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Abstract

Biofeedback is an effective strategy to decrease levels of activation and anxiety. The purpose of this study is to determine
the degree to which amateur athletes are able to learn to control their autonomic responses through biofeedback. The
hypothesis of this study is that amateur athletes with biofeedback intervention will significantly decrease their level of
psychophysiological activation compared to those without the intervention. Sixteen amateur marathon athletes
participated, from the city of Andria de la Puglia, Italy. They were randomly assigned to two groups, one control and one
experimental (i.e., biofeedback condition, which used peripheral temperature, skin conductance, and heart rate
techniques). During the intervention period, there were six 15-minute individual sessions over two weeks. Anxiety was
evaluated using the STAI survey, which is a subjective scale of activation and a psychophysiological profile. The statistical
analysis used in this study is analysis of variance of repeated measurements was used with a significance level of .05. For
the Post Hoc or a posteriori comparison, the Siddk and the Bonferroni procedure were conducted. A significant interaction
was found between the evaluation conditions, timepoints, group, including peripheral temperature and in the skin
conductance. The experimental group has significant lower activation compared to the control group, higher increase of
the peripheral temperature and lower conductance. There is no difference in anxiety measured with the STAL In
conclusion, the biofeedback group has learned to control their autonomic responses, as indicated by a significant decrease

in the level of psychophysiological activation, compared to the group without intervention.
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1 Introduction

An emotional response can occur during any situation in
life and can benefit or harm one’s ability to function.
During sports in particular, emotions present themselves
often, and those emotions can enhance or hinder the
performance of athletes. In pre-competitive moments, a
series of emotions are generated (Donachie, Hill, &
Madigan, 2019; Sniras & Uspuriené, 2018), anxiety being
one of the most researched in the field of sports
psychology. If anxiety is not controlled, it can lead to
coordination problems (Weinberg & Gould, 2010), as well
as increase muscle fatigue due to its influence on the
increase of lactate (Draper et al., 2008). It can also impair
sports-competitive performance later on (Castro et al.,
2018; Cintineo & Arent, 2019; Correia & Rosado, 2019;
Garcia-Mas et al., 2011; Mabweazara, Leach, & Andrews,
2017; Pons et al.,, 2016). However, practicing sports can
help individuals generate resources to manage and
mitigate stress processes (Strahler et al., 2010).

One must consider that experience and skill level influence
the positive perception of anxiety symptoms, which alone
can be a facilitator in competition (Fletcher et al., 2012).
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In addition, exercise and, especially, aerobics are
moderators of anxiety (de Miguel Calvo et al., 2011;
Weinberg & Gould, 2010). In general, athletes can
develop a resilient personality, which can act as a
mediator of anxiety (Sheard & Golby, 2010). Such
resilience is seen in athletes in events as challenging as
long-distance running (De La Vega, Rivera, & Ruiz,
2011).

One can learn to develop a certain tolerance to stress for
athletic competition through sports training, as proposed
by Oudejans and Pijpers (2010). They propose that
athletes practice with moderate levels of anxiety to
facilitate adaptation to high levels of pressure in
evaluation, or “game time,” situations. One concern,
however, is the medium and/or long term negative effect
of protracted anxiety on the emotional well-being of the
athlete and, therefore, on his or her motivation to
continue (Canton-Chirivella, Checa-Esquiva, & Vellisca-
Gonzalez, 2015).

However, the athlete can be offered an active role in
learning to control his level of activation and, if
necessary, his anxiety — in this case using biofeedback
techniques. Biofeedback is defined as a set of
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psychophysiological procedures aimed at providing a
person with immediate and accurate information about
some aspect of his or her biological activity in order to
learn to regulate or control it voluntarily. It is a
psychological context of active learning by the individual
(Vila & Guerra, 2009; Weinberg & Gould, 2010).

