consent), aged between 18–45 years fulfilling the crite-
ria for diagnosis of OCD according to the International code of
Diseases (ICD) 10 with prominent contamination-related obses-
sions and associated compulsions. Exclusion criteria were (a)
colour blindness, (b) inability to read simple English, (c) his-
tory of head injury or neurological illness, (d) presence of co-
morbid Axis-I disorder including history of psychosis, bipolar
disorder, substance abuse or dependence or mental retardation,
(e) Yale–Brown obsessive compulsive scale (YBOCS) less than
16, (f) score of more than 17 on Hamilton depression rating
scale—HDRS, and (g) score of less than 10 for contamination
dimension in Dimensional Yale–Brown obsessive compulsive
scale (DYBOCS). Selected subjects were assessed by pretested
semi-structured demographic proforma. Severity of OCD was
assessed with YBOCS (17).

2.1.2. Stimuli for symptom provocation

The package comes with openBCI kit, a 3D printed headset with
electrodes placed, EEG machines and our dataset to store .CSV
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Fig. 1. Movement of UFO with brain signals a) UFO crashed due to
lack of concentration b) raised up to maximum attentional score

files for the primary version of clinical trial applications. We
choose a standard evaluation version, applied to all participants
for assessment purpose. Home-based practice version for ‘Case’
population and for ‘Control’ population is in the development
process. Stimuli for standard task assessment and individually
tailored stimuli, primarily for clinic-based practice, has been de-
veloped till now.

Patients with OCD have characteristic bouts of symptoms
precipitated by specific environmental or internal cues. Here, we
opted for visual stimuli in the form of images. Two set of images
were collected:

1. 30 images depicting contamination were adapted from the
Maudsley Obsessive Compulsive Stimuli set (MOCSS) (18).
In case an image was perceived as culturally inappropriate,
it was selected for replacement with a similar picture from
Indian background to increase cultural validity,

2. some neutral pictures were selected from the International
Affective Picture System (IAPS) (19).

Selected OCD patients were asked to rate the picture for emo-
tional distress on a visual analogue scale of 0–100 (0 for mini-
mum distress). In the case group the pictures were hierarchically
arranged in order to increase distress and enhance the symptom
provocation. Every run of the experiment consists of the follow-
ing phases:

1. the patient is ready to play the game and feels relaxed. Ham-
let is sleeping in his bed, Gödel is eating the food prepared
by his wife,

2. the images are shown, one by one, to the subject. To evoke
emotional interaction, subjects had to respond to at least
four questions related to the situation depicted by each pic-
ture: (a) what is happening, (b) what was happening before,
(c) what will happen after, (d) how are you feeling. Then
they had to rate their emotion on an on-screen visual ana-
logue scale of 0–100 (0 for minimum distress). The patient
feels distressed, parameter such as excitement, sweating, in-
creased pulse rate, etc. are incorporated into the system.
Even when the picture disappears, the phenomenon of atten-
tion shift leads the subject into the research of the cause of
the distress, the image itself, so immediately attention nar-
rowing occurs (more focus on the recalled image, less in the
peripheral details). It becomes a persistent image, experi-
enced as intrusive and unwanted. The ghost of the murdered
king appears and asks for revenge, Gödel’s wife is hospital-
ized so he is left alone,

3. the patient plays the game trying to focus on the UFO
showed in the screen in front of him, the more he is focused
on the visual stimulus of the UFO, the more the UFO goes up

and the subject collects points, otherwise it goes down until
it crashes on the ground. The subject needs to use his cogni-
tive controls ability: cognitive flexibility to switch task (from
thinking to the images in order to answer the questionnaire
to playing the UFO game), inhibit the unnecessary images
of the contamination and load into WM what is needed to
perform the new task and so selectively put attention on the
UFO on the screen. However, OCD patients shows in gen-
eral attentional bias towards disorder-relevant stimuli and
impaired attentional set-shifting so all these tasks turn to be
very challenging for them. Hamlet broods on his outrageous
fortune without being able to commit the requested homi-
cide, Gödel thinks of being poisoned starving to death with-
out being able to prioritize the logic reasoning.

The challenge is finding a correspondence between the dis-
order severity and the game points and ultimately helping pa-
tients improve their cognitive control.

