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Abstract

Alpha band oscillations are characterized phenomenologically by a state of relaxed, unfocused attention and are
implicated in enhanced learning and memory performance. Alpha power may reflect cortical inhibition in task-
irrelevant brain regions, thus leaving more neural resources available to task-relevant regions and processes. In
this paper we propose that a short priming session with a posterior alpha upregulation protocol may accelerate
subsequent neurofeedback learning with the client’s main training protocols. Neurofeedback relies to a large
extent on implicit learning processes mediated by the basal ganglia and frontal cortical regions. Alpha uptraining
posteriorly may inhibit task-irrelevant cortical regions dedicated mostly to explicit processing and externally
oriented attention, thereby clearing the way for cortical and subcortical regions directly involved in neurofeedback
learning to process the feedback more efficiently. It may thus serve to accelerate the learning process and
efficacy of neurofeedback training. Various considerations and possible side effects are discussed.
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Background

Neurofeedback, a nondrug, noninvasive form of
neurotherapy often used to treat attention-
deficit/hyperactivity disorder (ADHD; Moriyama et
al., 2012), anxiety (Hammond, 2005; Kerson,
Sherman & Kozlowski, 2009), depression
(Hammond, 2005), epilepsy (Sterman & Egner,
2006), and other neurological and
neuropsychological disorders, is based on the
principles of operant conditioning of brainwave
patterns (Sherlin et al., 2011; Vernon et al., 2009).
In this treatment paradigm, information about
brainwave activity is fed back to clients, who in turn
use this information to regulate their brainwave
activity and bring deviant neural activity closer to
age-group norms. As a result, alleviation of
symptoms may ensue, along with other cognitive,
emotional, and performance gains.
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Training protocols in neurofeedback are usually
determined by a combination of neurometric
assessment (a qEEG test and brain maps) and the
client's chief complaints (Hammond, 2011).
Protocols may include upregulating (enhancing) or
downregulating  (suppressing) different EEG
frequency bands in various brain regions with the
aim of bringing them closer to age-group norms.
EEG bands may be standard and preset (i.e., delta:
up to 4 Hz, theta: 4-8 Hz, alpha: 8-12 Hz, beta: 13—
30, etc.), or individually determined for each client
(Bazanova & Aftanas, 2010).

While neurofeedback is an effective, efficient
treatment for a host of different neuropsychiatric
disorders (Niv, 2013) and has good response rates,
it is a fact that some clients do not respond to this
treatment modality and are unable to self-regulate
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their brainwaves (Emmert et al., 2016; Sitaram et al.,
2017), while among responders, the speed of
response and effect size vary, with some clients
requiring a large number of sessions to achieve
significant clinical results (Barabasz & Barabasz,
1995; Emmert et al.,, 2016). Accelerating the
learning process in neurofeedback may prove
beneficial: if clients respond to neurofeedback
training faster and see clinically significant effects
sooner, the chances of client retention during the
critical first weeks of training increase and hence the
probability of success in treatment dramatically
improves.

Here we would like to suggest that presession
posterior alpha upregulation may accelerate the
learning process in subsequent neurofeedback
training with the client’s main training protocols and
may therefore enhance the training efficiency and
effectiveness. The main points pertaining to this
proposal are as follows: alpha brainwaves have
been correlated with neural inhibition of task-
irrelevant cortical brain regions (Jensen & Mazaheri,
2010; Klimesch, Sauseng, & Hanslimayr, 2007).
This neural inhibition may enhance learning and
performance by reducing interference from task-
irrelevant brain regions and processes, thereby
allowing better information flow and allocation of
neural resources to task-relevant brain regions
(Jensen & Mazaheri, 2010). While some of the
evidence for the cortical inhibition theory is
correlative, there is empirical evidence that it may be
causative as well: causing the brain to enhance
alpha with different endogenous and exogenous
methods on task-irrelevant brain regions has been
shown to improve performance on a variety of
different cognitive tasks. Neurofeedback has been
defined as procedural skill learning, a form of
nondeclarative, implicit learning, which engages
cortical and subcortical regions, including a
significant role of the striatum of the basal ganglia
(Birbaumer, Ruiz, & Sitaram, 2013; Koralek, Jin,
Long, Costa, & Carmena, 2012; Scharnowski et al.,
2015; Sulzer et al., 2013; Veit et al.,, 2012). By
actively inhibiting posterior cortical areas that are not
directly involved in the implicit task of neurofeedback
learning per se, presession posterior alpha
upregulation just prior to (or at the same time as) the
training session with the client’'s main training
protocols may in fact reduce interference and allow
more optimal information processing by task-
relevant regions and networks during the
subsequent self-regulation session. This priming
protocol, when used on parietal brain regions
involved in explicit cognitive processing, conscious
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awareness, and externally oriented attention, may
elicit an open attentional state and facilitate the
implicit, unconscious learning processes involved in
neural self-regulation. Once clients start responding
to this protocol, subsequent training with other
training protocols may be facilitated and accelerated.
Support from other adjunctive techniques that
enhance the effect of neurofeedback training by
modulating attention is also discussed.

Needless to say, alpha enhancement should only be
performed if such a protocol is not contraindicated
by the client’s presenting symptoms and qEEG test,
and when it does not clash with the client’s other
treatment protocols. Also, for clients who do not
respond to neurofeedback at all, such priming may
not help. For the nonresponders, depending on the
cause of their inability to learn from neurofeedback,
alternative exogenous and endogenous techniques
that enhance alpha and do not rely on
neurofeedback may achieve a facilitatory effect.

In what follows, we will elaborate on each of the
points made above. In addition, we will also briefly
discuss different variables pertaining to this
proposal, namely electrode placement, individual
versus standard alpha band upregulation, as well as
a word of caution about possible iatrogenic effects
that may result from excessive or contraindicated
alpha upregulation. But let us first begin with a short
description of the alpha band, its neural correlates
and phenomenology.

The Alpha Band Frequency

The alpha band is nestled between the brain’s slow
waves (delta and theta) on the one end and fast
waves (beta and gamma) on the other. While delta
and theta are characterized by a state of drowsiness
and daydreaming (and are prevalent in sleep), and
the range of beta and gamma frequencies is
characterized by a state of focused attention, high
alertness, and concentration, reflecting neuronal
processing (Jensen & Mazaheri, 2010), alpha is the
“bridge” between these different brain-states and is
characterized by a relaxed, calm state of open,
unfocused attention (Alhambra, Fowler, & Alhambra,
1995). High alpha amplitudes may reflect an
internal focus of attention (Ray & Cole, 1985),
whereas low-powered alpha may indicate externally
oriented attention (Hanslmayr, Gross, Klimesch, &
Shapiro, 2011).