There are a number of empirical studies in which
biofeedback has been used with athletes to control
autonomic responses in a variety of situations, some of
them related to anxiety or its consequences. Below, we
present some research, for example, that of Contreras et
al. (2017), in which they used galvanic skin response
(GSR) biofeedback with a football goalkeeper, achieving
(243 k in GSR),
and  decreased

increased relaxation increased

concentration, discouragement
behaviours. Deschodt-Arsac et al. (2018) carried out
biofeedback training with heart rate variability in
university athletes over five weeks. There were two
randomly-assigned groups (experimental and control)
with positive results in autonomic control of the
experimental group several weeks after the intervention.
(Firth-Clark, Sitterlin, & Lugo, 2019), in a study
comparing different cognitive-behavioral interventions
(including heart rate variability biofeedback) in athletes
at different skill levels, found improvements in the
intervention groups compared to the control group.
Dupee, Forneris, and Werthner (2016) used biofeedback
and neurofeedback (electroencephalography) in five
Olympic athletes to improve their self-awareness and
emotional self-control, with positive results (breathing 8,
heart rate 62 bpm, skin conductance 6.4 uS, peripheral
temperature 35 °C, and electromyography 2.5 uV). Rijken
et al. (2016) employed heart rate variability biofeedback
in professional soccer players and elite athletes, showing
improvements (HRV soccer players LE/HF ratio 9.81,
athletes LF/HF ratio 5.70) in their emotional control and
Bar-Eli and
Blumenstein (2004), studied two groups of students (one

optimization of their performance.

experimental group with typical training plus
biofeedback and a control group with only typical
training); the results indicated significant improvements
in the performance of the biofeedback group. In another
study by Bar-Eli and Blumenstein (2004) with elite
swimmers, an experimental group received typical
physical training sessions plus biofeedback and a control
group received only typical physical training sessions; the
results showed an improvement in the experimental
group (running 5.17s, swimming 30.98s). Raymond et al.
(2005), in a study with dancers, found improvements in
performance evaluation for heart rate biofeedback (3.96

score) and neurofeedback groups (3.96 score); the control

group had no change (3.84 score). Valiente and Ortis
(1994) used heart rate biofeedback in cyclists; results
showed a decreased heart rate and an improved
performance. Caird, McKenzie, and Sleivert (1999)
taught 7 long distance runners relaxation techniques and
Biofeedback, which were applied to running on a
treadmill for 6 weeks. The intervention from these
techniques generated improvements in running
efficiency of the participants (heart rate 157.86 + 11.72
bpm, peak oxygen volume 53.03 + 5.35 mL/kg/min and
ventilation 78.80 + 17.42 L/min). In a study by Pusenjak
etal. (2015), high-level athletes in an experimental group
of different disciplines including athletics learned to
control their psychophysiological responses (skin
conductance, heart rate, blood volume, heart rate
variability and respiratory coherence) 15% better than
the control group through 8 weeks of biofeedback
training. They suggest that this improvement, which
positively influences performance, is due to the learning
of new skills including "learned self-regulation”. The
athletes also indicated that they applied these new skills
in pre-competitive and competitive situations.

In some cases, biofeedback has also been used to treat or
prevent injuries (Taylor et al., 2017). Edvardsson, Ivarsson,
and Johnson (2012) conducted applied research with a
cognitive behavioural intervention and biofeedback
(galvanic skin response and heart rate variability) to reduce
the number of sports injuries in school football players in
Sweden; however, the results showed no significant
differences between the two groups.

At a clinical level, applied benefits of the biofeedback
technique have been observed in learning to control
autonomic responses (peripheral temperature, blood
volume, electromyography, breathing, etc.) (Kerson,
Sherman, & Kozlowski, 2009; Nestoriuc et al., 2008; Pop-
Jordanova & Chakalaroska, 2008).

When considering that excessive levels of activation and
anxiety can diminish sports ability and that biofeedback
has shown efficacy in the control of anxiety symptoms,
questions remain about the utility of biofeedback as an
intervention for anxiety reduction and performance
enhancement among athletes, particularly developing
athletes. The purpose of this study is to determine the
degree to which amateur athletes are able to learn to
control their autonomic responses and anxiety through
biofeedback. Our hypothesis is that amateur athletes with
biofeedback intervention will significantly decrease their
level of psychophysiological activation and state anxiety
compared to those without the intervention. The
difference in this study is that the aim is to achieve
benefits in a few sessions (6).
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2 Methodology

2.1 Participants

The participants arel6 amateur male athletes in the
marathon (age M= 41.37 years, SD=7.7, range 24-50 years.
Height M= 176.5 cm, SD= 5.3. Weight M= 70.1 kg, SD=
5.9), from a village in southern Italy. They were randomly
separated into two groups: a control group (ageM= 43.5
years, SD=4.53) and an experimental group (ageM= 39. 25
years, SD= 9.80). Inclusion criteria were: absence of
infectious disease, cardiovascular disease, metabolic
disorder, had a minimum experience of two years of
practice, training 4 to 8 hours per week and a minimum
distance of 50 km per week. The Helsinki protocol was
carried out. The athletes were explained the objectives, and
they signed a consent form.

