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ABSTRACT

Neurofeedback training (NFT) on a healthy participant was used to analyse brainwave activity during
resting state. Electrodes were placed on the prefrontal cortex and at reference sites to conduct the
experiment. The patient was asked to remain still and rest by sitting in a chair. The technology was then
used to record the electrical waves emitted by brain activities. After ten cycles with a break interval, theta,
alpha, and high beta brainwaves were discovered. There were statistically significant brainwaves in the
prefrontal cortex. Remarkably, the ascending high beta oscillation range was the highest, while the alpha
wave was the lowest, contradicting earlier results. Anxiety, excitement, and focus were thought to be
associated with the highest range of high beta waves.
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1 INTRODUCTION
1.1  Definition and history of Neurofeedback Training (NFT)

Neurofeedback training (NFT) has contributed beneficially to the modern medical community.
NFT is a subset of biofeedback based on the principle of operant conditioning. It is a learning
method for establishing relationships between behaviours and effects which gain rewards and
punishments (Cherry, 2020; Engelbregt et al., 2016; Strehl, 2014). Theoretically, biofeedback is a
biological insight of the Automatic Nervous System (ANS). Before its origin, the term "a real-time
physiological mirror” existed during World War 11 (Sattar & Valdiya, 2017). It is limited to
physiological processes such as heart rate, blood pressure, skin temperature, digestion, respiration,
and sexual arousal. All examples are involuntary and are controlled by ANS. In the 1950s, an
opposition team of scientists disapproved of the idea of ANS potentially influencing human
physiological and psychological states, which also function on biological processes (Jones, 2016).
It remains questionable in operant conditions, information processing or skill learning.
Furthermore, the hypothesis is inadequate as a foundation for pharmaceutical treatment (Sattar &
Valdiya, 2017; Jones, 2016). Researchers discovered in the 1960s that ANS function might be
altered analogously to operant settings. As a result, it is an opportunity to turn biofeedback into a
proper therapy method that may be employed in medical practice.

Over the decades, many generations have evolved from the basic framework of biofeedback to
highly specific neurofeedback, or NFT, which is helpful for training and improving brainwave
activity. In their research, Sattar and Valdiya (2017) mentioned that Electroencephalogram (EEG)
biofeedback focuses primarily on electrical activity in the brain and maps activity based on the
region. NFT typically receives an audio or video of neurofeedback and uses EEG to record
electrical waves of neuro signals from brain activity (Marzbani al., 2016). Figure 1 depicts some
of the expected brainwave frequencies which appear in different neurofeedback treatments, such
as alpha (8-13Hz), delta (1-4Hz), theta (4-8Hz), beta (15-20Hz), gamma (32-100 or 40Hz),
alpha/theta, lower-alpha (8-10Hz), upper alpha (10-13Hz) and high beta (20-32Hz).

Each frequency has its characteristics that can benefit the training and treatment. Due to non-
invasive therapy and low-cost procedure, it has been implemented for clinical applications of
neurofeedback for drug addiction treatment (Sunder & Bohnen, 2017) and some mental disorders,
such as depression (Cheon et al., 2016), autism spectrum disorder, obsessive-compulsive disorder
(OCD) (Scheinost et al., 2014), attention deficit hyperactivity disorder (ADHD) (Eroglu et al.,
2018) and anxiety (Zhao et al., 2019; Eroglu et al., 2018). Therefore, previous studies have found
and conducted well with EEG to aid cognitive impairment (attention and working memory
performance) (Wang & Hsieh, 2013)
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Table 1. Brainwave frequency and characteristics.