The alpha wave morphology is that of a sinusoidal
wave (Klimesch, 1999; Kropotov, 2009) and is
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usually defined as ranging from 8 to 12 cycles per
second. However, this fixed frequency band is not
exhaustive of all possible alpha ranges. The alpha
frequency of young, healthy adults may be
somewhere between 7 Hz and 13 Hz (Klimesch et
al., 2004), but a wider alpha range (6—-16 Hz) has
also been acknowledged (Bazanova & Aftanas,
2008). The alpha rhythm is believed to be
generated and modulated by both thalamocortical
and corticocortical pathways (Bollimunta, Mo,
Schroeder, & Ding, 2011; Hammond, 2002).

There are different alpha rhythms in the brain, each
in a different location (Kropotov, 2009). The
posterior alpha rhythm, consistently localized
parieto-occipitally, is the most dominant rhythm in
the wakeful resting EEG in humans (Romei, Gross,
& Thut, 2010). Normally, alpha has maximal power
in posterior brain regions in the wakeful resting state
with eyes closed, and its power decreases
dramatically when the eyes are open, to allow faster
waves to engage the brain in visual information
processing (Adrian & Matthews, 1934), a
phenomenon that has come to be known as alpha
blocking. Posterior alpha oscillations have been
found to be partly generated by areas around the
calcarine fissure and secondary visual and parietal
cortices (Thut, Nietzel, Brandt, & Pascual-Leone,
2006).

The alpha rhythm has been linked to memory
performance (Klimesch, Doppelmayr, Pachinger &
Ripper, 1997), problem solving (JauSovec, 1996),
internally directed attention (Cooper, Croft, Dominey,
Burgess, & Gruzelier, 2003; Ray & Cole, 1985),
creativity (Fink et al., 2009; Hardt & Gale, 1993) and
hypnotizability (Faymonville, Boly, & Laureys, 2006),
among other phenomena.

The alpha rhythm has also been associated with
intelligence (Doppelmayr et al., 2005; Jau3ovec,
1996), as research shows that highly intelligent
people display more alpha power compared to those
with average intelligence (Doppelmayr, Klimesch,
Stadler, Pollhuber, & Heine, 2002; Doppelmayr et
al., 2005). The alpha frequency is believed to reflect
the speed of an individual's cognitive processing
capabilities and memory performance, since it was
found to significantly correlate with an individual’s
response times in cognitive tasks (Surwillo, 1961).
Also, experimental studies show that individuals who
are deemed good performers on memory tasks have
an alpha frequency that is about 1 Hz higher than
that of age-matched individuals who are less
competent on such tasks (Klimesch, 1999). In
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addition, in adults, the power and frequency of the
individual alpha band decrease with age (Hammond,
2002), and greater decreases are evident in people
with mild memory impairment (Jelic et al., 2000).

Alpha is not a unitary rhythm. It is composed of
several frequency bands (Klimesch et al., 2007).
The alpha rhythm may be divided into two
subbands: lower alpha (8-10 Hz), and upper alpha
(10-12 Hz; Verstraeten & Cluydts, 2002), and some
researchers divide the individual alpha band further,
to three different subbands (Klimesch, Doppelmayr,
Russegger, Pachinger, & Schwaiger, 1998; Wu &
Liu, 1995). Findings from empirical studies suggest
that the lower alpha band is related to general, tonic
attention, whereas the upper alpha band is related to
memory (specifically, semantic memory), sensory
processes, and a phasic (i.e., event-related) mode of
attention (Capotosto et al., 2015; Klimesch,
Doppelmayr, & Hanslmayr, 2006).

A decrease in alpha power (i.e., event-related
desynchronization, or ERD) is associated with active
cognitive processing, whereas an increase in alpha
oscillatory power (i.e., event-related synchronization,
or ERS) is associated with cortical inhibition or
deactivation and internally oriented brain states and
attention (Cooper et al.,, 2003; Hanslmayr et al.,
2011; Klimesch et al., 2007) and may reflect top-
down control processes (Bazanova, 2012). It was
demonstrated that ERD of the lower alpha band is
not restricted to a certain location, but is widespread
on the scalp, whereas upper alpha ERD tends to
appear in more restricted cortical regions (Klimesch
et al., 2006).

An important measure that is often considered in
neurometric assessments is the individual alpha
peak frequency (iAPF; Arns, 2012; Bazanova &
Vernon, 2014), which is the discrete frequency with
the highest power within the alpha band (Angelakis
et al., 2007), and as such, it is normally the most
prominent rhythm in the brain in the wakeful resting
state with eyes closed (Klimesch, 1999). The iAPF
changes with age in an inverted u-shape fashion:
low in infancy and old age and high in young
adulthood and middle age (Angelakis et al., 2007),
and is a little over 10 Hz for healthy, young adults
(Klimesch, 1999). The iAPF may reflect processing
speed (i.e., higher iAPF reflecting higher processing
speed; Arns, 2012) while lower iAPF may be a
characteristic of neurodegenerative diseases,
anoxia, and age-related decline (Arns, 2012;
Klimesch, 1999). The iAPF may also serve to define
the individual alpha band and the individual theta
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band, and it is the anchor point between the
individual lower alpha and upper alpha bands
(Klimesch, 1999).

In neurofeedback, alpha may be downregulated or
upregulated, depending on the client's symptoms,
gEEG test and training goals. Alpha downregulation
has been performed with stroke patients suffering
from visuospatial neglect (Ros et al., 2017) and
adults suffering from ADHD (Deiber et al., 2020) and
anxiety (Kerson et al., 2009), among other disorders.
Alpha upregulation may be performed to improve
memory (Kober et al., 2015; Nan et al., 2012) and
get clients into deeper states (as in the alpha/theta
protocol) in the treatment of alcoholism, depression
(Saxby & Peniston, 1995) and posttraumatic stress
disorder (PTSD; Peniston, & Kulkosky, 1991).
Posterior alpha enhancement protocols have also
been associated with an induced sense of calm and
pleasant relaxation (Angelakis et al., 2007; Notrris,
Lee, Cea & Burshteyn, 1998), reduced stress and
anxiety among highly anxious individuals (Hardt &
Kamiya, 1978) and reductions in stress response
indices such as blood pressure (Norris, Lee,
Burshteyn, & Cea-Aravena, 2000). Given the
correlation of alpha power with cognitive
performance and processing speed, alpha
upregulation, especially in the upper alpha band, is a
popular protocol for peak performance and cognitive
enhancement (Escolano, Aguilar, & Minguez, 2011;
Zoefel, Huster, & Herrmann, 2011). Alpha
upregulation may be performed with eyes open
(Putman, 2000) or with eyes closed (Fell et al.,
2002; Hardt & Gale, 1993), and there are differing
opinions among clinicians and researchers as to the
most effective way to perform such training (Vernon
et al., 2009).

