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ABSTRACT 
The idea of using brain activity as a path to communicate with external devices quickly 
evolved in the last decades. Brain-reading technologies are starting to be used in different 
life areas, since we have companies that launched such innovative tools on the market. In 
this matter, the most common method for measuring and observing the brain activity is 
the electroencephalogram (EEG), used mainly in the medical field with important 
research related to disability problems. In the enthusiastic attempt to discover the 
complexity of the brain, researchers sought for a way to reproduce all its intricated 
functionsas accurately as the possibilities of the latest tehnology can. A Brain-Computer 
Interface (BCI) represents a direct communication path between the active brain and an 
external device, a graphic result of it’s monitoring process in real time. This article 
presents a type of device of this kind, the MindWave Mobile by NeuroSky, through which 
we can observe and analyse the electrical activity of the brain. The different levels of 
frequency of the brainwave signal are related to cognitive function like attention, and 
meditation. Based on NeuroSky’s own developed eSense algorithms, MindWave Mobile 
can detect even the very subtle levels of attention and meditation, each of them being 
calculated and updated every second, as seen on the monitor of the device that’s paired 
with. This paper also presents a related experiment using the EEG device regarding the 
effect of music on different people, in terms of the concentration and relaxation levels. 
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INTRODUCTION 

Over time, people tried to interact with machines using different approaches, the most 
common for our era being the technology based on physical interaction with devices. An 
interesting aspect about the new technologies is that we can achieve this even without 
touching the computer – a major advantage, especially for those who have physically 
limited possibilities caused by disabilities. This inconvenience can be exceeded through 
the use of devices that represent the converted information through a Brain-Computer 
Interface, also known as Brain-Machine Interface (BMI) or Mind-Machine Interface 
(MMI), which allows an easy and direct communication between the brain and an 
external device. In this respect, the interface has the purpose to help the disabled people 
through an easier and interactive communication channel. BCI technology is nowadays a 
rapidly developing area that measures and records specific characteristics of brain 
activity, conveying them through wireless signal to the paired device. The Brain-Computer 
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Interface is a continuous closed system including six steps: brain activity measurement, 
preprocessing, feature extraction, classification, translation into a command and 
feedback, as shown below (Figure 1). 

 

Fig. 1. General architecture of a BCI 
(Source: Trad, Al-Ani & Jemni, 2016, p. 2)  

 
The first introduction of this type of technology occured in 1924, when Hans 

Berger recorded for the first time the brain activity using electroencephalography (EEG) – 
he is the inventor of this method, also discovering the alpha wave rhythm known as 
’Berger’s wave’. The signal was gained using electrodes placed on the scalp in order to 
measure the electric potential generated by the brain activity. It was just in 1929 that 
Berger published his research observations in On the Electroencephalogram of Man, 
where he demonstrated that the real-time activity of the brain could be recorded using 
electrodes. He was concerned about the effect on the EEG of the sensory stimulation, 
sleep, drugs and intellectual activity. Also, he found a distinction between two contrasting 
rhythms of wakefulness: 'alpha rhythm' – or 'passive EEG', at low frequency – and 'beta 
rhythm' – or the 'active EEG', at a higher frequency (Zeman, 2015). In the 1960s, Grey 
Walter made a number of discoveries using the electroencephalogram, followed in the 
next decades by reaserchers such as Jacques Vidal, Thomas Elbert, Lawrence Farwell and 
J. Mouriño, who attempted to develop different systems that use the scalp-recorded EEG 
over those which engage the functions of the visual cortex (Graimann, Allison & 
Pfurtscheller, 2010, pp.1-27 in Girase & Deshmukh, 2016, p.2172 ), through which people 
could move with the power of thought different objects connected through wireless 
signal. 

Technology had a considerable evolution over the last decades and now we can 
benefit from devices that use applications for medical purpose – such as detecting 
neurological disorders –, for research or for entertainment – playing games controlled by 
the mind. 

One of the first mobile applications that have been developed resembled a 
wireless EEG headband prototype with four electrods applied on the forehead skin. The 
signal is conveyed to the mobile phone in order to put up a visualization of the brain 
activity, also allowing a simple analysis of the signal. One more example is another 
wearable EEG system – the NeuroPhone system – which was used to directly make a 
phone call by accessing a brain-controlled address book (Dobosz & Wittchen, 2015, 
p.216).  