Common brainwave frequency | Frequency range (Hz) General characteristics
Delta 1-4 Sleep, repair, complex problem solving,
unawareness, deep unconsciousness
Theta Creativity, insight, deep states,
4-8 unconsciousness, optimal meditative
state, depression, anxiety, distractibility
Alpha 8-13 Alertness and peacefulness, readiness,
meditation, deeply relaxed
Lower alpha 8-10 Recalling
Upper alpha 10-13 Optimal cognitive performance
SMR (sensorimotor rhythm) 13-15 Mental alertness, physical relaxation
Beta 15-20 Thinking, focusing, sustained attention,
tension, alertness, excitement
High beta 20-32 Intensity, hyper-alertness, anxiety
Gamma Learning, cognitive processing, problem-
32-133 or 40 solving tasks, mental sharpness, brain
activity, organising the brain

1.2  Resting-state and brainwave activity

The definition of rest is widely subjective and used based on a person's understanding, which is
often confused with sleep. According to the website organisation, resting is a part of behaviour
that ceases involvement in any external activity (Sleep.org, 2021). Scientifically, Huang (2019)
defined resting, or intrinsic activity, as a neural spontaneous activity or condition that does not
involve any external stimuli and is generated by the brain. Helvig and his colleagues reported the
importance of resting which will impact physical, mental, spiritual and cognitive responses in an
individual (Helvig et al., 2016). Nonetheless, this category of passive resting remains debated to
observe and measure brain activity in various conditions. For instance, previous studies have
conducted eyes-closed (EC) and eyes-opened (EO) (Diaz M et al., 2019; Choi et al., 2018), both
using blood-oxygen-level-dependent (BOLD) (Patriat et al., 2014) or mind-wandering (Son et al.,
2019; Son et al., 2019; Huang, 2019). BOLD, from previous studies, is associated with the resting
state network and occurs during calm consciousness, sleeping and under anaesthesia care (Rogala
et al., 2020; Pizoli et al., 2011; Huang, 2019). In addition, there is a physiologically significant
weakness with resting conditions (Patriat et al., 2014; Pizoli et al., 2011).
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The association between brainwave activity and resting state, as well as cognitive assessment, has
been demonstrated in several prior studies. Prior to the EO and EC cases with BOLD, Patriat et al.
(2014) hypothesised that this would disturb the alpha wave range during the resting state in EO
and EC situations. Repetitive transcranial magnetic stimulation, or rTMS, was found to influence
cortical activity by Qiu et al. (2020). Theta and alpha brainwave occurrences were discovered in
the study, which yielded varied results. With the eyes open, the alpha band waves changed their
pattern before rTMS and increased significantly after rTMS.

Theta frequency was found to be more suited for the effects of inhibition on cortical activity in the
ipsilateral frontal lobe; hence, the alpha frequency dropped. In the ipsilateral frontal and
contralateral centroparietal areas, however, theta band waves increased statistically. Local
efficiency deteriorated during the transition from EC to EO due to inconsistency with alpha and
theta waves, and fascinatingly, no beta waves were identified between EC and EO (Tan et al.,
2013). On the other hand, other experiments were successful in obtaining significant beta waves
on the EC with alpha waves (Greer et al., 2021).

In conclusion, the exploration of brainwave activity at a resting state is still ongoing. Current
research has reported significant correlations of theta and alpha waves in pairs and negatively
correlated with the beta band, consistent with previous findings where the oscillation ranges were
substantial under the control group (Engelbregt et al., 2016; Strehl, 2014). The theta, alpha and
beta present in the prefrontal cortex (Engelbregt et al., 2016; Wu et al., 2021; Scally et al., 2018;
Eroglu et al., 2018; Azizi et al., 2017; Verweij et al., 2014). Several literature reviews stated
specific names for similar experiments under resting state activity, such as the medial prefrontal
cortex and ventral lateral prefrontal cortex (Chai et al., 2011), ipsilateral frontal (theta and beta
waves) and frontoparietal (alpha and beta waves) (Qiu et al., 2020; Rogala et al., 2020).

2 METHODOLOGY

The neurofeedback session was conducted at University Malaysia Sarawak's Counselling
Laboratory. There were ten sessions, each lasting 3 minutes with a 15-second rest in between,
totalling 1 hour and 30 minutes. A female patient volunteered to take part in this experimental
experiment. Two electrodes were inserted on the forehead of the prefrontal cortex and labelled Fpl
and Fp2, while the reference electrode was placed on the left earlobe and labelled Fp3 (Al). Cotton
and gel substances were used to put the electrodes. This experiment was carried out while the
subjects were at rest. The neurofeedback training system's video was shown. The patient must
watch the movie while relaxed—the film is presented as a game.
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Figure 1. Bar chart representing theta, alpha and H-beta after the experiment.