Alpha Oscillations as Cortical Inhibition

When the brain encounters incoming stimuli, what
determines how they are subsequently processed is
not only the nature of each stimulus, but also the
baseline neural state and ongoing neuronal
dynamics in the brain at the time of stimulus
presentation (Buonomano & Maass, 2009;
Scharnowski et al., 2015; von Stein & Sarnthein,
2000). Research demonstrates that ongoing
oscillatory activity before or during a perceptual
event or a cognitive task influences subsequent
perception and task performance (Angelakis et al.,
2007; Hanslmayr, Sauseng, Doppelmayr, Schabus,
& Klimesch, 2005; Jensen & Mazaheri, 2010).
Although prestimulus alpha power may have a
detrimental effect on stimulus detection under
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difficult perceptual conditions (Ergenoglu et al.,
2004; van Dijk, Schoffelen, Oostenveld & Jensen,
2008; see Klimesch et al., 2007 for an interpretation
of this finding along the lines of the cortical inhibition
hypothesis), it has been found to have an enhancing
effect on learning, memory, and other complex
cognitive functions (Klimesch et al., 2007). Here we
will focus on the enhancing effect that alpha
oscillations have on learning, memory, and cognitive
performance.

The functional meaning of alpha oscillations is still
debated, and several hypotheses have been put
forward to explain the role of this prominent EEG
rhythm. Alpha oscillations were traditionally defined
as the idling rhythm of the brain, reflecting reduced
sensory and cognitive processing. Support for this
view came from studies showing that alpha power
decreases when subjects perform a task
(Pfurtscheller, Stancak, & Neuper, 1996). However,
an alternative, more recent hypothesis, suggesting
that the role of alpha oscillations in the brain is to
actively inhibit task-irrelevant brain regions in a top-
down fashion, has been gaining ground and
receiving substantial research support. Jensen and
Mazaheri (2010) suggested that alpha oscillations
(alpha ERS) reflect a state of cortical inhibition or
deactivation which suppresses distractions from
task-nonessential processes by actively inhibiting
task-irrelevant brain regions. This inhibition gates
information and routes it to task-relevant brain
regions, a mechanism termed gating by inhibition
(see also Cooper et al., 2003; Worden, Foxe, Wang,
& Simpson, 2000; van Dijk et al., 2008; but see
Knyazev, Savostyanov, & Levin, 2006). In this
model, alpha reflects top-down control and is used
to actively inhibit task-irrelevant processes and brain
regions, thus increasing the signal-to-noise ratio and
improving the efficiency of information processing
and task performance.

Highly intelligent people exhibit more alpha (and
therefore less cortical activation) in task-irrelevant
brain regions during task performance compared
with people of average intelligence. This may be
due to the fact that more intelligent people may use
only task-relevant brain regions while inhibiting
other, task-irrelevant areas, whereas people with
average intelligence may activate also task-
irrelevant brain regions during task performance,
which interferes with their ability to perform
(JauSovec, 1996). Thus, more efficient cognitive
processing occurs  when  task-nonessential
processes and brain regions are inhibited
(Doppelmayr et al., 2005; Vernon et al., 2009). In
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support of this, alpha ERS can be seen over brain
regions that are not essential for the task being
performed (Klimesch et al., 2007). It is also seen in
tasks in which a learned response must be withheld
or inhibited, and research has demonstrated that
large upper alpha ERS in a reference interval just
prior to a task trial is related to large alpha ERD
during the trial and to better performance (Klimesch
et al, 2006; Klimesch, Doppelmayr, R&hm,
Pollhuber, & Stadler, 2000).

There are numerous studies that demonstrate this.
For example, in a word sequence memorization
task, word sequences that were encoded while there
was an increase in parieto-occipital alpha power
were better remembered than sequences that were
encoded during trials of lower-voltage posterior
alpha. The authors even managed to predict which
words would be remembered based on the
encoding-stage posterior alpha activity alone. They
attributed this to the fact that the parietal and
occipital lobes are not directly needed for the
cognitive processing in the word-sequence encoding
stage, so an efficient inhibition of these brain regions
(as reflected by increased posterior alpha power)
reduces interference and thus enhances
performance by allowing better processing of
information in  task-relevant  brain  regions
(Meeuwissen, Takashima, Fernandez, & Jensen,
2011). In addition, Haegens and colleagues
demonstrated alpha power increases in the
somatosensory cortex ipsilateral to tactile stimuli in
validly cued trials, which were associated with
participants’ increased accuracy and reaction speed
(Haegens, Handel, & Jensen, 2011). It was
suggested that such an effect may have been
mediated by top-down attentional control by the
frontal cortex over somatosensory alpha activity, that
caused the disengagement of task-irrelevant regions
(Haegens, Osipova, Oostenveld, & Jensen, 2010).

Similarly, in tasks that project stimuli in one visual
hemifield at a time, alpha ERD appears in the
hemisphere contralateral to the cued and attended
hemifield, and at the same time, alpha ERS appears
in the ipsilateral hemisphere (Kelly, Lalor, Reilly &
Foxe, 2006; Worden et al., 2000). The functional
meaning of this phenomenon may be that, with
alpha ERD, the contralateral hemisphere is activated
to process the stimulus, whereas in the ipsilateral
hemisphere, alpha ERS inhibits task-irrelevant brain
regions to suppress distracting stimuli and
processes in order to allow for better information
flow to the task-relevant hemisphere (Thut et al.,
2006). The same principle seems to hold true also
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when it comes to brain regions dedicated to different
sensory modalities. While performing tasks that
require allocation of attention to one sensory
modality, task-nonessential brain regions dedicated
to the processing of another sensory modality show
increased alpha power (Foxe, Simpson, & Ahlfors,
1998) and decreased regional cerebral blood flow
(Haxby et al., 1994; Kawashima, O’Sullivan, &
Roland, 1995), which reflects functional inhibition,
thus leaving more resources available to the task-
relevant brain regions to perform the task. Even
within the same sensory modality, this dichotomy of
brain activation in task-relevant regions and
deactivation in task-irrelevant brain regions occurs.
For example, when subjects direct their attention to
a linguistic task, decreased activation is found in
unrelated brain regions dedicated to the processing
of motion stimuli (Rees, Frith, & Lavie, 1997). Lastly
and of importance to our proposal, Ray and Cole
(1985) found parietal alpha increases during
cognitive and emotional tasks that did not require
attention to the external environment, thus permitting
more efficient processing of internal tasks.

