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Resumen

El consumo de sustancias psicoactivas es un problema de salud pública que afecta cada vez más a la población adolescente. 
La presente investigación tuvo como objetivo registrar la actividad eléctrica cerebral (EEG) en tareas de atención (sostenida 
y selectiva) en un grupo de adolescentes policonsumidores. Se empleó un diseño ex post-facto retrospectivo con grupo cuasi 
control, en 46 adolescentes con edades entre los 12 los 17 años: 23 policonsumidores y 23 cuasi-controles. Para el registro de 
la actividad eléctrica cerebral se utilizó un equipo de BCI (Brain Control Interface) Emotiv EPOC research grade 14 Channel 
Mobile EEG y se aplicó el Programa virtual de entrenamiento cerebral Brain HQ con el módulo “enfoco mi atención” para la 
evaluación de la atención. Los resultados mostraron un incremento de ondas cerebrales beta-β (13-30 Hz), theta-θ (4-7 Hz) y 
delta-δ (3-4 Hz) en áreas frontales y prefrontales en los adolescentes policonsumidores en tareas de atención en comparación 
con el grupo cuasi-control. Se identificó una diferencia significativa con respecto al tiempo de respuesta entre los adolescentes 
consumidores de sustancias psicoactivas frente al grupo cuasi-control en ambos tipos de tareas atencionales.
Palabras clave: adolescentes, atención, BCI (Brain Control Interface), electroencefalografía, Emotiv EPOC, policonsumo.

Brain electrical activity of attention in polydrug adolescents using an 
equipment BCI (Brain Control Interface)

Abstract

The consumption of psychoactive substances is a public health problem that increasingly affects the adolescent population. 
This investigation had the objective of record the brain electrical activity (EEG) in attention tasks (sustained and selective) in 
a group of polyconsumers. Employment a retrospective ex post-facto design with a quasi-control group with 46 adolescents 
between 12-17 years old: 23 polyconsumers and 23 quasi-controls. For the recording of brain electrical activity, it was used 
a equipment BCI (Brain Control Interface) research grade 14 Channel Mobile EEG and applied the Brain Training Virtual 
Program "Brain HQ" module “focus my attention” to evaluate the attention. The results showed an increase in beta-β (13-
30 Hz), theta-θ (4-7 Hz) and delta-δ (3-4 Hz) brain waves in frontal and prefrontal areas in adolescent polyonsumers versus the 
quasi-control group in attention tasks. Likewise, identified a significant difference with respect to the response time between 
adolescents consuming psychoactive substances in relation to the quasi-control group in both types of attentional tasks.
Keywords: attention, BCI (Brain Control Interface), electroencephalography, emotiv EPOC, polydrug, teenagers.
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Introduction

According to the United Nations Children's Fund 
(UNICEF) (2011), adolescence is defined as a stage that 
goes from 10 to 19 years of age, characterized by emo-
tional, cognitive, behavioral and physiological changes. 
Among the latter, multiple neuro-anatomical differences are 
recognized in the literature (Golarai, et al., 2007, Mota & 
Corral, 2011), neuro-biochemical (López, et al., 2014) and 
neuro-physiological (Weise, Eisenhofer & Merke, 2002). 
Likewise, the cognitive mechanisms of inhibition and the 
search for reward are also in a process of modification 
during this stage (Lacono, Malone & McGue, 2008) and 
generate a greater vulnerability in adolescents for assuming 
risk behaviors, such as the consumption of psychoactive 
substances (Corominas, Roncero, Bruguera & Casas, 2007; 
Garcia, Garcia, & Rivera, 2015; Lima, 2007).

The National Study of Consumption of Psychoactive 
Substances in Colombia carried out by UNICEF in 2013, 
indicated that the consumption of alcohol and tobacco is 
the most prevalent in the country and that the substance 
most consumed by young people between 12 and 17 years 
old is marijuana. The National Government of the Republic 
of Colombia (2013) with the support of the United Nations 
Office on Drugs and Crime (UNODC), the Inter-American 
Commission for the Control of Drug Abuse (CICAD, for its 
Spanish acronym) of the Organization of American States 
(OAS) and the Embassy of the United States in Colombia 
(INL) indicated that 13% of people in Colombia had used an 
illicit substance at least once. Likewise, it established that the 
first substance most consumed was Cannabis and that of the 

group of respondents, 62% correspond to adolescents aged 
12-24 years and the second substance identified concerns 
cocaine. Similarly, in 2016 the UNODC pointed out that 
250 million people aged between 15 and 64 years of age 
had consumed at least one illicit substance during 2014, 
and it was identified that 29 million consumers suffered 
from a disorder associated with this consumption, finding 
an increase in cocaine consumption from 14 million to 18.8 
million in 2014 and a maintenance of cannabis consump-
tion of 3.8% registered from 1998 to 2014, among others.