This experiment exhibited disturbing statistics (Figure 1) over ten sessions conducted on a healthy
female patient. Three brainwaves appeared in the prefrontal cortex, namely alpha, theta and high
beta, and the measurement of frequency was recorded in microvolt (uV). Each frequency wave
has a different pattern representing the range value from the beginning to the last. The distance of
alpha-band frequency ranges from 1% to 9" sessions was not consistent but slightly separated
between sessions until 10" sessions, more considerable number gap compared to the previous.
Based on the findings, the alpha-band frequency indicated non-data dispersion due to a lower
standard deviation value (SD = 23.61) compared to theta (SD = 31.11) and high beta (SD = 30.82).
In addition, alpha demonstrated the lowest mean value (36.19 + 23.61), followed by high beta
(50.01 + 30.82) and theta (60.81 + 31.11).

Table 2. Normality test for brainwave frequencies.

Kolmogorov-Smirnov?® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
THETA .189 60 .000 .851 60 .000
ALPHA 247 60 .000 .707 60 .000
HIGH_BETA .337 60 .000 .508 60 .000

a. Lilliefors Significance Correction

Before brainwave frequencies produced mean and SD values, the normality test procedure was
continuously conducted to find out whether the sample collection was normally distributed or not
(Ghasemi & Zahediasl, 2012; Laerd Statistics, n.d). From the results of Shapiro=Wilk's test (p<.05)
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and a visual inspection of histograms as shown in Table 1, normal Q-Q plots and box plots
exhibited that the number of sessions conducted was not normally distributed for brainwave types
(theta, alpha and high beta). It was revealed that the theta wave obtained a skewness of 1.350 with
a standard error (SE) of 0.309 and kurtosis of 1.213 (SE= 0.608), and the alpha wave recorded a
skewness of 2.178 (SE= 0.309) and kurtosis of 4.416 (SE= 0.608). For high beta, it recorded a
skewness of 3.124 (SE=0.309) and a kurtosis of 9.238 (SE= 0.608). The p-values of the normality
test for all types of brainwave frequencies were lower than 0.05 (p<0.00); therefore, the null
hypothesis was rejected.

Table 3. Friedman test for brainwave frequencies

N 60
Chi-Square 60.933
df 2
Asymp. Sig. .000

a. Friedman Test

From the non-normal data distribution, the appropriate brainwave frequency for the activity
conducted in the resting state has not been decided. Friedman test is an appropriate assessment for
testing the differences between groups of brainwave activity (Laerd Statistics, n.d). According to
Table 2, there were statistically significant differences in each brainwave type (theta, alpha and
high beta), X? (2) = 60.933, p=0.000. The p-value signified that the null hypothesis was rejected.
From the mean rank obtained from the Friedman test, the theta score (M= 2.57) in mean rank was
higher than the alpha score (M= 1.20) and high beta score (M=2.23).

Since the Friedman test showed statistically significant results, the data distribution was proceeded
to a post hoc test to determine which brainwaves were significantly different (Galili, 2010; Laerd
Statistics, n.d). The post hoc test through Wilcoxon signed-rank tests was conducted by applying
Bonferroni correction and found that the theta and alpha had statistically significant changes in
brainwave activity in the resting state (Z= -6.412, p= 0.000). Meanwhile, the alpha and high beta
indicated statistically significant differences in brainwave activity in the resting state (Z= -5.418,
p= 0.000), as shown in Table 3. In contrast, high beta and theta in Table 4 showed statistically
significant (Z=-2.599, p= 0.009) similar result was demonstrated by alpha and high beta in Table
5 (Z=-5.418, p=0.000).

Table 4. Post-hoc test for alpha-theta brainwaves.

ALPHA - THETA

z -6.412°

Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.
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Table 5. Post-hoc test for high beta-theta brainwaves.

HIGH_BETA - THETA

z -2.599P

Asymp. Sig. (2-tailed) .009
a. Wilcoxon Signed Ranks Test

b. Based on positive ranks.