2.1.3. Assessment with evaluation version for clinic-based
practice

Assessment was done every week in a research setup for 12
weeks. It was done in all subjects of the control group first.
Then all subjects in each disorder group were assessed with the
symptom provoking standard evaluation version of the clinic-
based practice module. Scale or parameter applied for assess-
ment for each session is Yale–Brown obsessive compulsive scale
(YBOCS) (17).

2.1.4. Outcome measures and plan for analysis

The primary outcome measure was to assess Adher-
ence/Dropout rate to therapy. For assessment of intensity
of practice, it was assessed (1) the level of cooperation from the
subject in practice session per seating and (2) mean duration of
session for which the tasks were practised.

The secondary outcome measure was the change in clinical
variables, e.g. severity, change in disease status, Quality of Life.

An additional outcome measure was the change in perfor-
mance in neuropsychological tasks. To accomplish that, it was
initially recorded the game score by letting the patients enjoy the
game. Then the game is played after stimuli provocation and the
score decides the severity of OCD . Drastic change in the game
score along with other erratic biological factors categorizes the
stages of the disease. We planned to present data descriptively
and to analyse with appropriate statistical tests, e.g. YBOCS and
analysis of variance when applicable to study significance of as-
sociation.

2.2. Data collection for BCI model

The methodology is categorized into three subsections for ease
of understanding. The subsections can be described as: (1) ac-
quiring relevant data, (2) processing and error management of
the data, and (3) script to run game. Figure 1 describes the time-
line followed during the project. The various subsections men-
tioned in the figure above have been elucidated hereafter (Figure
2).

2.3. Acquisition of relevant data

The open-source OPENBCI ULTRACORTEX MARK IV head-
set has been used in this project (20) that has been 3D printed.
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Fig. 2. Flow of the proposed system

Thirty-five electrode locations of the 10–20 system that has been
considered as reference for the work are targeted. The version
of the aforementioned OPENBCI ULTRACORTEX MARK IV
headset that has been used in this project, is an 8-channel head-
set. A total of 8 electrodes (6 spikey dry electrodes and 2
non-spikey or flat electrodes) are present. The waveforms that
showcase the cortical electrical activity are known as Electroen-
cephalogram or EEG signals categorized as delta, theta, alpha,
beta, and gamma waves based on frequencies of signals ranging
from 0.1 to over 100 Hz (21). These EEG signals are acquired by
the OPENBCI ULTRACORTEX MARK IV by the electrodes in
the headset placed in correspondence with the 10–20 electrode
placement scheme.

Fig. 3. 10–20 System of electrode placement b Electrode placement in
this project c electrode placement in this project

The 10–20 system (Figure 3a) describes the relation be-
tween electrode placement and the portion of cerebral cortex
(22). Each point in Figure 3a relates to one acceptable position
of electrode placement. The letters F, T, C, P, and O stand for
Frontal, Temporal, Central, Parietal and Occipital. Even num-
bers (2, 4, 6, 8) refer to the right hemisphere and odd numbers
(1, 3, 5, 7) refer to the left hemisphere. The Z refers to an elec-
trode placed on the midline (23). The electrode placement is
described in Figure 3b. The electrodes in the headset are rep-
resented by nodes coloured in solid black. Utilizing the focus
or concentration parameter is the primary objective of the study
therefore only the beta and alpha waves are considered as they
are mostly concerned with the conscious mind (24) (25) (26). To
study the alpha and beta waves emitted by the brain at any in-

stant, the nodes are highlighted in black (Figure 3c). OPENBCI
provides an open-source GUI that is utilized to acquire and study
the signals captured by the device. An inbuilt Focus Detection
widget is also provided that assesses the alpha and beta waves
captured by the device. A simple Fast Fourier Transform is per-
formed to obtain the spectrum of the signals. In this FFT plot,
the alpha band can be defined as frequency components between
7.5 and 12 Hz, and beta band defined as frequency components
between 12.5 and 30 Hz (27). The final data is the readings of
alpha and beta frequency range provided by channel 1 and chan-
nel 2 electrodes associated with the Fp1 and Fp2 region of the
brain. Certain modifications were made in the GUI algorithm
originally provided by the OPENBCI organization, in order to
acquire the appropriate data in CSV format.