2.2 Instruments

o State-Trait Anxiety Inventory (STAI), Form Y
(Spielberger, 1972), adapted to Italian. In correction the
lowest direct score is 20 and the highest is 80.

o Biofeedback 2000 equipment, Schufried brand, with
the Multi
conductance, peripheral temperature, heart rate and

module with four channels: Skin
Motility. The equipment is wireless (bluetooth) with a
range of nine meters.

o Subjective scale of activation level: 10-digit Likert scale,
where 1 is the lowest activation level ("recently
risvegliato" - recently awakened) and 10 is the highest
activation level ("attachi di panico” - panic attack).

« Psychophysiological profile: The psychophysiological
profile has been used as an evaluation tool for
biofeedback interventions, which consists of recording
physiological activity under different conditions
(Carrobles & Godoy, 1987; Dominguez & Vazquez,
1999; Labrador, Cruzado, & Mufoz, 1995): (a) Rest:
"Open Eyes" and "Closed Eyes", (b) Activation: may be
the memory of an adverse or stressful situation and (c)
Natural Relaxation Response: "Natural Relaxation.” In
this study, the following conditions were used: (a)
Rest/Baseline (sitting eyes open), (b) Activation
(standing imagining the finish line), and (c) Relaxation
(sitting/relaxing with own strategies), each lasting two
minutes (Ceccarelli et al., 2019; Estrada et al., 2012).

2.3 Procedure

Research Design:

The current study utilizes an experimental design with pre-
test and post-test measures. Participants are randomly
assigned to two groups, a control group without
intervention and an experimental group (biofeedback).

Independent Variable: learning how to control the
activation of autonomic responses using the biofeedback
technique.

Dependent variable: anxiety level.

a) STAI questionnaire status version.

b) Subjective scale of activation level: Likert scale from
one to ten.

c) Psychophysiological profile, measured by the following
signals: Skin conductance measured in Micro Siemens
(uS), with higher conductance indicating higher
activation. Peripheral temperature measured in degrees
Celsius (°C), with lower temperature indicating higher
activation. Heart rate measured in pulses per minute,
with higher frequency indicating higher activation.

One of the authors was on a short research stay at the site

and became interested in a short intervention program

where the coach of the club's trainer also became

interested. Due to the short time of the researcher's stay, a

program of 2 weeks per participant was developed. Due to

time constraints and the small size of the club, there were
no more interested participants. One session was
scheduled with the coach and another with the athletes
explaining the details of the study (all signed an informed
consent), the date of the evaluation was then determined.

The pre-test evaluations were made one day before starting

the sessions and the post-test one day after finishing the

sessions. Pre- and post-test measurement consist of the
following:

Connection of Biofeedback 2000 to the index finger of the

non-dominant hand, with 4 minutes of adaptation

(Blanchard et al., 1997). Completion of the STAI (State and

Trait)

psychophysiological profile, two minutes each condition -

and general questions. Recording of the
baseline (sitting), activation (standing, imagining the
goal/exit), and relaxation (sitting, relaxing with own
strategies). Subsequently, participants rated their level of
activation with the Likert scale.

During the intervention period, there were six 15-minute
individual sessions over two weeks.

In the study by Rijken et al. (2016) they used a minimum
of 4 sessions to achieve benefits, meanwhile Raymond et al.
(2005)

biofeedback program was structured as follows:

consisted of six 20-minute sessions. The
o 1st and 2nd session: Explanation of the biofeedback
technique, emphasizing the individual's active process
of learning, where concentration and attention are
paramount. They were asked to individually choose
words of relaxation and activation. Diaphragmatic
breathing was taught for relaxation and an activation
exercise

(rapid breathing and imagination of

energizing situation).
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o 3rd and 4th meetings: Sitting biofeedback tests. Three
one-minute relaxation tests and three one-minute
activation tests (use of relaxation and activation
words).

o 5th and 6th meeting: Standing biofeedback tests.
Three one-minute relaxation tests and three one-
minute activation tests (use relaxations and
activation words).

