The Science of
Active Feedback

Biofeedback measures changes to your physiological
state and maximizes the benefits of meditation
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Our Brains and Nervous Systems
The true capacity of our brains and bodies is still widely unknown to us. However,
ongoing research continues to provide scientists with a growing understanding of
the depth of capabilities that exist within the human brain.
The nervous system we have within ourselves is basically still set up to function
much the same as it did when we were living in caves. The Limbic system of our
brains is constantly sending signals through our bodies, preparing us to react to
the most imminent threats in a dynamic environment. This “reptilian brain,” as it is
often called, enables us to respond to situations instantly to increase our chance of
survival. For example, when a caveman saw an approaching saber-toothed tiger, he
would have instinctively known to stop performing any tasks unrelated to this imminent
threat and to focus all his energy on his survival. Although we typically do not face
such extreme threats as our ancestors, our bodies are still trained to react to these
overpowering instincts for survival.
What is commonly referred to as the “flight or fight” mechanism is found
within each of us. It is the way we respond to what our minds have registered as being
potentially threatening situations. Ever been in traffic and blown a tire suddenly on the
freeway? A terrifying experience, to say the least. But once it is over, and you are safely
on the side of the road, is it not somewhat amazing to realize how quickly your mind
and body were able to react? This is the nervous system at work.

The Sympathetic and
Parasympathetic Nervous Systems
The autonomic nervous system unconsciously regulates our internal organs
and glands. It is constantly relaying information from the brain to our bodies and
is broken down into two parts: The Parasympathetic and the Sympathetic nervous
systems. The true depth of capabilities performed by our brains and bodies are still
widely unknown to us.

The Parasympathetic nervous system is the part of ourselves that allows us to
function daily; our resting state of being lies here. When this part of our brain is in
the lead, we are capable of all routine functions. We sleep, eat, exercise, read, and
digest food. Breathing is at a normal rate. The ability for our minds to engage in higher
learning, analysis, thoughts, speech and emotional expressions are possible only when
this part of our brain and nervous system are in charge.
The Sympathetic nervous system is what kicks in when we need to respond
to our environment - we need this for more than running away from saber-toothed
tigers. The skill to compete athletically depends on our body’s ability to respond to
challenges. Positive stresses such as goals at work or school sometimes require our
nervous system to temporarily put some of our body’s needs on hold. Pull an all-nighter
to study or prepare for a presentation – your Sympathetic nervous system helped to
keep you engaged and functional beyond your normal abilities.
However, when we find ourselves in danger, the Sympathetic nervous system is in place
to help save our lives, like when you blow a tire on the freeway. Immediately, your heart
rate accelerates, pushing massive amounts of oxygen, adrenaline and stress response
hormones into your body.  You see more clearly; reflexes and strength are maximized.
However, non-essential activities like digestion, speech, memory recall, and all other
higher functions of the brain simply shut down. This is a completely sensory-based
state, and these senses are heightened while you deal with the immediate threat. You
run away from, or stay to fight, the saber-toothed tiger. Assuming you survive this
threat, your body prepares to recover by returning to its normal state. At this point
the Parasympathetic nervous system takes control helping to regain regular operation.
Heart rate resumes normal levels, muscles relax, brain functions resume, and the other
non-essential body functions come back on line as rest or sleep are made possible. This
is the ideal chain of events, enabling the cavemen to return to their daily routines. But
what happens when the Parasympathetic nervous system does not take over, allowing
the Sympathetic system to continue its reign?
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Modern Man vs. Cave Man
Even with all of our technological advances, we continue to go through life
with these survival instincts and systems firmly in place. One of the biggest differences
between our former caveman selves and us is that after the caveman successfully
survived the saber-toothed tiger threat, he went back to his cave to eat, sleep, and
recover in peace. There was no 24 hour news coverage, no additional pressures of
homework, financial worries, career, or any of our other blessings and burdens of
modern life.
Today’s society is overloaded with stimulation; information and pressures,
both real and imagined, about now, or the future. We have lost the ability to recover
effectively, causing people young and old to feel more stress, anxiety, isolation, fear,
and other taxing emotions than ever before. Even more troubling is that accumulated
worry or anxiety can activate the same cycle of engaging our Sympathetic “reptile
brain” all over again, further diminishing our ability to fully recover from stressful
situations in life.

Breathing Is The Bridge
Our breath is an amazing variable within our own bodies. This is the
only biological function that happens both involuntarily and also that we have
the complete ability to control at will. When the Sympathetic nervous system is
engaged, it can be either because we just had a fight with our spouse, or made it
safely over to the side of the road with our blown out tire. It is the same system,
protecting us from a real or perceived threat. Once engaged and we are safe, we
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can then regain control and move into the “recovery zone” by simply breathing.
Even taking 3 or 4 slow, calming breaths begins to put the Parasympathetic nervous
system back in charge. It can be just that simple.

The Mind-Body Connection
The concept of mind-body wellness comes from the widely held belief that
our mental, emotional or even spiritual selves are connected to our physical, flesh
and blood selves. They are deeply interconnected on levels that we are still not
fully aware of. While we may accept the idea that physical pain can have emotional
repercussions, the reverse is also true. Emotional disturbances can have an equal
consequence in our physical minds or bodies. Ever gotten a cold during a time of
acute stress? Additionally, when stress builds up, have you ever felt that your ability
to think and reason normally was compromised? Your ability to recall memories
slips, you feel “fuzzy-headed”, and even if you are exhausted, sleep becomes fitful
or elusive? This response is true for adults and young people alike, and the impact
that chronic fatigue has on our minds and bodies is real. The test anxiety that many
students experience is a consequence of this stress response within the nervous
system. If the student fears the testing process, then those same stress responses,
that are at times so critical, now kick into gear at the wrong moment, inhibiting
memory recall - even when the student knows the material. This is the way the
stress response can inhibit student performance, and is true in young children
as well as adults. But we can learn to recover–both children and adults alike–by
learning breathing techniques and tools to help us relax, recover and restore our
minds and bodies.

3

The Science of Active Feedback | Unyte

Active Feedback Training
Biofeedback Training
At its simplest definition, biofeedback training uses feedback from the body
to train an individual to gain control over responses that we generally think of as
involuntary, by making them voluntary. Professional biofeedback therapists use
sophisticated electronic equipment to measure and monitor changes in internal
states. These measurements offer insight into the body’s dynamic energetic states,
providing a platform on which a therapist can coach a participant to instill changes to
their physical, mental and emotional states.

