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Control of Alpha Rhythm (8–13 Hz) Using 
Neurofeedback

1  Introduction
The technique of recording brain signals by 
placing electrodes on the scalp of a subject is 
known as electroencephalography (EEG). A 
hallmark of EEG signals is the presence of oscil-
lations at various frequencies, which are better 
observed after transforming the EEG signal to 
frequency domain. A prominent rhythm between 
8 and 13  Hz is known as alpha3,6,9, which has 
been considered as an idling rhythm since it is 
observed more prominently when the subject is 
in an awake but relaxed state with eyes closed1,6. 
Even though alpha rhythm has been studied 
for almost 90  years now, its functional role is 
still disputed3,13, with recent work linking alpha 
with attentional mechanisms and information 
retrieval26 and creativity12.

The process of providing individuals with 
a feedback that reflects their own brain activ-
ity is referred to as neurofeedback. Alpha neu-
rofeedback refers to feedback (typically visual 
or auditory) about the frequency or amplitude 
of the generated alpha rhythm. This type of 
neurofeedback is also known as “surface neuro-
feedback”, since alpha is typically obtained from 
EEG recordings using 2–4 scalp electrodes31. The 
altered conscious state of the subject who has 
undergone alpha feedback training is known as 
“alpha state” or “alpha experience”22–24, which has 
been correlated with a perceived relaxed mental 
state8,23.
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Abstract | Alpha is a prominent rhythm occurring between 8 and 13 Hz 
in brain signals that is often linked to a relaxed mental state. Some stud-
ies have shown that individuals can learn to control their own alpha 
rhythm if provided with a contingent feedback. However, investiga-
tions till date in alpha neurofeedback have provided contrasting views 
regarding the enhancement of alpha power. In this review, we discuss 
various aspects of this controversy and highlight some issues with past 
approaches of neurofeedback driven alpha enhancement. In particular, 
we discuss possible modifications in future investigations which would 
address some of the concerns.
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Here we discuss the controversy regarding the 
control of alpha activity through feedback and its 
behavioral consequences. Then we discuss some 
modifications in the experimental design that 
could potentially address some of the concerns.

1.1 � Evidence of Enhancement of Alpha 
Activity in EEG

Kamiya was one of the first investigators to test 
whether individuals can control their alpha 
rhythm through operant conditioning where the 
subjects received feedback about their own alpha 
activity22,23. He provided a binary audio feedback 
to the participants in which a tone was played 
during alpha wave activity that was switched off 
when alpha activity disappeared. With this exper-
imental paradigm he observed that subjects were 
able to enhance or reduce their alpha activity32. 
Similar results were reported in a follow-up study 
where individuals were presented with visual 
feedback (a blue light) instead of a tone8. In con-
trast to Kamiya’s experiments, here subjects kept 
their eyes open throughout the experimental and 
rest periods. It was observed that alpha activity 
increased over time and exceeded the alpha activ-
ity during rest periods (baseline). Hord and Bar-
ber21 reported that both voluntary increase and 
decrease in alpha activity is possible even with-
out feedback signal once subjects had undergone 
initial alpha feedback training. Kamiya et  al.23,32 
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further proposed that by alpha feedback train-
ing, subjects were able to experience a relaxed 
and pleasant state (“letting go” effect). The term 
“alpha state” or “alpha experience” was used to 
describe such a heightened state of conscious-
ness. Brown8 also reported that the enhanced 
alpha activity was associated with pleasant posi-
tive mood state. Wallace44 reported that subjects 
who practiced transcendental meditation had 
prominent alpha activity that increased in ampli-
tude and decreased in frequency with meditation. 
Together, these studies provided evidence that 
alpha can be increased with feedback or prac-
tice, and high alpha is positively correlated with a 
relaxed, pleasant and positive mental state.

1.2 � Is Alpha Enhancement Really due 
to the Feedback?

Some of the claims made by earlier studies, in 
particular the increase in alpha power and the 
relaxation effects produced by feedback were sub-
sequently challenged by several follow-up reports 
(for reviews, see29,37. The argument was that 
alpha activity depended on many constitutional, 
physiological and cognitive-attention factors, and 
these factors could vary during the course of the 
feedback training. For example, subjects may be 
anxious and attentive during the start of the ses-
sion, and subsequently get more relaxed as they 
became familiar with the surroundings. They 
would, therefore, show an increase in alpha power 
with time, but it would be observed even if no 
feedback was provided. Katkin and Murray25 even 
questioned whether alpha feedback fell within an 
operant conditioning paradigm, and proposed 
two factors to conclude that conditioning had 
indeed occurred. First, increase in the activity 
should be above the level observed during base-
line period. Second, appropriate controls should 
be included to demonstrate an increase in experi-
mental groups in comparison to control groups.

