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Years of research have demonstrated that biofeedback,
neurofeedback, and mindfulness, individually and in
various combinations, have been employed to effectively
improve sport performance. The present article discusses
the literature supporting the combination of these techniques, the neurophysiologic measures that support the use
of these techniques for performance enhancement, and
practical methods for implementing a combination of
biofeedback and mindfulness with athletes. Finally, a case
study is presented to offer practical steps on implementing
mindfulness and biofeedback for the purpose of performance enhancement.
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In the fall 2015 issue of Biofeedback, Khazan (2015) offered
a detailed approach for applying mindfulness and acceptance techniques during biofeedback to improve the lives of
those seeking treatment for clinical conditions. Klich (2015)
described how mindfulness-based biofeedback has been
integrated into health care settings. The current article aims
to address how mindfulness is combined with biofeedback
to improve performance, particularly among athletes.
Mindfulness is a mental skill rooted in Eastern
meditation practices that has been reapplied through
various therapeutic techniques such as mindfulness-based
cognitive therapy (Teasdale et al., 2000), acceptance and
commitment therapy (Hayes, Luoma, Bond, Masuda, &
Lillis, 2006), and mindfulness-based stress reduction
(Kabat-Zinn, 2003, 2011). As is likely well understood at
this point, mindfulness is about teaching individuals to
‘‘become more aware of thoughts and feelings and to
change their relationship to them’’ (Bishop, 2002, p. 71).
Combining mindfulness with biofeedback is a logical
evolution in self-regulation therapies, given that they are
natural complements to one another, as biofeedback would
enhance mindfulness through becoming more aware of
one’s physiology (Wyner, 2015). Further, the proposed
psychological mechanisms of action in mindfulness techniques include behavioral processes of operant conditioning

employed in bio/neurofeedback interventions (Ivanovski &
Malhi, 2007; Sherlin et al., 2011). Fortunately, most
individuals are capable of the two required skills for
mindfulness, attention and awareness (Brown & Ryan,
2003), which increases the number of individuals to whom
it can be applied successfully.

Psychophysiology of Mindfulness
Psychophysiology offers an opportunity to quantify the
mindful state and allow individuals to identify and
volitionally create it. A large body of research has amassed
in the investigation of psychophysiological markers of
meditation. However, all meditative practices are not
created equal. The methods used to elicit specific states
differ across practices and, consequently, result in different
psychophysiological signatures. Therefore, findings cannot
be generalized to all techniques. Cahn and Polich (2006)
discuss the classification of meditative styles along a
continuum from mindfulness to concentrative practices,
dependent on the attention regulation strategies employed.
They assert that mindfulness techniques (e.g., Zen,
Vipassana, Western mindfulness meditation) call for the
allowance and nonjudgmental awareness of any thought,
feeling, or sensation that arises during the maintenance of a
specific attentional stance (i.e., open perceptivity), whereas
concentrative techniques (e.g., Yogic, Buddhist Samantha,
and transcendental meditations) call for the focused
attention on specific mental or sensory activity (i.e.,
narrowing of attentional focus). They also make a
distinction between state and trait effects of meditative
practice, indicating that state effects refer to the altered
sensory, cognitive, and self-referential awareness that
occurs during meditation, whereas trait effects refer to
long-term changes that occur within these domains and
persist in the meditator with or without actively engaging
in meditation. Recognition of these differences is essential
for the evaluation of the literature, investigations of
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distractors. For athletes, attention control is particularly
valuable in honing the ability to quickly direct attention to
where it is most needed at that moment, selecting only
those stimuli that require attention and disregarding
distractors.
