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The Effect of Neurofeedback Training on Variables of

Attention in Healthy Adults
Saglikly Yetiskinlerde Sinirsel Geribildirim Egitiminin Dikkat
Degiskenleri Uzerindeki Etkisi

Hande Kaynak 1@, Burak Erdeniz 2@

Abstract

The aim of present study is to examine the effect of neurofeedback training on attentional processes
in two groups of healthy adult participants. During the experiment, participants in the experimental
group were required to complete two puzzles displayed on the computer screen while having neu-
rofeedback training. During this procedure, performance on the puzzles was based on participants’
brain activity that was recorded from the (z area. Moreover, before and after completion of seven
neurofeedback sessions, Stroop task was used to measure selective attention performance. Results for
the Stroop task showed that although there was a significant reaction time difference before and after
the neurofeedback training, there was no significant main effect of group (experimental vs. control
group). Furthermore, the reaction time to complete the puzzles across the sessions did not differ
significantly between the experimental and the control group. Improving the training program by
increasing the number of training sessions and employing a more attention-demanding task in the
training sessions might have resulted in an expected effect of neurofeedback.
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0z

Bu calismanin amac sinirsel geribildirim (neurofeedback) egitiminin dikkat siireci Gizerindeki etkisi
saglikh yetiskinlerden olusan iki katilima grubunda incelenmistir. Deney esnasinda, deneysel gruptaki
katiimalar, bir yandan sinirsel geribildirim egitimi alirken diger yandan kendilerinden bilgisayar
ekraninda gosterilen iki adet bulmaca oyununu tamamlamalan istenmistir. Bu islem sirasinda,
katiimalanin bulmaca ¢dzme performansi, elektrotlarin yerlestirildigi Cz bélgesinden elde edilen
beyin dalgalarina gdre degisim gostermektedir. Ayrica, toplam yedi sinirsel geribildirim oturumu
odncesi ve oturum sonrasinda segici dikkat performansini 6lgmek amaciyla Stroop gérevi kullanilmistir.
Stroop gdrevinin sonuglan, sinirsel geribildirim egitimi dncesi ve sonrasinda kaydedilen tepki sireleri
arasinda anlaml fark bulundugunu gdsterse de, grubun (deneysel grup ve kontrol grup) temel etkisi
anlamli bulunmamistir. Diger yandan, oturumlar boyunca bulmacalan tamamlamak icin gerekli tepki
siiresi deneysel ve kontrol gruplarinda anlamli olarak degisiklik gdstermemistir. Egitim oturumlarinin
sayisini artirarak ve egitim oturumlarinda daha dikkat gerektiren bir gorevi kullanarak egitim pro-

graminin iyilestirilmesi sonucunda, sinirsel geribildiriminin beklenen etkisi goriilebilir.
Anahtar sozciikler: Sinirsel geribildirim, elektroensefalografi, dikkat, Stroop gérevi.
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BIOFEEDBACK requires individuals to modify certain psychophysiological processes
of which they are not normally aware (Vernon 2005). It simply works as “feeding” the
information “back” to individuals who generated the bio-signals in the first place. In
this regard, individuals are actively engaged in controlling their own physiology (i.e.,
heart rate) (Fuller 1984). Here depending on the type of biofeedback technique being
used the feedback can be presented either visually or auditory (Thompson and Thomp-
son 2003). Neurofeedback (NF, also called electroencephalographic -EEG— biofeed-
back) on the other hand, is dependent upon certain electrophysiological features of the
brain activity and requires individuals to willingly change their cortical activity (Vernon
2005). In other words, an individual can learn to modify the amplitude and frequency
of the relevant electrophysiological components of their own brains. Therefore, the
main goal of neurofeedback training (NFT) is to teach individuals to recognize which
specific mental/psychological states can lead to changes in cortical activity and how
such states can be voluntarily activated. During NFT, the electrophysiological activity is
recorded by EEG machine and then the changes in the signal are fed back to partici-
pants as visual or auditory stimuli (Vernon 2005).

