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The objective of this research was to analyze the effects of
an intervention program through neurofeedback, on the cog-
nitive performance in children with inattention indicators. A
quasi-experimental pretest-posttest study was used under a
positivist epistemology, with a comparative analysis for each
evaluated cognitive process. A sample of 29 cases was in-
tentionally selected from a group of children and young ado-
lescents with low performance indicators from a Therapeutic
Center from Cucuta-Colombia. The neurofeedback program
was developed in 20 sessions with the purpose of increase
low-beta waves (12-16 Hz) and inhibition theta waves (4-7
Hz). A comparative statistically analysis with five months of
difference was carried out using Wilcoxon test, finding sig-
nificant differences between the pretest and the posttest in
neuropsychological tests of auditory-visual attention, encod-
ing memory and planning. The results are discussed with em-
pirical backgrounds that have shown positive effects in this
type of interventions.

Keywords: Attention deficit, Neurofeedback, Neurotech-
nology intervention, Child Neuropsychology.

Introduction

The Attention Deficit Hyperactivity Disorder (ADHD), is typi-
cal of the childhood on which different factors are involved,
producing in the child alterations on the attention, impulsiv-
ity and motor hyperactivity (Curtis, Clemente, Gonzélez and
Hernandez, 2016). Similarly, the American Psychiatric Asso-
ciation (APA, 2013) considers it as a disorder of the neuro-
logical development characterized by a persistent pattern of
inattention, hyperactivity and impulsiveness that interfere in
the normal functioning of the child.

In accordance with Fernandez et al. (2012) the main signifi-
cant interventions have been stimulants, psycho-social thera-
py and combined treatments for these approaches; addition-
ally, the author mentions the existence of alternative strat-
egies such as nutritional supplements, relaxation and Neu-
rofeedback (NFB). The drug treatment has been an option
with significant results in children and teenagers with ADHD
(Rose, Reeves, Gut, & Germak, 2015; Cavadas, Pereira, &
Mattos, 2007; Fernandez-Mayoralas, Fernandez-Perrone, &
Fernandez-Jaén, 2012); however, NFB emerges as a new
non-drug treatment, and preliminary findings indicate a similar
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improvement in comparison with the drug treatment (Meisel,
Aggensteiner, Garcia and Servera, 2012), likewise, Hodgson,
Hutchinson & Denson (2014) reported a history of NFB as a
therapeutic alternative to reduce the symptoms of ADHD.

NFB is a variant of the Biofeedback, which relies on the use
of software and hardware that allows a person to voluntarily
control the electrical activation of the body (Frank, Khorshid,
Kiffer, Moravec & Mckee, 2010); in this case, it refers specifi-
cally to the modification of the electrical activity in the cere-
bral cortex.

Using the NFB technique a person can get information about
any psychophysiological process aiming to learn how to
modify this process on a voluntary basis (Riano, 2012, Evans
2007). Gaviria, Calder6n and Barrera (2014) note that NFB
seeks through operant conditioning that the patient learns
to control the electrical brain activity to increase the desired
brainwaves frequency and remove the unwanted. Therefore,
it is important to mention that changes of electroencephalo-
graphic patterns of attention deficit are modified through vol-
untary control of brain waves.

According to the characteristics of the attention disorder,
Cueli, Rodriguez, Garcia, Areces & Gonzalez (2015) mention
that the treatment should be directed to increase the corti-
cal activity. In accordance with these authors, NFB has been
considered like treatment that allows the increment of this ac-
tivation, not only by the feedback that allows the patient to be
aware, to recognize and increase his/her own level of activa-
tion, but also to establish new neural pathways. Rodriguez &
Criado (2014) consider the NFB as training to patients with
ADHD, developed by the individual control of brain waves
oriented to increase the beta activity and decrease the theta
activity to improve the care processes and the self-control
behavioral measures.