The EEG devices mostly measure the type of human activity related to attention 
and relaxation. In this respect, the new technology tries to improve the attention and 
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concentration or to induce a state of relaxation through computer connected devices 
which are, for sure, a major advantage for doctors, patients and researchers. 

One of this kind of devices is MindWave Mobile by NeuroSky, an EEG 
communication tool powered by brain activity, which can be used for educational, 
medical, research or entertainment purpose. The applications fitting the device are 
designed for improving the cognitive functions using a fun and interactive way.  

The EEG medical devices are usually more advanced than most of this type of 
consumer devices, but they are not portable and very expensive. Most of the new 
developed devices have one electrode, which is appropriate and enough for many 
applications, though one with a greater number of electrodes is more accurate. They use 
Bluetooth as a communication Brain-Computer Interface to interact with wireless 
devices. Regarding the research field, the MindWave Mobile is the most affordable and 
practical EEG device for observing, recording and analysing brain activity. Equipped with a 
biosensor, this is an accurate, noise-filtering device that captures the electric signals 
translating the brainwaves into different states of mind (moods). It has it’s own Software 
Development Kit (SDK) and good measurement accuracy, aspects that are recommending 
this device as suitable for experiments. 
 
MINDWAVE MOBILE: HOW DOES IT WORK? 
This neuro-feedback type of device is an inovative product by NeuroSky – the american 
company that creates biosensor technology –, which can help the health and wellness 
improvement process. This kind of device is recording the information received through 
electrical signals, information that’s being used in order to influence, if necessary, some 
change in someone’s behavior, for them to find a proper way of living a healthier life 
physically and spiritually.  

Measuring the activity of the brain has required over time an expensive and 
complex equipment that can’t be accesible to everyone. We nowhave an affordable 
option, the MindWave Mobile, which is a low-cost, accessible and practical version of an 
EEG machine, developed by NeuroSky company’s neuroscientists in collaboration with 
partner research institutions4. The incorporated system is compatible with PCs, Mac and 
mobile devices like iPhone, iPad, iOS or mobile operating systems like Android or iOS. The 
pairing of the two devices is possible via Bluetooth. The headset comes with a detailed 
user guide for installing, starting and utilizing the existent applications. 

The device consists of an adjustable headband, a sensor tip (arm), a flexible ear 
arm and an ear clip (the second sensor), the battery area and the power switch (Figure 2). 
Inside the sensor arm is the ThinkGear AM chipset, an EEG sensor that, along with dry-
electrodes and a specially designd electronic circuit perceives the brain signals, filters out 
the noise and the muscle movement, converting to digital power.5 It also has a 
Electromyography (EMG) sensor which also measures the blink strenght value. MindWave 
Mobile has been compared with a wet electrode EEG system named Biopac, which is used 
in medical and research applications. As Mr. Krysztof Dobosz and Mr. Piotr Wittchen 
assert, ‘the results show that differences between measurements are very small and 
acceptable’ (Dobosz & Wittchen, 2015, p.217).  

                                                           
4http://neurosky.com/biosensors/eeg-sensor/biosensors/ 
5http://neurosky.com/biosensors/eeg-sensor/biosensors/ 
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The MindWave Mobile device measures the EEG power spectrums (the types of 
waves: alpha, beta, gamma etc.) with their related frequencies and the eSense meters – 
the two algorithms for the identification of the mental states of the person who wears 
the headset: attention/concentration and meditation/relaxation. Both the raw signals 
and the eSense meters are calculated in the ThinkGear AM chipset (MindWave Mobile 
User Guide, 2015). The computer serves as a monitor for the Interface of the headset, as 
seen below (Figure 3). This synoptic image of the monitored parameters enables a 
clasification of the attention, concentration, relaxation or meditation levels reached by a 
person throughout an activity. 
 

 

 

Fig. 2. MindWave Mobile Headset                Fig. 3. The Interface of the MindWave Mobile Headset 

 

The software contains various options of applications regarding attention and 
meditation improvement, such as: Art of Zen (meditation), ZenZone (attention, 
concentration), Speed Math (attention, arithmetic skills), ADHD: Superpower for 
Superkids (attention), Alchemy Visualizer (concentration, meditation), BlinkShot 
(concentration), Brain-Starter (concentration), DeepWave (concentration, meditation), 
BrainWave Visualizer (attention/concentration, meditation) etc. 