The consumption of psychoactive substances, according 
to DSM-IV, is understood as the dependence to various 
substances that an individual experiences, characterized as a 
consumption of at least three substances (caffeine or nicotine 
are not included) for a period of at least 12 months (APA, 
2005). Along this same line, craving is defined as the intense 
desire to consume one or several psychoactive substances 
which occurs during the period of abstinence in drug dependent 
individuals.  This desire is generated by learning mechanisms 
since it is elicited from a stimulus present in the environment 
that has been previously associated with drug consumption 
(Acosta, Cervantes, Pineda, Torre, López & Cárdenas, 2011). 

Addiction and craving after polydrug use are explained 
from neurobiology, identifying dopamine as the neurotrans-
mitter with the greatest involvement. Redolar (2008) con-
siders this neuro-biochemical as one of the most important 
catecholamines of the central nervous system involved in the 
reinforcement of learning and memory processes. According 
to Daza (2009), a decrease in the function of the mesolimbic 
dopaminergic system has been observed in adolescence, iden-
tifying a reduction of dopamine in the synaptic cleft, which 

Atividade elétrica cerebral da atenção em adolescentes policonsumidores 
por meio de um equipamento de Brain Control Interface (BCI)

Resumo

O consumo de substâncias psicoativas é um problema de saúde pública que afeta cada vez mais a população adolescente. Esta 
pesquisa teve como objetivo registrar a atividade elétrica cerebral (EEG) em tarefas de atenção (sustentada e alternada) num 
grupo de adolescentes policonsumidores. Foi empregado um desenho ex post-facto retrospectivo com grupo quase- controle, 
em en 46 adolescentes entre 12 e 17 anos de idade: 23 policonsumidores e 23 quase-controles. Para o registro da atividade 
elétrica cerebral, foi utilizado um equipamento de Brain Control Interface (BCI) Emotiv EPOC research grade 14 Channel 
Mobile EEG e foi aplicado o Programa Virtual de Treinamento Cerebral Brain HQ, com o módulo “foco minha atenção” para 
a avaliar a atenção. Os resultados mostraram um aumento de ondas cerebrais beta-β (13-30 Hz), theta-θ (4-7 Hz) e delta-δ 
(3-4 Hz) em áreas frontais e pré-frontais nos adolescentes policonsumidores em tarefas de atenção em comparação com o 
grupo quase-controle. Foi identificada uma diferença significativa a respeito do tempo de resposta entre os adolescentes 
consumidores de substâncias psicoativas ante o grupo quase-controle em ambos os tipos de tarefas de atenção.
Palavras-chave: adolescentes, atenção, BCI (Brain Control Interface), eletroencefalografia, Emotiv EPOC, policonsumo.
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contributes to emotional and behavioral changes since there 
is evidence of a decrease in the level of motivation causing 
significant behavioral alterations and characteristics of this 
stage, which revolve around boredom, dissatisfaction and 
anhedonia. These neuro-biochemical changes contribute to 
the explanation of adolescents' involvement in reinforcing 
behaviors, such as substance abuse.