In the neurofeedback technique, the experimenter measures the frequency and
amplitude of different brain waves, which are recorded by electrodes (sensors) placed
using a highly conductive electrode paste on the surface of the skull. The electrode
records electrical activity produced by the neurons in the brain. The raw EEG then
shows the morphology (shape) of the waves, the amplitude (how high the waves are
from peak to trough), and the frequency (how many waves there are in one second).
Here it is important to mention that different EEG patterns correspond to different
mental states. For instance, there are different patterns for sleep and waking, for focu-
sed concentration and problem solving, or for day dreaming, and these are categorized
as delta, theta, alpha or beta activity (Thompson and Thompson 2003). In the current
study, as explained in more detail below, our primary focus was theta and beta activity
because previous studies showed they are involved in selective attention (Bagar et al.
1999, Bagar et al. 2001) and sensorimotor feedback respectively (Egner and Gruzelier
2001, Doppelmayr and Weber 2011).

The activity between the frequency ranges of 3-7 Hz, 4-7 Hz, or 4-8 Hz are called
theta activity. The origin of this thythm appears to be in the thalamus and in the limbic
system. These waves are found during drowsiness or arousal in older children and adults
(Thompson and Thompson 2003). On the other hand, the source of the beta waves is
above 12 Hz (except for sensorimotor rhythm). These waves are found during active,
busy, anxious thinking, or active concentration (Vernon 2005). 13-15 Hz is called
sensorimotor rhythm (SMR) which is found across the sensor-motor strip. It occurs
when there is a decrease in the activity of the sensory and motor pathways, which run
through the thalamus (Thompson and Thompson 2003). Similarly, it occurs when less
attention is paid to sensory input and when there is decreased motor output. The waves
between 16-20 Hz is often referred to as low beta, and the waves between 20-42 Hz are
referred to as high beta (Thompson and Thompson 2003).

The underlying rationale of applying NFT to enhance performance is based on the
association between the activity in the brain and changes in a mental state for a specific
situation. By identifying the relation between the patterns of cortical activity and speci-
fic mental states, one can change their behavior (Enriquez-Geppert et al. 2017). The
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training process results in changes in the EEG signals, which in turn causes changes in
behavior (Vernon 2005). However, this finding might occur due to the correlation
between the EEG signals and behavior. Since correlation does not imply causation, it is
not possible to indicate that changes in the EEG signals always result in changes in
behavior. On the other hand, behaviors can be changed by applying the “operant condi-
tioning” principles. Thorndike (1898) showed that when the actions are followed by
positive reinforcers, they will increase the repeatability of that behavior in the future
(Edward Thorndike’s Law of Effect). In the neurofeedback technique, the behavior,
that is the production of a particular brainwave pattern, is reinforced. Here the reinfor-
cer, which provides information about the success in a particular behavior can be pre-
sented either visually or auditory. In other words, external reinforcers can influence
physiological changes in the body (Sterman 2000). This technique is based on the basic
principle that is when the experimenter rewards the production of a particular brain
wave pattern with auditory or visual feedback, then that information acts as a reinforcer
for the individual and consequently, the experimenter increases the likelihood of recur-
rence of that brainwave activity (Thompson and Thompson 2003).

In most EEG experiments, researchers can acquire electrical recordings from mul-
tiple sites on the brain. In general, the number of electrodes is called channels. For
example, the electrical activity is measured from 64 different places of the brain in a 64-
channel recording. The number of channels in an experiment is important if one aims
to make source localization for finding the source of the brain activity in a spatial do-
main.

However, only one (single) or two (dual) electrode mechanisms are usually used in
NFT (Demos 2005). In the single electrode recording, the researcher puts the electrode
on the brain area that is studied. For example, previous studies showed that recording
from the Cz area is critical for attention and Fp area is critical for working memory
(Basar et al. 1999). The electrodes are mostly placed on the skull surface according to
underlying neuronal structures. For example, in the working memory experiments, one
gets the recording from Fp, because the frontal lobes are suggested to be mostly invol-
ved in the working memory tasks (Onton et al. 2005). In the single-channel recordings,
the reference electrodes are generally attached to earlobes which have neutral electrical
potential to ground the electrical activity. On the other hand, if dual-electrode recor-
ding is performed, the two electrodes are placed on separate skull regions where one is
placed on the source location and the other is placed as a reference point on a separate
body region (Demos 2005).