Mindfulness meditation tasks have also been shown to
produce state and trait changes in EEG, magnetic resonance
imaging, and functional magnetic resonance imaging
(fMRI) activity. Compared with control conditions, mindfulness meditation enhances Delta, Theta, Alpha, and Beta
power in frontal and posterior sites and decreases Alpha
frequency globally. Mindfulness meditation also is associated with left-hemisphere lateralization of anterior Alpha
activation, Alpha alterations in coherence, and nonhabituating Alpha blocking. In addition, it elicits task-specific
increases in Gamma activity. For a review of these findings,
see Cahn and Polich (2006), Chiesa and Serretti (2010),
Ivanovski and Malhi (2007), and Lomas, Ivtzab, and Fu
(2015). These changes are all consistent with reported
hypotheses around the use of neurofeedback for performance improvements (e.g., Vernon, 2005). The increases in
slow-frequency activity are thought to indicate increases in
processing efficiency reported among expert performers
when compared with novices (e.g., Deeny, Hillman, Janelle,
& Hatfield, 2003; Del Percio et al., 2009; Kim et al., 2008),
whereas the Alpha lateralization has been demonstrated to
enhance performance in archers (Landers et al., 1991).
Finally, increases in fast frequencies, Beta and Gamma,
suggest an increased ability for information processing as a
result of meditation practice, a benefit to skill acquisition.
In fMRI research, mindfulness-based meditation has
been shown to increase activation in the rostral anterior
cingulate cortex and the dorsal medial prefrontal cortex in
both hemispheres, whereas long-term practice of mindfulness meditation has been linked to thicker prefrontal cortex,
anterior cingulate cortex, putamen, and right hippocampal
cortical structures (Cahn & Polich, 2006; Chiesa & Serretti,
2010). These findings are indicative of enhanced abilities to
regulate attention and attend to bodily sensations as well as
faster conceptual processing (Chiesa & Serretti, 2010), all of
which should promote performance through increased
learning of skills, awareness of body, and better selfregulation.
Finally, differences in physiological parameters including
slowed respiration (Ahani et al., 2014; Lehrer, Sasaki, &
Saito, 1999) and increased respiratory-sinus arrhythmia or
heart rate variability (HRV; Ditto, Eclache, & Goldman,
2006; Krygier et al., 2013; Lehrer et al., 1999) have been
observed between control conditions and mindfulnessbased meditation in novice and skilled practitioners. The
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underlying mechanisms of action, and development of
future research studies.
In a comprehensive review of the psychological mechanisms of mindfulness meditation, Ivanovski and Malhi
(2007) assert that various techniques enhance an individual’s ability to concentrate and inhibit distracting stimuli,
reduce expectancy responses to unexpected stimuli, enhance
visual perceptual sensitivity, and improve sustained attention and attention set shifting, with the magnitude of
domain-specific changes associated with the level of
meditative experience. For example, in an investigation of
sustained attention performance among mindfulness-based
and concentrative-based meditators compared with naive
controls, meditators presented with superior attentional
performance compared with controls, with long-term
meditators demonstrating superior performance compared
with short-term meditators and mindfulness meditators
demonstrating superior performance compared with concentrative meditators (Valentine & Sweet, 1999).
These findings are further supported by concomitant
neurophysiological measures, such as the presence and
amplitude of specific waveforms or the amplitude and
latency of event-related potentials (ERPs) within the
electroencephalograph (EEG). An ERP occurs in response
to a specific auditory or visual stimulus and is defined by its
polarity (positive or negative), timing, and scalp distribution. For example, the N2 component is characterized by a
negative voltage occurring 200 ms poststimulus, and the P3
(P300) component is characterized by a positive voltage
occurring 300 ms poststimulus. Both the N2 and P3
components are hypothesized to index attentional processes
such as object recognition and categorization, stimulus
evaluation, categorization, context updating, and cognitive
load (for review, see Woodman, 2010). Investigation of N2
and P3 components as ‘‘attentional correlates’’ of mindfulness meditation indicated that, compared with naive
participants, novice and experienced practitioners produced
larger amplitudes (i.e., greater attentional shift or response)
of both components when asked to attend to an auditory
tone task and smaller amplitudes when asked to ignore
auditory distractor tones during a breath-counting task
(Atchley et al., 2016). Similarly, individuals who completed
an 8-week mindfulness intervention showed increased
amplitudes in the late component of the contingent negative
variation, a measure of concentration ability and allocation
of attentional resources, when compared with a naive
waitlist control group (Bostanov, Keune, Kotchoubey, &
Hautzinger, 2012). These findings demonstrate that practicing mindfulness allows the individual to build attention
control skills, both in directing attention and in avoiding

153

Neurofeedback and Mindfulness

physiological changes summarized here support the notion
that mindfulness enhances athletes’ ability to self-regulate,
which in turn affects their ability to make good decisions
and stay calm during high-pressure competitive situations.
