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Objective: This study aimed to compare neurofeedback training and left-hand
dynamic contraction on rumination in skilled shooters with choking under pressure
experience.

Methods: This study was a semi-experimental design. A total of 28 participants (17
women and 11 men), aged 18 to 38 years (M = 25.36, SD = 6.31), with a history of
choking under pressure and meeting the inclusion criteria, were selected as the final
sample. In the pre-test phase, participants completed the Sport Competition
Rumination Scale (SCRS) one hour before the competition. Then they participated
in an official national competition (60 shots in accordance with ISSF regulations).
Afterward, participants were randomly assigned to three groups: a neurofeedback
group (n = 10), a left-hand contraction group (n = 9), and a control group (n = 9).
The intervention groups (neurofeedback and left-hand contraction) received their
respective training for four weeks across 10 sessions. Following the intervention
period, participants took part in the post-test. Two months later, athletes participated
in a retention test, which was conducted identically to the pre-test and post-test
procedures.

Results: The repeated-measures ANOVA showed no significant time x group
interaction effect for sport-related rumination, F (3.02, 37.70) = 2.81, p = 0.52, np?
= 0.18. A significant pre-test to post-test reduction was observed in the
neurofeedback group (p <.05). No significant pre-test to post-test changes were
found in the left-hand contraction or control groups (p >.05). No significant
between-group differences were observed at retention (p >.05).

Conclusion: The present findings indicate that neurofeedback training appears to
reduce sport-related rumination and could be considered a novel approach for use
by athletes and coaches in performance enhancement programs.
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| rofessional athletes consistently strive

to demonstrate their best performance in
competitions, and psychological factors play
a key role in their success. Many athletes
experience a significant decline in their
performance by increasing anxiety, a
phenomenon referred to as “choking under
pressure”. According to the multidimensional
anxiety theory, competitive anxiety consists
of two components; Cognitive anxiety
includes negative expectations, negative self-
evaluation, and worries, whereas somatic
anxiety refers to the physiological elements
of anxiety. Concentration disturbance is
considered a type of cognitive anxiety, which
may result from intrusive thoughts during
performance  that persist  repeatedly.
Repetitive negative thought can be divided
into two components: worry, which involves
ongoing thoughts about potential future risks,
and rumination, which refers to repeatedly
reflecting on oneself and the possible reasons
for past failures. According to Goal Progress
Theory, some features of rumination reflect
core elements of competitive sport, especially
the continuous comparison between a current
and a desired state. Athletic performance is
linked to goal expectations and their
persitance evaluation. As proposed by
cognitive-motivational-relational theory,
experiencing choking can provoke anger
because it prevents goal attainment, threatens
the athlete’s ego identity, and may be
interpreted as a humiliating  setback
accompanied by self-blame. Based on
attentional models of choking under pressure,
rumination represents a specific form of self-
focused model in which attention is directed
toward certain aspects of the “self,” which
inevitably prompts self-evaluation
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potentially  leading to  performance
deterioration. In distraction model of
choking, increased anxiety diverts attention
toward task-irrelevant internal or external
cues, such as worries, negative thoughts, and
performance expectations. By consuming the
limited capacity of working memory,
attention exceeds its threshold and
diminishes the cognitive resources available
for task execution. Self-presentation model of
choking refers to goal-directed actions and
behaviors aimed to generate positive images
of oneself to influence on others perceive and
also plays a role in the formation of sports
identity. Accordingly, in high-pressure
situations, when athletes' sports identity is
threatened by poor performance, concerns
about negative evaluation, feelings of
inadequacy, and audience judgment can lead
to increased anxiety.

Interventions designed to reduce rumination,
given the shared underlying mechanisms
between anxiety and rumination can support
athletes in managing attention, regulating
emotions, and controlling competitive
anxiety during performance.To mitigate
rumination, athletes can benefit from
psychological interventions  such  as
mindfulness training , neurophysiology-
based approaches including neurofeedback
(NFT) and transcranial stimulation (tDCS
and TMS), as well as self-regulation
strategies such as pre-performance routines.
Based on  neuroscientific  evidence,
rumination is associated with increased
activity in the left temporal cortex, as a part
of the emotional memory system, leads to
greater retrieval of negative memories. As a
result, neural regulation and the inhibition of
negative thoughts by the brain’s executive
regions are reduced, allowing negative and
repetitive thoughts (rumination) to persist.
This finding is also in line with EEG studies
on choking under pressure, as it has been
shown in the self-focus model, during



choking there is increased activity in the left
hemisphere particularly in the temporal lobe,
which is involved in verbal-analytical
processing. Accordingly, considering that
unilateral dynamic contraction of the left-
hand muscles increases alpha wave power
and leads to a long-term reduction in cortical
activity, it may activate the right hemisphere
while  relatively inhibiting the left
hemisphere, thereby reducing unnecessary
cognitive processing. Given that verbal—
analytical nature of rumination, dynamic left-
hand contraction may help reduce it. In
general, increased alpha power is thought to
suppress task-irrelevant cortical activity like
negative thoghts and facilitate attentional
focus on performance.