In reviewing the research literature, several studies are 
identified showing the neurological changes generated by 
psychoactive substances which alter neurobiochemistry 
and brain physiology both in adolescents and adults. The 
following citations refer to this issue: (1) concerning alcohol 
(Esel, 2006; Fagundo, Martin, Abanades, Farré & Verdejo, 
2008; García & Barriguete, 2012; Gilpin & Koob, 2008; 
León, González, León, Armas, Urquiza & Rodríguez, 2014; 
López, et al., 2014); (2) with respect to cocaine (Caballero, 
2005; Connolly, Foxe, Nierenberg, Shpaner & Garavan, 
2012; Crespo & Rodríguez, 2007; Fernández, 2006; Guardia, 
2001; Madoz, Ochoa & Martínez, 2009; Moratalla, 2008; 
National Institute on Drug Abuse, 2010; Nestler, 2005; 
Urigüen & Callado, 2010); (3) regarding ecstasy (Colado, 
2008, Gaviria, 2010, Partilla, Dempsey, Nagpal, Blough, 
Baumann & Rothman, 2006); (4) about heroin (Kosten & 
George, 2002; Kreek, Levran, Reed, Schlussman, Zhou & 
Butelman, 2012); (5) as for nicotine (D'Souza & Markou, 
2011; Pérez et al., 2011); and in relation to cannabis (Mena 
et al., 2013; Rodríguez, Carrillo & Soto, 2005; Van Hell, 
Vink, Ossewaarde, Jager, Kahn & Ramsey, 2011). 

Attention and electroencephalography in polydrug users
Attention is defined as a coordinated set of mechanisms 

that fulfill a function in the identification and selection of 
environmental stimuli that are important for the resolution 
of cognitive tasks (Ríos, Muñoz & Paúl, 2007). Within the 
classification of the different subtypes of attention, two 
classes are identified: 1) selective attention, which refers to 
the ability to focus on a relevant environmental stimulus, 
eliminating those stimuli that are not pertinent at a certain 
moment, and 2) sustained attention, relating to the ability to 
maintain focused attention in the performance of a task for 
long periods of time (Sánchez, Vázquez & Valiente, 2011).

The presence of an attention deficit  in polydrug ado-
lescent consumers coexists with psychophysiological 
alterations, since the consumption of different psychoac-
tive substances produces changes on the normal cerebral 
activity, causing variations with respect to the frequency 
and amplitude of brain waves around different cerebral 
areas (Acosta, Cervantes & Puentes, 2009;  Colzato, Van  
& Hommel, 2009; Coullaut, Arbaiza, Arrúe, Coullaut  & 
Bajo, 2011; Fernández, Pérez & Verdejo, 2011; Jacobus 

&Tapert, 2013; Madoz & Ochoa, 2012; Mena, et al, 2013; 
Mota & Corral, 2011, Pagani, 2014;  Rosselli & Ardila,1996).

Among the brain areas involved in attention, the par-
ticipation of right frontal circuits in sustained attentional 
tasks is highlighted, while the right posterior parietal cortex 
is related to selective and sustained attention (Cuervo & 
Quijano, 2008). Other associated areas are the corticostriatal 
circuit (anterior cingulate gyrus, amygdala, nucleus accum-
bens), in which, in turn, there is an increase in dopamine as 
a result of drug use and the predisposition for the subject to 
fix their attention on the same (Franken, 2003). Likewise, 
those stimuli that are associated with drug use will help 
provoke and maintain the search for drugs (Belin, Belin-
Rauscent, Murray & Everitt, 2013)

The recording of brain waves is carried out from the 
electroencephalogram (EEG), which is defined as an ex-
tracellular recording technique that measures the current 
density of cortical potentials (Silva, 2011) and a functional 
brain test that allows determining cortical electrical activity 
from a graphic record of it (Talamillo, 2011). The EEG is 
made up of a series of electrodes, whose cerebral location 
depends on the International System 10-20 (González, 
Ortiz, Gutiérrez & González, 2011). Cortical activity is 
represented by brain waves which have a low voltage, and 
therefore, an amplifier is required to observe and interpret 
them, being usually very small (Silva, 2011).

The brain waves associated with the attention process 
are theta-θ (4-7hz) and alpha-α (7-13hz) waves (Carretie, 
2009; Salgado, 2003). They are present in healthy subjects: 
the former are related to the support attention provides to 
cognitive processes, including learning (Lee, 2013)  and the 
latter are identified in relaxed alert states (Lomas, Ivtzan 
& Cynthia, 2015). With respect to attention deficit, the 
presence of theta-θ (4-7hz) and beta-β (13-30hz) waves in 
EEG has been documented in subjects with Attention Deficit 
Hyperactivity Disorder (ADHD) (Lansbergen, Arns, Van, 
Spronk & Buitelaar, 2011; Van et al., 2010).