Interactive Meditation Training
Interactive Meditation, developed by Unyte, uses its proprietary iom2
training device to transfer information about the user’s current physiological states
to a computer program, providing the user with a dynamic biofeedback mechanism.
The system allows the user to personally benefit from basic levels of understanding
of their own unique nervous system states. By interacting with the guided meditations
and games in the software, the user learns that by controlling their thoughts, breathing
and relaxation levels they can impact their physical state. Additionally, they are better
able to understand how these variables interact within themselves. With practice in this
training the user may learn to optimize their response to stressful situations.

How the Unyte Biofeedback System works
The Unyte Biofeedback Device - the iom2 - is a hardware device that matches
clinical-grade biofeedback technology with immersive interactive experiences, making
mastery of meditation more efficient and more enjoyable.
The iom2 is a single device that works across computers, tablets and smartphones.
Attaching the ear clip is the first step to receiving personalized biofeedback information,
as a small light in the clip measures the user’s heart rate. The device takes these readings
and interprets them into the computer program, and the actual “game play” provides
the feedback from the user’s physiological state. Think of these readings from the iom2
as the equivalent of a “joy-stick” or other directional gaming tool. The readings create
the interaction for the use of the program itself. The feedback received from the user’s
current state causes different reactions on the screen and changes with adjustments in
the user’s state.

This impacts daily life in many positive ways:
• A greater sense of personal control with the ability to stop and consider a challenge,
rather than simply react
• Improved focus and concentration
• Reduction in stress
• Improved memory recall and problem solving abilities
• Increased performance and creativity
• Greater self confidence
• Relaxation and sleep routines can be restored
• Personal relationships improve
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Meditation, Mindfulness Training and Breathing
There are many ways to meditate. At its core, meditation is about calming the
mind against a constant influx of thoughts. In our attempts to quiet the mind,
we may also discover the ability to restore ourselves.
Focus on Breathing

The Basics of Diaphragmatic Breathing

Think of a “reboot” button for our brains. The age-old practice of meditation
is an integral part of many traditions, both religious and non-religious. The focus of
Interactive Meditation is to bring the benefits from a regular meditation practice into
a program that is easy to understand and accessible to everyone.
One of the most fundamental ways to learn to meditate is to focus on the
breath. Many people who do not currently meditate wonder if there is some trick
to learning it, or wonder if they are doing it right. The feedback received using
Interactive Meditation from Unyte enables the user to instantly see their information
on the screen, helping them understand how their modifications in state can alter
their physiological responses. But to gain the true benefits from learning meditation,
one should focus on practicing regularly, rather than on doing it “right”. There is
no wrong way to meditate, although meditating with biofeedback can maximize the
effectiveness of one’s practice. The ultimate benefits of meditation and breathing
come from consistency over time.
Mindfulness is a very specific practice, and is built around the concept of
being fully present in your daily activities and thoughts. Mindful breathing has shown
to be beneficial and is currently being studied for its ability to help manage chronic
pain, among many other physical health benefits. Becoming mindful helps teach you
to detach from your thoughts and thus become less reactive. Mindfulness can be a
part of your daily life, whether it be while you eat, go for a leisurely stroll or many
other daily activities.

The diaphragm is a major muscle used in
breathing and is located beneath the lowest two ribs.
At rest, the diaphragm muscle is bell shaped. During
inhalation, it lowers and flattens out. Optimizing the use
of the diaphragm is beneficial because it pulls air into the
lower lobes of the lungs where more gas exchange takes
place. Not only is the diaphragm the most efficient of all
respiratory muscles, but using it tends to be very relaxing
and calming.
Along with our diaphragm, we use intercostals
and abdominal muscles in the work of breathing. The
intercostals (muscles between the ribs) pull to lift the
rib cage up and out. This causes the lungs to open in
all directions and air can be pulled down the airways.
To exhale, the muscles that have been pulling relax
and air is forced out. The diaphragm tenses, pulling air
in; and relaxes, letting the spring of the ribs push the
air out again.
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Conclusion
As you learn more about meditation, breath work and
other types of mindfulness training, the benefits become
obvious. There are plenty of ways to deepen your
understanding of these teachings.

15 years of experience • 60+ countries • >100K users globally

The Unyte Difference
Some will find them easier to grasp than others. Interactive Meditation training
from Unyte offers you the ability to see the results of your meditation and relaxation
training live in front of you and to maximize the benefits you receive from your
practice. There’s never any question of “is this working?” or “am I doing it right?”

One device, one dashboard. 100+ interactive experiences.

By learning to meditate and incorporating these new habits into your daily routine,
you will begin to see just how profound the effects of mind-body training can be.

Universal Device

To learn more, please visit us at www.unyte.com.

Meditate anytime, anywhere.

The iom2 is a single device that
works across computers, tablets
and smartphones

Enhanced Reporting
Cloud-based dashboard tracks
your progress across all Unyte
Meditate titles

Engaging Content
Evolving library with 100+ guided
and interactive meditations
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Research on Unyte Products
Unyte sells biofeedback and interactive meditation products under the Wild Divine
brand. These products have been studied scientifically by several groups in North
America and worldwide. Scientific databases include over 100 publications discussing
the use of a Wild Divine product. Below is a summary of key findings.