In addition, previous studies have shown that
neurofeedback training can modulate patterns
of brain activity associated with cognitive
engagement and rumination. Neurofeedback
training particularly in regions associated
with attentional control and cognitive
inhibition, may reduce task-irrelevant neural
activity and limit the persistence of intrusive
thoughts. In this context, prior research has
indicated that the sensorimotor rhythm
(SMR) in the 12-15 Hz range considers as an
index of neural activity in the sensorimotor
cortex. Higher SMR power is associated with
reduced activity in this region and lower
cognitive  involvement in  processing
sensorimotor information, and it has been
linked to ignore task-irelevant distractions
and maintain  sustained attention. In
neurofeedback training, the sensorimotor
cortex is often targeted to improve motor
control and reduce anxiety. On the other
hand, theta rhythm (4-7 Hz) is associated
with neural and psychological functions
within the limbic system.

Theta rhythm in certain cortical regions has
been associated with the regulation of
arousal, mental, and emotional states, as well
as distractibility. In a clinical study, the
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effects of neurofeedback training were
examined directly on rumination by
increasing SMR and decreasing alpha and
beta activity in the C4 region among
individuals  with  obsessive—compulsive
disorder which were associated with
reductions in rumination, highlighting the
role of regulating central rhythms in reducing
repetitive thoughts. In addition, comparing
elite and novice performers indicates that
superior motor performance was associated
with higher upper-alpha power in the parietal
lobes (reflecting reduced associative and
sensory  processing), which stabilizes
essential neural networks and minimizes
distractions such as negative thoughts.
Increased alpha activity in both the right
parietal and left central regions has also been
linked to the refinement of unnecessary
visuospatial processing and more efficient
activation of the motor cortex. Moreover,
increased alpha activity in posterior cortical
regions may facilitate improved
concentration by filtering out task-irrelevant
information. Previous studies have shown
that increasing the power of both alpha and
theta waves, is associated with deep
relaxation and is an effective intervention for
reducing anxiety. Although some studies
have examined rumination in athletes, no
research to date has directly investigated the
effects of neurofeedback or pre-performance
routines such as dynamic left-hand
contraction on reducing rumination in
athletes. Therefore, the present study was
designed to examine the impact of these
interventions on rumination among shooters.

Methods

Research design

This applied study employed a semi-
experimental repeated-measures design.

Participants
Participants were 28 skilled 10-meter air rifle
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shooters (17 women and 11 men) aged 18 to
38 years, with more than 5 years of national-
level experience.

Materials

We administered the Persian adaptation of
the Edinburgh Handedness Inventory
(Oldfield, 1971) to assess participants’
handedness. The  Sport  Competition
Rumination Scale (SCRS) was used to
measure rumination under competition
pressure.

Procedure

Participants were recruited via
announcements in the Iranian Shooting
Federation and verbally through coaches.
Eligible athletes completed handedness
questionnaires, and resting-state EEG was
recorded at Cz, Pz, and T3 for two minutes on
the first day. The next day, one hour before
the competition, they completed the Sport
Competition Rumination Scale (SCRS) and
then participated in an official national
competition (60 shots at 10 m, 90-minute
limit) conducted according to ISSF rules
(2023), serving as the pre-test. Then they
were randomly assigned to three groups:
neurofeedback, left-hand contraction, and
control. Intervention groups received four
weeks of training. After the final session, a
post-test was conducted similarly to the pre-
test. A retention test, identical to the pre- and
post-tests, was conducted two months later.

Data analysis

Statistical analyses were performed using
SPSS Statistics with o = 0.05. Separate 3 x 3
mixed-design repeated measures ANOVAs
(group x time) were conducted for each
dependent variable including the shooting
performance, EEG baseline, and sport
rumination (pre-test, post-test, and follow-
up). The Huynh-Feldt post-hoc test was
employed to correct the degrees of freedom

when the sphericity assumption was violated.