Regarding the effectiveness, the results of the studies indi-
cate that the NFB treatment produces improvements in the
control of the behavior and in the attention symptoms (More-
no, Delgado, Aires & Meneres 2013; Bernal, 2014; Alvarez,
Gonzalez-Castro, Nufez, Gonzalez-Pienda & Bernardo,
2007); Likewise, NFB effects have been reported through
the increment of the sensorimotor rhythm (SMR) and beta
wave (12Hz-16Hz) on the selective attention skills (Moham-
madi, Malmir, & Khaleghi, 2015), as well as improvements
in auditory attention, phonological awareness (Au, Ho, Choi,
Leung, Waye, Kang, & Au, 2014), reaction times (Bakh-
shayesh, Hansch, Wyschkon, Rezai, & Esser, 2011), atten-
tion and memory (Riafo-Garzon & Diaz-Camargo, 2018) and
IQ (Leins et al., 2007).

The study on NFB in children is important considering re-
cent reports that indicate that children from Cucuta-Colombia
have inferior results in attention and planning tasks compared
to previous studies from other cities in Colombia and Mexico
(Riano, Diaz, Torrado, Salomén, Salén & Raynaud, 2017).

Likewise, it is necessary to explore the non-invasive NFB ef-
fects as treatment with empirical support, devoid of training
to parents or caregivers as principles of therapy (Loro-L6pez

y cols., 2009; Helwig 2011; Rangel 2014), lifestyle modifica-
tion (Morales Aguilar, Lastre-Amell, & Pardo Vasquez, 2018),
no side-effects (Lake, 2010; Valverde e Inchauspe, 2014),
improving performance in attentional control tasks and other
cognitive process, decreasing ADHD symptoms. Thus, the
objective of this research was to analyze the effects of an
intervention program through NFB, on the cognitive perfor-
mance in children with inattention indicators.

Design

A quasi-experimental pretest-posttest study was conducted
for analyzing NFB training program effects on the tasks of au-
ditory and visual attention performance. Additionally, memory
processes and executive functioning were evaluated, consid-
ering theoretical relationship between these processes and
the attentional skills (Etchepareborda & Diaz, 2009).

Participants

Minors from six to 14 years old (Boys, n=21 and Girls, n=8)
with school reports of attention difficulties, poor academic
performance and behavioral problems. By intentional sam-
pling, 18 children from 6 to 9 years old, and 11 young adoles-
cents from 10 to 14 years old (WHO, n.d.) were selected given
less than 25 percentile results in attention tests according to
Colombian standardization of Child Neuropsychological Eval-
uation - ENI (Matute, Rosselli, Ardila & Ostrosky, 2013). Par-
ticipants were were referred by school during the period 2014-
2016. Cases with clinical diagnosis other than ADHD and with
pharmacological management were excluded. The study was
approved by the Bioethics Committee of Simén Bolivar Uni-
versity (act number: C2021770117, January 10", 2017).

Procedure

The intervention program was developed in three phases: a)
Initial evaluation of attention processes, memory and execu-
tive functions. B) Implementation of NFB training protocol and
c) Post-intervention assessment.

Instruments

Evaluacion Neuropsicoldgica Infantil - ENI is a Mexican-Co-
lombian standardized test with test-retest reliable in visual
attention (r = 0.77-0.88) and reliability among qualifiers of
0.858-0.987 (Matute et al, 2013). The following ENI subtest
were used: 1) Visual attention was assessed through “cancel-
acion de letras y dibujos” test. 2) Auditory attention through
the task of direct and inverse digit retention. 3) Encoding
memory it was evaluated using the learning curve (4 trials /
12 words) and for long-term memory spontaneous word list
recovery was used, 4) Cognitive flexibility it was evaluated
by card classification subtest and 5) Planning assessment,
“Piramide de Meéxico” was used which consists of building
designs with blocks counting the number of movements.

Neurofeedback training

The NFB training was done through the Brainmaster 2.5 soft-
ware and 2EB Clinical system. The electrodes fixed to the
scalp at Cz location according to the International 10/20 sys-



tem with two mastoid electrodes like reference. The NFB pro- m

tocol was performed under contingencies of auditory and vi-
sual reinforcement, aim to low-beta wave increase (12-16 Hz)
and theta wave inhibition (4-7 Hz) in a monopolar montage.
This training was developed in twenty sessions (two sessions
per week, each session lasting 30 minutes). During the mon-
tage, participants performed five-minute attentional training
activities with Mental Games-Mindplace® software.