Correlation, however, should not be equated with
causation. Demonstrating that increased alpha
activity in task-irrelevant brain regions improves
learning and task performance does not necessitate
that causally increasing alpha power will do the
same. To prove causality, a few studies were
conducted, demonstrating that causally enhancing
alpha power in task-irrelevant brain regions may
indeed improve performance. For instance,
Sauseng and colleagues enhanced alpha (10 Hz)
power causally with repetitive transcranial magnetic
stimulation (rTMS) over the posterior parietal cortex
ipsilateral to visual items to be retained in memory
and found that it enhanced short-term visual
memory performance, whereas a similar treatment
on homologous brain regions contralaterally actually
hampered performance on the task. This effect was
specific to the 10 Hz stimulation over parietal brain
regions (Sauseng et al., 2009). Similarly,
Lustenberger and colleagues demonstrated that
transcranial alternating current stimulation (tACS) to
enhance frontal alpha activity bilaterally during a
divergent thinking test enhanced creativity. This
effect was specific to the alpha rhythm (10 Hz), as
tACS at 40 Hz did not yield similar results
(Lustenberger, Boyle, Foulser, Mellin, & Frohlich,
2015). This may mean that inhibition of the rational,
critical thinking frontal brain is conducive to original
thinking and ideation and that it prevents internal
information processing being disturbed by external
stimuli (Fink, Grabner, Benedek, & Neubauer, 2006).
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Evidence for the causal role of alpha oscillations in
improving performance were obtained also through
studies utilizing neurofeedback alpha upregulation
protocols to improve performance on different tasks.
For example, Bazanova, Verevkin, and Shtark
(2007) found that musicians who underwent
neurofeedback training to increase their upper alpha
power demonstrated both increased alpha power
and improved musical performance. Also,
Hanslmayr and colleagues reported that using
neurofeedback training to enhance the individual
upper alpha band resulted in improved performance
on a mental rotation task after only one session
(Hanslmayr et al., 2005). Both music performance
and mental rotation are skills that depend on inner
control of information processing (Alexeeva, Balios,
Muravlyova, Sapina, & Bazanova, 2012). These
findings demonstrate how causally increasing alpha
power may improve performance on such tasks. It
appears that higher levels of baseline alpha power
allow better flexibility in inhibiting (or not inhibiting)
different processes, according to the needs of the
task (Vernon et al., 2009).

Neurofeedback is considered to be a form of
nondeclarative, implicit learning, with a critical role of
the striatum of the basal ganglia (Birbaumer et al.,
2013; Emmert et al., 2016; Koralek et al., 2012). In
what follows, we suggest that presession posterior
alpha upregulation may help to relatively deactivate
posterior cortical regions that are not directly
involved in the implicit aspects of neurofeedback
learning, thus decreasing interference from task-
nonessential processes and leaving more neural
resources available to other brain regions and
networks relevant to self-regulation learning. This
may accelerate response to neurofeedback with the
client's main treatment protocols and may also
increase effect size. This may be compatible with
both the “alpha as idling” and “alpha as cortical
inhibition” hypotheses. But before we discuss this
suggestion, let us briefly explore the difference
between implicit and explicit types of learning and
their neural correlates.

Implicit Versus Explicit Learning

The brain is a learning apparatus. There are many
different types of learning, and while they can be
divided and grouped by different criteria, one of the
most basic divisions is between explicit, declarative
learning and implicit, nondeclarative learning (Squire
& Zola, 1996). Explicit learning is the kind of
learning that learners have conscious awareness of,
so that they can think about what they learned and
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articulate it to themselves and to others. Tulving
(1972) divided explicit memory into episodic memory
(i.e., memory of personal events) and semantic
memory (i.e., memory of facts and common
knowledge). Implicit (nondeclarative) learning, on
the other hand, is achieved unconsciously and is
hard to verbalize to others (and even to oneself).
That is, implicit learning involves the acquisition of
tacit knowledge which is inaccessible to conscious
awareness and is expressed through performance
(Reber & Squire, 1994).

Explicit and implicit learning exhibit different neural
correlates and rely on qualitatively distinct neural
systems (Rugg et al., 1998), with explicit memory
relying more on the medial temporal lobe (the
hippocampus; Eichenbaum, 1999) along with frontal
and parietal cortices (Yang & Li, 2012), and certain
types of implicit memory relying more on subcortical
structures such as the striatum of the basal ganglia
(Heindel, Salmon, Shults, Walicke, & Butters, 1989;
Poldrack et al., 2001) and engaging fronto-striatal
networks (Yang & Li, 2012). It was demonstrated
that during implicit inferences, prefrontal regions
deactivate parietal networks involved in externally
oriented attention (which appears as prefrontal alpha
ERD and parietal alpha ERS), while during tasks
involving explicit learning and memory, the opposite
pattern (i.e., prefrontal alpha ERS and parietal alpha
ERD) can be seen (Wokke & Ro, 2019). 1t is
important to note, however, that implicit and explicit
learning systems may overlap and share a
significant portion of the same networks (Yang & Li,
2012) and that, very often, tasks may rely on both
systems (Destrebecqgz et al., 2005), such as when
one learns to play music (Rohrmeier & Rebuschat,
2012) or acquires a new language (Peigneux,
Laureys, Delbeuck, & Maquet, 2001).

One illuminating demonstration of the functional and
anatomical division between implicit and explicit
learning is the double dissociation between these
two types of learning in different patient populations
(Packard & Knowlton, 2002). For instance, people
with  amnesia, who have a temporal Ilobe
dysfunction, tend to perform well in tasks requiring
implicit inferences but not in tasks requiring explicit
learning and memory (Graf, Squire, & Mandler,
1984; Milner, Corkin, & Teuber, 1968), whereas
Parkinson’s disease patients, who have basal-
ganglia dysfunction, display the opposite pattern
(Knowlton, Mangels, & Squire, 1996).