We emphasize the 5th and 6th sessions, when biofeedback

tests were performed by the standing athletes, as a transfer

to the activity and the moment before a race begins, since
in a long-distance race, the athletes cannot have a place to
sit and relax to regulate their level of activation.

The post-test evaluation was conducted after the

intervention.

Statistical analysis.

Repeated measures in an analysis of variance are used,
with a significance level of .05, also used by Caird et al.
(1999) and with 7 sample athletes. In these models it is
necessary to assume that the variance-covariance matrix
is circular or spherical. In contrast, there is Mauchly's
(1940) test of sphericity, whose critical level associated
with the W statistic (Sig.= .96) is greater than .05 (the
hypothesis of sphericity is not rejected). In the event

Table 1

that the W statistic leads to the rejection of the
sphericity hypothesis, it is possible to use the univariate
F statistic by applying a corrective index called epsilon,
in its two estimates: Greenhouse and Geisser (1959) and
Huynh-Feldt, the former being the more conservative
and therefore the one used. For the Post Hoc
comparisons or a posteriori comparison, the Sidak
(1967) procedure was used. Like the Bonferroni
procedure, it is based on Student's t-distribution, but
controls the error rate by evaluating each comparison
with a significance level ac= 1- (1- a)1/k. This solution
rejects the hypothesis of equality of means on more
occasions than the Bonferroni method.

According to Fernandez, Livacic-Rojas, and Vallejo
(2007), the wuse of repeated measures statistics,
homogeneity is covered by the random distribution of the
groups in their formation and allows for a decrease in the
variability of the experimental error, as the participants are
their own control.

The statistical program used SPSS 20.0 for Windows.

3 Results

The descriptive statistics of the STAI and the subjective
evaluation are shown below (see table 1).

Means and standard deviation of the STAI and subjective activation

STAI
Subjective Activation
Groups Trait State
pretest postest pretest postest pretest postest
Control 33.75(5.77) 32.12 (5.46) 28.75(5.59) 30 (6.96) 5.5(1.51) 6.37 (1.5)
Experimental 32.12 (5.46) 36.37 (9.47) 30.12 (4.82) 31.75 (7.85) 5.12 (1.24) 4 (1.06)*
*p <.05

According to the data in Table 1, the means of the STAI
are low (the minimum STAI score is 20 and the
maximum 80). The STAI trait and state versions are
similar in the pretest-post test evaluation and between
the control and experimental groups; there is no
statistically significant differences. The state version
does not show differences between timepoints F(1,14)=
1.98, p=.181, power (1-B)= .58 (eta effect size squared
of .12). There is no significant interaction effects among
timepoints and groups F(1,14)= .03, p=. 857, power (1-
B)= .50 (eta effect size squared of .00). The trait version
presents similar results, with no differences in between
timepoints F(1.14)= .41, p= .531, power (1-B)= .50 (eta

effect size squared of .02), nor is there a significant
interaction among timepoints and groups, F(1.14)= 1.05,
p=.321, power (1-B)= .53 (eta effect size squared of .07).
In the subjective scale of activation level, there is no
main effect differences, F(1,14)= .13, p= .71, power (1-
B)= .99 (eta effect size squared of .71); however, a
significant interaction is found among timepoints and
groups, F(1,14)= 8.6, p= .011, power (1-f)= .89 (eta
effect size squared of .38). In the pairwise comparison
(Post Hoc), the experimental group has a lower level of
subjective activation at post-test compared to the pre
test (MD=1.12, p= .034) and compared to the control
group (MD=2.37, p=.003).
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Table 2
Means and standard deviation of psychophysiological responses.