2.4. Processing and error management of the data

To access the data and classify as focused and non-focused state,
an established and defined algorithm is then used. The algo-
rithm, which is established in OPENBCI documentation (28),
gives us the average alpha and beta value. At the same time, an
error factor of ±0.1 is also introduced to counter balance any
instrumentation or environmental error. A range of [0.7–4.0]
for alpha average and a range of [<=0.7] for beta average are
considered the optimum range for classifying an individual as
truly focused on the visual stimulus in front of him (the UFO)
as found by experimental study (27). The lower bound of alpha
average and upper bound of beta average were also modified
with an error factor of ±0.1. This change was made to cope up
with the challenge of providing a streaming influx of data for the
game which is discussed in the next section.

2.5. Script to run the game

An interactive game is designed that can actively access the final
processed readings from other script and use it as an input to run
the game engine. The objective of the game is to provide a visual
medium for the user to interact and engage in cortical activity
and also try to monitor any abnormality in cognitive skills. The
game acts as a stimulus for the user to engage in an activity that
targets the brain activity. Figure 4 displays a test user wearing
the headset after which the data from the headset is ready to be
cast and processed for the game.

2.6. Comparison: obsessive–compulsive test

Then in the study the result game scores are compared with a
standard measuring index Yale–Brown OCD Scale (YBOCS).
A standard OCD questionnaire for psychometric test is the
YBOCS (17) (34). The goal of this study was to examine some
hypotheses for OCD level measurement depending on 10 ques-
tionnaires. The rating is in the range of 0–4 for the parameters
like none, 0–1 h/day, 1–3 h/day, 3–8 h/day, more than 8 h/day,
etc. Table 1 shows the possible questionnaire set used as mea-
suring index. Your Score: If you have both obsessions and com-
pulsions, and your total score is; 8–15 = Mild OCD, 16–23 =
Moderate OCD; 24–31= Severe OCD; 32–40 = Extreme OCD.
The severity level of OCD was assessed depending upon the re-
sponse time and game score. A score up to 500 is mild, 1000
is moderate and more than that is severe. A comparative anal-
ysis with YBOCS score found the result is commendable and
comparable, Table 3.
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Fig. 4. BCI Headset being worn by the user

Questionnaire
1. How much time do you spend on obsessive thoughts?
2. How much do your obsessive thoughts interfere with

your personal, social, or work life?
3. How much do your obsessive thoughts distress you?
4. How hard do you try to resist your obsessions?
5. How much control do you have over your obsessive

thoughts?
6. How much time do you spend performing compulsive

behaviours?
7. How much do your compulsive behaviours interfere

with your personal, social, or work life?
8. How anxious would you feel if you were prevented

from performing your compulsive behaviours?
9. How hard do you try to resist your compulsive be-

haviours?
10. How much control do you have over your compulsive

behaviours?
Table 1. Obsessive–compulsive test—Yale–Brown OCD scale
(YBOCS)

3. Result

Twenty-one patients were finally selected for clinical trial, and
out of them, there were 14 female candidates. Age mean was
29.9 years (SD, 5.9 years), formal education mean was 11.4
years (SD, 2.9 years) and the patient’s mean illness duration was
4.7 years (SD, 3.2 years; range, 1-15 years). The OCD sever-
ity was from moderate to severe (YBOCS total: Mean, 25.6;
SD, 4.9) obsessions: Mean, 13.1 (SD, 2.9) compulsions: Mean,
12.3 (SD, 2.5). Dimensional YBOCS was applied for all sub-
jects. The mean total score in the contamination dimension for
the subjects was 13.7 (SD, 2.3). All the patients were on active
psychotropic medicines, but none was undergoing any form of
structured psychotherapy. Table 2 shows the data values that are
used to control the object in the game (UFO). Both the columns
in the above figure show the alpha average and the beta average
values computed from the FFT plot used by processing the data
obtained from placing the electrodes on the frontal region of the
user’s head. If the user is focused, the alpha-average value (the

Alpha Average Beta Average
1.9190886 0.96383286
1.9487019 0.9791486
1.9785846 0.7969459
1.9815729 0.99744034
2.0065045 0.3142573
2.0272954 0.3306373
2.0377433 1.0462238
2.0366743 1.057771
2.027125 1.0462238
2.0261703 0.605094
2.0047317 0.7679742
1.9671408 0.8653191
1.9175301 0.7564997
1.8834324 0.4462542
1.8579422 1.0364553