Implicit, nondeclarative learning is not a single entity,
but rather a set of heterogenous phenomena (Seger,
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Prabhakaran, Poldrack, & Gabrieli, 2000). There
are different types of implicit learning, and they rely
on different cortical and subcortical circuits. Under
the broad category of implicit learning are different
types of learning, such as: procedural learning (skills
and habits), instrumental learning (reinforcement
learning or operant conditioning), perceptual
learning, priming, classical conditioning,
classification learning, probability learning, artificial
grammar learning, and more (Heindel et al., 1989;
Reber & Squire, 1994; Seger et al.,, 2000; Sigala,
Haufe, Roy, Dinse, & Ritter, 2014; Squire & Zola,
1996). Each of these engages different cortical and
subcortical brain regions.

Procedural learning is the learning of automatic skills
and sensorimotor habits which are mostly
unconscious, such as when one learns how to juggle
three or more balls or ride a bicycle (Baars & Gage,
2010). The dorsal striatum (comprised of the
putamen and caudate) functions as the basal
ganglia’s interface to the cortex (Zotev, Misaki,
Phillips, Wong, & Bodurka, 2018) and is implicated
in procedural skill learning (Squire & Zola, 1996).
The striatum of the basal ganglia has also been
implicated in feedback learning (Grahn, Parkinson &
Owen, 2008; Peters & Crone, 2017), stimulus
response learning (Packard & Knowlton, 2002), and
instrumental learning (Liljieholm & O'Doherty, 2012).
Neurofeedback involves these types of learning and,
as we will see next, it can be viewed as a complex
type of nondeclarative, procedural learning.

Neurofeedback as a Form of Implicit Learning

Neurofeedback has been defined as a form of
procedural skill learning (Kober, Witte, Ninaus,
Neuper, & Wood, 2013; Sitaram et al.,, 2017) and
instrumental learning (Gruzelier & Egner, 2004), and
as such, it may not be an explicit conscious process,
but rather an implicit type of learning (Birbaumer et
al,, 2013). Participants in neurofeedback training
can recognize mental states and body sensations
and use these to infer their brain states, but they do
not have direct conscious knowledge of the
neurophysiological activity in their brains per se.
Indeed, it has been suggested that the role of
explicit learning mechanisms in neurofeedback may
be limited (Kober et al., 2013). In addition, the basal
ganglia have been shown to be involved in skill
learning (Squire & Zola, 1996) and instrumental
learning (Yin & Knowlton, 2006), and studies of
functional magnetic resonance imaging (fMRI)
neurofeedback have shown the consistent
involvement of the basal ganglia in neurofeedback
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learning as well (Emmert et al., 2016; Lawrence et
al., 2014; Scharnowski et al., 2015; Sulzer et al.,
2013; Veit et al., 2012).

The term implicit learning in the context of
neurofeedback may be somewhat misleading.
Implicit learning does not necessarily mean that the
learning occurs without any conscious awareness.
Rather, implicit learning involves conscious input
that is processed with implicit inferences. It is these
inferences and computations that are performed
without conscious awareness (Baars & Gage, 2010).
While some aspects of the neurofeedback training
are conscious (i.e., the sensory feedback, the
training room, the presence of the practitioner, and
even some mental states and overt cognitive
strategies during session), what constitutes the
actual learning, that is, the inferences made by the
brain concerning the neuronal activity that is being
rewarded or inhibited (and the computations and
physiological changes that have to be made to
enhance or suppress such activity), is unconscious
and constitutes implicit, nondeclarative learning.
The fact that small children (Mohagheghi et al.,
2017), toddlers (Cannon, Strunk, Carroll, & Carroll,
2018), and even animals (Kobayashi, Schultz, &
Sakagami, 2010; Sterman, 1977) can successfully
attain brainwave self-regulation in neurofeedback
attests to the fact that neurofeedback learning is
based on implicit processes. Indeed, operant
conditioning of one single cortical neuron in an
unanesthetized animal was shown to be feasible
(Fetz, 1969), and successful neurofeedback learning
was attained unconsciously by participants who
were unaware that they were being trained and who
had no intent to learn (Ramot, Grossman, Friedman,
& Malach, 2016). In support of this, there is ample
evidence that trying to employ explicit strategies
during neurofeedback training may actually hamper
the attainment of self-regulation (Wood, Kober,
Witte, & Neuper, 2014), whereas having no
conscious strategies during training may facilitate
such learning (Kober et al., 2013; Sitaram et al.,
2017; Witte, Kober, Ninaus, Neuper, & Wood, 2013;
but see: Hardman et al., 1997). It may be that the
use of overt mental strategies to try to consciously
control the feedback leads to a cognitive overload,
and this overload interferes with the neurofeedback
learning and impedes it (Kober et al., 2013). A
similar suggestion was made for other types of
implicit learning as well (Chafee & Crowe, 2017;
Packard & Knowlton, 2002).
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Alpha Upregulation to Facilitate the Efficiency
and Efficacy of Neurofeedback

In light of the inhibitory role that alpha oscillations
have been shown to play at task-irrelevant brain
regions (i.e., reducing interference and increasing
the signal-to-noise ratio in the brain) and due to the
fact that neurofeedback learning can be achieved
unconsciously, relying on implicit learning
mechanisms that are mediated to a large extent by
subcortical structures such as the basal ganglia
(along with other cortical and subcortical regions), it
seems plausible to suggest that presession alpha
upregulation at posterior electrode sites may
accelerate subsequent neurofeedback learning with
the client's main training protocols. The posterior
(parietal and occipital) brain regions are known to be
involved in vision, sensory perception integration
(Konen & Haggard, 2014), spatial cognition, motor
planning (Freedman & Ibos, 2018), visual imagery
(McNorgan, 2012), conscious cognitive processing,
and externally oriented attention (Wokke & Ro,
2019). Enhancing alpha power over these areas
may relatively deactivate these brain regions that
are not directly involved in the neurofeedback
learning per se, thus allowing task-relevant brain
regions to receive and process the feedback
information with less interference. This may
enhance the brain’s ability to perform the brainwave
self-regulation more efficiently and effectively. This
proposal may be valid also when considering the
"alpha as idling" hypothesis: idling of task-irrelevant
brain regions may leave more cognitive and neural
resources available to task-relevant regions and
cause less distractions and interference from task-
nonessential processes.