Psychophysical Groups Sitting Imagination Output Relaxation
response. pretest postest pretest postest pretest postest
Peripheral Control ~ 26.60 (4.06) 28.98 (4.71) 26.63 (4.15) 29.55(4.05) 26.89 (4.12) 29.75(3.75)*

Temperature (°F) Experimental 26.25(3.45) 29.69 (3.85) 26.42(3.85) 30.68 (2.97)* 26.22(2.88) 33 (2)**
Skin conductance Control 2.89(1.20) 2.13(.70)  3.07 (1.22) 2.32 (.57) 3 (1.10) 2.20 (.78)
(pS) Experimental 2.33 (1.18)  2.07 (.92) 2.63(1.40 2.40 (.86) 2.92 (1.63) 1.40 (.50)%
Control (150;'9715) 68 (14.49)* 113 (54.93) 79.25(27.74)* 99.25(54.03) 65.87 (10.77)
Heart rate (bpm)
Experimental 101.25 65.12 113 (40.10) 79.75 (25.46)* 106.87 (39.09) 68.12 (26.70)*
(42.01) (21.08)*
*p <.05, **p <.001
Table 2 shows the descriptive statistics of the MD-= 37.75, p= .028), in the exit imagination condition

psychophysiological responses at pre-test and post-test. The
overall main effect test shows that the conditions (sitting, exit
imagination, and relaxation) present significant differences in
peripheral temperature, F(2,28)= 6.72, p= .015, power (1-f)=
.84 (eta effect size squared of .32), in skin conductance
(Mauchly's sphericity is accepted, Mauchly's W = .98, gl= 2,
p=.888) F(2,28)=5.93, p=.007, power (1-p)=.81 (eta squared
effect size of .29), and in heart rate (sphericity accepted,
Mauchly W= .78, gl= 2, p= .199) F(2,28)= 11.54, p <. 001,
power (1-P)= .93 (eta squared effect size of .45).

In the pair-wise (post hoc) comparison, the output
imagination condition has a higher level of
psychophysiological activation compared to the sitting
condition (conductance, DM= .24, p= .014; heart rate,
DM= p= .012) and relaxation condition (conductance,
DM-= 21, p=.044; heart rate, DM= p=.001).

Significant interaction effects are found for timepoint by
psychophysiological response: peripheral temperature,
F(1,14)= 13.45, p= .003, power (1-B)= .95 (eta effect size
squared of .49), skin conductance F(1,14)= 5.018, p=.042,
power (1-f)= .78 (eta effect size squared of .26), and heart
rate F(1,14)= 11.32, p= .005, power (1-B)= .93 (eta effect
size squared of . 44).

In the pair-wise (post hoc) comparison, the pre-test
evaluation has higher activation than the post test, with
higher conductance (MD= .71, p= .042) and higher heart
rate (MD= 35.5, p=.005).

There is a significant interaction between the assessment
conditions and, the Pre-test and post-test evaluation. At
peripheral temperature F(2.28)= 8.84, p=.003, power (1-p)=
.89 (eta effect size squared of .38) and skin conductance
(Mauchly W= .52, gl= 2, p=.014) F (2.28)= 4.38, p= .022,
power (1-B)=.74 (eta effect size squared of .23).

In the intra-group pairwise comparison (Post Hoc), the
control group has a lower level of activation at post-test
than pre-test in the sitting condition (lower heart rate,

(lower heart rate, MD= 33.75, p= .046), and in the
relaxation condition (increased peripheral temperature,
MD-=2.86, p=.046).

The experimental group shows a lower level of activation in
at post-test compared to pre-test in sitting (lower heart rate,
MD= 36.12, p= .034), standing (lower heart rate, MD=
33.25, p=.049; higher peripheral temperature, DM= 4.26, p=
.009) and relaxation conditions (lower heart rate, DM=
38.75, p=.030; higher peripheral temperature, DM= 6.77, p
<.001; lower conductance, DM= 1.48, p=.025).

However, in the inter-group comparison, the biofeedback
intervention shows differences such that the relaxation
condition at post-test has lower activation, associated with
greater relaxation, compared to the control group, as
indicated by an increase of peripheral temperature (MD=
3.24, p=.047) and a lower conductance (MD= .77, p=.036).