BrainWave Visualizer is one of the applications that uses music in order to record 
brain activity, and comes directly incorporated into the kit the company provides. This is a 
colorful, interactive application that shows a graphical image of the user’s brain activity. 
The Interface includes the Brainwave Visualization (on the left side of Figure 3), 
Brainwave Power Spectrum Chart (on the right side of Figure 3) and the two eSense 
meters, one for attention, the other one for meditation. The shapes and colours on 
screen are changing according to the state of mind, same as the colours and levels of the 
frequency bands on the chart, which offers a comprehensive look of all the converted 
data. Every frequency band – related to a colour – has a concise description that offers 
general information and the esential characteristics of each state of mind, available by 
clicking on each range of frequency. Regarding the first three frequency ranges, the 
difference (measured in Hz) is not significant, the decisive factor being the level of 
attention – which is very low in the interval of 0 to 10 Hz. This presentation is, as 
mentioned before, a universal one, which takes into consideration the upper limit and the 
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lower limit of each type of brainwave, thus refering to some traits that can be 
characteristic (or very close) to the adjacent frequency ranges and thus, to the frequency-
related states of mind. 

The EEG frequency bands, their features and the related colours are synthesized 
as shown in the table below, accordingly to the program. 

 
 
Brainwave 
type 

 
Frequency 
range 

 
Characteristics of the state of mind 
 

 
Delta 
 

 
0-4 Hz 

 
deep sleep (dreamless sleep); intensive meditation; lack of focus; 
unawareness of the external world 

 
Theta 

 
4-8 Hz 

 
deep relaxation; internal focus; meditation; daydreaming; intuitive; 
contribution to creative thoughts 

 
Low Alpha 

 
8-10 Hz 

 
wakeful relaxation; disengagement; calmness; awareness, without 
concentration; consciousness 

 
High Alpha 
 

 
10-12 Hz 

 
good mood; sense of calmness; calm and focused mind; mental 
stability 

 
Low Beta 
 

 
12-18 Hz 

 
active thinking and concentration; focus on the outside world; 
analythical problem solving; mentally alert 

 
High Beta 
 

 
18-30 Hz 

 
active thinking; focus; logical thinking; alertness; agitation 

 
Low Gamma 
 

 
30-50 Hz 

 
sudden insight; memory; cognitive enhacement 

 
High Gamma 
 

 
50-70 Hz 

 
cognitive processing; consolidation of information; compassion; self-
control; meditation 

 
Table 1. Brainwave frequency types and characteristics 

 
Regarding the recording of the data, the only available application matching for 

pairing with the device is iTunes (version 9).The iTunes Media Bar has two options: one 
for recording the brainwave data and one for reproducing it, the only condition for the 
last option is that the recorded musical piece has to be played in the background.  

The eSense meters show the level of focus or relaxation that the user experiences 
in a specific moment, in real time. We have to keep in mind that the eSense meter values 
describe a range of activity and not an exact number. Also, the two meter values are not 
mutually exclusive; we can have a high range of meditation and a high range of 
concentration (as it’s shown in Figure 3), but the relation, the ratio between them and the 
predominant one establishes the type of brainwaves, which is related to a general state 
of mind. For each type of eSense meter we have a scale from 1 to 100, where a value 
from 40 to 60 is considered a reference, a ‘neutral’ value. Above this, between 60 and 80 
is considered a ‘slightly elevated’ one, meaning highter than normal,  and the interval 
between 80 and 100 represents an ‘elevated’ value. Below 40 means a reduced level of 
concentration or meditation, but a higher state of distraction or agitation, according to 



48 

 

each type of meter. The eSense meter for attention indicates the level of concentration 
and direct (and stable) mental activity. It can be improved by practicing visual focus on a 
single element or an idea in the process, or just imagining the dial moving toward a higher 
level. The eSense meter for meditation indicates one’s level of calmness and relaxation. 
For improving the meditation level, it just helps trying to be at peace, relax, keep a calm 
state of mind and clear all the thoughts and distractions (Mindwave Mobile User Guide, 
2015). 
 
THE MUSICAL EXPERIENCE USING BRAINWAVE VISUALIZER APP 
The research consisted in monitoring how different music genres affect, through 
listening, one person’s and the whole group’s concentration and relaxation levels 
throughout an established playlist of musical pieces. In order to get the most accurate 
result, a set of constant factors which created the same context for the whole group had 
to be taken into consideration. 