Statistical analysis

Qualitative variables were expressed in absolute and rela-
tive frequencies. The normality distribution was determined
through the Shapiro-Wilk test, concluded there was no nor-
mality in data distribution, thus quantitative variables were
expressed in medians (Q1-Q3) and nonparametric statistics
were used.

Comparison pretest-postest resulted from direct scores anal-
ysis in each sub-test of the ENI scale, in groups of children
and young adolescents, differences analysis was performed
using Wilcoxon test. All analyses were carried out using the
SPSS v21.0, statistically significant results were considered
when p<0.05.

A total of 29 minors were studied, (Boys, n=21 and Girls,
n=8) with age between six to 14 years old. Table 1 shows
differences in pretest-posttest cognitive performance, finding
statistically significant differences in scores of auditory atten-
tion tasks, visual attention, encoding-long-term-memory and
planning.

In attention process, increase in the volume of digits reten-
tion task were observed. Likewise, in the drawings and let-
ters selection task, errors of omission and commission were
decreased while execution speed in task was increased.
In words memory tasks, major volume of words recall was
observed, both short and long term. Finally, in the planning
tasks through designs, to decrease in number of movements
for the realization of each model was found (Figure 1).

For the detailed analysis of the increments, direct scores of
each subtest of the ENI scale were averaged grouped by
age and percentile scores. Finally, the percentile scores were
averaged between the groups of age and are presented for
each evaluated process (Table 2).

A correlational analysis between the auditory attention and
memory processes was carried out, pre and posttest analy-
sis, considering that attention is a basic function for the en-
coding memory and storing of information (Table 3).

Fiqure 1. Differences in pretest-posttest average standardized scores in coanitive tasks.
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Table 1. Differences in pretest-posttest cognitive performance

Neuropsychological test Md Ql Q3 VA P value
Audltory attention Pretest 4.0 4.0 4.0 -3.900 .000*
Direct digits Postest 5.0 4.0 5.0
Auditory attention Pretest 3.0 2.0 3.0 -4.134 .001%*
Inverse digits Postest 4.0 3.0 4.0
) . . Pretest 14.0 5.5 19.0 -3.595 .000*
Visual attention drawing
Postest 20.0 15.0 23.5
) . Pretest 16.0 6.5 27.5 -3.559 .000*
Visual attention letters
Postest 24.0 12.5 30.0
Encoding memory Pretest 24.5 20.2 29.0 -4.628 .000*
Postest 31.0 27.0 38.0
Pretest 7.0 53 9.0 -2.880 .004*
Long-term memory
Postest 8.0 7.0 9.8
) o Pretest 1.0 0.0 1.5 -.182 .856
Failure to maintain set
Postest 1.0 0.0 2.0
Pretest 1.0 1.0 2.0 -2.660 ,008*
Category
Postest 2.0 1.0 3.0
. Pretest 10.0 6.5 13.0 -1.803 ,071
Perseveration error
Postest 7.0 4.0 11.0
. Pretest 5.1 4.0 7.5 -4.335 ,000*
Planning
Postest 8.0 7.3 9.0

Md: Median, Q1: Percentile 25, Q3: Percentile 75.

*Wilcoxon test. Significance= p<0.05

Table 2. Differences in pretest-posttest cognitive performance according to age groups.