Table 6. Post-hoc test for high beta-alpha brainwaves

HIGH_BETA - ALPHA

4 -5.418
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

4 DISCUSSION

This study looked at a single healthy person's brainwave activity while she was resting. Theta,
alpha, and high beta brainwaves were recorded in the prefrontal cortex. Even though the sample
collection was not normally distributed, the results demonstrated that the frequencies of
brainwaves were statistically significant. Intriguingly, the statistics in Figure 1 showed that the
number of high-beta was the largest in the resting state, which contradicted earlier research from
2019. The study looked at the subject’s brain in distinct hemispheres and alterations in a transitional
state from closed eyelids to active cognitive task involvement. According to the data, the range
increased from low beta to high beta waves. High beta waves occur significantly in high pressure,
anxious, excitement and low attention conditions (Diaz M et al., 2019).

The preceding statement suggested that the low beta band is a healthy range of beta frequency
associated with cognitive processing, attention and decision-making. Meanwhile, high beta waves
are commonly associated with mental health (Azizi et al., 2017; Cheon et al., 2016) and cognitive
processing (Diaz M et al., 2019; Sugata et al., 2020). While performing an activity, our subject
may probably be under pressure or with low attention, causing high beta waves and increasing
rapidly in 10 sessions (Diaz M et al., 2019). Other frequently reported cases of beta bands have
generally been found to be negatively correlated to resting conditions, despite being targeted in the
prefrontal cortex (Diaz M et al., 2019; Qiu et al., 2020; Karamacoska et al., 2017).

Surprisingly, alpha waves are present in the electroencephalogram (EEG) but lower than theta and
beta waves. Alpha band waves are more likely to appear in sleep deprivation (Wu et al., 2021;
Verweij et al., 2014) and cognitive processing (Sammer et al., 2007). According to Diaz M et al.
(2019), the alpha frequency range often appears in EEG due to natural traits. The finding is
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supported by Barry et al. (2007) that the alpha waves are present in resting conditions, specifically
in eyes-closed and eyes-opened states. Furthermore, Choi et al. (2018) reported a similar outcome.
The alpha frequency range inclined strongly in the eyes-closed condition when developing an
authentication system and inversely to passive resting (Gutmann et al., 2015). This study assumed
that the patient might have difficulty focusing on the task while opening her eyes, resulting in a
slower oscillation range in the alpha wave. Moreover, theta waves are positive in closed and open
eye states (Qiu et al., 2020). However, theta band waves were undetected in other frontal regions
in the resting state (Scheeringa et al., 2007). The closest finding was discovered in pairs or, in other
words, theta/beta ratio (TBR) correlated with the resting state in the frontal area (Zhang et al.,
2018). Theta bands appear during sleep deprivation (Verweij et al., 2014), the mental calculation
(Sammer et al., 2007) and predominantly in the stimulus-response process (Karamacoska et al.,
2017). Thus, all brainwave types occurred in the resting condition in the prefrontal cortex.

5 CONCLUSION

Three brainwaves were recorded: theta, alpha, and high beta, which were monitored and analysed
in this investigation. The beta, theta, and alpha waves were formerly stated to occur in the resting
state, with the theta and alpha band frequencies prevalent during intrinsic activity. On the other
hand, the antecedent assertion should validate the findings on resting activity. Due to the subject's
condition, the maximum range of high beta waves was thought to be nervous, eager, and focused.
On the other hand, the alpha wave is the smallest, which explains sleep deprivation. Many activities
were carried out in various groups of healthy control subjects and control subjects with a sizable
population for resting-state but not passive resting. In addition, a small number of researchers
experimented on a single subject in a resting state regardless of gender, age and health condition.
The implications of brainwave studies provide many advantages to the modern days. For example,
alpha bands have been used for individual identification, where the alpha band waves benefit the
authentication system. In future research, all brainwave frequencies of theta, alpha and high beta
are suggested to be utilised as indicators for resting state activity.