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Mindfulness and Biofeedback Among
Various Populations
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The literature describing the nature of mindfulness training
and its many applications is vast (e.g., Baer, 2003; KabatZinn, 2011). Mindfulness has been reported to improve a
whole host of clinical problems, including but not limited to
anxiety (Hoffman, Sawyer, Witt, & Oh, 2010; Goldin &
Gross, 2010; Grossman, Niemann, Schmidt, & Walach,
2004), depression (Dimidjian & Linehan, 2006; Felder,
Dimidjian, & Segal, 2012; Kangas, 2014), challenges
resulting from developmental disabilities (Hwang &
Kearney, 2013), and symptoms related to medical conditions (Brown & Ryan, 2003; Carlson, Speca, Patel, &
Goodey, 2003; Grossman et al., 2004; Speca, Carlson,
Goodey, & Angen, 2000). In addition, mindfulness research
has demonstrated efficacy for improving stress management skills and mental well-being among healthy individuals (e.g., Chiesa & Serretti, 2009; Keng, Smoski, & Robins,
2011; Rosenzweig, Reibel, Greeson, Brainard, & Hojat,
2003).
The benefits of both biofeedback and mindfulness
together have also been reported in various samples. In a
small sample of patients with psychiatric diagnoses, HRV
biofeedback combined with mindfulness successfully improved both HRV measures and mindfulness (Kleen &
Reitsma, 2011). Unfortunately, the reported outcomes were
not symptom based. Despite this limitation, the study
demonstrated that the combination of HRV biofeedback
and mindfulness is applicable in patient populations.
Among nursing students, both biofeedback and mindfulness training independently reduced self-reported anxiety
and perceived stress, despite the consistently demanding
curriculum (Ratanasiripong, Park, Ratanasiripong, & Kathalae, 2015). In a pilot study among university students,
biofeedback and mindfulness training were combined to
effectively decrease perceived stress and symptoms of
anxiety, depression, and academic distress while also
effectively promoting perceived coping skills (Wyner,
2015).
Clearly, mindfulness and biofeedback are applicable to
broader populations than those suffering physical or
psychological ailments. Mindfulness has been effectively
implemented in various athlete groups (e.g., Goodman,
Kashdan, Mallard, & Schumann, 2014; Scott-Hamilton,
Schutte, & Brown, 2016; Thompson, Kaufman, De Petrillo,

Glass, & Arnkoff, 2011), as has biofeedback (e.g., Gruzelier,
2014; Thompson, Steffert, Ros, Leach, & Gruzelier, 2008;
Vernon, 2005). In fact, since the 1990s, mindfulness has
been part of the acceptance-based therapeutic approach
applied with increasing frequency for peak performance
training, particularly among athletes (Gardner & Moore,
2012).
Mindfulness was initially introduced to optimize performance because of the intuitive overlap of the mindful
state and the present-focused state found among highperforming athletes (Gardner & Moore, 2004). Performance of any kind requires many things, but mental
efficiency and attention regulation are core components. By
enhancing executive functioning and cognitive processing
(Prätzlich, Kossowsky, Gaab, & Krummenacher, 2016),
mindfulness also likely boosts athletes’ ability to learn and
perform skills. Mindfulness has been reported to decrease
perfectionism, thought disruption, and performance anxiety
while also decreasing the likelihood of being overwhelmed
with emotions (Kaufman, Glass, & Arnkoff, 2009).
