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Biofeedback in sport and education
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ABSTRACT

Usually, the term training is used to indicate a workout that aims to improve the physical performance of
athletes. However, it is important to consider that training does not only affect physical features but also
influences several cognitive components, consequently different behavioural expressions. This study aims
to collect the main scientific evidence on the role of training based on biofeedback signals. Biofeedback is a
technique useful not only for recognizing, evaluating and modulating different physiological responses but
also for preventing any alterations and trauma. This work could be very important especially in the sports
field, where training based on biofeedback, could be decisive for an improvement in the athlete's
performance.
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INTRODUCTION

When it comes to athlete training, the first thought automatically refers to the physical training, glossing over
a whole range of non-physical activities (Slimani et al., 2017; Stamatis et al., 2020; Walton et al., 2018) that
the athlete has the task to carry out. Mental training, cognitive training and similar practices are part of a
training methodology that directly affects the athlete's mind and are effectively involved into different area of
study, including psychobiological and neurophysiological (Gee, 2010; Ranganathan et al., 2004; Rozand et
al., 2014; Slimani et al., 2017). While it is true that the athlete's performance is highlighted by the power and
precision of his muscles, it should not be forgotten that the musculoskeletal system acts under the direct
control of the nervous system (Ludwig and Varacallo, 2017; Rodrigues et al., 2019). The latter in turn, in
addition to being in constant communication with the rest of the body, operates several factors that are not
always under the voluntary control of the individual. Anxiety, stress, fear and many other emotions play a
fundamental role in altering the inputs received by the human body, with the risk of affecting the athlete's
performance (Ford et al., 2017).

The purpose of neurophysiological training techniques is precisely to improve the athlete's ability to manage
emotional states, such as anxiety (Goessl et al., 2017; Weerdmeester et al., 2020), in order to recover the
normal psychophysical balance necessary for the realization of a positive performance.

Specifically, the paper will deal with a technique called biofeedback, a process through which the athlete
learns to recognize, evaluate and modulate his physiological responses (Malik and Dua, 2020; Schwartz,
1979; Yu et al., 2018) with the aim of preventing, reducing or eliminating alterations. Learning this technique
takes place through the help of equipment able to transform psychophysiological parameters into visual or
acoustic signals, with the aim of offering the athlete an appreciable perception of these parameters. The
ultimate goal will be to transfer what was learned during training to competition.

We live in a context where physical training is globally homologated, and the athlete's ability to withstand the
anxiety and stress conditions present during the performance (Stults-Kolehmainen and Sinha, 2014) can
make the difference between success and defeat.

To date, this technique is under-exploited and training continues to focus mainly on purely physical aspects.
The purpose of this paper is to show the different areas of use of biofeedback and its potential, as well as to
offer an analysis of this information and consistent proposals for any future implementation of biofeedback.

BIOFEEDBACK

Biofeedback is a psychophysiological training technique used in several fields from cognitive rehabilitation,
to sport training (Frank et al., 2010; Jacini et al., 2018; Malik and Dua, 2020). The goal of this technique is to
obtain, by the athlete, the control of important physiological responses with the aim of voluntarily achieving
states of relaxation or activation (Sattar and Valdiya, 1999). This type of control, in addition to gaining
confidence in the athlete, allows to effectively cope with highly stressful situations.

To achieve this goal, biofeedback uses equipment that can detect physiological parameters (Peake et al.,
2018). After recording the parameter, these devices must be able to translate it and make it available to the
athlete comprehension in the form of a beep or visual cue. In this way the athlete will be able to understand
and appreciate the extent of physiological process concerning his own body but of which, without special
instruments, he would not have been able to realize. It is precisely this kind of awareness that will allow the
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athlete to improve the control that he himself possesses on certain physiological parameters and
consequently on the related processes.

Once the purpose of the training has been determined, the operator will choose the type of treatment to be
carried out and which physiological functions related to motor performance to monitor (e.g. heart rate
variability, dermal conductance level, respiratory rhythm, electroencephalography, etc.) (Monda et al., 2009;
Russo et al., 2013; Sorrentino et al., 2019; Windthorst et al., 2015). At this point it is possible to make the
first measurements for the acquisition of data that will represent the baseline on which, at the end of the
training, it will be possible to make comparisons with the latest data collected. It should also be made clear
that the significant results with regard to the autonomous ability to regulate certain physiological functions
are not expected to be achieved from the beginning, while the purpose of the first sessions is first of all to
make the athlete familiarize with the tools used and the new type of training (Malik and Dua, 2020).

The number of sessions may depend on several factors, such as the technique used, the purpose to be
achieved. Since the purpose of such training is to transfer the skills learned from training to competition it is
essential that the subject learns to replicate what he has learned even in the absence of the feedback
received during the sessions.

Given the beneficial effects obtainable through its practice, biofeedback is used in multiple contexts and for
various purposes. In fact, in addition to acting positively on a condition of a purely mental nature such as
anxiety states, it can also be applied directly to the physical component, as in cases of health prevention and
rehabilitation and motor re-education (Hsu et al., 2012; Polverino et al., 2020; Pourmomeny et al., 2014;
Sielski et al., 2017).

In 2002, a task force composed of Association for Applied Psychophysiology and Biofeedback and Society
for Neuronal Regulation (Moss and Gunkelman, 2002) outlined a series of levels of reliability of clinical
efficacy in order to correctly assess the validity of psychophysiological interventions. Using these criteria,
Yucha and Montgomery in 2008 ranked the current level of effectiveness of biofeedback training against
different conditions and pathologies. Biofeedback has proved effective in counteracting factors such as
anxiety, attention deficit disorder, chronic pain, high blood pressure (Yucha and Montgomery, 2008).