In support of this, Wood and coauthors suggest that
suppressing conscious cognitive processes that are
not necessary for neurofeedback is a key to
improving self-regulation in neurofeedback (Wood et
al., 2014). Similarly, Ninaus et al. (2013) suggested
that during neurofeedback, top-down control of task-
irrelevant brain regions takes place to reduce
interference from such networks while the task-
relevant networks perform the neurofeedback
learning. Also, Rauch et al. (1997) suggested that in
implicit learning, the striatum of the basal ganglia
relieves corresponding cortical areas of their
computational load, which could probably reflect the
parieto-striatal dynamics during neurofeedback as
well, since the striatum has neural connections with
different regions in the parietal cortex (Cavanna &
Timbler, 2006; Jarbo & Verstynen, 2015; Lilieholm &
O'Doherty, 2012).
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In their meta-analysis, Emmert and colleagues found
consistent basal-ganglia and frontal activations
during neurofeedback across the different studies
that they surveyed (Emmert et al.,, 2016), and this
confirms the important role of these regions in
neurofeedback processing. In fact, in Ninaus and
colleagues’ study of the neural correlates of
“neurofeedback” done with sham feedback only, the
authors did not find any basal-ganglia activations,
possibly reflecting the fact that no real feedback was
given, therefore no real learning was taking place
(Ninaus et al., 2013).

While the role of the basal ganglia in the implicit
processes involved in neurofeedback may be
established, the picture is less clear as to the role of
posterior brain regions in such learning. Different
studies have reported different, sometimes
contradicting, patterns of parietal activations and
deactivations during neurofeedback (Emmert et al.,
2016; Haller, Birbaumer & Veit, 2010; Lam et al.,
2020; Scharnowski et al., 2015). These differing
patterns may be the result of the different target
regions of interest (ROIs) focused on in these
studies, as well as the different experimental and
baseline conditions, modalites and forms of
feedback and the instructions given to participants.
They may also be the result of the different types of
mental imagery used by participants (McNorgan,
2012). The parietal lobes were found to be engaged
in explicit processing and externally oriented
attention, and inhibited under internal implicit control
through processes of executive control by the frontal
lobes (Wokke & Ro, 2019). Also, alpha increases
were found in the parietal lobes during tasks that do
not require attention to the external environment
(Ray & Cole, 1985). We would have therefore
expected to see parietal deactivations during
neurofeedback. However, the fact is that in some of
these studies (see meta-analysis by Emmert et al.,
2016) dorsal parietal activations were reported along
with deactivations of areas in the medial portions of
the parietal lobe (i.e., the precuneus and posterior
cingulate cortex, PCC) that make up the main
posterior node of the default mode network (DMN;
Zotev et al., 2018). This pattern of activations and
deactivations could perhaps be explained by the fact
that, in these studies, participants employed overt,
explicit cognitive strategies trying to consciously
control the feedback by exerting cognitive effort.
This means that they focused their attention intently
on the external sensory feedback in an attempt to
consciously, explicitly control it, rather than letting
go, keeping an open focus and allowing their brain
to process the neural feedback implicitly. It has
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been shown that exerting cognitive effort in goal-
directed, attention-demanding tasks deactivates the
precuneus and PCC (Raichle et al., 2001). It could
be, therefore, that the pattern of activity revealed in
Emmert et al.’s meta-analysis is a result of the
explicit mental strategies and conscious, deliberate
cognitive effort employed by the participants to
control the feedback. In support of this, posterior
brain regions involved in attention were found to be
activated in explicit processing (Aizenstein et al.,
2004), and the posterior parietal cortex was
suggested to be involved in executive control
processes during neurofeedback (Sitaram et al.,
2017). Also, Veit et al. (2012) found parietal cortical
activations for task conditions in neurofeedback that
demanded more cognitive effort. Therefore, it may
be cautiously conjectured that posterior cortical
regions are not inherently involved in the implicit
aspects of neurofeedback but may rather be more
related to explicit cognitive strategies employed by
some participants in an attempt to consciously
control the external sensory feedback.

Interestingly, Scharnowski et al. (2015) found that
during fMRI neurofeedback on different ROIs and in
opposing directions (i.e., upregulation and
downregulation of the blood-oxygenation-level-
dependent, or BOLD, signal), there was
unexplainable consistent deactivation of the superior
and ventral visual cortices in the occipital lobe,
bilaterally, even though the visual displays in the
training and baseline blocks were identical. It is
possible that in order to learn the neurofeedback
task efficiently, the brain relatively deactivated
posterior brain regions as a means to suppressing
the processing of irrelevant visual information.

Further support for this idea comes from Lam et al.
(2020), who found that successful learners of fMRI
neurofeedback were those participants who showed
greater fronto-striatal activation and decreased
temporo-occipital-cerebellar activation during a
response inhibition task, presumably reflecting better
top-down cognitive control abilities. Similarly, an
association between the ability to inhibit task-
irrelevant brain regions and success in kinesthetic
motor imagery fMRI neurofeedback was found by
Chiew, LaConte, and Graham (2012). These
findings indicate that top-down attentional and
executive control processes are related to better
self-regulation ability in neurofeedback (Lam et al.,
2020). Indeed, in accordance with this and in line
with our suggestion regarding the facilitatory effect
of posterior alpha upregulation, LORETA
neurofeedback parietal alpha training was found to
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have a positive effect on executive functions
(Cannon, 2012) and LORETA neurofeedback with
an alpha upregulation protocol at the precuneus was
found to be related to novel learning and
improvements in self-regulation, in the broader
sense of the word (Cannon et al., 2014). In addition,
alpha activity indices were suggested to be related
to self-regulation ability (Bazanova, 2012; Bazanova,
Kondratenko, Kondratenko, Mernaya & Zhimulev,
2007).

While the above-mentioned findings of the neural
correlates of neurofeedback were found using fMRI-
neurofeedback, it is likely that a common brain
network is involved in the regulation process itself
(Emmert et al.,, 2016) and that several aspects of
neurofeedback training are constant, regardless of
the method used (Ninaus et al.,, 2013), and may
therefore be at work also in EEG-neurofeedback.