The applications of the neurofeedback are various and can be used for treating spe-
cific patient groups including substance abuse (Scott et al. 2005), epilepsy (Monderer et
al. 2002, Egner and Sterman 2006), hemiplegic shoulder reeducation (Deniz et al.
2018), and fibromyalgia (Kayiran et al. 2010). Neurofeedback also appears to be a
promising alternative for Attention Deficit Hyperactivity Disorder (ADHD) (Lubar et
al. 1995, Lansbergen et al. 2011, Yaylaci et al. 2019). For the ADHD patients, NF was
shown to reduce the behavioral symptoms and improve cognitive performance (Micou-
laud-Franchi et al. 2014). There are three neurofeedback methods applied in children
with ADHD. One of them is training in decreasing power of theta (4-8 Hz). Two
other parameters contain training in increasing the power of beta (15-20 Hz) and
increasing the power of the sensorimotor rhythm (SMR, 12-15 Hz) (Vernon et al.
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2004). Most researchers integrate at least two parameters, such as inhibiting theta and
enhancing beta power (Lubar et al. 1995) or inhibiting theta, enhancing beta and en-
hancing SMR (Alhambra et al. 1995). In the literature, to the best of our knowledge,
there are only two studies that used self-regulation training of slow cortical potentials
(SCP) (Heinrich 2004, Strehl et al. 2006). The results of these studies which focused
on self-regulation of theta, beta and/or SMR suggested that neurofeedback treatment
reduces ADHD symptoms (Leins et al. 2007, Gevensleben et al. 2014).

The aim of the present study is to examine whether individuals trained to enhance a
particular EEG component, namely SMR frequency, and theta activity with neurofe-
edback technique, would be inclined to better use attentional resources during the
Stroop task, which has been claimed to be associated with SMR frequency component
(Egner and Gruzelier 2001, Egner and Gruzelier 2004).

We examined attention performance of two healthy groups, the experimental group
and the control group. After the NFT, we expected the training group to enhance their
SMR activity (12-15 Hz) and inhibit theta (4-7 Hz) frequency. On the basis of previ-
ous research (Egner and Gruzelier 2001, Egner and Gruzelier 2004, Vernon et al.
2004), we would expect SMR training to positively influence one’s use of attentional
resources. The control group was involved only in the pre- and post-attention tasks,
without attending to NFT sessions. The attention task employed was the Stroop Task
(Stroop 1935, MacLeod 1991) in which subjects were assigned to three subtasks, which
were saying the color of a series of geometrical shapes (i.e., rectangles), reading the
printed words which were color names, and saying the color of the printed words while
avoiding reading the word itself.

Previous findings (Alhambra et al. 1995, Egner and Gruzelier 2003, Vernon et al.
2004) with neurofeedback training suggest that SMR training has effects on attention
performance. Specifically, it has been shown that SMR training with neurofeedback is
associated with commission error reduction in a go/no-go task, which measures focused
attention (Egner and Gruzelier 2003, Vernon et al. 2004). In a go/no-go task, partici-
pants are required to choose response to either “go” or “no-go” stimulus. In this sense, a
go/no-go task requires response inhibition, which is also associated with one of the
main cognitive components measured by Stroop task. Stroop task conditions requiring
inhibitory control reflect the information process, in the same manner, a go/no-go task
does. Tasks which measure executive functions include both Stroop and go/no-go tasks.
These studies also showed that SMIR training would not result in significant change in
reaction time in a go/no-go task. Based on previous findings, it was hypothesized that

1. Scores in Stroop task administered before and after SMR neurofeedback trai-

ning would differ from the participants in the control group who were not
exposed to SMR neurofeedback training. Specifically, it was hypothesized that
the Stroop effect in terms of the amount of time the task takes (that is, the dif-
ference in the amount of time between the task of naming the color of the
words and reading the words) recorded at the beginning and at the end of 4
weeks would differ in two groups (namely, experimental group which takes
NFT, and control group which takes no NET).

2. SMR neurofeedback training would reduce the time needed to complete the

training tasks across sessions, only in the experimental group..
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Method

Participants

Fifteen healthy adult participants (thirteen females and two males) who have completed
an undergraduate degree were recruited. The age of the participants ranged from 23 to
33 years old (Mean:25.33, SD:2.08). They had normal or corrected to normal vision
and had no recorded history of neurological or psychiatric disorders. One of the partici-
pants in the neurofeedback group dropped out after three weeks of NFT. Remaining
fourteen participants were involved in the study. Finally, participants were instructed
not to consume caffeine-related products on the day of the session. Consecutive samp-
ling method was used to recruit these participants. All participants voluntarily partici-
pated in the experiment and gave informed consent prior to the beginning of the expe-
riment. This method was approved by Gazi University School of Medicine and was in
accordance with the Helsinki Declaration.