Several studies have shown the presence of differen-
ces in the wave spectral power after the consumption of 
psychoactive substances. In the case of alcohol consump-
tion, Courtney & Polich (2010) identified  the presence of 
delta-δ (0-4 hz) and fast beta-β (10-35 hz) waves; Ehlers 
&  Phillips (2007) found a reduction of alpha-α waves (7-
13hz); Camelo, Rojas, Mejía & Castro, 2015; Quesada, Díaz, 
Herrera, Tamayo & Rubio (2007) detected an increase of 
theta-θ (4-7hz) and delta-δ (0-4hz) bands, associated with 
cortical atrophy, suggesting the possible existence of a 
frontal dysfunction and explaining the lower performance 
in psychological attention tests; and Bauer (2001) came 
across an increase in fast bands helping predict the relapse 
to consumption
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With regard to EEG studies in cocaine or benzoylmethyle-

neggonin, there have been several findings like the following: 
an increase in beta-β (13-30hz) in central-frontal cortical re-
gions and an increase in alpha-α (7-13hz) in frontal-temporal 
regions, being beta- β greater than alpha-α (Heming, Glover, 
Koeppl, Phillips & London, 1994); an increase of theta-θ 
(4-7hz) and beta-β (13-30hz) in prefrontal cortex (FP1-FP2) 
(Reid, Flammino, Howard, Nilsen & Prichep, 2006); a decrease 
in theta-θ ( 4-7hz), beta-β 1 and beta-β 2 in posterior brain 
regions and a tendency of delta-δ decrease in parietal regions 
(Copersino, Heming, Better, Cadet  & Gorelick, 2009); a de-
crease in alpha- α (7-13hz), a tonic increase in theta-θ (4-7hz) 
and a tonic decrease in delta-δ (0-4hz) (Kiyatkin & Smimov, 
2010); a reduction in alpha-α (7- 13hz) after exposure to stimuli 
associated with cocaine use (Liu, Vaupel, Grant & London, 
1998); a left hemispheric imbalance caused by the increase 
in delta-δ (0-4hz) in response to gratifying conditions in de-
pendent subjects (Balconi & Finocchiaro, 2015). Moreover, 
the EEG in individuals who have consumed Cannabis and are 
in a period of abstinence is characterized by the presence of 
beta and gamma waves (Allsop & Copeland, 2016).

EEG research on ecstasy users or 3,4 Methylene-
dioxymethamphetamine, as that of Adamaszek, Khaw, Buck, 
Andresen, and Thomasius (2010) showed that consumers 
of this substance: a) had an increase in beta-β (13-30hz) 
compared to controls; b) a low activity of alpha-α (7-13hz) 
and theta-θ (4-7hz) and c) an increase of theta-θ (4-7hz) in 
users of medium and high consumption.

In relation to EEG studies in nicotine-consuming subjects, 
there is an increase in beta-β (13-30hz) over the left and 
posterior frontal lobe in smokers exposed to smoking-related 
stimuli (Littel, Franken & Van, 2009) and a significant 
increase in alpha-α frequency (7-13hz) before cigarette 
stimuli (Cui et al., 2013). 

EEG research in opioid users identify an increase in 
alpha-α (7-13hz) and a decrease in delta-δ (0-4hz) (Phillips, 
Heming & London, 1994), and also a significant increase in 
delta- δ (0-7hz) in heroin users (Greenwald & Roehrs, 2005).

There are other studies whose objective has been exa-
mining EEG changes in consumers of different psychoac-
tive substances (Ceballos, Tivis, Prather &Nixon, 2008; 
Lansbergen, Dumont, Van, Buitelaar &Verke, 2011).

Recording of brain electrical activity through BCI
Brain Control Interface (BCI) is defined as the technology 

that allows the individual, through the acquisition of brain 
waves, to interact with their environment (Santana, Ramírez 
& Ostrosky, 2004). Brain activity is recorded by means of an 
EEG and processed in order to distinguish tasks or mental 
states (Flórez, Azorín, Úbeda & Fernández, 2011) as a result 

of changes in neuronal activity (Zhao, and Zhang, 2007). 
Over the last  years, this technology has motivated many 
researchers to develop an efficient and reliable brain-computer 
interface; this technology follows the same basic principle 
(recording of brain activity, signal processing and characte-
rization, and interaction with the environment according to 
the user's purposes), regardless of the way the technology of 
the devices used in the different research groups is operated.