Alpha and the Facilitatory Power of Attention

The alpha upregulation priming suggested here
involves attentional changes. Similar attentional
changes induced by other methods have been
shown to accelerate neurofeedback learning. One
such attentional technique that has been used to
enhance neurofeedback success is a computer-
assisted mindfulness instruction just prior to a
neurofeedback session (Da Costa, Bicho, & Dias,
2019, 2020). Chow and colleagues showed that
mindfulness meditation is associated with an
increased global full-band alpha amplitude,
comparable to that achieved in an alpha
upregulation neurofeedback session (Chow, Javan,
Ros, & Frewen, 2017), which suggests that the
facilitatory effect of mindfulness on neurofeedback
may be mediated by increases in the alpha band
power. Similarly, Stieger et al. (2021) demonstrated
that mind-body awareness training increased
participants’ alpha power during rest and also
accelerated their subsequent brain-computer
interface (BCI) learning, a form of open-looped
neurofeedback. Findings of accelerated BCI
learning following mind-body awareness training
were reported also by Cassady, You, Doud, and He
(2014). In addition, Kober et al. (2017)
demonstrated that people who are regularly involved
in a spiritual practice, such as prayer, learn
brainwave self-regulation faster than people who
rarely pray. The authors suggest that people who
regularly engage in a spiritual routine are more
skillful at gating and routing incoming information
about their brainwaves during neurofeedback and
thus manage to avoid distracting, task-irrelevant
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thoughts (and hence task-irrelevant neuronal
processing). Another adjunctive  attentional
technique suggested to be facilitatory of subsequent
neurofeedback training is the Open Focus technique
(Fehmi & Robbins, 2008), which proposes that when
clients keep their attention open, without narrowing
or focusing it on anything in particular, their alpha
power increases and their subsequent
neurofeedback training accelerates and improves
dramatically. In line with this, it was found that, in
alpha upregulation neurofeedback, participants who
succeeded in enhancing their alpha power were
those who kept an open focus and did not pay too
much attention to the feedback tone (Biswas & Ray,
2019).

The facilitatory effects that the above cited studies
found were demonstrated with an alpha or
sensorimotor rhythm (SMR) uptraining
neurofeedback protocol. However, an attention-
modulating technique that primed and accelerated
neurofeedback with different frequency bands (theta
and beta) was also reported, which suggests that
the priming power of attention may not be restricted
to protocols enhancing the alpha band or related
rhythms  alone. Barabasz and Barabasz
demonstrated that their Instantaneous Neuronal
Activation Procedure (INAP), a short alert hypnosis
procedure lasting as little as 45-90 seconds just
prior to neurotherapy sessions with a theta
suppression and beta enhancement protocol,
yielded similar or better results than neurotherapy
alone and did this in less than half the number of
sessions (Barabasz & Barabasz, 1995, 1999).
Although these researchers found that INAP was
related to increased frontal beta (14-20 Hz),
independent of neurofeedback, this technique,
based on the principles of hypnosis, achieves its
effect by manipulating attention networks in the brain
and may therefore be related to other EEG
correlates of attention as well, such as an increased
alpha power. Indeed, alpha power was found to be
associated with hypnotic states (Williams &
Gruzelier, 2001) and hypnotizability (Faymonville et
al., 2006; London, Hart, & Leibovitz, 1968).

A Word of Caution —
Possible Side-Effects of Alpha Enhancement

Overtraining with any protocol is not recommended,
and extra care should be taken when it comes to
protocols enhancing local synchrony in slow (i.e.,
alpha and theta) oscillations (Sherlin, 2009).
Caution should be exercised especially when
performing  neurofeedback with  anxious or
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emotionally unstable individuals using an alpha
enhancement protocol (Hammond, Stockdale,
Hoffman, Ayers, & Nash, 2001) to avoid phenomena
of unintended emotional release. Also, long
sessions may cause clients to become drowsy and
fatigued (Vernon et al., 2009), and this, in turn, may
negatively affect alpha power (Biswas & Ray, 2019).
Research has shown that after as little as 2 or 3
minutes of neurofeedback training, participants
managed to increase their alpha band amplitude
(Travis, Kondo, & Knott, 1974, as cited in Vernon et
al., 2009), which means that short presession
training of alpha upregulation may be a safe place to
start. However, 10-min presession blocks may be
more effective (Ancoli & Kamiya, 1978), and
depending on the client’s response, longer durations
(20 minutes or more) may be plausible as well
(Vernon et al., 2009).

The decision of whether to perform presession alpha
upregulation should be made based on the client’s
gEEG test and presenting symptoms and should be
avoided in cases in which such a protocol is
contraindicated. For example, if a client’s alpha
power is high compared to age-group norms,
enhancing alpha further should be avoided. Also,
while alpha upregulation is normally associated with
a sense of calm and relaxation, for some clients it
may be accompanied with increased agitation,
irritability, hyperarousal, and impatience. Some may
experience sleep-onset delays (Bednar, 2018).
Others may be disoriented and unfocused following
alpha enhancement, and in some cases alpha
uptraining may enhance feelings of anxiety
(Thompson & Thompson, 2009) and temporary
sadness (lbric & Davis, 2007). Therefore,
performing short priming sessions with an alpha
upregulation protocol and increasing their duration
gradually while watching the client’s response would
be a safe way to go about it. Also, since we do not
know with certainty right from the outset how each of
the clients’ main training protocols would affect
them, we may not want to accelerate learning too
fast too soon.

Summary and Discussion

Neurofeedback is a relatively safe neurotherapy
method that offers clients abundant clinical,
cognitive and overall well-being advantages.
However, one of the main deterring points for clients
who consider whether to begin neurofeedback or not
is the average time it normally takes to achieve a
lasting, significant clinical effect. =~ An average
neurofeedback training series may consist of 40 to
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80 sessions, which, at a rate of twice or three times
a week, can take between 6 and 8 months
(Barabasz & Barabasz, 1999). In  addition,
especially when it comes to small children, 6 to 8
months to get the desired clinical results is a
relatively long period of time and, when the effects of
the training start to manifest, parents sometimes
attribute the changes to the natural maturation of
their  child. Finding a way to accelerate
neurofeedback learning would yield results faster in
a way that would help keep clients committed to the
process and deem the maturation misjudgment in
the case of children implausible (Barabasz &
Barabasz, 1995).