Experimental Design

After sampling, participants were randomly assigned to two groups, namely the expe-
rimental and the control group (seven participants in each group). The two groups were
matched for gender, age and education. In order to test the hypotheses concerning the
effects on behavioral attention measures, both groups were assessed on the Stroop task.
For the experimental group, NFT sessions were conducted in a private room. Light
conditions in the room were adjusted in order to avoid distraction during the course of
the NFT sessions. During the NFT sessions, participants were left alone in the training
room for better concentration (Figure 1).

L

Figure 1. ne of the participants while taking neurofeed- .Figure 2. One of the Puzzles-Dolphin used in NFT
back training sessions.

Assessment Instruments and Tasks

Sustained Attention Performance

Selective visual attention was examined using a paper-based standard psychometric test,
namely, the Stroop task immediately before and after the end of 4-week training inter-
ventions. In the Stroop paradigm, stimuli are divided into three types of trials (congru-
ent, incongruent and neutral), depending on the consistency between words and colors.
During the incongruent item condition, words are presented in mismatching colors
(e.g., the word green printed in blue) relative to the congruent item condition where
words are presented in matching colors (e.g., the word green printed in green). In the
first part of the task, participants are instructed to read the words, and in the second
part they are instructed to name the color of the words. For the last session, participants
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are usually instructed to name the color ink while they suppress reading color names.
The differences in reaction time between congruent and incongruent stimulus are called
the Stroop effect.

In the current study, the participants were presented with three blocks of trials in
the same order. In the first block, the participants saw rectangular objects in different
colors and they were asked to name the colors of them; in the second block, they were
asked to read the words which were printed in different color; and finally in the last
block of trials, they were asked to name the color of the words. Reaction times were
recorded with a chronometer in each block. Errors and spontaneous-immediately cor-
rected- errors were also recorded by the experimenters if encountered any.

Neurofeedback Training (NFT)

Neurofeedback software was executed in a Casper model computer with 512 MB RAM
and 2 GHz Intel(R) Pentium(R) Processor. During the NFT sessions, a commercially
available hardware/software package, the BioGraph/ProComp+ biofeedback system,
was used with silver coated electrodes. Before the acquisition electro-gel was also used
to improve conduction in electrodes. All the data acquisition was performed using the
Biograph Infiniti software version 2.5.2 at 160 Hz from the Cz area and the reference
electrode was placed to the right earlobe. In this regard, dual-electrode recording was
performed. Initially, for preprocessing, the raw signal was A/D converted and then a
band-pass filter was used to decompose theta (4-8 Hz), SMR (12-15 Hz) and beta
(18-22 Hz) components. Moreover, total power was calculated for each frequency band
with using moving average power-spectral analysis.

Afterwards, the two of the decomposed frequency components (SMR and theta)
were fed back to the participants as bar graphs. During the puzzle task, these SMR and
theta activity were shown to the participants as dynamically changing bar graphs repre-
senting total power for SMR and theta frequencies. Here the task for the participants is
to increase the height of the bar associated with theta activity and decrease the height of
the bar associated with SMR power. When the power in the specific frequency band
reaches a specific threshold, the puzzle parts open automatically and the goal of the
participants is to maintain the activity in that threshold by focusing on the screen.
Therefore, the performance in the puzzle is based on how well the participants change
their SMR and theta frequencies. On meeting this goal for a predefined duration (see
Figure 2), a tone was presented simultaneously with a symbol on the computer screen
that indicates the score of the participants (generally 100 points for completion of each
puzzle). Frequency bars (theta and SMR), number of points visible (22) and number of
Y seconds a piece of puzzle (1) can be seen in Figure 2. It is important to note that
participants did not receive additional instructions on how to change their neural acti-
vity. They were just instructed to focus on the screen (for visual feedback purposes) to
find their own way of improving the neural signals.