Most studies with BCI technology have been carried out 
with different aims, such as the following: a) restoring the 
movement of neuro-prosthesis in patients with tetraplegia by 
means of brain electrical activity, which represents messages 
(Nicolas & Gómez, 2012); b) enhancing communication in 
tetraplegic patients from a 6x6 board, which is related to the 
P300 evoked potential that has been used as a device that 
provides communication (Duvinage, Castermans &  Dutoit, 
2012); c) envisaging moving images according to audio- visual 
signals presented by a computer and a loudspeaker (Choi, 
Ryu, Lee & Lee, 2011); d) evaluating the corresponding EEG 
artifacts with movement or blinking of the eyes (Bobrov, 
Frolov, Charles, Fedulova, Bakhnyan & Zhavoronkov, 2011); 
e) identifying which type of physiological signals registers 
EPOC EMOTIV (Duvinage et al., 2012); f) recording EEG 
in relation to mental tasks in healthy subjects (Flórez et al., 
2011); and g) developing and evaluating the BCI commands 
that tetraplegic patients could learn to control (Kauhanen, 
Jylanki, Lehtonen, Rantanen, Alaranta & Sams, 2007). 

In the study of cognitive processes and even more, of 
problems such as the consumption of psychoactive subs-
tances, there are few studies that show the application of 
these devices. Therefore, this research aimed to record brain 
electrical activity (EEG) in attentional tasks (sustained and 
selective) in a group of polydrug adolescent consumers 
versus a quasi-control group, by means of an Epoc Emotiv 
BCI (Brain Control Interface) instrument.

Method

Design
For this research, a retrospective ex post facto design 

with a quasi-control group was used (León & Montero, 
2003). The first of these, the target group, was made up 
of a group of adolescents who had the same value in the 
independent variable (presence of polydrug use) which 
was the variable under examination; and the quasi-control 
group, characterized by a group of adolescents who did not 
present this value in the independent variable (absence of 
polydrug use) but who were very similar to the previous 
group in those variables to be controlled.
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Participants

The sample consisted of a group of 46 male adoles-
cents (23 polydrug consumers belonging to the Centro de 
Orientación Juvenil Luis Amigó  [Luis Amigo Juvenile 
Orientation Center] and 23 quasi-controls of a state school 
in Bogotá) aged 12-17 (M = 14.60, SD = 1.67) chosen by a 
self-selective non-probabilistic sampling, with similar socio-
demographic characteristics (basic primary educational level, 
1-2 socioeconomic status), with no history of neurological 
problems, psychiatric disorders, organic diseases and / or 
diagnosis of cognitive deficit. The group of polydrug users 
showed a history of polydrug use of at least one year, with 
a period of abstinence of at least one month and a minimum 
consumption of three psychoactive substances.

Instruments 
The Alcohol, Smoking and Substance Involvement 

Screening Test (ASSIST), version 3.1 (World Health 
Organization, 2011). This test is aimed at people with 
psychoactive substance consumption, whose objective is 
to inform the risk for each substance that the user reports 
having consumed; it consists of 8 questions with a running 
time of 5-10 minutes.

Emotiv EPOC research grade 14 Channel Mobile EEG 
(Designed by the company Emotiv Inc). It is a system that 
detects and amplifies the brain electrical signal from a hel-
met that contains 14 surface electrodes (AF3, F7, F3, FC5, 
T7, P7, O1, O2, P8, T8, FC6, F4, F8, AF4) and 2 reference 
ones (P3 and P4), based on the international system 10-20. 
EPOC Emotiv uses the sequential sampling method, only 
ADC (analog-to-digital conversion), at a speed of 128 or 
256 SPS * (2048 internal Hz) operating at a resolution of 
14 bits. The bandwidth is between 0.2-43 Hz, with digital 
notch filters at 50 Hz and 60 Hz. The filtering is built in 
synchronous and fifth order digital form. The dynamic 
range (reference input) is 8400μV peak-to-peak. The cou-
pling mode is AC (alternative current). The connectivity 
is wireless 2.4GHz band.