Table 2. Subset of dataset obtained from BCI Headset

first column) should be within [0.6 to 4] and the beta-average
value (the second column) should be less than 0.8. If both the
values in the columns are within range, only then the individ-
ual is concluded to be in a focused state and the UFO within
the game will fly (Figure 5a); otherwise, it will gradually de-
crease its altitude (Figure 5b) until it crashes (Figure 5a). The
above data is being analysed by the game script simultaneously
while the game runs. Figure 5a depicts a situation in which the
UFO increases its altitude signifying that the user is in focused
state. Figure 5b depicts that the user is in unfocused state. The
UFO movements only depend on whether the data values from
the user are within the specified range or not. The red line high-
lighted in Figure 5c denotes the crash line in the game. If the
UFO descends below the red line, the game will consider it as
a crash. This is implying that the user has lost concentration
for a considerable amount of time. If the concentration of the
individual falls below a particular delimiting value, it will be
visually demonstrated by the crashing of the UFO. This mecha-
nism provides an interactive environment between the user and
the system to visualize the focus quotient of the individual for a
given length of time in accordance with changing media in the
game. During a game session, participant gets a visual feedback
of real-time cognitive control status reflected by their perfor-
mances. This principle of implicit sensitization and training to
control one’s own cognitive performance by feedback EEG syn-
chronization in EEG-based BCI interface is widely documented
(30). As per results shown in Table 3, subjects randomly as-
signed with the ‘Case version’ of practice application not only
remained significantly more adherent to therapy (p < 0.000, p
is probability, if < 0.05, significant), they were also engaged
in more practice session every week compared to control. As
most of the control population dropped out before completing 12
weeks, the analysis was done on results obtained at the 8th week.
More engagement in a conflict task seems paradoxical, however
this may be the therapeutic element contained in the tasks that
is keeping the concerned subjects more engaged. It reflected
in favourable outcome related to clinical parameters like sig-
nificantly better YBOCS score (p < 0.001), better WHOQOL-
BREF score (p < 0.02) and better CGI/GI outcome(p < 0.01).
There were some improvements related to neuropsychological
tasks both in case and control group. This may be due to practice
effect. Overall, this BCI game-based application showed some
evidence of favourable adherence to the practice application and
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shown therapeutic effectiveness in this small sample of subjects
suffering from OCD with predominantly contamination type.

Disorder/functional status
YBOCS Proposed Method
26.3 (± 4.9) Severe (1678)
25.3 (± 4.1) Severe (1978)
0.01 (± 5.1) Mild (345
22.9 (± 4.8) Severe (1678)
17.9 (± 5.8) Severe (1912)
0.06 (± 6.4) Moderate (978)
15.8 (± 4.9) Severe (1738)

Table 3. Checking the results with standard YBOCS (these samples are
randomly selected from 21 subjects)

4. Discussion

In this study as in the others that can be found in literature sim-
ilar to this, the object of the neurofeedback modulation is not
precisely the source of what we call cognitive control which
is a high level brain function not easy to be reduced to a sin-
gle source. Namely there are some different frequency bands at
many brain sites whose neurofeedback training has been linked
to improvement in executive functions performances (30) and
still literature is not completely clear on this. In this case, for
example, the object of the neurofeedback modulation was the
focus on a visual stimulus placed in front of the patient (the
UFO) and not cognitive control per sè which would have been
far more complex. So the concept is, considering our knowl-
edge of cognitive control, I can train it in a person as long as I
describe a certain task and define a measure of performance on
that specific task. Focus on the UFO, so switch the content of
your WM from the conflicting images to the image of the UFO.
So the question would be "why is it the case of using EEG and
neurofeedback for this training having to pay attention to long
and uncomfortable calibration of devices and preparation of the
experiment environment? Isn’t it easier to use standard ways of
training using measures of performance based on motor coor-
dination and response rather than brainwaves feedback?". The
answer is that there is moderate evidence EEG-based gaming
neurofeedback produces better results than standard training es-
pecially due to enhanced engagement in the tasks (29) (31) (13).
The number of serious games exploiting BCI neurofeedback
is limited in literature, however the ones available show good
results in both assessment and treatment of patients suffering
from cognitive-dysfunction related disorders (29) (32) (33), es-
pecially ADHD(35). That’s the reason why it is of fundamental
importance to further investigate, with more precise and com-
plete studies than the one presented, new ways of cognitive con-
trol training based on neurofeedback, linking them to disorders
treatment.