Wild Divine products are frequently chosen by researchers because of their accessibility,
unobtrusive nature, portability, and cost-effectiveness 18, 21, 27, 30 Some reasons for choosing
to use Wild Divine products for their patients, or research participants, that have been
cited by authors include:

Published results of research studies have associated Wild Divine with improvements in:
• Stress management 1,3
• Anxiety as measured by quality of life measures and stress and anxiety scales 1, 6, 9
• Measures of trait anxiety 3
• Coping self-efficacy 3
• Depression scores (to non-clinical score) 3
• Breathing in chronic pain 6, 13
• Pain scores in post-operative surgery patients 12
• Pain and mood ratings 6
• Heart rate variability in patients with pain 6
• Milk production in breastfeeding women 7
• Disruptive behaviours in children with ADHD 2
• ADHD Questionnaire scores 2

• Providing the opportunity for people to learn and practice basic biofeedback techniques
independently 19
• Its potential to teach individuals how to recognize and control their body’s internal states
while receiving personal physiological information, in real time, and applying it away from
the training site – such as school/work and frustrating social situations 2
• Its attractive and engaging user interface 1, 7
• The ability for users to visually assess their progress 1
• More effective and enjoyable experiences and support for users 4
• The potential benefit of a portable biofeedback intervention brought to the patient’s
bedside post-surgically for managing acute post-operative pain 12
• Helping children to understand how to control their emotions, using breathing techniques
and muscle relaxation in which to reduce stress and provide a sense of balance 8
• The ability to train the body and the mind to be more connected, in addition to being
an adventure game 24
• Its usefulness in the regulation or monitoring of hyperactivity and impulsivity in children
and adolescents with ADHD 2
• The potential to produce positive developments on ADHD symptoms, which may consequently
produce improvements in reducing parental depression, anxiety, and stress levels 2
• Its non-invasive sensors 15
• Allowing for insight into participants’ reactions to specific game events 15, 17
• The potential to measure: anxiety and stress, relaxation and meditation, tension, sudden
changes in mood, and breathing variability 15, 16
• Allowing users to consciously achieve relaxed and meditative states via multiple measures
of physiological responses, including heart rate, respiration rate, and skin temperature 29

The research shows particular promise in:
• Professionals with stressful jobs 1
• Breast cancer survivors 5
• Children with anxiety or ADHD 2, 9
• Parents of children with ADHD 2
• Patients with chronic pain 6, 13
• Complex trauma disorder 8
• Patients with acute pain 11, 12
• Breast feeding women 7
• Pregnant women 3
• Musicians 20
• Athletes 14
Research results show that Wild Divine products are additionally associated with:
• High user satisfaction 1, 14
• High user success in learning biofeedback techniques 19, 26
• High user recommendation 5, 14, 26
• High potential to teach breathing and relaxation techniques to children with ADHD 9
• Empowerment of individuals to improve their health and quality of life by giving them
skills to regulate their psychophysiological state 5
• Consistently higher levels of success in musicians 20
• A trend toward improved creativity 10

In addition to being used in research studies to examine the benefits of meditation, Wild
Divine products are frequently chosen by scientists to conduct research that involves
measuring heart rate variability. 15, 16, 17, 30
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Resources
1. Evaluation of a biofeedback-assisted meditation program as a stress management tool for hospital nurses: a pilot
study
SM Cutshall, LJ Wentworth, DL Wahner-Roedler… - Explore: The Journal of …, 2011 - Elsevier
To assess whether a self-directed, computer-guided meditation training program is useful for stress reduction in
hospital nurses. We prospectively evaluated participants before and after a month-long meditation program. The
meditation program consisted of 15 computer sessions that used biofeedback to reinforce training. Participants were
instructed to practice the intervention for 30 minutes per session, four times a week, for four weeks. Visual analogue
scales were used to measure stress, anxiety, and quality of life (assessments were performed using Linear Analogue
Self-Assessment [LASA], State Trait Anxiety Inventory [STAI], and Short-Form 36 [SF-36] questionnaires). Differences
in scores from baseline to the study’s end were compared using the paired t test. Eleven registered nurses not
previously engaged in meditation were enrolled; eight completed the study. Intent-to-treat analysis showed significant
improvement in stress management, as measured by SF-36 vitality subscale (P = .04), STAI (P = .03), LASA stress
(P = .01), and LASA anxiety (P = .01). Nurses were highly satisfied with the meditation program, rating it 8.6 out of
10.The results of this pilot study suggest the feasibility and efficacy of a biofeedback-assisted, self-directed, meditation
training program to help hospital nurses reduce their stress and anxiety. Optimal frequency of use of the program, as
well as the duration of effects, should be addressed in future studies.
2. Can Children with AD/HD Learn Relaxation and Breathing Techniques through Biofeedback Video Games?.
KL Amon, A Campbell - Australian Journal of Educational & Developmental …, 2008 - ERIC
This study investigated “The Journey to Wild Divine” as a biofeedback management tool teaching breathing and
relaxation skills to children with Attention-Deficit/Hyperactivity Disorder (AD/HD). The children played the game by
manipulating their heart rate using breathing techniques taught in the game, measured through three finger sensors.
Parents completed questionnaires to measure behavioural and emotional changes. In the experimental group, children
with AD/HD (n = 24) demonstrated significant reductions in the AD/HD Questionnaire, F(1,34) = 44.30, and the
Strengths and Difficulties Questionnaire, F(1,34) = 19.90, compared to a control group (n = 12). The Wild Divine has
shown potential in teaching breathing and relaxation techniques to reduce disruptive behaviours in children with AD/
HD.
3. Mindfulness-based stress reduction intervention in a sample of pregnant women in a rural area.
SG Williams - 2012 - researchcommons.waikato.ac.nz
In this study, nine pregnant women in a rural area were assessed for a range of affective and mood disorders, as well
as for coping self-efficacy and use of mindfulness in daily life. A mindfulness-based stress reduction intervention was
implemented using “Healing Rhythms”, a commercially available computer-based mindfulness software programme,
which uses biofeedback to assist in teaching self-regulation and mindfulness-based approaches for reducing stress. The
programme was supplied already loaded onto laptops which were lent to participants for the study. Most participants
showed improvements on measures of Trait anxiety and coping self-efficacy, with two participants whose scores at
baseline met clinical criteria for depression dropping significantly to a non-clinical score at the end of the programme.
Participants were interviewed and most reported satisfaction with using the programme, and a belief that it could be
useful for other pregnant women especially where women felt challenged by stressors during pregnancy. The aim of
the study was to identify whether a computer-based mindfulness programme for stress reduction would have utility
and efficacy in a rural population. The results suggest that there were measureable gains for most participants, and
that such a programme could be a supportive and helpful option for rural women who wish to learn how to better
manage perinatal stress.
4. A Study of Biofeedback in a Gaming Environment
X Du, SR Campbell, D Kaufman - Educational Gameplay and …, 2010 - books.google.com
(Simon Fraser U)
This chapter reports on a study of biofeedback in a gaming environment incorporating the acquisition and analysis of
physiological data sets in tandem with other behavioral and self-report data sets. Preliminary results presented here
provide some groundwork toward subsequent study in this area, as more comprehensive and detailed treatments
will require further research. The main contribution and focus of this chapter concerns our experiences in applying
methods not typically available to educational researchers. Our results are promising, though they cannot be taken
to be definitive. Further developments and applications of these methods will lead to more detailed investigations
as to what people may learn or gain from biofeedback in gaming environments, along with interdependencies
of biofeedback and gaming pertaining to affect, motivation, behavior and cognition, and perhaps especially, to
learning anxiety