Virtual Brain Training Program "Brain HQ" Module "I 
focus my attention". (Merzenich, 2003). This module allows 
to measure and assess sustained and selective attention, 
and also to obtain the response time of each participant. It 
consists of the presentation of a series of pairs of geometric 
figures (visual stimuli) of different colors and shapes through 
a computer, whose exercise includes two tasks: A) selection 
by color:  the participant must press the "YES" key each 
time both geometric figures have the same color, and press 
"NO" each time both figures have a different color;  and B) 
selection by shape: the participant must press the "YES" key 
each time both geometric figures have the same shape and 

press "NO" each time both figures have a different form. The 
execution time for each task corresponds to 2 to 3 minutes, 
which depends on the execution of each participant. Both 
tasks involve processes of sustained and selective attention 
under a Go no Go paradigm, but they differ in the type of 
information (color or shape) that the subject must discrimi-
nate, and in turn, inhibit erroneous responses.

Procedure
Once the sample was selected, it was organized by age 

groups (12, 13, 14, 15, 16 and 17 years), assigning 8 adoles-
cents to each one, corresponding either to the target or the 
quasi-control groups. However, for the group of 12 years 
only 6 adolescents were included. The following phases were 
included: 1) initially, a clinical history and the application of 
ASSIST test were performed. 2) Subsequently, a preparation 
phase took place, which consisted of providing instructions 
and recommendations to the participant to be applied during 
the recording of the brain electrical activity throughout the 
tasks. 3) The Cerebral Electrical Record was carried out 
consecutively by the Emotiv Xavier Test Bench software in 
a controlled environment, placing the subject in front of the 
computer and initiating the capture of the cerebral electrical 
activity corresponding to the channels AF3, AF4, F3, F4 , F7, 
F8, FC5, FC8 for both tasks (A and B) of the Virtual Brain 
Training Program "Brain HQ" Module "I focus my attention". 

Data analysis
A frequency analysis was used for the data corresponding 

to the ASSIST test, which allowed obtaining the number 
of users for each one of the psychoactive substances and 
the frequency of consumption for each one. To determine 
the type of distribution of the variable response time of 
the virtual brain training program "Brain HQ" Module "I 
focus my attention", the Kolmogorov-Smirnov test was 
used, yielding a non-normal distribution (p <0.05); based 
on this, the Mann-Whitney U-test, corresponding to a non-
parametric test, was applied. The statistical analyzes were 
performed using the SPSS Software Version 20.

In relation to the analysis of cerebral electrical records, 
obtained from Emotiv Xaier Test Bench software, the reading 
and description of each of them was carried out, identifying the 
graphic elements associated with the selective and sustained 
attention in both groups for both tasks. Finally, the quantitative 
analysis of brain electrical records was performed by means 
of the Fourier Transform Scale, using bandpass filters that 
employ the MATLAB software's firpmode function, from 
which the frequencies of 3-4 HZ for delta -δ were taken into 
account; 4-7 HZ for theta-θ; 7-13 HZ for alpha-α, and 13-30 
HZ for beta-β.  The filtering process was started from 3 HZ 
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since it was probable that there would be noise at frequencies 
between 0-2 Hz and greater than 45 HZ.  EPOC EMOTIV also 
has a 0.2-45 Hz band pass fi lter in order to control impedance 
effects. Likewise, a segmentation process was performed for 
each of the records, processing only 70-90 seconds; this time 
was associated with the attention tasks in order to obtain the 
signal related to them. This allowed obtaining power spectral 
density graphs for each one of the participants with respect to 
each one of the selected channels and attentional task

Ethical considerations
This study took into account the following considera-

tions set forth in the Code of Ethics of the Psychologist: 
(1) confi dentiality (Law 1090 of 2006, title II, article 2, 
number 5), which establishes that the psychologist cannot 
reveal the patient’s confi dential and private information 
unless it is done under their consent or that of their legal 
representative; (2) professional secrecy  (Law 1164 of 2007, 
article 36), which establishes that confi dentiality, reliability 
and credibility in the fulfi llment of commitments must be 
maintained; also, article 74 of the Political Constitution of 
Colombia) establishes that professional secrecy is inviolable 
(Colegio Colombiano de Psicólogos, 2013)

Results

Following is the frequency analysis for the data co-
rresponding to the ASSIST, the quantitative analysis of the 
response times of the virtual brain training program "Brain 
HQ" Module "I focus my attention", and the quantitative 
analysis of the electrical brain records through the Fourier 
Transform Scale supported by some of the electroencepha-
lographic records.