REFERENCES

Aamidfar, M., Azimi, L., Azizi, M. R., & Heysieattalab, S. (2017). Changes in the brain's
bioelectrical activity in cognition, consciousness, and mental disorders. Medical Journal of The
Islamic Republic of Iran, 31(53), 307-312. https://doi.org/10.14196/mjiri.31.53

Angelidis, A., Barry, R. J., Blasio, F. M. D., Fogarty, J. S., Putman, P., & Son, D. V. (2019).
Frontal EEG theta/beta ratio during mind-wandering episodes. Biological Psychology, 140, 19-27.
https://doi.org/10.1016/j.biopsycho.2018.11.003

Arman, F., Balcisoy, S., Cetin, M., Ekici, B., Eroglu, G., & Gurkan, M. (2018). Can we predict

who will respond more to neurofeedback with resting state EEG?. 2018 Medical Technologies
National Congress (TIPTEKNO). http://dx.doi.org/10.1109/TIPTEKNO.2018.8596857

107



Journal of Cognitive Sciences and Human Development. Vol.8(1), March 2022

Barry, R. J., Clarke, A. R., Johnstone, S. J., Magee, C. A., & Rushby, J. A. (2007). EEG differences
between eyes-closed and eyes-open resting conditions. Clinical Neurophysiology, 118(12), 2765-
2773. https://doi.org/10.1016/j.biopsycho.2017.09.010

Barry, R. J., Karamacoska, D., & Steiner, G. Z. (2017). Resting state intrinsic EEG impacts
ongoing stimulus-response Processes. Psychophysiology, 54(6), 894-903.
https://doi.org/10.1111/psyp.12851

Barry, R. J., Blasio, F. M. D., Does, W. V. D., Putman, P., & Son, D. V. (2019).
Electroencephalography theta/beta ratio covaries with mind wandering and functional connectivity
in the executive control network. Annals of the New York Academy of Sciences, 1452(1), 52-64.
https://doi.org/10.1111/nyas.14180

Bastiaansen, M. C. M., Hagoort, P., Norris, D. G., Oostenveld, R., Petersson, K. M., & Scheeringa,
R. (2008). Frontal theta EEG activity correlated negatively with the default mode network in the
resting  state.  International  Journal of  Psychophysiology, 67(3), 242-251.
https://doi.org/10.1016/j.ijpsycho.2007.05.017

Becker, B., Goebel, R., Kendrick, K., Li, J., Li, K., Luhrs, M., Sindermann, C., Yao, S., Zhao, F.,
Zhao, W., & Zhao, Z. (2019). Real-Time Functional Connectivity-Informed Neurofeedback of
Amygdala-Frontal Pathways Reduces Anxiety. Psychotherapy and Psychosomatics, 88(1), 5-15.
https://doi.org/10.1159/000496057

Birn, R. M., Kirk, G. R., Meier, T. B., Meyerand, M. E., Molloy, E. K., Nair, V. A, Patriat, R., &
Prabhakaran, V. (2014). The effect of resting condition on resting-state fMRI reliability and
consistency: A comparison between resting with eyes open, closed, and fixated. Neuroimage, 78,
463-473. https://doi.org/10.1016/j.neuroimage.2013.04.013

Bischoff, M., Blecker, C., Gebhardt, H., Morgen, K., Sammer, G., Stark, R., & Vaitl, D. (2007).
Relationship between Regional Hemodynamic Activity and Simultaneously Recorded EEG-Theta
Associated with Mental Arithmetic-Induced Workload. Human Brain Mapping, 28, 793-803.
https://doi.org/10.1002/hbm.20309

Bohnen, J. L., & Sunder, K. R. (2017). The progression of neurofeedback: an evolving paradigm
in addiction treatment and relapse prevention. MOJ Addiction Medicine & Therapy, 3(3), 75-78.
https://doi.org/10.15406/mojamt.2017.03.00037

Burke, M. R., Bunce, D., Delvenne, J. F., & Scally, B. (2018). Resting-state EEG power and
connectivity are associated with alpha peak frequency slowing in healthy ageing. Neurobiology of
Aging, 71, 149-155. https://doi.org/10.1016/j.neurobiolaging.2018.07.004