5. Lessons from survivors: The role of recreation therapy in facilitating spirituality and well-being
C Battaglini, J Peppercorn - RT and Spirituality, 2007 - heartmathbenelux.com
Spirituality is not consistently integrated into healthcare even though it is thought to play a vital role in health and
recovery from illness (Gall, et al, 2005; Martsolf & Mickley, 1998; Mccain, 2005). Recreational therapists are in a
position to capitalize on the free and expressive nature of leisure-based interventions to facilitate spiritual growth
and development that may aid in recovery from illness. This article will explore the impact that an integrated exercise
and recreational therapy program had on the spirituality of women recovering from breast cancer treatment. The
theoretical framework used to guide service delivery and the lessons learned from these breast cancer survivors are
presented along with implications for practice. Keywords: Breast cancer, exercise, leisure and well-being model,
recreation therapy, spirituality, well-being.
6. Ready, set, relax: biofeedback-assisted relaxation training (BART) in a pediatric psychiatry consultation service
K McKenna, KAS Gallagher, PW Forbes, P Ibeziako - Psychosomatics, 2015 - Elsevier
Biofeedback-assisted relaxation training (BART) can treat several common pediatric presentations, including chronic
pain and anxiety. Its effectiveness, applicability to a variety of conditions, and equipment portability make it an ideal
treatment approach for use in an inpatient pediatric consultation-liaison service. Since there is a paucity of published
research on the utility of BART in this setting, we studied pediatric patients (≥8y), medically-admitted to Boston
Children’s Hospital, and referred to the Psychiatry Consultation Service for assistance in managing pain, anxiety or
both. The patients received at least 1 session of BART. In addition to heart rate variability and skin temperature data
collection, participants completed the Wong-Baker FACES Pain Rating Scale and a brief mood/affective state rating
scale (Youth Feelings Scale) before and after the BART sessions. A total of 152 sessions were conducted with 66
patients across 11 referring services. BART was successfully used 61% of the time on the medical floor with common
barriers involving patient unavailability or refusal. The patients completed an average of 1.57 sessions per admission.
The post-BART session pain and mood ratings significantly improved over the presession ratings. Patients with both
pain and anxiety reported the greatest changes across sessions in comparison with those with only pain or anxiety.
Higher heart rate variability was observed in the “pain-only” group. The use of BART in a consultation-liaison setting
demonstrates promising utility in working with patients with pain, anxiety, or a combination of symptoms. BART was
well-received by patients with subjective reports of benefit across sessions.
7. Design for relaxation during milk expression using biofeedback
L Feijs, J Kierkels, NH van Schijndel… - … Conference of Design, …, 2013 - Springer
Abstract: Many women experience difficulty expressing milk using a breast pump. A negative influence upon their
success is stress, hampering the milk ejection reflex. We explore biofeedback to enhance relaxation during milk
expression. We discuss context, the principles of biofeedback and the design of an experiential prototype. The effect
of biofeedback on milk expression shows promising trends towards increased relaxation, shorter time to milk ejection,
and more milk production. Themes that emerged are: control, distraction, endorsement, setting of milk expression
session, and pragmatism.
8. Promoting attachment and emotional regulation of children with complex trauma disorder.
D Aideuis - International Journal of Behavioral Consultation and …, 2007 - psycnet.apa.org
Abstract: Complex trauma is the result of repeated or chronic traumatic experiences in childhood. The traumatic
experiences have a pervasive impact on the child’s physical, sensory, emotional, cognitive and social growth. This
paper discusses how the proposed diagnostic category, Complex Trauma Disorder, identifies clusters of symptoms
and behaviors that suggest the need for a multimodal approach to therapy. Application of each treatment modality is
described with the emphasis on resolving the symptoms of complex trauma and development of a secure attachment.
9. Game-based biofeedback for paediatric anxiety and depression
M Knox, J Lentini, TS Cummings… - Mental health in …, 2011 - researchgate.net
Abstract: Twenty-four children and adolescents aged 9–17 who were referred for treatment for anxiety were assigned to
either a game-based biofeedback group or a waiting list comparison group. The eight-session biofeedback intervention
included psychoeducation, identification of triggers and signs of anxiety, and in vivo practice. The intervention used
computer-based gaming technology to teach and practise relaxation. Analyses using ANCOVA revealed significant
differences in posttest scores of anxiety and depression measures between the two groups. The intervention group
reduced anxiety and depression scores on standardised tests. Findings suggest that biofeedback assisted relaxation
training can be useful in decreasing anxiety and depressive symptoms in anxious youths.
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10. The Effect of Computer-based Biofeedback on Creativity