The result is synthesized in a graphic chart (Table 2) which presents the states of 
mind associated with the representative colour of the related frequency band for every 
subject of the experiment and each musical piece. It also has a rubric for the majority 
result, where the most relevant percentage of the brainwave types is mentioned, in order 
to observe the overall effect of every musical piece on the whole group. For each person, 
the visual result can be noticed vertically. 

The visual graphic is the result of monitoring a group of 20 young persons of ages 
between 24-39 years old, who were listening to 10 musical pieces of approximately 4 
minutes varying from classical music to jazz, dance and rock music, both instrumental and 
vocal, comprising almost 40 minutes. The study involved 10 men and 10 women for the 
ratio regarding the gender to be relevant, but also having in mind the idea of checking if 
there is a significant dissimilarity regarding the musical perception between the two 
genders.  

The group was a mixed one in terms of the personal field of activity and consisted 
in an equitable part of artists (mostly musicians – instrumentalists – and a designer), 
organizational professionals (Management, Public Relations, Marketing, IT), medical 
teachers and students and matematicians. The monitoring was done at a time with each 
person; for objective reasons that depended on the availability of the space it couldn’t be 
done in just a single location, but the relevance of this factor remains since the main 
space was prevailing at a percentage of 70%. In addition, each location was adequate to a 
context of quietness and confort, planned to minimize disruption.  

The purpose of the experiment was to see the different manners in which various 
musical genres affect one’s level of concentration or relaxation – if it is the case. In this 
matter, each person was given the task to follow the evolution of music, in order to have 
a more precisely result of the two processes. If it is the case that somebody just takes the 
process as listening to ambiental music and not trying to focus at the course of the 
musical flow, the result will always head towards lower frequencies, because the person 
started right from the beggining with the premise that it’s just a matter of recreation and 
detachment. But, even the slightest effort to follow the music will increase the results 
consisting in higher frequency bands, hence starting the process of attention 
improvement. 



49 

 

One of the constant elements was also the period of the day, which was in a ratio 
of 80% (due to the available time of the persons) the interval between 3-8 p.m. This 
represents an important feature in the experiment, because the results where affected by 
the mood that each one was in at the beggining of the process. In the second part of the 
day, when most of the people were, to a lesser or greater extent tired from their work, it 
is understandable the result of predominant lower frequencies related to a lesser degree 
of attention. But the overall result was surprising, regarding the predominance of alpha 
waves frequencies, mostly high alpha – related to a focused mind and mental stability.  

For the well rested subjects, the eSense meters reached the peak very often, thus 
confirming the significance of this factor. As it is shown in the graphic below, there were 
noticed also higher frequencies than alpha – beta and gamma waves – associated with a 
great level of focus and cognitive processing. In this respect, we have to give credit to the 
great quality that music has, the fact that it is enriched with all the resources for 
improving one person’s concentration and relaxation levels, in which the deliberate  
attention is the determinant. It is understandable that a repetitive, minimalist piece of 
music will not have the same effect as far as the enhancement of the level of attention is 
concerned. The element of that 'something new' usually captivates, channeling the 
attention towards it.  

Also, after the individual discussion held with every person after the listening, the 
musical preferences of every person emerged as a relevant factor in one’s and implicitly 
the general group’s result. For the majority of musicians, the classical music pieces 
weren’t so demanding in terms of keeping a focused mind because what mattered the 
most was the familiar nature of the music piece(s) or genre. Due to this aspect of 
familiarity, the result led automatically to a higher level of relaxation or detachment. This 
can be seen in the same graphic chart, where the orange-marked zones represent the 
theta waves, a result suited for the persons who confirmed that the musical pieces in 
hand where the ones they liked the most or felt most confortable and relaxed listening 
to. Also, low frequency alpha waves resulted for the great majority in either a state of 
profound calmness or simple detachment, very close to theta waves (the difference 
between the frequency bands is 4 Hz), but involving just a little more wakefulness. 