Children Young adolescents
Neuropsychological tests Md Ql Q3 4 P Value Md Ql Q3 4 P Value
Auditory attention Pretest 4.0 3.0 4.0 -3.162 | 0.002* 4.0 4.0 5.0 -2,333 | 0.020%*
Direct digits Postest 4.0 4.0 5.0 5.0 5.0 6.0
Auditory attention Pretest 2.0 2.0 3.0 -3.035 | 0.002* 3.0 3.0 3.0 -2,887 | 0.004*
Inverse digits Postest 3.0 2.8 4.0 4.0 4.0 4.0
Visual attention drawing Pretest 11.5 3.0 15.5 -2.987 | 0.003* 19.0 14.0 23.0 -1,956 | 0.050*
Postest 18.0 13.0 22.0 22.0 19.0 33.0
Visual attention letters Pretest 11.5 0.0 18.5 -2.182 | 0.02* 27.0 17.0 34.0 -2,805 | 0.005*
Postest 17.0 9.8 24.5 33.0 26.0 49.0
Encoding memory Pretest 22.0 20.0 26.0 -3.628 | 0.000* 29.0 29.0 32.0 -2,936 | 0.003*
Postest 29.0 26.0 315 36.0 31.0 40.0
Long-term memory Pretest 6.0 5.0 7.5 -2.708 | 0.007* 9.0 9.0 10.0 -1,275 0.202
Postest 7.0 7.0 9.0 10.0 8.0 12.0
Failure to maintain set Pretest 1.0 0.0 1.0 -0.264 0.79 1.0 0.0 2.0 ,000 1.00
Postest 1.0 0.0 1.0 1.0 0.0 2.0
Category Pretest 1.0 1.0 2.0 -1.748 0.08 1.0 1.0 2.5 -2,041 | 0.041*
Postest 2.0 1.0 2.0 3.0 1.5 3.0
Perseveration error Pretest 10.0 7.0 12.8 -1.360 0.17 11.0 2.5 15.0 -1,365 0.172
Postest 8.0 6.3 11.8 3.0 1.0 9.0
Pretest 5.1 3.0 8.3 -3.313 | 0.001* 5.1 5.0 7.0 -2,807 | 0.005*
Planning
Postest 7.6 7.0 9.3 8.7 8.0 9.0

Md: Median, QI: Percentile 25, Q3. Percentile 75.

*Wilcoxon test. Significance= p<0.05

Table 3. Auditory attention and memory spearman correlations

Cognitive Process

Enconding memory Pretest

Long-term memory Pretest

Enconding memory Postest

Long-term memory Postest

Auditory attention Pretest

563 (.002)"

450 (.016)"

393 (.038)'

521 (.004)"

Auditory attention Postest

563 (.002)"

,519 (.005)"

,518 (.005)"

,642 (.000)™

Spearman correlation coeficient (P value)

*p<0.05
**p<0.01



The significant improvements found in auditory and visual at-
tention tasks are consistent with the information reported by
Moreno et al. (2013), Bernal (2014), Mohammadi et al. (2015),
Gadea, Alifio, Garijo, Espert, & Salvador (2016) and Alvarez
et al. (2007), who noted significant statistically changes in at-
tention variables thanks to the interventions with NFB, which
in accordance with the approaches stated by Jiménez et al.
(2012) allow suggesting an improvement in memory due to
the strengthening of voluntary care processes.

The differences found in follow-up attention processes can
be explained by changes in theta and beta electrical activity.
In first, theta activity maybe consider as neurophysiological
markers of the ADHD (Yordanova, Heinrich, Kolev, & Rothen-
berger, 2006), for example, increased theta showed associa-
tion between diminished attention test performance (Bink et
al., 2015). Also, in children with a diagnosis of ADHD, observ-
ing high rates of slow alpha and theta waves in frontal lobes
(Meisel et al, 2012; Boutros Fraenkel & Feingold, 2005),
while Meier, Perrig, & Koenig (2015), finding excessive beta
power at frontal, central and parietal brain lobes in adults with
ADHD symptoms.

In this sense, previous findings that have reported a rela-
tionship between the increase of 4-7 Hz slow activity (theta
waves) with a low blood flow in frontal lobes in ADHD (Gunkl-
eman & Johnston, 2005, Toomin 2002) and low metabolism
of the glucose (Gonzalez-Castro, Alvarez, Gonzalez-Pienda,
Alvarez, & Mufiz, 2010) which would explain inattention-
impulsive component; likewise, the presence of low beta
(12-16Hz) brain activity in the central region is called sen-
sory motor rhythm which is related to high voluntary attention
capacity and a greater cortical activation (Meisel, Servera,
Garcia-Banda, Cardo & Moreno, 2013; Franco, 2006) Like-
wise, some reports indicate low levels of beta rhythms in cas-
es of attention deficit (Butnik, 2005, Gonzalez-Castro et al.,
2010; Bakshsayesh et al., 2011), and others add activation
predominance of slow waves in prefrontal regions (Alvarez
et al., 2007; Walker, 2010) which from a physiological look
would explain the inattention in intervened children as well as
those therapeutic effects of the NFB training.