Q Li - 2008 - surface.syr.edu
Abstract: In recent decades, Psychology has advanced empirical studies of creativity, aiming for a better and more
concrete understanding of this elusive topic. One branch of these studies investigates creativity’s physiological
manifestation in an attempt to isolate underlying neurophysiologic mechanisms involved in creative thinking. These
studies, through EEG recording of electrical brain activity, indicated that highly creative individuals tend to express
a low arousal state as compared to less creative individuals. This experiment investigates the relationship between
induced low arousal and creativity. A computer-based biofeedback game is used to induce low arousal. A multivariate
analysis of our data revealed no significant change on the Torrance Test of Creativity (TTCT) score as a result of the
intervention. There are evident trends, but they fall short of statistical significance. As advocated by previous research,
our study also shows that intelligence as measured by the Raven Advanced Progressive Matrices (APM) does not
correlate with creativity performances.
11. Applied Psychophysiology and Biofeedback32(1)
Abstracts of Papers Presented at the 37th Annual Meeting of the Association for Applied Psychophysiology and
Biofeedback
March 2007, Volume32(Issue1) Pagep.51To-72
Is there a role for biofeedback in the management of acute post-operative pain? S Cheema, A Lebovits, M Dubois;
NYU Pain Center, NYU School of Medicine, New York, NY
Despite advances in postoperative pain control, patients often continue to report intense pain levels and unacceptable
side effects post-surgically. Alternative methods of pain control, such as biofeedback have been demonstrated to
be effective in the chronic pain setting, but have been rarely studied in the post-surgical setting. A new computerbased biofeedback program (The Wild Divine Project (TWDP)) offers a portable, biofeedback interface which may be
useful in treating acute postoperative pain. The goal of the proposed study was to examine whether biofeedback
can reduce pain, anxiety and pain medication consumption in the post-operative period after abdominal surgery.
Thirty one women undergoing pelvic surgery (mean age40; 52%Caucasian, 26%Black) were enrolled in a prospective,
randomized study. Patients were started on a standardized dose of opioid given via IV PCA during the postoperative
period, and were evaluated on the day after surgery for 24 hours. Patients randomized to the experimental group were
provided with a laptop computer with a biofeedback video game (TWDP) that teaches meditational, relaxation and
breathing techniques which enables patients to modulate their heart rate, heart rate variability and skin conductance
levels (SCL). Analyses to-date show that the biofeedback group (using it on average for over 2 hours) had consistently
lower pain scores at each assessment than the comparison group (although not statistically different). Although
92% of the intervention group were glad they used it there were no differences between the groups in total opioid
consumption, side effects experienced, or levels of anxiety. Higher pain scores at the second assessment point were
significantly correlated with increased biofeedback use at the third evaluation. This ongoing study offers promising
preliminary data that a portable biofeedback intervention brought to the patient’s bedside post-surgically may be of
benefit in managing acute post-operative pelvic pain. A larger sample size may delineate additional positive effects.
12. Applied Psychophysiology and Biofeedback32(1)
Abstracts of Papers Presented at the 37th Annual Meeting of the Association for Applied Psychophysiology and
Biofeedback
March 2007, Volume32(Issue1) Pages.51To-72
Computer-Mediated Biofeedback in Managing Acute Post-Operative Pain Jonathan Woodhouse, BA, George Fox
University; Paul Lynch; Michale Dubois; Jae Park; Allen Lebortis, NYU Medical Center; Douglas Gentile Communication
should be addressed to Jonathan Woodhouse, BA, George Fox University, 420 Meridian St., Box 5926, Newberg,
OR 97132; e-mail: woodhousejon@ hotmail.com Pain control in the acute post-operative period continues to be a
challenging task for clinicians. The standard of care for managing acute post-operative pain after a lower abdominal
incision includes intravenous opioids. Unfortunately, there is a direct linear relationship between opioid consumption
and side effects (nausea, vomiting, constipation, etc.). Biofeedback offers the potential to reduce levels of pain as well
as side effects. However, biofeedback has traditionally been restricted to the outpatient setting with limited access to
hospitalized patients suffering with acute post-surgical pain. A new computer-based biofeedback program (The Wild
Divine Project (TWDP)) offers a portable biofeedback interface which may be useful in treating acute post-operative
pain. Seventeen patients undergoing a surgery requiring a lower abdominal incision (i.e. hysterectomy, myomectomy,
etc.) participated in a prospective, randomized study. All patients were started on a standardized dose of opioid given
via IV patient controlled analgesia during the post-operative period, and were followed for up to 16 h post-surgically.
Half of the patients were also given a laptop computer with a biofeedback videogame (TWDP) that teaches meditation,
relaxation and deep breathing techniques and measures heart rate, heart rate variability and skin conductance levels