Procedure

During the NFT sessions, each participant received two training sessions per week over
a 4-week period. Most of the training sessions were arranged on Wednesday and Sa-
turday afternoons. If the participants were not available in those dates, they were ran-
domly allocated for another weekday with none of the participants had any two NFT
session occurred in three consecutive days. First, the participants in the experimental
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group completed the Stroop task before the NFT session. Second, before the experi-
ment, the participants in the experimental group were instructed on how the NFT
works and how they can maximize their performance by increasing the theta and decre-
asing the SMR frequency component (Fishbein et al. 1990). The participants in the
experimental group were required to complete two puzzles displayed on the computer
screen while having NFT. While three types of puzzles were employed throughout the
whole experiment, randomly two of these puzzles were presented in a single session.
Therefore, different puzzles were employed for each session (see Figure 3). During this
procedure, performance on the puzzles was based on participants’ brain activity that was
recorded from the Cz area. Similar to the study of Lubar et al. (1995), the NFT sessi-
ons took approximately 7-min for each puzzle depending on the performance of the
participant. At the end of each NFT session, the participants in the experimental group
completed the Stroop task immediately. Finally, participants were debriefed and were
asked to describe how they felt about their NFT performance.

The Complet Dolphin The Complete Stop Sign
Figure 3. Puzzle set used in the experiment.

The Complete Tomato

On the other hand, the participants in the control group did not receive any NFT
session. They just completed the Stroop task before the whole experiment and after
four weeks later at the end of the whole experiment. In other words, the control group
was involved only in the pre- and post-attention tasks, without attending to NFT
sessions. After the final session when the participants in the experimental condition
completed the whole experiment, all participants were thanked for their contribution to
science by participating in the study.

Results

Stroop Performance

Subtask of Stroop Task: Naming the Color of the Words

The data were analyzed in a 2 (time: before, after NFT) x 2 (group: experimental,
control) mixed analysis of variance (ANOVA). The independent variable “time” was
within subjects; while the independent variable “group” were between groups. Partici-
pants’ performance on the subtask of Stroop task, namely, the “naming the color of the
words” was assessed. In this regard, the statistical analyses were performed on “reaction
time to complete the subtask of Stroop task” and “the number of errors made by the
participants” as the dependent measures, respectively. For all of the analyses, the signi-
ficance was set to .05 alpha level. The means and standard deviations of the Stroop
subtask scores (reaction time and errors) of the participants in the experimental and
control groups are given in Table 1.
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The results indicated a main effect of time on the reaction time (in seconds) to
complete the subtask of Stroop task (F (1,12) = 23.53, p = .000, n_p”2 = .66), showing
that the reaction time to complete the Stroop subtask prior to NFT was significantly
longer (M=55.26; SD=2.1) than the reaction time after the NFT session (M=49.39;
SD=2.1). However, there was no significant main effect of group (F (1,12) = 1.12, p =
.31) and no significant interaction effect between time and group (F (1,12) = 3.60, p =
.08).

There was no main effect of time on the number of errors at the Stroop subtask (F
(1,12) = .36, p = .56). Similarly, there was no main effect of group (F (1,12) = .83, p =
.38) and no interaction effect between time and group (F (1,12) = .36, p = .56).

Tablo 1. Participants’ Stroop Subtask scores in terms of reaction time and errors (mean=SD)

Experimental Group Control Group
Before After Before After
Stroop subtask (RT- in sec) 54.29+9.26 46.12+7.83 56.22+5.87 52.65+7.83
Stroop subtask (Errors) 0.43+1.27 0.57+0.56 1.14+1.35 0.71+0.76
M= mean, SD= Standard deviation, RT= Reaction time
Stroop Effect

Differences in performance between the two subtasks, namely, between the “naming
the color of the words”, and the “reading the words” were examined separately on the
“differences in the reaction time to complete the tasks” and the “differences in the
number of errors made by the participants” by 2 (time: before, after NFT) x 2 (group:
experimental, control) mixed ANOVA. The means and standard deviations of the
Stroop effect scores (reaction time and errors) of the participants in the experimental
and control groups are given in Table 2.

The results revealed a main effect of time on the differences in the reaction time (F
(1,12) = 5.28, p < .05, n_p”2 =.31), indicating that the amount of time prior to NFT
sessions were significantly longer (M=29.51; SD=1.9) than the amount of time after the
NEFT session (M=26.40; SD=1.9). However, similar to the subtask of Stroop, there was
no main effect of group (F (1,12) = 1.42, p = .28) and no significant interaction effect
between time and group (F (1,12) = 1.75, p = .21).

The results on the “differences in the number of errors made by the participants”
did not reveal a main effect of time (F (1,12) = .34, p = .57). Similarly, there was no
significant main effect of group (F (1,12) = .73, p = .41) and no interaction between
time and group (F (1,12) = .95, p = .35).