In this paper we suggested that the learning process
in neurofeedback training may be facilitated and
accelerated by a short presession training with an
alpha enhancement protocol over posterior brain
regions. As shown here, the basal ganglia are
directly involved in neurofeedback learning along
with other cortical and subcortical regions.
Achieving relative deactivation of posterior cortical
regions dedicated to externally oriented attention
and explicit sensory and cognitive processing
through alpha uptraining may allow information to
flow with better efficiency to the task-relevant
regions involved in neurofeedback, where it would
be subsequently processed with less interference
and better effectiveness.

The presession alpha upregulation priming can be
performed in different ways, and the training
variables may vary between clients. For each client,
clinicians should determine such training variables
as: the duration of the presession alpha upregulation
training; whether the protocol should utilize the
standard alpha band or the individual alpha band
(Bazanova, 2012; Bazanova & Aftanas, 2010); the
lower alpha (reflective of an unaware state of
relaxation), the upper alpha (reflective of an alert
state and an open awareness with no focus on
anything in particular in the external or internal
environment; Sherlin, 2009), or the entire alpha
band; whether the presession alpha training should
be performed with eyes open or eyes closed
(Vernon et al., 2009); as a single-channel protocol or
with more than one channel (Sherlin, 2009); the
exact electrode site (parietal, occipital, or another);
just prior to the beginning of the session or at the
same time as the client’s main training protocols (if
the main protocols involve a posterior placement),
etc. In the question of standard versus individual
alpha band, it seems that the latter is preferred, as it
reflects the client’s functional alpha more faithfully
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(Bazanova, 2012; Klimesch, 1999) and research has
shown that training with the client’s individual alpha
is more effective than training with the preset,
standard alpha band (Bazanova & Aftanas, 2010).
In addition, since the individual alpha frequency
changes with age, when the clients are young
children, their individual alpha frequency may be
much lower than the standard 8-12 Hz band
(Niedermeyer, 1999). In terms of the electrode site
to be trained, it seems that posterior placements are
good candidates, for all the reasons detailed above,
namely, the role of these cortices in externally
oriented attention and explicit cognitive and sensory
processing. Alpha at central sites is related to the
SMR band (Kropotov, 2009) and tends to be
accompanied by motor inhibition and reduced
sensorimotor  interference. However, SMR
upregulation is related to enhanced externally
oriented attention, as it was shown to improve
performance in tasks such as shooting (Gong, Nan,
Yin, Jiang, & Fu, 2020) and gulf putting (Cheng et
al., 2015). Therefore, it seems that alpha
enhancement in posterior sites is the preferred
option, due to these regions’ role in externally
oriented attention and explicit cognitive and sensory
processing. Experience shows that parietal alpha
enhancement with eyes open may be effective. In
terms of the training montage, one-channel
referential alpha upregulation may lead to transient
phenomena of emotional imbalance among
vulnerable individuals, which is the reason why
some researchers and clinicians prefer to start with
either a bipolar protocol or a two-, four- or multi-
channel alpha synchrony training (Sherlin, 2009).

Not in every case is a presession priming with an
alpha upregulation protocol indicated. Some clients
may exhibit excessive alpha power, which may be
the case, for example, in some subtypes of ADHD or
in depression (Byeon, Choi, Won, Lee, & Kim,
2020). Also, alpha upregulation should be avoided
when there is a reason to believe that it may clash
with the client’s other training protocols or overall
training goals. However, in cases when there is no
obvious reason to decide against alpha
enhancement, alpha upregulation should be
considered as an adjunctive, priming protocol to be
performed just prior to neurofeedback sessions.
This protocol affects the client’s attentional networks
and thus may increase the brain’s receptivity to
subsequent brainwave self-regulation training. Still,
for some clients, this protocol may be accompanied
by iatrogenic effects, so it is recommended to start
with short periods of presession alpha upregulation
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and to gradually increase their duration according to
the client’s reaction and treatment response.

To establish this suggestion empirically, controlled,
large-sampled studies should be conducted,
comparing the speed, efficacy, and effect size of
brainwave self-regulation training with and without
the priming effect of presession posterior alpha
upregulation. Such studies should be performed
with  different training protocols following the
presession training. They should be conducted with
a sample of healthy subjects as well as with specific
clinical populations  (preferably divided by
electroencephalographic  endophenotypes). In
addition, research should try to determine what may
be the most efficient way to conduct such priming
sessions in terms of the different variables outlined
above.

Some clients are deemed nonresponders to
neurofeedback training, and trying to prime their
brain with a neurofeedback protocol may prove
futile, for obvious reasons. Depending on the
reasons for this inability to learn self-regulation
through neural feedback (and these may vary
between clients and may be cognitive, emotional, or
physiological in nature), it may be that perhaps at
least some of these clients would respond to
neurofeedback if their brain is driven by other
means, exogenous or endogenous, to produce
cortical alpha brainwaves. This, in turn, may
decrease resistance, modulate attention, inhibit task-
irrelevant cortical regions and increase the signal-to-
noise ratio, and thus clear the way for task-relevant
regions to take the lead role during the subsequent
neurofeedback session. This may be done just prior
to the neurofeedback session (or during the session)
with technigques such as audio-visual entrainment
(AVE; Collura & Siever, 2009), rhythmic visual
stimulation (“flicker”; Gulbinaite, van Viegen, Wieling,
Cohen, & VanRullen, 2017), cranial electrotherapy
stimulation (CES; Kirsch & Nichols, 2013), binaural
beats (Foster, 1990) and various other brain-driving
methods mentioned earlier. Even though the effects
of these methods are not always apparent as alpha
in posterior regions, they may induce a sense of
calm and modulate attention in a way that would
prove beneficial for subsequent neurofeedback
training. Since the use of some of these techniques
is not always feasible for every client (or for every
clinician), it may also be the case that readily
available  endogenous, attention  modulating
techniques would achieve a facilitatory effect; for
example, autogenic training, breathing exercises
(Green & Green, 1977), mindfulness meditation (Da
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Costa et al., 2019, 2020), relaxation, meditating on a
positive affirmation, effortless mental imagery such
as pleasant scenes (Foster, 1990), and keeping an
open focus without thinking of anything in particular
(Fehmi & Robbins, 2008). In cases in which the
clinicians are licensed hypnotherapists, the INAP
(alert hypnosis) technique (Barabasz & Barabasz,
1995) may prove useful as well. The key point is to
induce attentional changes that will allow implicit
learning processes to take place during neural self-
regulation with minimal interference from externally
oriented attentional networks.
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