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Introduction

Frontal midline theta power (FMT) has previously been
associated with superior rifle shooting performance?,
which is crucial for successful biathlon performance?3.
The purpose of the present study was to identify whether
neurofeedback training using electroencephalography
(EEG) would lead to increased FMT and improved rifle
shooting performance and attentional focus in biathletes.

Methods

Twenty-eight female and male biathletes (age: 22 + 2 vy)
competing at national/international levels were pair-
matched based on their best shooting test scores and
were assigned to either a control group (CON: regular
training only) or an intervention group (NFT: regular
training plus 6 x 30-min sessions of neurofeedback
training). The training intervention consisted of 6 sessions
of 10 x 3-min blocks of neurofeedback training using EEG,
which aimed to increase the participants’ FMT whilst dry-
firing their rifle in a seated position. Pre- and post-tests
included assessment of precision shooting and simulated
biathlon performance (Figure 1).

Figure 1. The field-testing setup for (A) the standing
phase of the precision shooting test; (B) the precision
target system; (C) double poling on the ski ergometer;
(D) the “hit or miss” target system.
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FMT increased from baseline during the neurofeedback
training sessions (p<0.05). However, there were no
differences in pre- to post-test changes in FMT or
shooting performance between the two groups (p>0.05,
Figure 2). There was a small group x test interaction effect
for attentional focus (p = 0.07; r]p2 = 0.12), indicating a
potential benefit of neurofeedback training. Inter-
individual differences indicated that superior shooters
were more proficient at increasing FMT during N
neurofeedback training, but this did not translate to
greater improvements in post-test shooting performance.
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Pre-Test I Post-Test I
Group F(1,26) = 0.26, p =.61, n,?= .01

Test F(1,26) = 0.86, p =.36, n,>= .03
GroupxTest F(1,26) = 1.08, p =.31, n,*= .04

20 q

x| (G)

16 A I

14 4 ]:

12 4

10 4

8 4

6 4

4 B

2 B

0 T ]
Pre-Test Post-Test

Group F(1,26) = 0.00, p =.96, n,?= .00
Test F(1,26) = 2.71, p =.11, npzz .09
GroupxTest F(1,26) = 0.08, p =.78, n,2= .00

| (D)

| 100
@
50 - 80 4
40- ‘{
L 60
3
W 30 4 ( o
=
T 40 -
o
20 + ]
. v
(=]
E—-' 20.
10 A
T 1 O T 1 O

Pre-Test Post-Test
Group F(1,26) = 1.80, p =.19, n,2= .07
Test F(1,26) = 2.16, p =.15, n,>= .08
GroupxTest F(1,26) = 0.01, p =.92, n,?= .00
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Pre-Test Post-Test
Group F(1,26) = 2.56, p =.12, n,2= .09
Test F(1,26) = 2.05, p =.16, r]p2: .07
GroupxTest F(1,26) = 0.01, p =.92, n,?= .00
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Group F(1,26) = 0.23, p =.64, n,2= .01
Test F(1,26) = 15.32, p <.001, 2= .37
GroupxTest F(1,26) = 3.44, p <.07, ny2= .12*
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The prescribed neurofeedback training was sufficient to
allow biathletes to increase FMT while dry-firing their
rifle. However, the training intervention was ineffective in
elevating FMT or improving rifle shooting performance
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Test F(1,26) = 0.01, p =.91, n,2=.00
GroupxTest F(1,26) = 0.74, p =.40, n,2= .03

during live-fire shooting tests, possibly due to participants
developing varied, irrelevant or ineffective strategies to
shape their FMT. Participants who were most responsive
to the neurofeedback intervention tended to be most
proficient during sport-specific shooting tests. This
suggests that more skilled performers may be more
receptive to neurofeedback training, although this
requires further investigation.
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Figure 2. Relative increase in frontal midline theta power (FMT) from baseline during
each 3-min neurofeedback training block (Panel A) and during the standing (Panel B)
and prone (Panel C) precision shooting tests. Standing shooting score (Panel D) and
prone shooting score (Panel E) during the precision shooting test. Self-reported
attentional focus (Panel F) and number of targets hit (Panel G) during the simulated
performance test.
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