It can easily be deduced that the effective action of a biofeedback training in the presence of both pathological
and non-pathological conditions such as those described above, can lead to a direct improvement in sports
performance.

BIOFEEDBACK IN SPORT

Considered the beneficial effects offered by the biofeedback training, a research area crossing disciplines
like sports psychology, biomechanics and physiology has grown, with the purpose to test and improve the
methodologies of application of the biofeedback training technique. Dziembowska et al., conducted an
interesting study on the use of biofeedback, analysing the anxiety symptoms of athletes and the variability of
heart rate. Specifically, biofeedback was used as a stress management technique (Dziembowska et al., 2016)
operating on the Heart Rate Variability (HRV). The set of tools used consisted of breathing techniques,
voluntary generation of positive emotions and a portable biofeedback device for the real-time evaluation of
physiological conditions. The parameters taken into account were HRV, electroencephalography information
and self-assessment test about anxiety and self-esteem. The study involved 41 male athletes between the
ages of 16 and 21. As results, the experimental group, unlike the control group, reduced the average levels
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of anxiety. In the experimental group there was also an improvement in the variability of heart rate and
changes in the power spectra of alpha and theta brainwaves. Such changes are an indication of a better
condition of both the central nervous system and the autonomic nervous system. According to this study a
training based on biofeedback techniques applied to HRV can be a tool with beneficial effects with regard to
stress management. For an athlete, reducing anxiety levels results in improved performance. Fewer
distractions, less "weights" for our minds allow us to devote more attention and precision to the actions we
carry out. In this case an athlete will be able to effectively dedicate his mental faculties to the realization of
the required technical gesture. Moreover, possible improvements could be found in the reaction times and
the speed in making choices in situations of great psychological pressure.

A further study conducted by Paul et al. (Paul et al., 2012), took into account physiological functions such as
heart rate variability and respiratory rhythm, to see if an action on these parameters could affect performance
elements such as reaction and movement times, concentration and shooting performance. The study was
carried out on 30 basketball players (16 males and 14 females) aged 18-28. Regarding the psychological
assessments, the results show a marked improvement in concentration for the experimental group while the
placebo group and the control group did not change substantially. Concerning the physiological
measurements, significant results have been obtained both in terms of heart rate variability and respiratory
rhythm. Once again, the experimental group achieved significant improvements while there were no
significant variations in the parameters of the other two groups. Moreover, conceming the sports
performance, the experimental group was able to benefit from the training followed, obtaining an improvement
in reaction times, unlike the other two groups in which no significant variation was found. Similar results were
recorded assessing of shooting ability in which the experimental group obtained greater improvement
compared to the other groups.

To conclude, an exhaustive review written by Morgan and Mora, specifically addressed the relationship
between HR variability and sport performance, considering this training technique effective, safe and easy to
learn and implement (Morgan and Mora, 2017).

BIOFEEDBACK FOR INJURY PREVENTION IN SPORT

Biofeedback showed its usefulness in the field of accident prevention too. During sports practice, both in
training and in competition, the incorrect repetition of a movement can brings muscles or joints to excessive
overload resulting in an injury. The method usually employed to prevent the risk of an injury and improve the
technical gesture is neuromuscular training (Lardone et al., 2018; Montuori et al., 2019; Myer et al., 2013).
This type of training aims to improve the communication between the nervous system and the muscles in
such a way that the athlete improves the ability to coordinate and contract his muscles in the most efficient
and precise way possible. The trainer usually provides the athlete with feedback during the execution of the
technical gesture. Then the athlete must compare the information received and with the sensations that he
himself perceives during the execution of the movement. This technique shows a great limitation, in fact it
depends only on subjective evaluations, both of the athlete and of the trainer. In this case, a neuromuscular
training combined with the use of biofeedback techniques can provide the athlete with real-time objective
information about the physiological processes taking place in their body. In a critical analysis on injury
prevention in sport, Kiefer et al. suggested how the use of specifical instruments can provide the athlete with
an objective feedback that, combined with the skills of the trainer, manages to optimize training, also with
regard to injury prevention, specifically referring to the prevention of rupture of the anterior cruciate ligament
in young athletes (Kiefer et al., 2015). Combine this technique with advanced motion analysis, useful to
precisely assess human movement both in healthy and pathological population (Liparoti et al., 2020, 2019;
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Minino et al., 2020; Rucco et al., 2020, 2019; Sorrentino et al., 2016; Troisi Lopez et al., 2021), can offer
important tools for an effective rehabilitation.

CONCLUSION

Biofeedback training is a relatively new technique but that in recent years gained more and more favour in
the field of sports psychology and interest from researchers. Although there is a need for more up-to-date
and in-depth studies on a larger scale, the results are certainly promising (and in some cases evident). We
believe that this type of training can represent in the future a pivotal element to be included in any sports
practice and at any level. Most of the current training is concerned only with improving physical condition and
through the repetition of the technical movement, with the aim of refining the technique. There are few training
protocols that teach athletes to act on their physiological functions and for this reason biofeedback training
can represent a turning point. If we also consider the benefits that this kind of training can bring also from the
point of view of injury prevention, the reasons to include it among the standard training practices increase
considerably. Furthermore, biofeedback training is effectively complementary to the training normally carried
out during sports activity. On the one hand, it is able to increase quantitatively the skills available to the
athlete, on the other hand it increases in quality those already in its possession. Finally, it should be
remembered that, since the biofeedback training can act on a physiological level, the acquisition of these
techniques becomes part of the normal habits of the subject. Consequently, any improvement that can be
made in the sports field can also be transferred to everyday life. Specifically, it will also be possible to cope
more effectively with situations of anxiety and stress that do not necessarily affect sports activities, and this
inevitably means an improvement in the quality of life.
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