In everyone’s case the maximum level of attention and/or meditation was 
reached at least once. For each one of the persons involved, the two eSense meters 
showed the same level of both operations, at times. As the graphic table shows, the 
music fragments placed in the middle of the playlist have better results regarding the 
concentration level and the explanation can be found in the diversified group that unites 
the most different musical pieces in terms of the character of the genre (jazz, dance, rock 
music). At this middle zone of the playlist, the music is more fast and lively so, through its 
more demanding character regarding the attention level, the eSense meter showed a 
comparable level with the first and the last musical fragments that had more moderated 
rhythms.  

When someone encountered an unfamiliar musical genre, the BCI usually induced 
a higher level of attention (especially for those who listen classical music little to none). 
The persons who, in their day to day life refuse to listen to some of the music genres 
included in the playlist, experienced a state of detachment resulting in low frequency 
brainwaves. For the musicians and classical music lovers, the level of calm and relaxation, 
even detachment was high, because they were familiar with the genre and most (or all) of 
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the music pieces. They didn’t have the element of surprise and their attention was not 
entirely focused at the music evolution.  

There was a person (no. XIV) who liked very much rock music and that moment 
was the only one that engaged the person’s entire attention. The next musical piece 
found the person in the same mood area – her concentration was at her maximum level 
from the musical piece from before – but after the next piece she returned to being in a 
detached mood like at the beggining, as the more melancholic and calm musical 
fragments arrived. 

Regarding the experience of the musicians, some of them declared that they 
were following deliberately a single element of music at a time, for instance, a person 
who played an instrument that was part of the music was more concentrated and 
attentive – not surprising at all – at the evolution of that instrument’s melody.  

As it can be observed, the playlist mainly consists of classical music repertoire, 
but this was not a determinant for the overall results; there was no distinction between 
the general results of the musicians and the results of the others in this matter.  

The attention and concentration don’t have exactly the same meaning in the field 
of psychology, as it is referred in the MindWave device program; there is a very subtle 
difference between them. Attention is defined as a cognitive process of selectively 
concentrating on one element while ignoring other stimuli, in other words, focusing your 
awareness on a singular aspect with the exclusion of the others. Concentration is the 
ability to mantain a focused and undivided attention to something as much as possible. 

There is also a difference between the terms ‘relaxation’ and ‘meditation’. 
Regarding the two eSense meters of the device, meditation is an improper term to be 
used when we refer to the lower frequencies, which are characteristic for a detached, 
calm state of mind.  

 

 
 



51 

 

 

 
Table 2. Experiment results chart 

 
Relaxation is related to a lower frequency, but as the level rises, we find that 

meditation is a more suitable term, involving intrinsec analysis, a process more personal, 
but also completed with focus and mental stability. 

At this level, relaxation is somehow incorporated in a meditation state of mind 
when experiencing a mood related to a higher frequency band, like the kind of meditation 
the buddhist monks practice. 
Finally, we can only affirm something about the effect of music on someone if we are 
refering constantly to that someone’s personality and taste in music. This is, indeed, a 
shortcoming of the technology nowadays, that the devices can read complex signals, 
transforming and analysing them, but thy can’t read accurately our thoughts and feelings. 
 
CONCLUSION 
Summarizing the information of the present paper, it can be concluded that: 

 the MindWave Mobile device detects EEG signal from the brain and EMG signals 
from eyeblinks and forehead muscles 

 the device measures the brain activity in terms of blink detection and eSense 
meter values 

 the BCI communicates the user’s command to the wireless paired device which 
gives (visual) feedback to the user 

 the good measurement accuracy of the EEG device in discussion is recommending 
it as suitable for medical purpose and research, at least 

 this device doesn’t recognize, measure or analyse thoughts or feelings, but 
associates frequency bands with general states of mind  
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 the signal can be deliberately manipulated by the user regarding both eSense 
meters, by exercising focusing on one point for concentration and freeing the 
mind for meditation 

 MindWave Mobile analyzes the ratio between the concentration (attention) and 
relaxation (meditation) levels, which can be both at a high level on the same time, 
depending, in addition to the already existing factors, on the complexity and 
depth of the music  

 for the lower frequencies, a proper distinction between the state of calmness and 
detachment, even distraction, can’t be observed just by looking at the course of 
the analysis; here comes into play the relevance of the individual discussions with 
every person after the listening process, regarding each musical piece 

 we can only make a statement about the effect of music on someone if we are 
refering constantly at his/her psychological factors: current mood and level of 
fatigue, personality features and personal taste in music 
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