Studies with appropriate controls provided 
conflicting results, with some studies showing 
no increase in alpha activity without contingent 
feedback4,5, while others showed an increase in 
alpha even with no or false feedback19,27,30,41. 
However, even after appropriate feedback, alpha 
amplitude did not increase above the baseline 
resting state levels obtained with eyes closed30,36. 
The increase in alpha appeared to depend on 
a variety of factors, such as the type of instruc-
tion45, presence of ambient light34, initial level 
of alpha41, type of feedback (auditory versus 
visual;30), type of tone used in auditory feed-
back42, and oculomotor activity35. Further, no 

intrinsic or direct relationship between alpha 
enhancement and “alpha experience” was found 
(for a review, see37. For example, Orne and 
Paskewitz33 showed that anticipation of electric 
shock, although causing heightened arousal and 
anxiety, failed to depress alpha power. Similarly, 
when presented with an aversive situation (fin-
gertip electric shock) followed by neurofeedback 
(which was either contingent, non-contingent 
or absent), alpha suppression was not found to 
be systematically related to self-reported reduc-
tions in  situational reactivity10. Other studies 
also showed that “alpha experience” was inde-
pendent of the strength of the EEG alpha activ-
ity27,30,35, even after extensive training36. Based 
on these, Plotkin37 suggested eight factors which 
might be causing the perceived alpha experience, 
namely: sensory deprivation, sustained alertness, 
concentration/meditation, introspective sensi-
tization, expectation, perceived success at the 
feedback task, attribution process and individual 
differences.

Ancoli and Kamiya2 suggested that such 
conflicting results could be due to methodo-
logical difference among different studies. They 
suggested three critical factors in the method-
ology, namely (a) training for at least four ses-
sions, (b) using continuous tone for feedback 
along with periodic scores of progress, and (c) 
using training trials of at least 10  min of dura-
tion to see positive effects of alpha feedback. Use 
of integrated amplitude instead of percent time 
was also recommended17. However, follow-up 
studies that incorporated these recommendations 
failed to observe the desired enhancement of the 
alpha activity over the eyes closed baseline alpha 
activity36,37. Similarly, while Hardt and Kamiya18 
showed beneficial effects of alpha training in con-
trol of anxiety, but a later study showed that the 
anxiety reduction was correlated with the sub-
jects’ rating of perceived success at the feedback, 
but not with the alpha activity itself38.

Irrespective of whether neurofeedback is gen-
uine18 or acts like a placebo38, the fact remains 
that administering this feedback helps in reduc-
ing anxiety. In subsequent years, a plethora of 
feedback training protocols targeting alpha, beta, 
theta, delta, gamma, alpha/theta, etc., bands have 
been used for treatment of clinical disorders 
such as attention deficit hyperactivity disorder 
(ADHD), depression, epilepsy, insomnia, drug 
addiction, learning disabilities, dyslexia and dys-
calculia, schizophrenia and autistic spectrum 
disorders (for a detailed review, see31, and also to 
improve performance and creativity14,15,43. In a 
recent study, Cho et  al.11 have shown that alpha 
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neurofeedback enhances the ability of alpha 
activity to maintain itself during a session, which 
is maintained until the next session. However, 
in this study no controls were used. Similarly, in 
a double blinded and placebo-controlled study 
where subjects got either alpha or random beta 
training, and both the experimenter and the par-
ticipants were uninformed about the particu-
lar experimental setting, relative alpha power 
increased during training period (24  min of 
training for 24 consecutive working days) com-
pared to pre-training period, which was main-
tained even after 3 months7. Further, about twice 
as many subjects reported that the experience 
was relaxing as compared to the control group 
who had undergone random beta training7. In 
line with these reports, alpha neurofeedback has 
been shown to increase the connectivity within 
regions of the salience network that is involved 
in intrinsic alertness (dorsal anterior cingulate 
cortex), even at 30  min after training was ter-
minated40. Overall, there has been a revival of 
interest in neurofeedback in the recent years14,15. 
However, more carefully designed controls are 
required to resolve some of the issues regarding 
this approach16,28, as discussed below.

2 � Requirement of a Stringent Control
As discussed earlier, the need of proper controls 
have been emphasized from the very beginning of 
neurofeedback research25,29,37. Earlier studies used 
a yoked control design where individuals of con-
trol group were paired with individuals of experi-
mental group, and received taped feedback of the 
experimental group who underwent contingent 
alpha feedback training4,5,10,30. Training paradigm 
where control groups which received feedback 
from frequency ranges other than the target band 
has also been used by some groups7,20. However, 
if the aim is to study whether neurofeedback 
can actually enhance alpha power, we argue that 
even these types of controls are not enough. This 
is because the confidence in the feedback, the 
attention that is paid to the feedback, as well as 
the associated mental processes with the process-
ing of this feedback may change, depending on 
whether the feedback is contingent or false.

Some of these concerns can be addressed in 
a design in which the subjects serve as their own 
control. This can be achieved through a task that 
is similar to the Posner cuing paradigm, which has 
been used extensively in the study of attentional 
mechanisms39. In such a design, the feedback 
could be made contingent on most of the tri-
als (say 75%), but then, unknown to the subject’s 

knowledge and at random trials, the feedback 
could be false (ideally, the subject’s own record 
from a previous contingent trial). Because only a 
small fraction of trials are not contingent, and the 
subject is unaware of the existence of such trials, 
they would provide the ideal control condition.

There are some limitations to such a design. 
First, to ensure that there is no learning within 
each trial about the type of feedback, the duration 
of a particular trial should be short, say 1–2 min. 
Given that the effect of feedback is more pro-
nounced when trial duration is long (Ancoli and 
Kamiya2 recommended at least 10  min long tri-
als), we expect only a small difference in alpha 
power between contingent and false feedback tri-
als in such a design. A large number of trials may 
be needed to see significant differences. Second, it 
is not possible to relate changes in alpha power to 
changes in behavioral states (“alpha experience”), 
because the subject will experience both types of 
feedback in the same experimental session. On the 
other hand, if any differences are indeed observed 
in alpha power between contingent and false feed-
back, this would be perhaps the most well con-
trolled test of the original hypothesis of alpha 
enhancement induced by contingent feedback.
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