Tablo 2. Scores of Stroop effect in terms of reaction time and number of errors (mean=+5D))

Experimental Group Control Group
Before After Before After
Stroop effect (TS- seconds) 28.17+£8.91 23.26+7.16 30.84+ 5.64 29.52+7.73
Stroop effect (Errors) 0.57+1.13 0.57+0.53 1.14+1.35 0.57+0.79

M= mean, SD= Standard deviation, RT= Reaction time

Puzzle Solving Durations across Neurofeedback Training Sessions

Repeated ANOVA was used to compare puzzle solving durations among seven NFT
sessions in the experimental group. The results showed that the amount of time to
complete the task did not significantly differ across the sessions (F (6, 36) = 1.62, p >
.05). Moreover, paired samples t-test was conducted to see whether puzzle solving
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duration (in sec) between the first session and the last session differ from each other.
Statistically, session 1 (M=783.57) and session 7 (IM=681.29) did not differ in terms of
puzzle solving duration (t6=1.62, p > .05. Table 3 presents the means and standard
deviations of the puzzle solving durations across NFT sessions.

Table 3. Means and standard deviations of the participants’ puzzle solving durations across NFT sessions

Puzzle Solving
Durations Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7

(in sec)

Mean 783.57 659.71 763.85 689.71 725.00 659.28 681.29
Standard 23105 65.2 206.02 8835 202.95 M.47 129.65
deviation

Discussion

The present study was designed to test the effects of NFT on selective attention by
using a well-known attention task, namely the Stroop task. The results for the Stroop
task, which was administered before and after NFT showed no significant difference
between the experimental and the control group but showed a significant main effect of
time (before and after NFT). Furthermore, SMR neurofeedback training did not redu-
ce the reaction time needed to complete the training tasks (puzzles) across seven sessi-
ons.

The results obtained from the present study did not confirm the previous studies,
which explored the effects of SMR training on attentional resources. Previous findings
showed that SMR frequency is associated with commission errors in go/no-go tasks
(Egner and Gruzelier 2003, Vernon et al. 2004), which are supposed to measure focu-
sed attention by requiring participants to respond to a target stimulus but not to a non-
target stimulus. In the current study, we aimed to measure a similar cognitive process by
using Stroop task, however the results did not show an association between errors and
SMR training. The attentional process required in these two attention tasks are diffe-
rent in nature and the tasks measure different aspects of the attentional process. Speci-
fically, the commission error in go/no-go tasks is due to an inability to inhibit a non-
target symbol, whereas the error in Stroop task is due to the inability to inhibit reading
performance, which is commonly considered as an automatic process (MacLeod 1992).
These results suggest that it is important to distinguish different aspects of attention in
order to improve selective attention performance and employ the NEFT sessions accor-
dingly.

Findings suggest that Stroop task performance not only improved in the experi-
mental group but also in the control group, and this sets forward other questions. The
first one is that enhancement in the performance of the experimental and control group
might be simply due to familiarity with the Stroop task. Secondly, there is always a
possibility that some other experimentally uncontrollable variable such as a sports acti-
vity or activities such as going to yoga or pilates might have influenced the individuals’
performance. For example, by chance, after the experiment, one of the participants in
the control group reported that she has started to attend pilates sessions three times a
week in the middle of the NFT period. Therefore, it is possible that conscious partici-
pation in body training activities might have a positive effect on mental states and
might lead to better concentration (Bernardo 2007, Memmedova 2015). Such a situa-
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tion might also have happened in the experimental group. Besides that, onset/offset
time of sleep and sleep duration of the participants were not controlled, these factors
might also have affected the findings. Therefore, one of the main arguments for the
decrease in duration of the Stroop performance might be caused by the confounding
factors.

Regarding the NFT sessions of the experimental group, the results demonstrated
that although there was a decrease in NFT time, this decrement was not significant. In
other words, the reduction in the puzzle solving durations among seven NFT sessions
have been obtained as expected, although it was not statistically significant. Besides, the
first and the last NFT session did not differ in terms of puzzle solving duration. Several
factors might have led to these findings. One of them was the number of training sessi-
ons. As it has been suggested by a recent study (Davelaar 2017), EEG neurofeedback
training requires multiple sessions to detect specific components in attentional proces-
ses. It is possible that if the training sessions had been longer, the decrement in NFT
time may have been significantly different. Another reason for insignificant NFT time
may be due to the lack of attractiveness of the tasks (i.e. tomato, dolphin, stop sign
puzzles) used during the training sessions. The puzzles might not be attention-
demanding enough and this might influence the participants’ motivation in completing
the puzzles. Therefore, improving the training program by increasing the number of
training sessions and employing a more attention-demanding task in the training sessi-
ons might have resulted in an expected effect of NFT.