4.1. Limitations

As it is said by the authors of the study, result from any new
method of therapy should be judged with scepticism. The design
of the study was drawn on intuitive reasoning rather than empir-
ically based, so it needs to be verified on a larger and represen-
tative sample. It may not act on severe form of illness. Active
participation from the individual is a prerequisite. Motivation to
adhere to the therapy is an issue. But applying the therapeutic

Fig. 5. Movement of UFO as a function of alpha and beta value

module by playing simple game was never seen as a difficulty
for participants. Rather it was an issue dealt with enjoyment.
Strength of the study design was its basic understanding of cog-
nitive constructs and simplicity in design, minimal cost, mini-
mal need for trained personnel, rendering its wider applicability
across various psychiatric disorders (13).

4.2. Focus Detection

While considering the result of the study, the quality of the focus
detection algorithm should be taken into account. A literature re-
search on visual attention detection shows limited complexity of
the algorithm used in the study and reveals contradictory result.

In the study, the in built Focus Detection widget provided by
OPENBCI was used to perform an FFT on the signals coming
from two electrodes at Fp1 and Fp2. The sampling frequency
and the time window over which the FFT is performed are not
specified. Moreover nothing related to artifact removal is per-
formed before assessing the average value of alpha and beta
bands. Artifact related to eyes or muscles movement have, in
general, frequencies under the alpha band (< 8Hz), however the
algorithm still remains very simple and based on the intuition
that alpha waves are related to calm and focused states, while
beta band can be associated to anxiety and tension.

Chiang et al. (36) developed an algorithm that used SVD
to clean the EEG raw data than FFT, MEPA (minimize entropy
principle approach) and an APN (associative Petri net) for the
classification of the extracted features that showed good result in
the detection of attention during learning exercises. Ling Li (37)
comparing three different states: EC (eyes-closed), EO (eyes-
open) and visual attention showed that the average alpha power
over all the 128 electrodes is lower during the attentional state
with respect to EC and EO states. Xiaowei Li et al. (38), using
two different classifiers, namely KNN (K-Nearest-Neighbour)
and NBC (Naive Bayes Classifier), showed the best group of
features for Attention Recognition classification while reading
or watching random content was mainly related to the power of
alpha waves detected at F3, F4 and Cz. Matthias M. Müller et
al. (39) found increase over the left and right parieto-occipital
regions only in the frequency band from 35 Hz to 51 Hz when
assessing visual attention, concluding gamma band is related to
visual information processing.

Further studies are needed to understand properly how atten-
tion and in particular visual attention is related to brain waves.

5. Conclusions

The world of psychiatric disorders is vast and complex to un-
ravel, as many layers need to be taken into consideration if we
want to understand it profoundly. And I believe this is essen-
tial to devise effective experiments reasonably focused on the
assessment and treatment of these various disorders.
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The technology of BCI-based serious games is not the Holy
Grail of cognitive rehabilitation, as similar training has been
done for decades without the help of this technology yet with
good result. However the use of games with the technique of
the neurofeedback increases the patients engagement in the task,
consequently reduces the treatment remission rate and enhance
its effectiveness with respect to standard methods of cognitive
training. Anyway we are very far from having effective systems
and protocols which give generalized good result in the treat-
ment of patients. The quality of the focus detection algorithms
is crucial in this sense. A fundamental challenge is the simpli-
fication of the access to these type of treatment to guide pa-
tients toward this type of training, hopefully making the devices
portable, allowing generalized studies to take place and devise
new and more effective methods.

References
[1] The New York Times obituary.

https://www.nytimes.com/1978/01/15/archives/dr-kurt-godel-71-
mathematician-more-than-a-monument.html

[2] Guardian article.
https://mathshistory.st-andrews.ac.uk/Obituaries/Godel_Guardian/

[3] Shakespeare, William. Hamlet. Edited by Harold Jenkins. Published in
1982 [Act III, Sc. I, 56-88]

[4] American Psychiatric Association. (2013). Diagnos-
tic and statistical manual of mental disorders (5th ed.).
https://doi.org/10.1176/appi.books.9780890425596

[5] American Psychiatric Association. (2013). Anxiety Disorders. In
Diagnostic and statistical manual of mental disorders (5th ed.).
https://dsm.psychiatryonline.org/doi/full/10.1176/appi.books.978089042559
6.dsm05