No significant between-group differences
were found in any of the dependent variables
at the pre-test. As shown in Table 1, the
interaction effect of time x group for the
rumination variable was not significant
[F(3.02, 37.70) = 2.81, p = 0.52, np*> = 0.18].
However, the main effect of time was
significant [F(1.51, 37.70) = 3.82, p = 0.042,
np? = 0.13], and based on post hoc tests, a
significant reduction was observed between
pre-test and post-test in the neurofeedback
group (p < 0.05).

Discussion

The present findings indicate that increasing
SMR and decreasing theta protocol in the Cz
and T3 regions, as well as the alpha/theta
protocol in Pz, led to a reduction in
rumination among athletes. These results
suggest that neurofeedback can serve as an
effective tool for managing intrusive
thoughts and enhancing focus under high-
pressure  conditions.  Conversely, no
significant changes were observed in the left-
hand contraction group and the control group,
indicating that this method alone may not
have a similar effect on reducing rumination.
Additionally, this study is the first to
specifically investigate the effects of pre-
performance routines, such as dynamic left-
hand contraction and neurofeedback, on
reducing rumination in athletes. Rumination
reduction  using  neurofeedback  was
confirmed, which aligns with previous
research emphasizing the positive effects of
self-regulation on cognitive and
psychological performance in precision
sports such as shooting. Previous studies
have emphasized the role of SMR in
strengthening cognitive inhibition, enhancing
attentional control and improving perceptual
processing, as well as the effects of the
alpha/theta protocol in reducing anxiety and



improving cognitive performance. However,
the direct effects of neurofeedback training
on rumination have only been examined in
clinical studies which indicating the role of
central rhythm regulation in diminishing
repetitive thoughts. In the present study,
neurofeedback protocols—increasing SMR
and reducing theta activity in Cz, along with
increasing alpha/theta in Pz—also led to
decreased rumination and improved shooting
performance, which is consistent with
previous findings in this area.

However, some studies have reported no
significant reductions in cognitive or
emotional variables, which may be related to

differences in  study design and
implementation methods. In the present
study, a combination of several

neurofeedback protocols across different
brain regions was used, which may explain
the differences in findings compared with
studies that have applied only a single
protocol or targeted a specific brain region. In
addition previous studies have shown that
pre-performance routines can enhance
concentration and reduce distraction in
athletes, helping them focus on the present
moment rather than past events or potential
future outcomes. It’s demonstrated that
dynamic left-hand contraction, as a
pre-performance routine, can prevent
performance decline in badminton and
taeckwondo and improve tennis serves
accuracy by increasing alpha power and
reducing left-hemispheric activity—
particularly in temporal regions associated
with verbal processing—which tends to
increase under pressure. Nonetheless, the
present  findings regarding left-hand
contraction are consistent with some previous
studies on cognitive inhibition and attention.
For example, Wergin et al. reported that
pre-performance routines, including hand
contraction, may orient athletes’ attention
toward the present moment and reduce
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unnecessary processing, yet they did not
observe notable improvements in accuracy or
behavioral performance. Mirifar et al. also
found that left-hand contraction had no
significant effects on reaction time or
accuracy, with only small effects on
behavioral outcomes. Moreover, many
previous studies have primarily examined
anxiety under pressure without considering
specific psychological variables such as

rumination, whereas the present study
explicitly ~ evaluated  rumination  and
highlighted its detrimental role in
performance. Systematic reviews have

shown that most research has focused on the
effects of pre-performance routines and
neurofeedback on improving performance,
managing anxiety, and enhancing sustained
attention. In contrast, the current study
specifically addressed rumination as a
psychological factor influencing
performance.

The findings of this study demonstrate that
combining neurofeedback training with
pre-performance routines such as left-hand
contraction could reduce rumination to
enhance performance under pressure. These
results align with previous research
examining physiological and psychological
interventions in sports performance, while
offering a novel contribution by exploring
their effects on reducing rumination in
athletes.

Conclusion
These findings highlight the role of
psychological and physiological
interventions in managing cognitive load and
improving  performance in  stressful
situations.
Keywords:
Sport Rumination, Neurofeedback, Pre-

Performance routine, Left-hand contraction,
Choking under pressure.
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Article message

The findings of this study suggest that
neurofeedback training, particularly SMR
enhancement and alpha/theta protocols, can
effectively reduce athletes’ rumination which
may serve as a valuable intervention for
optimizing mental readiness and performance
in precision sports such as shooting.
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