In addition, some suggest that mindfulness may be a
prerequisite to both peak performance and flow states
(Gardner & Moore, 2006; Kee & Wang, 2008). Mindfulness
teaches athletes to be present, focusing only on stimuli that
immediately affect their performance and letting go of
memories and/or emotions linked to prior aspects of a
performance (Gardner & Moore, 2004). It permits the
athlete to perceive mental activity with acceptance and
therefore to move beyond each thought, rather than
wasting mental effort on judging, suppressing, or changing
thoughts. Often, trying not to think about a negative or
irrelevant thought only creates more focus on it (Abramowitz, Tolin, & Street, 2001). Further, by letting go of
thoughts, the athlete is able to attend to only the stimuli
relevant to carrying out the skilled task rather than the
anticipated outcome. Thus, mindfulness exercises offer an
opportunity to train athletes to enhance and increase the
frequency of experiencing flow (e.g., Kaufman, Glass, &
Arnkoff, 2009).
As mindfulness provides an alternative to attempts to
change perceptions and judgments of thought processes
occurring throughout sport performance, biofeedback
allows the physical sensations that accompany emotions
and thoughts to be objectively observed and accepted. Given
the importance of mental efficiency during skilled performance, improved attention regulation positively affects
performance outcomes (Deeny et al., 2003; Del Percio et al.,
2009; Kim et al., 2008; Milton, Hlustik, & Small, 2007).
Neurofeedback specifically targets the underlying cortical
activity that promotes improved performance (reviewed in
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Sherlin & Larson Ford, 2016). Biofeedback provides athletes
with an improved method for observing the self and for
identifying the physiological responses associated with the
autonomic nervous system. With training, athletes learn to
shift from sympathetic to parasympathetic activity when
appropriate, which promotes better performance and
decreases the effects of performance anxiety. Biofeedback
assists in decreasing thought rumination and mind
wandering by offering physical bodily sensations to ground
attention in the present moment. For example, a recent
study suggested that focusing on the breath as opposed to a
mental image was more effective in reducing mind
wandering (Ju & Lien, 2016).

Combining Biofeedback and Mindfulness
for Sport Performance
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Surprisingly few studies demonstrate the combined efficacy
of biofeedback and mindfulness. Given the well-known
positive effects of biofeedback for enhancing sport performance (e.g., Gruzelier, 2014) and the benefits of mindfulness in sport (e.g., Gardner & Moore, 2012), there are likely
gains to be made by combining the two modalities.
Unfortunately, the literature is scarce on this front, even
within the performance enhancement domain.
Fitting mindfulness and biofeedback training in with an
already demanding sport training program can be challenging. This makes it even more important that the
practitioner be personally experienced in mindfulness and
therefore be able to proactively address the challenges of
practicing mindfulness at its introduction (Campbell &
Christopher, 2012; van Aalderen, Breukers, Reuzel, &
Speckens, 2014). This will set the athlete up for success.
Furthermore, because mindfulness-based therapy is an
alternative to traditional cognitive behavioral therapy
(CBT), approaching difficult cognitions and emotions with
acceptance rather than an aim to change them, it is
important that the practitioner be well trained in both
psychological skills and mindfulness practices (Shapiro,
Astin, Bishop, & Cordova, 2005).
For tips on how to implement mindfulness into a
biofeedback practice or vice versa for the purpose of
performance enhancement, consider the suggestions by
Khazan (2015). However, keep in mind the clinical focus of
that article and remember that biofeedback training with
athletes is different from biofeedback with patients, as noted
by Wilson and Peper (2011). Let’s consider these differences
here. The goals of training are different: optimizing
performance for athletes versus rehabilitation or symptom
amelioration for patients. The nature of the client himself
or herself is likely to be different as well. Recognizing and

capitalizing on athletes’ increased motivation, persistence,
competitive drive, and ability to learn and apply new
knowledge quickly will allow practitioners to incorporate
biofeedback combined with mindfulness with greater
success.