The Alcohol, Smoking and Substance Involvement 
Screening Test (ASSIST) 

The consumer screening test allowed identifying the 
substances consumed with respect to the polydrug user 
group. Within this group, 95.7% of the participants reported 
having used tobacco, 100% alcohol, 100% cannabis, 95.7% 
inhalants and 87% sedatives. (See Figure 1).

Similarly, in relation to the frequency of consumption 
for each of the substances by the polydrug group, most of 
the subjects reported having consumed tobacco (65%), 
cannabis (78.3%) and inhalants (39 ,1%) daily, compared 
with those who reported having consumed alcohol (78.3%) 
and sedatives (34.8%) on a weekly basis (See Figure 2).

Response times of the virtual brain training program 
"Brain HQ" Module "I focus my attention"

A non-parametric U-Mann-Whitney statistic was used 
to identify differences between the group of polydrug ado-
lescent users and the quasi-control subjects with respect 
to the response times for both attention tests (A and B).

Table 1. 
Mann-Whitney U test for response times per group

Group/Test A B
Objetive

Median 
31,07 31,91

Quasi-Control 15,93 15,09
Z -3,840 -4,263

Signifi cance **0,000 **0,000

Note: A: color selection task and B: shape selection task. 
**:Signifi cance lower than 0.01.

Once the Mann-Whitney U test was performed, a di-
fference in the average range was identifi ed for each group 
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spectral power density graphs, a predominance of combi-
ned theta-θ (4-7hz) - beta-β (13-30hz) waves (See Figure 
3) and theta-θ (4-7hz) - delta-δ (3-4hz) waves (See Figure 
5) on channels AF3, AF4, F3, F4, F7, F8, FC5, FC8, was 
observed in the group of polydrug users, corresponding to 
prefrontal and frontal brain areas during tasks A and B for 
the majority of participants. In relation to the quasi-control 
group of adolescents, a prevalence of combined theta (4-
7hz) - alpha-α (7-13hz) waves was identifi ed in channels 
AF3, AF4, F3, F4, F7, F8, FC5, FC8 during the execution 
of both tasks A and B for the majority of participants of 
the different age groups (See Figures 4 and 6).

with respect to each attention task, whose difference was 
signifi cant at 0.01. In this regard, polydrug adolescent users 
obtained a greater median in both tasks with respect to the 
quasi-control adolescents. Therefore, it can be stated that the 
consumers group had greater response times in each of the 
tasks with respect to the quasi-control group (See Table 1).

Recording of brain activity during the attention test
After the qualitative analysis allowing to identify the 

graphic elements, and the quantitative one, from the Fourier 
Transformation Scale of the EEG records allowing  to obtain 
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Figure 3.  A) Spectral Power Density and B) EEG Record with the Bench Test: during task A of selective and sustained 
attention of the Virtual training program "Brain HQ" Module "I focus my attention" in a polydrug adolescent consu-
mer. Graph and EEG Record associated with channels AF3, AF4, F3, F4, F7, F8, FC5, FC6 showed a predominance of 
theta-θ - delta-δ waves.
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Figure 4. A) Spectral Power Density and B) EEG Record with the Bench Test: during task A of selective and sustained 
attention of the Virtual training program "Brain HQ" Module "I focus my attention" in a teenager of the Quasi- Control 
group. Graph and EEG record associated with the channels AF3, AF4, F3, F4, F7, F8, FC5, FC6 showed a predominance 
of theta-θ - alpha-α waves.

 
Figure 5. A) Spectral Power Density and B) EEG Record with the Bench Test: during task B of selective and sustained 
attention of the Virtual training program "Brain HQ" Module "I focus my attention" in a polydrug adolescent consu-
mer. Graph and EEG record associated with channels AF3, AF4, F3, F4, F7, F8, FC5, FC6 showed a predominance of 
theta-θ - beta-β waves.
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Discussion