(SCL). During each shift (every 8 h) all patients were assessed in terms of their overall pain (numeric pain ratings on a
0–10 score), opioid consumption, and side effects. Preliminary analyses show that the biofeedback group had lower
pain scores at the final evaluation (morning exam on post-operative day one) than the comparison group (3 vs. 4.1) (N
= 17, p = .05). Furthermore, 80% of patients in the experimental group reported that the biofeedback helped reduce
their pain. There were no differences between the groups in total opioid consumption or side effects experienced. This
pilot study offers preliminary data that a portable biofeedback intervention used at the bedside for acute postoperative
pain may be a beneficial tool. Continuation of this study with a larger sample size may further delineate positive effects
with regards to opioid consumption and side effects. Springer Appl Psychophysiol Biofeedback (2007) 32:51–72 53
Keywords Biofeedback . Pain . Videogame
13. Abstracts of Papers Presented at the 41st Annual Meeting of the Association for Applied Psychophysiology and
Biofeedback
December 2010, Volume35(Issue4) Pagep.317To-333
Outcomes Using an Assessment Protocol with Adolescents in a Chronic Pain Program Mikel Wheeler; Mark Canny Using
the Infinity software program from Thought Technology, we trialed 3 different groups of adolescents participating in a
pain rehabilitation program over a 3 week period. They were provided with an initial evaluation using an assessment
protocol that provided a 7-min view that monitored their heart rate, respirations and muscle tensions at rest. An activity
was then introduced monitoring the same criteria. The activity was the box and block test with measurements taken
before, during and for several seconds after the activity. The participants were then provided individual instruction
on diaphragmatic breathing and also asked to reduce shoulder tensions with focus on their shoulders monitoring the
trapezius muscle and abdomen. During the next several weeks, they were provided with an opportunity to use the Wild
Divine software in groups of 2 to practice these skills. The first group did not have an opportunity to practice these skills
with the software but were encouraged to do so in other groups. At the end of the 3 weeks, the same 7-min evaluation
was provided again and the results were compared. We found that the first group who did not have an opportunity
to practice showed little improvement in their breathing skills (\25%) but the following groups showed greater overall
improvements ([75%) with the benefit of practicing. Improvements were also seen in some of the other parameters
but these were not consistent and were found to be confusing and misleading, and we offer some discussion on this
topic. We concluded that the software could provide reliable data and be used for clinical outcomes and support an
evidence based practice. Mikel Wheeler Mayo clinic 200 first street SW Rochester, MN 55905 507-251-3748 wheeler.
michael@mayo.edu
14. Can biofeedback training of psychophysiological responses enhance athletes’ sport performance? A practitioner’s
perspective
N Pusenjak, A Grad, M Tusak… - The Physician and …, 2015 - Taylor & Francis
Abstract: Background: In recent years, biofeedback has become increasingly popular for its proven success in peak
performance training – the psychophysiological preparation of athletes for high-stakes sport competitions, such as
the Olympic games. The aim of this research was to test whether an 8-week period of exposure to biofeedback
training could improve the psychophysiological control over competitive anxiety and enhance athletic performance
in participating subjects. Methods: Participants of this study were highly competent athletes, each training in different
sport disciplines. The experimental group consisted of 18 athletes (4 women, 14 men), whereas the Control group had
21 athletes (4 women, 17 men). All athletes were between 16 and 34 years old. The biofeedback device, Nexus 10,
was used to detect and measure the psychophysiological responses of athletes. Athletes from both groups (control and
experimental) were subjected to stress tests at the beginning of the study and once again at its conclusion. In between,
the experimental group received training in biofeedback techniques. We then calculated the overall percentage of
athletes in the experimental group compared with those in the control group who were able to control respiration,
skin conductance, heart rate, blood flow amplitude, heart rate variability, and heart respiration coherence. One year
following completion of the initial study, we questioned athletes from the experimental group, to determine whether
they continued to use these skills and if they could detect any subsequent enhancement in their athletic performance.
Results: We demonstrated that a greater number of participants in the experimental group were able to successfully
control their psychophysiological parameters, in comparison to their peers in the control group. Significant results (p
< 0.05) were noted in regulation of GSR following short stress test conditions (p = 0.037), in regulation of HR after
exposure to STROOP stressor (p = 0.037), in regulation of GSR following the Math and GSR stressors (p = 0.033, p
= 0.409) and in achieving HR – breathing coherence following the math stressor (p= 0.042). Conclusion: One year
following completion of the training program, all participants from the experimental group indicated that they were
still using the biofeedback – psycho-regulation skills. Furthermore, these participants uniformly reported believing that
these skills had enhanced their athletic performance and general well-being.
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15. Please biofeed the zombies: enhancing the gameplay and display of a horror game using biofeedback
A Dekker, E Champion - Proc. of DiGRA, 2007 - academia.edu
Abstract: This paper describes an investigation into how real-time but low-cost biometric information can be
interpreted by computer games to enhance gameplay without fundamentally changing it. We adapted a sensor, (the
Lightstone meditation sensor device by Wild Divine), to record and transfer biometric information about the player (via
sensors that clip over their fingers) into a commercial game engine, Half-Life 2. During game play, the computer game
was dynamically modified by the player’s biometric information to increase the cinematically augmented “horror”
affordances. These included dynamic changes in the game shaders, screen shake, and the creation of new spawning
points for the game’s non-playing characters (zombies), all these features were driven by the player’s biometric data.
To evaluate the usefulness of this biofeedback device, we compared it against a control group of players who also had
sensors clipped on their fingers, but for the second group the gameplay was not modified by the biometric information
of the players. While the evaluation results indicate biometric data can improve the situated feeling of horror, there
are many design issues that will need to be investigated by future research, and the judicious selection of theme and
appropriate interaction is vital.
16. Dynamic metrics of heart rate variability
CF Goss, EB Miller - arXiv preprint arXiv:1308.6018, 2013 - arxiv.org
Abstract: Numerous metrics of heart rate variability (HRV) have been described, analyzed, and compared in the
literature. However, they rarely cover the actual metrics used in a class of HRV data acquisition devices - those designed
primarily to produce real-time metrics. This paper characterizes a class of metrics that we term dynamic metrics. We
also report the results of a pilot study which compares one such dynamic metric, based on photoplethysmographic
data using a moving sampling window set to the length of an estimated breath cycle (EBC), with established HRV
metrics. The results show high correlation coefficients between the dynamic EBC metrics and the established static
SDNN metric (standard deviation of Normal-to-Normal) based on electrocardiography. These results demonstrate the
usefulness of data acquisition devices designed for real-time metrics.
17. IndIrect BIofed ArchItecture
CM Herr, N Gu, S Roudavski, MA Schnabel - 2011 - cumincad.scix.net
Abstract: This paper explains potential benefits of indirect biofeedback used within interactive virtual environments, and
reflects on an earlier study that allowed for the dynamic modification of a virtual environment’s graphic shaders, music
and artificial intelligence (of Non Playing Characters) based on the biofeedback of the player. It then examines both the
potential and the issues in applying biofeedback (already effective for games) to digital architectural environments, and
suggests potential uses such as personalization, object creation, atmospheric augmentation, filtering, and tracking.
18. The Biofeedback Program at Children’s Mercy Hospitals and Clinics
P Grayson - Biofeedback, 2009 - aapb-biofeedback.com
Abstract: The following article provides a description of the history and development of the biofeedback-assisted
relaxation training (BART) program at Children’s Mercy Hospitals and Clinics. Biofeedback is an integral component of
the multidisciplinary Abdominal Pain and Integrative Pain Management programs. A description of currently employed
biofeedback-assisted relaxation training protocols, including alternative training tools (e.g., novel biofeedback games)
intended to improve practice compliance is provided. Finally, biofeedback implementation strategies and barriers are
considered also.
19. The use of biofeedback, CES, brain mapping and neurofeedback with youth who have sexual behavior problem.
RE Longo - International Journal of Behavioral Consultation and …, 2010 - psycnet.apa.org
Abstract: This chapter will address the use of Biofeedback, Cranial Electrotherapy Stimulation (CES), QEEG Brain
Mapping, and Neurofeedback with young people who have sexual behavior problems. Current knowledge
in neuroscience, trauma, theory, rational, and case examples will be addressed. The chapter will review selected
biofeedback and neurofeedback protocols and their use in treating conditions common to young people with sexual
behavior problems. Implications for the future will be discussed.
20. Biofeedback/mindfulness training for the advanced high school musician
AA Trechak - Biofeedback, 2011 - aapb-biofeedback.com
Abstract: The author summarizes 35 years of utilizing psychophysiological training to assist in the pursuit of optimal
music performance. She integrates systematic musical instruction with self-regulation training, drawing on EEG
biofeedback training, heart rate variability training, and other biofeedback modalities. This integration of musical skills
training and biofeedback assisted over one hundred high school age musicians to earn “All State” status, enabled