Because athletes are generally healthy and highly
motivated, the training time can be designed to be short
and intense. Working with athletes also offers the chance to
be very focused with both mindfulness and biofeedback
applications. Unlike working with patients who are in need
of improvements across many life domains, where demonstrating progress can be challenging, training athletes is
targeted primarily at specific skilled tasks where improvements are more measureable. In addition, athletes are often
much more accustomed to the process of coaching,
including negative feedback, than typical patients are. This
means athletes may be more willing to immediately adjust
their behavior in accordance with recommendations. At the
same time, athletes are also much more prone to
overcorrecting. Clear instructions, including boundaries
for implementation, should be offered to the client. Such
boundaries include limiting at-home training time and
scheduling down time.
Finally, technology provides another opportunity to
incorporate mindfulness and biofeedback successfully
within athlete populations. There are a multitude of mobile
applications that promote mindfulness, in one form or
another, which athletes may find valuable for their ease of
use and portability. This could also allow the session time
spent with the practitioner to be more focused on how to
implement new understanding gained through practice
beyond the office, for example, using visualization to help
the athlete learn to recognize the ramp up in physiological
arousal earlier in a competitive situation and then to
respond with slow, diaphragmatic breathing to calm the
sympathetic response of the autonomic nervous system and
acceptance of anxious thoughts. However, each practitioner
should carefully evaluate the utility of any mobile
application suggested to the athlete, as there has been little
empirical support for the efficacy of these mobile platforms
(Plaza, Demarzo, Herrera-Mercadal, & Garcı́a-Campayo,
2013).
Going forward, greater efforts must be made to
demonstrate the efficacy of combining biofeedback with
mindfulness. In addition, there should be greater diversity
in the populations in which these modalities are implemented, and the outcomes with athletes should target
sport-related variables to better indicate success for
mindfulness and biofeedback improving performance.
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Case Narrative: A Collegiate Division 1
Golfer
There are many ways a practitioner can engage with
athletes. We offer a practical example of one way of
combining neurofeedback and mindfulness for the purpose
of performance enhancement.
The client, a 22-year-old female collegiate Division 1
golfer named Anna, was experiencing performance anxiety
that was hindering her competitive play and keeping her
from the school’s travel team. Anna reported significant
frustration and control issues over golf in competitive
situations that were inhibiting her from performing well
during qualifying or tournament play.
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The Training Protocol
The training protocol was composed of mindfulness, CBT,
and neurofeedback. This meant using mindfulness practices
to bring awareness of the present moment to identify how
the client responded to neurofeedback. Ultimately, the goal
was to transfer the heightened awareness and coping
strategies to the golf course. To achieve these goals, the
client did an intense training protocol over the course of 3
weeks. This protocol is describes below.
The first step was evaluation, which included a
quantitative electroencephalogram (QEEG) and sport psychology interview. The primary goals of the interview were
to identify Anna’s specific struggles with performance, her
goals for training, and her current awareness of physiological sensations that contribute to performance issues. As
part of the interview, a brief but detailed explanation was
offered on how the interaction of the mind and body can
facilitate or impede performance. This is an important step
that must be undertaken to build understanding of
neurophysiology at the client’s level, which promotes
motivation to alter thought processes and harness physiology.
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HRV Training
Anna began HRV training in office and then continued
throughout the 3-week training using a portable device
(StressEraser, Helicor, Inc., New York, NY) several times
per day, 5 to 10 minutes each use. She practiced guided and
self-guided mindfulness exercises twice every day, in-office
and at home, before bed. Neurofeedback sessions were
conducted intensely for the first week and then titrated over
2 additional weeks.