One of the limitations of the present study was the time interval between the trai-
ning sessions. Although we randomized the order of the sessions and none of the parti-
cipants have two NFT sessions in three consecutive days, it might be the case that more
frequent NFT sessions might be necessary to induce significant changes in attention
performance. Another limitation of the current study is the total number of volunteers
and the higher proportion of women volunteers participated in the experiment. Due to
its longitudinal nature, such studies have high dropout rates and hard to find volunteers
without a strong motivational incentive. Future studies need a larger number of partici-
pants and equal proportions of men and women in order to have a definitive conclusion
on the effectiveness of NFT. Moreover, it is crucial to compare different cognitive tasks
and associate the right frequency components with each variable of attention for future
research.

References

Alhambra MA, Fowler TP, Alhambra AA (1995) EEG biofeedback: a new treatment option for ADD/ADHD. J Neurother, 1:39-43.

Basar E, Basar-Eroglu C, Karakas S, Schiirmann M (1999) Are cognitive processes manifested in event-related gamma, alpha,
theta and delta oscillations in the EEG? Neurosci Lett, 259:165-168.

Basar E, Basar-Eroglu C, Karakas S, Schiirmann M (2001) Gamma, alpha, delta, and theta oscillations govern cognitive processes.
Int J Psychophysiol, 39:241-248.

Bernardo LM (2007) The effectiveness of pilates training in healthy adults: an appraisal of the research literature. J Bodyw Mov
Ther, 11:106-110.

Davelaar EJ (2017) Testing the specificity of EEG neurofeedback training on first- and second-order measures of attention. In
Foundations of Augmented Cognition: Neuroergonomics and Operational Neuroscience (Eds DD Schmorrow, (M
Fidopiastis):19-27. New York, Springer International.

Deniz V, Sarpel T, Giirsoy S (2018) Reeducation of hemiplegic shoulder by using EMG biofeedback. Cukurova Med J, 43:692-697.

Demos JN (2005) Getting s.tarted with neurofeedback. New York, WW Norton.

Doppelmayr M, Weber E (2011) Effects of SMR and theta/beta neurofeedback on reaction times, spatial abilities, and creativity. J

Psikiyatride Giincel Yaklagimlar - Current Approaches in Psychiatry



89 Neurofeedback Training in Healthy Adults

Neurother, 15:115-129.

Egner T, Gruzelier JH (2001) Learned self-regulation of EEG frequency components affects attention and event-related brain
potentials in humans. Neuroreport, 12:4155-4159.

Egner T, Gruzelier JH (2003) Ecological validity of neurofeedback: modulation of slow wave EEG enhances musical performance.
Neuroreport, 14:1221-1224.

Egner T, Gruzelier JH (2004) EEG biofeedback of low beta band components: frequency-specific effects on variables of attention
and event-related brain potentials. Clin Neurophysiol, 115:131-139.

Egner T, Sterman, MB (2006) Neurofeedback treatment of epilepsy: from basic rationale to practical application. Expert Rev
Neurother, 6:247-257.

Enriquez-Geppert S, Huster RJ, Herrmann (S (2017) EEG-neurofeedback as a tool to modulate cognition and behavior: a review
tutorial. Front Hum Neurosci, 11:51.

Fishbein DH, Thatcher, RW, Cantor DS (1990) Ingestion of carbohydrates varying in complexity produce differential brain
responses. Clin Electroencephalogr, 21:5-11.

Fuller G (1984) Biofeedback: Methods and Procedures in Clinical Practice. San Francisco, Biofeedback Press.

Gevensleben H, Moll GH, Rothenberger A, Heinrich H (2014) Neurofeedback in attention-deficit/hyperactivity disorder—different
models, different ways of application. Front Hum Neurosci, 8:346.

Heinrich H (2004) Training of slow cortical potentials in ADHD: evidence for positive behavioral and neurophysiological effects.
Biol Psychiatry, 55:772-775.

Kayiran S, Dursun E, Dursun N, Ermutlu N, Karamiirsel S (2010) Neurofeedback intervention in fibromyalgia syndrome: a
randomized, controlled, rater blind clinical trial. Appl Psychophysiol Biofeedback, 35:293-302.