numerous wind musicians to gain national recognition, and assisted two autistic children in becoming musical prodigies.
21. A brief review and clinical application of heart rate variability biofeedback in sports, exercise, and rehabilitation
medicine
GE Prinsloo, HGL Rauch… - The Physician and …, 2014 - Taylor & Francis
Abstract: Context: An important component of the effective management of chronic noncommunicable disease is the
assessment and management of psychosocial stress. The measurement and modulation of heart rate variability (HRV)
may be valuable in this regard. Objective: To describe the measurement and physiological control of HRV; to describe
the impact of psychosocial stress on cardiovascular disease, metabolic syndrome, and chronic respiratory disease,
and the relationship between these diseases and changes in HRV; and to describe the influence of biofeedback and
exercise on HRV and the use of HRV biofeedback in the management of chronic disease. Data Sources and Study
Selection: The PubMed, Medline, and Embase databases were searched (up to August 2013). Additional articles were
obtained from the reference lists of relevant articles and reviews. Articles were individually selected for further review
based on the quality and focus of the study, and the population studied. Results: Heart rate variability is reduced
in stress and in many chronic diseases, and may even predict the development and prognosis of some diseases.
Heart rate variability can be increased with both exercise and biofeedback. Although the research on the effect of
exercise is conflicting, there is evidence that aerobic training may increase HRV and cardiac vagal tone both in healthy
individuals and in patients with disease. Heart rate variability biofeedback is also an effective method of increasing
HRV and cardiac vagal tone, and has been shown to decrease stress and reduce the morbidity and mortality of disease.
Conclusion: The assessment and management of psychosocial stress is a challenging but important component of
effective comprehensive lifestyle interventions for the management of noncommunicable disease. It is, therefore,
important for the sports and exercise physician to have an understanding of the therapeutic use of HRV modulation,
both in the reduction of stress and in the management of chronic disease.
22. Adaptive tele-therapies based on serious games for health for people with time-management and organisational
problems: preliminary results
M Frutos-Pascual, BG Zapirain, AM Zorrilla - International journal of …, 2014 - mdpi.com
Abstract: Attention Deficit with Hyperactivity Disorder (ADHD) is one of the most prevalent disorders within the child
population today. Inattention problems can lead to greater difficulties in completing assignments, as well as problems
with time management and prioritisation of tasks. This article presents an intelligent tele-therapy tool based on Serious
Games for Health, aimed at the improvement of time management skills and the prioritisation of tasks. This telesystem is based on the use of decision trees within Django, a high-level Python Web framework. The technologies and
techniques used were selected so as to boost user involvement and to enable the system to be easily customised. This
article shows the preliminary results of the pilot-phase in an experiment performed to evaluate the use of adaptive teletherapies within a group of typically developing children and adolescents aged between 12 and 19 years old without
ADHD. To do so, we relied on the collection of parameters and the conduct of surveys for assessing time management
skills, as well as measuring system usability and availability. The results of a time management survey highlighted that
the users involved in the trial did not use any specific or effective time management techniques, scoring 1.98 and 2.30
out of 5 points in this area for ages under 15 and over 16 years old, respectively. The final calculations based on the
usability questionnaire resulted in an average score of 78.75 out of 100. The creation of a customisable tool capable
of working with different skills, in conjunction with the replication of the current study, may help to understand these
users’ needs, as well as boosting time management skills among teenagers with and without ADHD.
23. Serious games for the treatment or prevention of depression: a systematic review
T Fleming, C Cheek, S Merry, H Thabrew… - … de Psicopatologia y …, 2014 - e-spacio.uned.es
Abstract: Serious games (computerised interventions which utilise gaming for serious purposes) have been shown to
support improved outcomes in several health conditions. We aimed to review evidence regarding serious games for
depression. We undertook electronic searches of PsycInfo, EMBASE and Medline, using terms relevant to computer
games and depression. We included fulltext articles published in English in peer-reviewed literature since 2000,
where the intervention was designed to treat or prevent depression and which included pre-and post-intervention
measurement of depression. Nine studies relating to a total of six interventions met inclusion criteria. Most studies
were small and were carried out by the developers of the programs. All were tested with young people (ages between
9 and 25 years). Most reported promising results with some positive impact on depression although one universal
program had mixed results. Serious gaming interventions show promise for depression, however evidence is currently
very limited.
24. Censor chair: exploring censorship and social presence through psychophysiological sensing
E Aley, T Cooper, R Graeber, A Kerne… - Proceedings of the 13th …, 2005 - dl.acm.org
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Abstract: In this paper, we describe Censor Chair, an art installation that creates a shared experience addressing forms
of censorship including self-censorship, censorship of a group upon an individual, visual and auditory censorship
in digital media, and censorship in society. We are taking a playful position in considering relationships between
censorship and sensors that monitor physiology. Censor Chair makes use of a galvanic skin response (GSR) sensor, live
video feeds, and a barcode reader to drive the presentation of a digital media library.
25. Development and evaluation of video game for learning capabilities improvement of ADHD children
S Koceski, N Koceska - 2015 - eprints.ugd.edu.mk
Persistent and severe impairment of psychological development resulting from a high level of inattentive, restless and
impulsive behavior is classified according to the fourth Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)
as attentiondeficit/hyperactivity disorder (ADHD) and according to the Tenth International Classification of Diseases
(ICD-10) as hyperkinetic disorder (HD). ADHD is associated with poor grades, poor reading and math standardized
test scores, and increased grade retention in schoolchildren. Besides medical treatment of these children, biofeedback
is recognized as an internationally recognized alternative therapy for ADHD children nowadays. Moreover, there are
many studies regarding the influence of the video games on ADHD children. Although in many cases the opinions
and findings are contradictory all of them are concluding that ADHD children could benefit from properly designed
video games that are played according to a specific protocol and under supervision of teachers or parents. This paper
presents a developed video game that aims at helping ADHD in improving their learning capacities. It consists of
several different modules and levels. The design and development of the game as well as its architecture are presented
in this paper. The game has been experimentally evaluated on ADHD children. The results of the evaluation are also
presented in the paper and conclusions are drawn.
26.Greenvec Game for Skin Conductivity Level (SCL) Biofeedback Performance Simulator Using Galvanic Skin
Response (GSR) Sensor
A Noraziah, MAS Abdullah, N Aqtar… - … Journal of Software …, 2015 - researchgate.net
Abstract: The increasing fame of biofeedback game has brought convenience to human life. More and more people rely
on biofeedback game as an alternative medical treatment to overcome their stress problems. GreenVec Biofeedback
Game (GVBG) is a biofeedback game-based application that able to measure the skin conductivity of the player with an
integration of Galvanic Skin Response (GSR) sensor. The measurement of the skin conductivity is crucial as an indicator
for human meditation improvement in terms of stress control. In addition, GVBG spread awareness on global green
technology issues, specifically about the Electric Vehicles (EV) topics to all users throughout the game process. The
measured Skin Conductivity Level (SCL) corresponds to the player’s awareness of the green EV through the GVBG
Simulator. Furthermore, GVBGsimulates the biofeedback performance through the measured SCL. It creates a short
report on the player’s SCL based on the GSR sensor data and the game results at the end of the game session. From
the results, the awareness on the EV is high when the SCL is high, whereas the awareness on the EV is low when the
SCL is low. Therefore, GVBG Simulator helps users to train accordingly in order to reduce stress while at the same time
gain awareness on the green technology issues with EV.
27. The Integration of Biofeedback into Video Games
S Deighan - 2012 - pdfs.semanticscholar.org
Abstract: Video games have come a long way since Pong. Recent blockbuster hits Halo and Dragon Age are excellent
examples of innovation in the gaming industry. Video game development has even helped drive improvement in
hardware and software for personal computers and boosted the distribution of new interface technology. The Nintendo
Wii is one illustration of video games exponentially increasing the speed with which a new technology was adopted.
The more active interaction method was adopted much more rapidly than it might have been without such an intense
advertising push. The integration of biofeedback into commercial video games However, there are challenges that
would need to be overcome.