Castanon, A. N., Chai, X .J., Cohen, B. M., Gabrieli, J. D. E., Gabrieli, S. W., McCarthy, J. M.,
Ongur, D., & Shinn, A. K. (2011). Abnormal Medial prefrontal Cortex Resting-State Connectivity
in Bipolar Disorder and Schizophrenia. Neuropsychopharmacology, 36(10), 2009-2017.
https://doi.org/10.1038/npp.2011.88

108



Journal of Cognitive Sciences and Human Development. Vol.8(1), March 2022

Chen, Y., Li, J.,, Shao, S., Xiao, Y., Wu, J., & Zhou, Q. (2021). Decreased resting-state alpha band
activation and functional connectivity after sleep deprivation. Scientific Reports, 11(1).
https://doi.org/10.1038/s41598-020-79816-8

Cheon, E., Choi, J. H., & Koo, B. H. (2016). The Efficacy of Neurofeedback in Patients with Major
Depressive Disorder: An Open Labelled Prospective Study. Applied Psychophysiology and
Biofeedback, 41(1), 107-110. https://doi.org/10.1007/s10484-015-9315-8

Cherry, K. (2020, June 3). What Is Operant Conditioning and How Does It Work?. Retrieved from
https://www.verywellmind.com/operant-conditioning-a2-
2794863#:~:text=0perant%20conditioning%20relies%200n%20a,story%20again%20in%20the
%20future.

Choi, G. Y., Choi, S. I, & Hwang, H. J. (2018). Individual identification based on resting-state
EEG. 2018 6th International Conference on Brain-Computer Interface (BCI).
https://doi.org/10.1109/IWW-BCI.2018.8311515

Deijin, J. B., Eichhorn, D., Ejik, L. V., Engelbregt, H. J., Karch, S., Keeser, D., Pogarell, O., &
Suiker, E. M. (2016). Short and long-term effects of sham-controlled prefrontal EEG-
neurofeedback training in healthy subjects. Clinical Neurophysiology, 124(4), 1931-1937.
https://doi.org/10.1016/j.clinph.2016.01.004

Eades, L. H., Helvig, A., & Wade, S. (2016). Rest and the associated benefits in restorative sleep:
a concept analysis. Journal of Advanced Nursing, 72(1), 62-72. https://doi.org/10.1111/jan.12807

Galili, T. (2010, February 22). Post hoc analysis for Friedman’s Test (R code). R-statistics blog.
Retrieved from https://libanswers.snhu.edu/faq/190823

Ghasemi, A., & Zahediasl, S. (2012). Normality Tests for Statistical Analysis: A Guide for Non-
Statisticians. International Journal of Endocrinology Metabolism, 10(2), 486-489.
https://dx.doi.org/10.5812%2Fijem.3505

Greer, J. M. H., Hamilton, C., McMullon, M. E. G., Riby D. M., & Riby, L. M. (2021). An EEG
investigation of alpha and beta activity during resting states in adults with Williams syndrome.
BMC Psychology, 9, 72. https://doi.org/10.1186/s40359-021-00575-w

Gutmann, B., Hildebrand, C., Hollmann, W., Huldunker, T., Mierau, A., & Struder, H. K. (2015).
Effects of Physical Exercise on Individual Resting State EEG Alpha Peak Frequency. Neural
Plasticity, 2015, 717312. https://doi.org/10.1155/2015/717312

Hampson, M., Gruner, P., Pittenger, C., Saksa, J., Scheinost, D., Stoica, T., & Wasylink, S. (2014).
Resting state functional connectivity predicts neurofeedback response. Frontiers in Behavioural
Neuroscience, 8, 338. https://dx.doi.org/10.3389%2Ffnbeh.2014.00338

Hara, M., Ikeda, T., Kawakami, K., Kawakami, K., Matsushita, K., Nagase, Y., Nojima, ., Sugata,
H., Tsuruta, K., Yagawa, S., & Yagi, K. (2020). Role of beta-band resting-state functional

109



Journal of Cognitive Sciences and Human Development. Vol.8(1), March 2022

connectivity as a predictor of motor learning ability. Neurolmage, 210, 116562.
https://doi.org/10.1016/j.neuroimage.2020.116562

