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Abstract. Neurofeedback is a type of biofeedback useful to help people learn, 
through training, to modify amplitude, frequency, and coherence of the electro-
physiological aspects of his brain. 

In this paper, we present a neurofeedback-based training for children affected 
by attention deficit and hyperactivity disorder (ADHD). The aim of the project is 
to use a more engaging training mode, transforming a traditional neurofeedback 
training session into a competition that consists in commanding a Lego® robot 
using brain waves.  

Using neurofeedback, the person has a clear visualization and perception in 
real-time of his own electroencephalographic activity because the brain activity 
is displayed on a computer monitor. With this training, the brain is educated to 
produce brain waves in specific amplitudes and in specific positions. The person, 
therefore, becomes capable of re-educating himself, until he reaches the desired 
pattern of brain activity. The proposed system consists in a computer software, a 
Lego Mindstorm® kit and an electroencephalogram cap. The aim of the game is 
to focus the player's attention and concentration on a colored disk placed on the 
robot: if the player focuses enough attention on the colored disk, the robot’s speed 
will increase, so the robot could win the race against other player’s robots. 
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1 Introduction 

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neuro-
behavioral disorders. It occurs, in early childhood, mainly with two classes of symp-
toms: an evident level of inattention and a series of behaviors that denote hyperactivity 
and impulsivity. This disorder is considered a potentially chronic condition, which pre-
sents symptoms that affect various functional aspects of everyday life. The symptoms 
related to inattention are found above all in children who, compared to their peers, have 
severe difficulties in focusing attention on the same task for a sufficiently long period 
of time or during games. Usually, children with ADHD are unable to follow the instruc-
tions given during a game or a task, they are disorganized and careless in their school 
activities, they have difficulty maintaining concentration, they are easily distracted by 
their mates and rarely manage to complete a task. 
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Based on the criteria of the DSM-5 diagnostic manual [1], ADHD manifestations 
can be distinguished in: ADHD with predominant inattention, ADHD with pre-domi-
nant hyperactivity/impulsivity and combined ADHD. Statistically, it is believed that 
attention deficit/hyperactivity disorder affects 5% of the childhood population and 
2.5% of adulthood. 

Pharmacological and psycho-educational treatments are preferred to reduce the risk 
factors of the ADHD but, in addition, some studies have shown improvements in atten-
tion performances in children who follow psychoeducational treatments like Neu-
rofeedback training. Neurofeedback is a tool that allows to detect the cerebral electrical 
activity and present it visually and in real-time through a computer or tablet screen, 
based on the fact that each cortical activity corresponds to a different type of brain 
wave. Using the feedback displayed on a computer monitor, the individual can learn a 
"brain behavior", and can try to modify his electro encephalic activity by searching for 
the desired cognitive state. The person who undergoes the treatment will thus be able 
to observe and subsequently learn to "manage" the feedback relating to cognitive activ-
ity and voluntarily reach the desired states. It is known that electro-encephalic activa-
tion is divided into four categories of waves that change due to their different frequency. 
The theta waves (4 - 7 Hz) correspond to the state of pre and post-sleep, (i.e. a state of 
deep relaxation); delta waves (1 - 3 Hz) are connected to deep sleep; the alpha waves 
(8 -13 Hz) are more active during the relaxed waking state, while the processes of fo-
cusing and cognitive processing (concentration on a task and its execution) are con-
nected to an increase in the activity of beta waves (14 - 30 Hz) in the frontal brain areas 
[2]. These frontal areas, together with the central areas, are the areas indicated in some 
studies that have a different type of electrical activation in individuals with ADHD, 
compared to individuals without ADHD diagnosis [3]. 

In the scientific literature, some studies highlight the greater presence of theta slow 
waves in subjects with ADHD and a lack of beta waves. These observations on the lack 
of beta waves would explain the lower ability of children with ADHD to remain focused 
on a given task [4], while the greater presence of theta waves could explain the inatten-
tion and decentralized thinking of children with ADHD [5]. 

Based on these studies, Neurofeedback training tries to modify brain activity in order 
to improve the cognitive and behavioral performance of the individual [6] by acting on 
brain waves. 

A recent, study carried out in 2014 on 144 patients of school age and diagnosed with 
ADHD, showed performance improvements following Neurofeedback training. The 
data was evaluated through the administration of a battery of tests that revealed the 
variations in performance inherent to the ADHD symptomatology comparing the symp-
toms before and after treatment [7]. 

The scientific literature supports the use of neurofeedback training for attention dis-
orders, however, the scarce diffusion of applications and software for school-age chil-
dren did not allow the spread of these training. Without elements of gameplay [8], it is 
really difficult to capture the interest of a child at school age, especially when these 
training sessions require high numbers of learning sessions to give a good result [9]. 

About these considerations, it was decided to carry out a neurofeedback training, 
useful to guarantee a greater involvement by the user/child, integrating gamification 
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[10] elements in order to stimulate social involvement through a challenge between 
peers and an extremely attractive element for children, such as a robot [11]. 