[6] American Psychiatric Association. (2013). Obsessive-Compulsive and Re-
lated Disorders. In Diagnostic and statistical manual of mental disorders (5th
ed.). https://dsm.psychiatryonline.org/doi/full/10.1176/appi.books.
9780890425596.dsm06

[7] American Psychiatric Association. (2013). Neurodevelopmental Disor-
ders. In Diagnostic and statistical manual of mental disorders (5th ed.).
https://dsm.psychiatryonline.org/doi/full/10.1176/appi.books.
9780890425596.dsm01

[8] Fineberg, N., Chamberlain, S., Goudriaan, A., Stein, D., Vanderschuren, L.,
Gillan, C., . . . Potenza, M. (2014). New developments in human neurocogni-
tion: Clinical, genetic, and brain imaging correlates of impulsivity and com-
pulsivity. CNS Spectrums, 19(1), 69-89. doi:10.1017/S1092852913000801

[9] Trevor W. Robbins, Claire M. Gillan, Dana G. Smith, Sanne de Wit, Karen
D. Ersche, Neurocognitive endophenotypes of impulsivity and compulsivity:
towards dimensional psychiatry, https://doi.org/10.1016/j.tics.2011.11.009

[10] Adele Diamond Department of Psychiatry, University of British Columbia
and BC Children’s Hospital, Vancouver, BC V6T 2A1 Canada, Annual Re-
view of Psychology 2013 64:1, 135-168, https://doi.org/10.1146/annurev-
psych-113011-143750

[11] Sapolsky, R. Stress and the brain: individual variability and the inverted-U.
Nat Neurosci 18, 1344–1346 (2015). https://doi.org/10.1038/nn.4109

[12] Michael Mendl, Performing under pressure: stress and cognitive function,
Applied Animal Behaviour Science, Volume 65, Issue 3, 1999, Pages 221-
244, ISSN 0168-1591, https://doi.org/10.1016/S0168-1591(99)00088-X

[13] Dutta, S., Banerjee, T., Roy, N.D. et al. Development of a BCI-based gam-
ing application to enhance cognitive control in psychiatric disorders. Inno-
vations Syst Softw Eng 17, 99–107 (2021). https://doi.org/10.1007/s11334-
020-00370-7

[14] Miller EK, Cohen JD (2001) An integrative theory of pre-
frontal cortex function. Annu. Rev. Neurosci. 24:167–202.
https://doi.org/10.1146/annurev.neuro.24.1.167

[15] Dutta S, Banerjee T, Dutta Roy N, Chowdhury B (2019) Development of
a BCI based application using EEG to assess attentional control. In: Pro-
ceedings of global AI congress, AISC book series, vol 1112, pp 659–670.
https://doi.org/10.1007/978-981-15-2188-1_52.

[16] Dessy E, Mairesse O, van Puyvelde M, Cortoos A, Neyt X, Pat-
tyn N (2020) Train your brain? Can we really selectively train specific
EEG frequencies with neurofeedback training. Front Hum Neurosci 14:22.
https://doi.org/10.3389/fnhum.2020.00022

[17] Goodman WK, Price LH, Rasmussen SA, Mazure C et al (1989) The Yale-
Brown obsessive compulsive scale. I. Development, use, and reliability. Arch
Gen Psychiatry 46(11):1006–1011

[18] Mataix-Cols D, Lawrence NS, Wooderson S, Speckens A, Phillips ML
(2009) The maudsley obsessive-compulsive stimuli set: validation of a
standardized paradigm for symptom-specific provocation in obsessive-
compulsive disorder. Psychiatry Res. 168:238

[19] Lang PJ, Bradley MM, Cuthbert BN (1997) International affective picture
system (IAPS): technical manual and affective ratings. NIMH Center for the
Study of Emotion and Attention, New York 1:39–58. Accessed May 2015

[20] Audrey A, Barnes E, Bethel CL, Carruth DW, Kocturova M, Pleva M, Juhar
J, (2019) Accessible electroencephalograms (EEGs): a comparative review
with OpenBCI’s Ultracortex Mark IV Headset. In: 29th International confer-
ence radioelektronika (RADIOELEKTRONIKA), pp 1–6

[21] Kumar JS, Natarajan P, Bhuvaneswari R (2012) Analysis of electroen-
cephalography (EEG) signals and its categorization—a study. Procedia Eng
38:2525–2536

[22] Michal T (2002) Fundamentals of EEG measurement. Meas Sci Rev 2(Sec-
tion 2):1–11