He, H., Qiu, S., Wang, S., Yi, W., & Zhang, C. (2020). The Lasting Effects of Low-Frequency
Repetitive Transcranial Magnetic Stimulation on Resting State EEG in Healthy Subjects. IEEE
Transactions on Neural Systems and Rehabilitation Engineering, 28(4). 832-841.
https://doi.org/10.1109/TNSRE.2020.2977883

Hsiao, J. H., Lau, E. Y. Y., & Zhang, J. (2018). Sleep deprivation compromises resting-state
emotional regulatory processes: An EEG study. Journal of Sleep Research, 28(3).
https://doi.org/10.1111/jsr.12671

Hsieh, S., & Wang, J.R. (2013). Neurofeedback training improves attention and working memory
performance. Clinical Neurophysiology, 124(12), 2406-2420.
https://doi.org/10.1016/j.clinph.2013.05.020

Huang, J. (2019). Greater brain activity during the resting state and the control of activation during
the performance of tasks. Scientific Reports, 9, 5027. https://doi.org/10.1038/s41598-019-41606-
2

Jin, Z., Kong, X., Ling, L., Tan, B., & Ping, Y. (2013). The Difference of Brain Functional
Connectivity between Eyes-Closed and Eyes-Open Using Graph Theoretical Analysis.
Computational ~and  Mathematical  Methods in  Medicine, 2013,  976365.
https://doi.org/10.1155/2013/976365

Jones, D. (2016, July 29). Biofeedback’s early history. Retrieved from https://www.biofeedback-
tech.com/articles/2016/7/29/biofeedbacks-early-history

Krauz, R., Kublik, E., Rogala, J., & Wrobel, A. (2020). Resting-state EEG activity predicts
frontoparietal network reconfiguration and improved attentional performance. Scientific Reports,
10,1-15. https://doi.org/10.1038/s41598-020-61866-7

Laerd Statistics. (n.d). Friedman Test in SPSS  Statistics. Retrieved from
https://statistics.laerd.com/spss-tutorials/friedman-test-using-spss-statistics.php

Laerd Statistics. (n.d). Testing for Normality using SPSS Statistics. Retrieved from
https://statistics.laerd.com/spss-tutorials/testing-for-normality-using-spss-statistics.php

Limbrick, D. D., Raichle, M. E., Schlaggar, B. L., Shah, M. N., Shimony, J. S., Smyth, M. D.,
Snyder, A. Z., & Pizoli, C. E. (2011). Resting-state activity in development and maintenance of
normal brain function. Proceedings of the National Academy of Sciences, 108(28), 11638-11643.
https://doi.org/10.1073/pnas.1109144108

Mansourian, M., Marateb, H.R., & Marzbani, H. (2016). Neurofeedback: A Comprehensive

Review on System Design, Methodology and Clinical Applications. Basic and Clinical
Neuroscience Journal, 7(2). 143-158. https://doi.org/10.15412/J.BCN.03070208

110



Journal of Cognitive Sciences and Human Development. Vol.8(1), March 2022

Piantoni, G., Romenjin, N., Smit, D. J., Someren, E. J. V., Werf, Y. D. V. D., & Verweij, |. M.
(2014). Sleep deprivation leads to a loss of functional connectivity in frontal brain regions. BMC
Neuroscience, 15, 88. https://doi.org/10.1186/1471-2202-15-88

Sattar, FA., & Valdiya, PS. (2017). Biofeedback In Medical Practice. Medical Journal Armed
Forces India, 55(1), 51-54. https://dx.doi.org/10.1016%2FS0377-1237(17)30315-5

Sleep.org. (2021, March 16). Resting vs Sleeping. Retrieved from https://www.sleep.org/resting-
vssleeping/#:.~:text=Rest%20has%20a%20broader%?20definition,level%200f%20disengagement
%20as%20sleep.

Strehl, U. (2014). What learning theories can teach us in designing neurofeedback treatments.
Frontiers in Human Neuroscience, 8. 894. https://doi.org/10.3389/fnhum.2014.00894

111