Neurofeedback
In the first week, Anna started the day with a 30-minute
neurofeedback session using an individualized protocol

based on her QEEG. After a break, a second 30-minute
neurofeedback session was conducted with a standard focusenhancing protocol (i.e., decreasing slow-frequency activity
and increasing faster frequencies over the frontal and motor
cortex). This was followed by a 15- to 30-minute
mindfulness-based CBT session, which included a guided
exercise such as a body scan or simply observing and
accepting thoughts. After lunch and a break, which
sometimes included sleep, Anna participated in a third 30minute neurofeedback session using a standardized training
protocol for increased deep state relaxation (i.e., augmenting slow- and inhibiting fast-frequency activity in the
parietal and occipital lobes). Before bed, the client was
instructed to complete another 20 minutes of neurofeedback
aimed at stress reduction and a 10-minute mindfulness
exercise via iOS mobile applications, Versus and Headspace,
respectively. The regimen was completed for 6 days in a
row.
In the second week, the number of neurofeedback
sessions was reduced to two per day, and in-office training
occurred every other day, whereas mobile training was still
recommended every day. In this case, Anna did not use a
written log to track training sessions; however, that is a
common and valuable practice to employ with athletes.
Often, athletes are already experienced at keeping written
logs to track performance, to identify patterns of performance and to be accountable to trainers. The neurofeedback
protocols were alternated between the individualized
protocol and one of the focus or relaxation protocols. In
the third week, the neurofeedback sessions were reduced to
one time per every other day, and the client chose the
protocol based on daily preference.
Cognitive Acceptance and Reframing
Accepting and reframing the experience of anxiety was a
major part of the training for this client. For example, Anna
reported experiencing increasing anxiety, pressure, and
muscle tightness as she addressed the golf ball on the tee
box during tournament play. To accept that experience and
reframe the meaning of the anxiety, Anna was directed to
visualize that scenario and to allow her mind to become
aware of the pressure and anxiety as well as how her body
was reacting. Next, she was trained to detach the
judgmental internal dialogue from the physical sensation
of anxiety as she stood over the ball, specifically to accept
that the experience of anxiety was related to her level of
investment and desire to do well rather than anything
external. Anna was instructed to use positive affirmations
each time that she experienced the anxiety during the
visualization exercise, such as, ‘‘When I experience anxiety
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and my body starts to react, that is not only OK but it is not
related to golf and it’s a result of my desire to do well.’’
Mindfulness
Anna practiced a guided mindfulness exercise, aimed
specifically at experiencing anxiety while golfing. She
visualized an entire round of golf and described in detail
the anxiety as it ebbed and flowed throughout the round.
This helped her to identify when the anxiety was at its
worst and to practice acceptance. Once she identified
anxiety, the client practiced ‘‘sitting’’ with the anxiety.
Then Anna practiced positive affirmations and cognitive
reframing about the meaning of the anxiety, changing it to
an excitement about the opportunity to perform.
Generalization Beyond Sport
In the beginning of the training, Anna’s verbal reports were
very golf-centric, but as time progressed, she began to
recognize how her anxiety was serving her and how it was
affecting the rest of her life. Of particular significance, she
uncovered the belief that if she allowed herself to have fun
or enjoy life outside of golf, that meant she was not
working hard enough to be the best golfer possible. In
addition, Anna realized that having the belief that she could
not perform well in tournaments because of her anxiety
was actually serving as an excuse for a failure to perform
well. Once she gained these and other insights, it was easier
for her to detach the anxiety from golf and to accept that
her performance is not always within her control. She
began to see that if she focused on the process of
preparation and competing and did everything possible to
prepare and be present, she could accept the outcome of her
golf performance. In addition, Anna came to see that failure
did not equate to her being a bad person or serve as an
indication that she did not work hard enough in
preparation.
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