2 Intervention 

A software application was created, in order to gather information on the attention value 
coming from an EEG device worn by the user and, based on this parameter, to activate 
or deactivate the acceleration of a robot. The aim of the game consists in a race among 
the robots, where the winning robot is the one who has traveled more in less time and 
therefore will be the one "driven" by the user who has been most focused. The aim is 
to make the young player aware of his state of brain activation, not through a graphic 
or a projection on a computer, but through the movement of an object, more motivating 
and engaging [12, 13]. 

2.1 Materials And Methods 

The application consists in a BrainWave Mobile Kit headset kit [14], a Lego® [15] robot 
built in the form of a rover, a notebook with dedicated software and an arena with a 
length of 230cm. 

The BrainWave Mobile 2 Kit, it is an EEG headset distributed by NeuroSky® that 
safely record the electrical activity of the brain (alpha waves, beta waves, etc.) and send 
it via Bluetooth Low Energy (BLE) to a Windows, iOS or Android device. This headset 
can determine different emotional states, using only a sensor on the forehead. The fol-
lowing outputs are recorded: Attention, Meditation, Eyeblinks, Brainwave Bands (e.g. 
delta, theta, alpha, beta, etc.) and Raw Output.  

To determine mental states the headset provides an SDK (software development kit) 
called eSense™ [16] and powered by a proprietary algorithm that measures activation 
on a scale of 1 to 100 [17].  

For this study, a software application, created ad-hoc with Unity and installed on a 
notebook was used. This software, leveraging the attention parameter provided by the 
e-Sense algorithm, can let a Lego® robot, connected via Bluetooth, accelerate with a 
speed equal to half the motor's maximum power.  

"Infinite Runner" is a Unity based game, which can be played with the help of the 
NeuroSky MindWave device. The game character runs continuously and there as many 
obstacles in his path. Each obstacle decreases the power, and when the power goes to 
zero the character is dead. The user can avoid the obstacles by jumping. The user can 
also slows down if the focus value goes up and run fast if the focus goes up. Moreover, 
the character stops moving if the attention level decreases beyond a certain threshold. 
Raw brainwaves are used to calculate scaled attention and meditation values of the 
player's mind, which are then passed to the game. The software records the attention 
level every 1 second and the session logs are stored in an Excel spreadsheet. 
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2.2 Experimental design, description of the training session and 
duration 

The hypothesis of this pilot study is to verify whether the neurofeedback training ses-
sions involving interaction with real-world objects can give the user awareness of his 
brain state more effectively than traditional feedback training involving only a com-
puter exercise and a visualization of the brain activation values. 

The experimental design used to verify our hypothesis is of type ABAB. As known, 
ABAB (OXOX) examines the effects of an intervention alternating the basic condition 
(phase A or O), in which no intervention is in progress, with the intervention condition 
(phase B or X), in which it is implemented the treatment. 

The experimental conditions are as follows: 

─ The user is placed in front of the screen of a notebook placed on a desk, on his head 
a position operator a MindWave Mobile kit 2 headset 

─ The user is asked to play a game of attention specially modified for the purpose of 
research, whose source code is provided by the manufacturer NeuroSky inc. and 
called "Infinite Runner". 

3 Results 

The data of presented pilot study was collected in 10 training sessions, lasting about 30 
minutes, one week apart from the other. The test subject was a 10-year-old child, D., 
diagnosed with ADHD. Before and during the trial the child did not follow any reha-
bilitation program and did not take any medication. 

The data were summarized in a table consisting of means per session. The two vari-
ables were compared with a One-Way ANOVA Test using the PSPP software from the 
GNU Project. 

Table 1. Means per session. 

Training A B 
1 51,24 51,684 
2 51,739 52,075 
3 50,913 52,117 
4 50,412 54,844 
5 51,16 54,323 

 
The analysis of the data showed p <.05, highlighting the significance of the data 

between the two variables A and B. 

Table 2. One-Way ANOVA. 

  Sum of Squares df Mean Square F Sig. 
MEANS Between groups 9,18 1 9,18 7,76 0,024 
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Within groups 9,46 8 1,18 
Total 18,63 9 

The pilot study presents many critical issues; in particular, the research should be 
extended both in participants and in training sessions. The software should propose an 
interaction similar to the hardware solution, or vice versa, in order to reproduce a sim-
ilar experience, but considering the results obtained with the pilot study, we believe that 
a more solid experimentation will be possible in the future. 

4 Conclusions 

The data collected indicate a predisposition of the subject involved in the study with 
respect to concrete stimuli in the environment. The second condition reported better 
results than the first. 

Modern technological opportunities allow us to create engaging interactions even 
for children who have difficulty focusing attention. Using these innovations to channel 
and not waste the attention of young patients remains one of the most interesting chal-
lenges the future holds for us. 
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