Lansbergen MM, van Dongen-Boomsma M, Buitelaar JK, Slaats-Willemse D (2011) ADHD and EEG-neurofeedback: a double-blind
randomized placebo-controlled feasibility study. J Neural Transm (Vienna), 118:275-284.

Leins U, Goth G, Hinterberger T, Klinger C, Rumpf N, Strehl U (2007) Neurofeedback for children with ADHD: a comparison of SCP
and theta/beta protocols. Appl Psychophysiol Biofeedback, 32:73-88.

Lubar JF, Swartwood MO, Swartwood JN, 0'Donnell PH (1995) Evaluation of the effectiveness of EEG neurofeedback training for
ADHD in a clinical setting as measured by changes in TOVA scores, behavioral ratings and WISCR performance. Biofeedback Self
Requl, 20:83-99.

MacLeod CM (1991) Half a century of research on the stroop effect: an integrative review. Psychol Bull, 109:163-203.

MacLeod CM (1992) The stroop task: the "gold standard" of attentional measures. J Exp Psychol Gen, 121:12-14.

Memmedova K (2015) Impact of pilates on anxiety attention, motivation, cognitive function and achievement of students:
structural modeling. Procedia- Soc Behav Sci, 186:544-548.

Micoulaud-Franchi JA, Geoffroy PA, Fond G, Lopez R, Bioulac S, Philip P (2014) EEG neurofeedback treatments in children with
ADHD: an updated meta-analysis of randomized controlled trials. Front Hum Neurosci, 8:906.

Monderer RS, Harrison DM, Haut SR (2002) Neurofeedback and epilepsy. Epilepsy Behav, 3:214-218.

Onton J, Delorme A, Makeig S (2005) Frontal midline EEG dynamics during working memory. Neuroimage, 27:341-356.

Scott WG, Kaiser D, Othmer S, Sideroff SI (2005) Effects of an EEG biofeedback protocol on a mixed substance abusing population.
Am J Drug Alcohol Abuse, 31:455-469.

Sterman MB (2000) EEG markers for attention deficit disorder: pharmacological and neurofeedback applications. Child Study J,
30:1-23.

Strehl U, Leins U, Goth G, Klinger C, Hinterberger T, Birbaumer N (2006) Self-regulation of slow cortical potentials: a new
treatment for children with attention-deficit/hyperactivity disorder. Pediatr, 118:1530-1540.

Stroop JR (1935) Studies of interference in serial verbal reactions. J Exp Psychol, 18:643-662.

Thompson M, Thompson L (2003) The Neurofeedback Book: An Introduction to Basic Concepts in Applied Psychophysiology.
Colorado, The Association for Applied Psychophysiology and Biofeedback.

Thorndike EL (1898) Animal intelligence: an experimental study of the associative processes in animals. The Psychol Review:
Monogr Supplements, 2:i-109.

Vernon D, Frick A, Gruzelier, JH (2004) Neurofeedback as a treatment for ADHD: a methodological review with implications for
future research. J Neurother, 8:53-82.

Vernon D (2005) Can neurofeedback training enhance performance? an evaluation of the evidence with implications for future
research. Appl Psychophysiol Biofeedback, 30:347-364.

Yaylaa F, Ozek Erkuran H, Cetin F, Kara H (2019) Dikkat eksikligi hiperaktivite bozuklugu tedavisinde neurofeedback egitimi.
Psikiyatride Giincel Yaklagimlar, doi: 10.18863/pgy.425501.

Psikiyatride Giincel Yaklagimlar - Current Approaches in Psychiatry



Kaynak and Erdeniz 90

Authors Contributions: All authors attest that each author has made an important scientific contribution to the study and has assisted with the
drafting or revising of the manuscript.

Ethical Approval: The study was approved by the Local Ethics Committee. Written informed consent was obtained from all participants.
Peer-review: Externally peer-reviewed.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no financial support.

Psikiyatride Giincel Yaklagimlar - Current Approaches in Psychiatry



	Method 
	Participants
	Experimental Design
	Assessment Instruments and Tasks
	Sustained Attention Performance
	Neurofeedback Training (NFT)

	Procedure

	Results
	Stroop Performance
	Subtask of Stroop Task: Naming the Color of the Words
	Stroop Effect

	Puzzle Solving Durations across Neurofeedback Training Sessions

	Discussion
	References