The objective of this research was to record brain 
electrical activity (EEG) in attentional tasks (sustained 
and selective) in polydrug adolescent consumers using an 
Epoc Emotiv BCI (Brain Control Interface) instrument. 
The results obtained show the presence of theta-θ (4-7hz) - 
beta-β (13-30hz) and theta-θ (4-7hz) - delta-δ (3-4hz) waves 
in the group of polydrug adolescent users, in prefrontal 
and frontal areas associated with the channels AF3, AF4, 
F3, F4, F7, F8, FC5, FC6, and these in turn, related to the 
attentional process (Squire, Noudoost, Schafer & Moore, 
2013). The presence of theta-θ (4-7hz) - beta-β (13-30hz) 
waves in polydrug adolescent consumers is a fi nding that 
correlates with electroencephalographic recordings of sub-
jects with ADHD who present a similar electrophysiological 
pattern. This indicates the possible existence of alterations 
in the attentional process in polydrug adolescent users 
(Adamaszek, Khaw, Buck, Andresen & Thomasius, 2010, 
Heming et al., 1994, Kiyatkin & Smimov, 2010, Lansbergen 
et al., 2011, Reid et al. ., 2006; Van et al., 2010). Polydrug 
use is a disorder characterized by behavioral disinhibition 
(Lacono et al., 2008) or decreased ability to regulate control 
over desire (Feil, Sheppard, Fitzgerald, Yucel, Lubman & 

Bradshaw, 2010), which in turn, is characteristic of subjects 
with ADHD.

The increase in theta-θ (4-7hz) - delta-δ (3-4hz) waves 
identifi ed in the present study in polydrug adolescent users, 
suggests a hypo activity in frontal and prefrontal zones 
associated with attentional slowdown, cortical atrophy, 
frontal dysfunction and poor performance in attentional 
tasks, results comparable to those found in the studies con-
ducted by Adamaszek et al. (2010); Balconi and Finocchiaro 
(2015); Courtney and Polich (2010); Greenwald and Roehrs 
(2005); Quesada, Diaz, Herrera, Tamayo and Rubio (2007).

In relation to the quasi-control group of adolescents, a 
predominance of theta-θ (4-7hz) - alpha-α (7-13hz) waves 
was identifi ed in prefrontal and frontal areas associated 
with the channels AF3, AF4, F3, F4, F7 , F8, FC5, FC6 
in the majority of participants of the sample, especially 
in the groups of 12, 14, 15 and 16 years of age during the 
attentional tasks A and B. These waves are representative 
of the attentional process, a fact supported from different 
sources stating that the presence of theta-θ (4-7hz) - alpha-α 
(7-13hz) waves is related to this process (Lee, 2013; Lomas 
et al., 2015). Although theta-θ waves (4-7hz) are observed 
when there is a decrease in the level of activation (Nicolas 
& Gómez, 2012), they are also present and associated 
with states that require a lot of concentration during the 

 

Figure 6. A) Spectral Power Density and B) EEG Record with the Bench Test: during task B of selective and sustained 
attention of the Virtual training program "Brain HQ" Module "I focus my attention" in a teenager of the Quasi-Control 
group. Graph and EEG record associated with channels AF3, AF4, F3, F4, F7, F8, FC5, FC6 showed a predominance 
of theta-θ - alpha-α waves.
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performance of tasks involving the attentional process and 
working memory (Carretie, 2009, Salgado, 2003).

According to the above, these results suggest that the 
consumption of psychoactive substances generate changes 
in adolescents' electrical brain activity. This activity is 
reflected in the attentional deficits observed in polydrug 
consumer adolescents and, in turn, constitutes a possible 
risk factor for the start and maintenance of substance use.

Regarding response times, these were higher in adolescent 
consumers compared to adolescents in the quasi-control 
group during the performance of both attentional tasks 
A and B (Table 1). This finding could be associated with 
the presence of an alteration and / or slowing down in the 
processing of visual information in polydrug participants, 
which affects the performance in tasks of sustained and 
selective attention (Acosta et al., 2009, Fernández et al., 
2011 Jacobus & Tapert, 2013; Mota & Corral, 2011).

This research contributes to the field of psychophy-
siology of brain electrical activity with data that allow 
and help characterize possible electrophysiological pro-
files associated with adolescent population consuming 
psychoactive substances. These profiles could be taken 
into account when evaluating, designing and planning new 
intervention strategies such as feedback for this type of 
population. This work constitutes a first effort to link the 
new brain electrophysiological recording technologies to 
the study of psychobiological aspects of the consumption 
of psychoactive substances.

One of the limitations of this study was the size of the 
sample, so it would be interesting for future research to 
use larger samples in order to contrast and / or replicate 
the results obtained in the present investigation.
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