[23] Klem GH, Lüders HO, Jasper HH, Elger CE (1958) The ten-twenty elec-
trode system of the International Federation. The international federation of
clinical neurophysiology. Electroencephalogr Clin Neurophysiol Supplement
52:3–6

[24] Cvijetic S (2019) What are beta brainwaves? Improve focus and motivation
with beta brainwave entrainment. https://owlcation.com/stem/What-are Beta-
Brain-Waves-Focus-and-Motivation-with-Beta-brainwave-entrainment

[25] Craig A, Tran Y, Wijesuriya N, Nguyen HT (2012) Regional brain wave
activity changes associated with fatigue. Psychophysiology 49–4:574–82

[26] Robert E, Dustman R (1962) Boswell and Paul B. Porter, Beta brain waves
as an index of alertness. Science 137(3529):533–4

[27] Sun W, OpenBCI Focus detection algorithm and Focus Visualization Wid-
get (2019). https://openbci.com/community/focus-visualization-widget/

[28] OpenBCI Software Documentation (2019).
https://docs.openbci.com/Software/OpenBCISoftware/GUIWidgets/focus-
widget

[29] Mercado, J., Escobedo, L. Tentori, M. A BCI video game using neuro-
feedback improves the attention of children with autism. J Multimodal User
Interfaces 15, 273–281 (2021). https://doi.org/10.1007/s12193-020-00339-7

[30] Marzbani H, Marateb HR, Mansourian M. Neurofeedback: A
Comprehensive Review on System Design, Methodology and Clin-
ical Applications. Basic Clin Neurosci. 2016 Apr;7(2):143-58.
https://doi.org/10.15412/J.BCN.03070208

[31] K. P. Thomas, A. P. Vinod and C. Guan, "Enhancement of attention and
cognitive skills using EEG based neurofeedback game," 2013 6th Interna-
tional IEEE/EMBS Conference on Neural Engineering (NER), 2013, pp. 21-
24, https://doi.org/10.1109/NER.2013.6695861

[32] Games as neurofeedback training for children with FASD,
https://doi.org/10.1145/2485760.2485762

[33] Y. Liu, O. Sourina and X. Hou, "Neurofeedback Games to Improve Cog-
nitive Abilities," 2014 International Conference on Cyberworlds, 2014, pp.
161-168, https://doi.org/10.1109/CW.2014.30

[34] Rapp AM, Bergman RL, Piacentini J, McGuire JF (2016) Evidence-based
assessment of obsessive-compulsive disorder. J Cent Nerv Syst Dis 8:13–29.

[35] M. Arns, J.-M. Batail, S. Bioulac, M. Congedo, C. Daudet, D. Drapier, T.
Fovet, R. Jardri, M. Le-Van-Quyen, F. Lotte, D. Mehler, J.A. Micoulaud-
Franchi, D. Purper-Ouakil, F. Vialatte, Neurofeedback: One of today’s tech-
niques in psychiatry?, L’Encéphale, Volume 43, Issue 2, 2017, Pages 135-
145, https://doi.org/10.1016/j.encep.2016.11.003

[36] Chiang, HS., Hsiao, KL. Liu, LC. EEG-Based Detection Model for Eval-
uating and Improving Learning Attention. J. Med. Biol. Eng. 38, 847–856
(2018). https://doi.org/10.1007/s40846-017-0344-z

[37] L. Li, "The Differences among Eyes-Closed, Eyes-Open and Attention
States: An EEG Study," 2010 6th International Conference on Wireless Com-
munications Networking and Mobile Computing (WiCOM), 2010, pp. 1-4,
https://doi.org/10.1109/WICOM.2010.5600726

[38] Xiaowei Li, Bin Hu, Qunxi Dong, W. Campbell, P. Moore and Hong
Peng, "EEG-based attention recognition," 2011 6th International Con-
ference on Pervasive Computing and Applications, 2011, pp. 196-201,
https://doi.org/10.1109/ICPCA.2011.6106504

[39] Matthias M Müller, Thomas Gruber, Andreas Keil, Modulation of induced
gamma band activity in the human EEG by attention and visual informa-
tion processing, International Journal of Psychophysiology, Volume 38, Issue
3, 2000, Pages 283-299, ISSN 0167-8760, https://doi.org/10.1016/S0167-
8760(00)00171-9

Article number, page 8 of 8


