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Abstract

The aim of this study was to investigate the effects of providing skin conductance (SC)
biofeedback on the performance of elite rifle shooters. VVolunteer participants (n=10) were
divided into experimental and control groups (n=5, in each group). After pretest, the
experimental group, which was educated about SC biofeedback, participated in five
shooting practice sessions while receiving skin conductance feedback. The control group
performed five sessions of their regular exercise. Both groups then took part in the posttest
and a week later in the transfer test. The results of one-way ANOVA showed that the
performance of the experimental group in the posttest and in the transfer, test significantly
increased compared to the pretest. Furthermore, the results showed that the ability to adjust
the arousal level of the experimental group at the end of the intervention significantly
improved. It seems that shooting practice along with receiving SC feedback has led to the
self-regulation of shooters in providing an appropriate response to arousal and thus
improving performance. In sum, the results of this study showed that athletic performance
is improved by stimulating arousal levels and providing biofeedback.
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Extended Abstract

Background and Purpose

Recently, biofeedback has been considered by athletes as a strategy to increase
athletic performance (1-3). Biofeedback training is a practical method for
preparation of elite athletes in different sports. One of the most important issues
in biofeedback training is the ability to transfer the learned responses to the real
sports environment. Researchers believe that biofeedback training is a form of
objectification in athletes' mental achievements (4). Although common theoretical
perspectives suggest that internal resources are inevitable for skill learning, in
some cases the learner may see differences in performance required with actual
performance, forcing him to seek external resources such as looking for instructor,
tape, video, or kinematic diagrams (5). The first step in arousal control is to be
aware of the level of stimulation during the activity (6). Therefore, the present
study seeks to test the hypothesis that "shooting, along with receiving feedback
information, improves performance".

Materials and Methods

After distributing 40 pages of consent to participate in the study among the
shooters present in three national competitions of air rifle 10(m), 12 shooters
volunteered to participate in the study. The criterion for selecting the subjects was
to obtain a score of 600 in the initial record. A total of 10 shooters (four men and
six women) with a mean age of 25.82 + 1.3 years and an average age of
competitions 3.50 £ 1.3 years (all shooters were right hand and right eye) in two
groups of five experimental and control participated in the study. The research
plan included pretest, intervention, posttest, and transfer test. In the intervention
phase, the control group performed their regular shooting exercises for two weeks.
However, the experimental group received one biofeedback training session, two
training sessions on skin conductance variability, and then five shooting training
sessions along with observing skin conductance and maintaining it in their
individual domain. In these sessions, shooters were asked to use their feedback to
set their arousal level equal to or less than the baseline level of arousal, and then
to fire their shots. In all sessions, 60 shots were fired in accordance with the rules
of the International Shooting Sport Federation. In the pretest and posttest
shooting, SCATT USB Shooting Training Systems was used and in the transfer
test (one week later), the SIUS Electronic Scoring Systems was applied.
Moreover, to measure the ability of shooters in modulating arousal, Stress Control
Suite ProComp2 biofeedback device (baseline level assessment, color word test,
first break, math test and second break) was used in the pretest and posttest. In
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this study, the ethics protocol was observed in the study of human samples of
Islamic Azad University of Tehran.

Findings

The mean result of shooting pretest of 10 participants was 612.99 £5.84 points.
The normality of the sample distribution was confirmed by Kolmogorov-Smirnov
test (p > 0.005; Sig = 0.200). Levin test and variance of pretest scores of
experimental group and control group did not show a significant difference (F =
0.726; p > 0.005; Sig = 0.419). The average score of the shooters in the
experimental group in the posttest and transfer test was 621.74 + 6.39 and 623.58
+ 4.24, respectively, which increased by 8.5 and 10.34 points compared to the
pretest. Paired samples test showed that the difference in shooting score in posttest
and transfer test compared to pretest was significant (p > 0.005; Sig = 0.009) and
(p > 0.005; Sig = 0.002). However, in the control group, shooting scores in the
posttest and transfer test were equal to 613.62 + 3.36 and 613.24 + 4.46 which
were not significantly different from the pretest. In the stress assessment test, the
mean baseline level of arousal in the experimental group in the pretest and posttest
stages was 3.76 and 7.49, and in the control group, it was 4.10 and 7.22
microseconds, respectively. The difference between the mean arousal of the
second rest stage and the baseline level in the pretest of stress assessment of the
experimental group was +0.82 and, in the pretest, and posttest of the control group
were +0.35 and +0.39, respectively. Since the p value is greater than 0.05 in all
three stages, the changes in arousal level in the stress assessment test are
insignificant (F4,20 = 0.199; p = 0.936), (F4,20 = 0.017; p = 0.999) and (F4.20 =
0.013; p = 1,000). However, the difference in mean arousal in the posttest of the
experimental group was equal to -5.53. Because the value of P is less than 0.05,
the difference is significant (F4,20 = 8.575; p = 0.000). The results of LSD post
hoc test in determining the difference points of stress in the posttest of the
experimental group showed that the difference between the mean stress in the first
three stages of rest, math test and second rest with the baseline level is significant.
Additionally, the difference in the first break with the second break, as well as the
color words test with the second break and the math test were significant, but no
significant difference was observed in the other stages. Therefore, the decrease in
arousal in the posttest stage of stress in the experimental group was significantly
different from the baseline level. Moreover, the process of reducing arousal in the
posttest of the experimental group was significant. While the incremental changes
in arousal in the other three situations were insignificant and insignificant.
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Conclusion

The increase in shooting score in the posttest shows that, in this study, the
feedback information provided was in line with the actual needs of shooters to
improve performance. Biofeedback training and shooting practice, along with
receiving skin conductance feedback, suppress the sympathetic system and
activate the parasympathetic system. This physiological achievement has led to
the formation of a kind of self-regulation in the ability to modulate shooters'
arousal and thus improve performance. The findings also support the view that
biofeedback training and exercise combined with receiving skin conductance
feedback in real-world conditions improve the performance of skilled shooters.
This conclusion was related to the ability to transfer self-regulatory skills in
arousal using a personalized biofeedback program from the laboratory to the
sports field.

Keywords: Arousal, Stress, Athletic performance, Shooting, Mentalphysiology
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0. Galvanic Skin Response (GSR)
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Figure 1- Scores of shooters in the experimental group and control group in pretest,
posttest and transfer test
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