article shows the preliminary results of the pilot-phase in an experiment performed to evaluate the use of adaptive teletherapies within a group of typically developing children and adolescents aged between 12 and 19 years old without
ADHD. To do so, we relied on the collection of parameters and the conduct of surveys for assessing time management
skills, as well as measuring system usability and availability. The results of a time management survey highlighted that
the users involved in the trial did not use any specific or effective time management techniques, scoring 1.98 and 2.30
out of 5 points in this area for ages under 15 and over 16 years old, respectively. The final calculations based on the
usability questionnaire resulted in an average score of 78.75 out of 100. The creation of a customisable tool capable
of working with different skills, in conjunction with the replication of the current study, may help to understand these
users’ needs, as well as boosting time management skills among teenagers with and without ADHD.
From background:
Another alternative is The Journey to Wild Divine, a 3D virtual world created to be controlled through biofeedback,
and available for purchase. This game is controlled by relying on relaxation techniques, which are very useful in the
regulation or monitoring of hyperactivity and impulsivity in children and adolescents with ADHD [38]
The next group of projects have been selected due to their use outside of a laboratory setting. In this section Aula
Nesplora, The Journey to Wild Divine and Play Attention need to be considered. These three systems are currently
being used outside of the laboratory by professionals in psychotherapeutic or scholastic settings (Aula Nesplora and
Play Attention). The Journey to Wild Divine is a commercial title available for online purchase.
29. Neurofeedback: Challenges, Applications, and Opportunities for Education
SYS Chan - 2015 - summit.sfu.ca
Abstract: This thesis reviews the current state-of-the-art in neurofeedback research and then goes on to consider three
fundamental problems for the psychology of education: first, to what extent can the mind cause changes in the brain
at will; second, to what extent can studies in neurofeedback be considered to have validity; and third, given positive
outcomes for the first two, to what extent can students become more adept at neurofeedback. Opportunities of
neurofeedback for education are contingent on addressing all three of these problems.
30. A Pilot Study Evaluating “Dojo,” a Videogame Intervention for Youths with Externalizing and Anxiety Problems
AAT Schuurmans, KS Nijhof… - Games for health …, 2015 - online.liebertpub.com
Externalizing problems, which are the main reason for youth referrals to mental health agencies, are highly persistent
and predict a range of negative outcomes. Youths with externalizing problems are also frequently comorbid with
anxiety. Among the most widely recognized evidence-based treatments is cognitive behavioral therapy (CBT).
Although CBT principles seem to be sound, effect sizes remain moderate, suggesting improvements could be made
to this conventional treatment approach. The main premise of the current pilot study is to investigate the feasibility of
implementing a videogame intervention (“Dojo” [Gamedesk, Los Angeles, CA]) that incorporates CBT principles and
aims to address the limitations of conventional CBT delivery models, with the ultimate goal of improving outcomes for
this difficult-to-treat population. “Dojo” is an emotion management game that helps youths to recognize and control
their physiological and emotional arousal. We explored the implementation and user experience of “Dojo” in a sample
of eight adolescents in residential treatment for both externalizing and anxiety problems. Participants attended all
sessions without complaints. They evaluated “Dojo” very positively and exhibited high compliance during the training
sessions. We encountered some problems with session scheduling and obtaining mentor reports. Quantitative data
show the predicted decrease in three out of four measurements. The smooth implementation, high user satisfaction,
high self-reported compliance during training sessions, and initial outcome results all indicate the high potential
“Dojo” holds as an innovative intervention. If additional rigorously designed randomized controlled trials prove to be
successful, “Dojo” can be a cost-effective way to engage high-risk youths in effective intervention.

28. Adaptive tele-therapies based on serious games for health for people with time-management and organisational
problems: preliminary results
Frutos-Pascual, Maite and Zapirain, Begoña García and Zorrilla, Amaia Méndez
International journal of environmental research and public health, ISSN 1660-4601, 01/2014, Volume 11, Issue 1, pp.
749 - 772
Abstract: Attention Deficit with Hyperactivity Disorder (ADHD) is one of the most prevalent disorders within the child
population today. Inattention problems can lead to greater difficulties in completing assignments, as well as problems
with time management and prioritisation of tasks. This article presents an intelligent tele-therapy tool based on Serious
Games for Health, aimed at the improvement of time management skills and the prioritisation of tasks. This telesystem is based on the use of decision trees within Django, a high-level Python Web framework. The technologies and
techniques used were selected so as to boost user involvement and to enable the system to be easily customised. This
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