Using the predictive model selected, it was found that the
memory processes can be improved as a result of the incre-
ment in attention abilities, noting that the attention capacity
allows the access to the memory as pointed by Jiménez et
al. (2012). This can be explained warning that the memory
processes will be favored by storing or encryption strate-
gies, which depend on the maturity in executive functions
(Ramirez, Arenas & Henao, 2005; Gomez-Perez, Ostrosky-
Solis & Préspero-Garcia, 2003). Additionally, previous stud-
ies have pointed out that attention disorders at an old age
have shown memory capabilities and reduced impulse con-
trol (Valdizan & Izaguerri-Garcia, 2009).

Differences were found in auditory attention specifically in
inverse digits task, that is related with working memory, sim-
ilar finding to Ghaemi & Toozandehjani (2016) report, who

showed NFB effects on working memory in children evalu-
ated through digit span task, with an intervention protocol of
20 sessions with synchronization of region Cz, with increase
of SMR waves and inhibition of theta waves, as used in this
study. Hosseini, Pritchard-Berman, Sosa, Ceja, & Kesler
(2016), have also reported improvements in working memory,
nevertheless, the authors intervened young adult population,
also adding improvements in other functioning executive pro-
cesses such as inhibitory control and alternating attention.

In relation to long-term memory, in the current research none
statistically significant changes were observed, however
studies carried out with adults showed NFB effects in this
process even with patients with strokes (Kober, Schweiger,
Witte, Reichert, Grieshofer, Neuper, & Wood, 2015), it should
be noted that NFB training protocols based on Alpha waves
protocols have been used to find this effect which is similar to
the initial results of HansImayr, Sauseng, Doppelmayr, Scha-
bus, & Klimesch (2005).

The cognitive flexibility processes evaluated using the card
classification test did not show significant statistically chang-
es, however, when analyzing by groups of age, a greater in-
crease in the number of categories was observed as well as a
decrease of repetitive response in the group of young adoles-
cents, which is a consistent finding in relation to the reports of
Kouijzer, van Schie, Gerrits, Buitelaar & de Moor (2013), who
highlighted NFB effects in the improvement of the cognitive
flexibility, the group of age was formed by school students
who were from 12 to 18 years old. With the latter, it is possible
to expect greater changes in the cognitive flexibility in ages of
secondary school students, which is explained by their neuro-
developmental; insofar maturity in these processes has been
reported in the age of 12 years old (Cinan, 2006), as well as
greater cognitive flexibility between 12 and 16 years old in
comparison with other groups of age that were even higher
(Hauser, lannaccone, Walitza, Brandeis, & Brem, 2015). The
latter agrees to the findings of Hosseini et al. (2016) who re-
ported improvements in development of flexibility cognitive
through NFB training in a sample from 19 to 33 years old. In
this sense, a higher impact of the intervention on cognitive
flexibility is expected in young adult population.

It is worth mentioning that the changes reported in both the
attention processes and the executive functioning allow infer-
ring better self-regulation skills in intervened children.

Conclusions

We concluded that NFB training for therapeutic purposes
is effective and efficient to increase indicators of attention,
short-term memory, and planning, noting that changes were
obtained with an intensity of 20 sessions, classifying it as an
effective treatments in the cost-duration perspective. The im-
pact of the increment in the capacities of attention processes
should be mentioned from the indirect effects of the program,
finding in the study that auditory attention variability predicts
40% of the memory performance. Additionally, it is also not-
ed the relationship with attention, as a basic process that




enables the development of the memory-knowledge, even
the intelligence.

These results, besides validating the NFB effects in a Colom-
bian border context, should be taken into account as a strat-
egy that used along to other therapies, can enhance the ef-
fects getting effectiveness and efficiency to the management
of the attention deficit that involves behavioral, contextual
and physiological components. The extension of the study
using representative samples is expected, including random-
ization, long term follow-up and comparisons with the control
group that would allow classifying this intervention alternative
as highly efficient.
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