4 Discussion and Conclusions

In the STAI data, we find that there are no significant
differences across timepoints or between groups. Trait
anxiety, being a personality characteristic (Spielberger, 1972),
does not appear directly in behaviour. (It can be reflected in
the frequency of changes in state anxiety.) This varies little and
is not possible to change in such a short time, and this seems
to have influenced the lack of differences with state anxiety. It
should be noted, however, that the mean scores are low
overall, both in trait and state anxiety, which may be due to
low trait anxiety. Given that the participants are long-
distance, marathon runners who regularly engage in intense
aerobic exercise (de Miguel Calvo et al., 2011; Marquez, 1995;
Weinberg & Gould, 2010), their baseline trait anxiety levels
may be lower due to the effect of their exercise regimen on
anxiety, as well as the development of a resistant personality
(De La Vega et al., 2011), which allows them to endure higher
levels of stress.
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However, in the activation level, we find that the
experimental group, after biofeedback training, has alower
level of subjective activation at post-test compared to pre-
test and especially compared to the control group.

For psychophysiological responses, we observe that the
control group in the relaxation condition slightly increases
its temperature after the imagination output condition,
both in pre-test and in pos-test (the latter being
significant). The experimental group also has a decrease in
the level of activation in the post-test, in the baseline
conditions, and in the relaxation condition, it achieves a
significantly higher relaxation (increase of the peripheral
temperature, decrease of the conductance and of the heart
rate). Given that relaxation is significantly higher for the
experimental group than the control group, it can be
concluded that the experimental group has managed to
learn to control their autonomic responses to relax via the
biofeedback technique. These results are consistent with
other applied research in which the biofeedback
intervention trained participants to control their
autonomic responses. In a study by Contreras et al. (2017),
an increase in GSR was achieved (in the study, skin
conductance was used) but with similar results, emotional
control was achieved, the only difference being that it was
done with individualized treatment. Similarly, Dupee et al.
(2016) found improvements in athletes’ emotional self-
regulation and self-awareness, in addition to post-test
values of peripheral temperature biofeedback, skin
conductance and heart rate which are consistent with the
current study’s experimental group; a major difference
being the current study took place for two weeks, and the
previous study took place for one year. Our data are also
consistent with Deschodt-Arsac et al. (2018) with regard to
the benefits in self-control of the experimental group, with
key differences in duration (prior intervention was five
weeks) and measures used). Furthermore, results are
consistent with Firth-Clark et al. (2019), although a key
difference in the prior study was the combination of
biofeedback and psychological techniques in the
experimental group. Overall, the current results are
consistent with the results of group biofeedback
interventions (Bar-Eli & Blumenstein, 2004; Rijken et al.,
2016). There is also agreement in part with the results of
Caird et al. (1999) with respect to HR control, but that in
their intervention there were other variables that control
obtained which had a direct effect on the improvement of
running performance (6 weeks in duration and with
activities oriented to their activity level such as running on
a treadmill) those of which unlike this research carried out
few sessions with basic exercises. In turn, they agree with
Pusenjak et al. (2015) in the control of GSR and heart rate

achieved by learning new skills due to self-regulation, but
it should be noted that the authors emphasize that for
biofeedback to work after having been learned in the
laboratory, it must create exercises designed as real as
possible to the sporting activity. This last idea coincides
with Blumenstein and Orbach (2014), and they have even
proposed a series of 5 steps for the successful application
of laboratory learning to sport competition.

In contrast, the current study’s results are not consistent
with studies by Edvardsson et al. (2012) and Kerson et al.
(2009), which did not show significant differences related
to the biofeedback intervention.

In general, the objective has been met, and the null
hypothesis has been rejected. The biofeedback group has
learned to control their autonomic responses and
significantly decrease the level of psychophysiological
activation, compared to the group without intervention.
Although, there is no influence on state anxiety.

Learning to control autonomic responses provides
individuals with strategies to cope with challenging or
high-pressure situations that can impact performance.
These positive effects are possible thanks to the relaxation
achieved, as the athlete can rest better, improve their level
of concentration, and increase their feeling of self-control.
These learned strategies can be used in different areas, not
only in sports, and can have a broad, positive impact on
one’s health.

With respect to suggestions for improving this type of
intervention, we will consider evaluation situations related
to a sports situation, to see the applied effectiveness of the
intervention and an operational measurement of
performance.
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