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Extended Abstract

Background and Purpose

Different researchers have stated that there
are two types of anxiety leading to
different biases in attention.
Specifically, state anxiety increases the
threat value allocated to a stimulus or a
situation, whereas trait anxiety causes
attention to be directed toward the source
of threat. Attention comprises three
functionally distinct netwroks: alerting,
orienting, and executive control. Pacheco-
Unguetti et al. (2010) showed that state
anxiety influences the alerting and
orienting networks, while trait anxiety
affects the executive control network. The
negative impact of anxiety on performance

has been studied in many far-aiming tasks.
Yang, Park & Shin (2019) indicated
that a state of anxiety decreases dart-
throwing performance. Various methods
are used to counteract anxiety, one of
which is neurofeedback training. The
purpose of the present research was to
investigate the effects of neurofeedback
training on the alerting and orienting
networks of attention and on dart-
throwing performance in beginners under
competitive-state anxiety.

Materials and Methods
In this applied semi-experimental research, 20
participants (age: 23.10 = 2.48 years; trait
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anxiety score lower than 38; all right-handed)
were randomly divided into a neurofeedback
group and a control group. Before performing
the pretest, an anxious state was created in
both groups using established methods
including a competitive system, rankings, and
monetary incentives. Specifically, prior to
implementation, participants were told that
they were subject to tests and evaluation and
that their performance would be compared to
that of others; they were therefore instructed to
perform their best. In addition, they were
informed of the rankings and prizes for top
players. Subsequently, they completed the
Competitive-State  Anxiety Questionnaire.
Participants then undertook the pretest, which
included an attention networks test and a dart-
throwing performance assessment. Following
the pretest, participants in both the
neurofeedback and control groups completed
training over 14 sessions. The neurofeedback
group performed dart-throwing alongside
neurofeedback training, whereas the control
group performed dart-throwing training only.
Training sessions were conducted
individually, and participants in both groups
completed 15 minutes of training and 30 dart-
throwing attempts per session. Neurofeedback
training comprised two protocols: SMR-theta
and alpha enhancement. The first 20 minutes
of each session were devoted to the SMR-theta
protocol at the Cz electrode site. Repeated
practice of these activities was intended to
organize brain waves and activity. Forty-eight
hours after the last training session, the
posttest was administered in the same manner
as the pretest.

Findings

Repeated-measures ANOVA results showed
that the Group x Time interaction was
significant for the alerting network (F(1,18) =

599, P = 0.025, n* = 0.25). Given the
significant interaction, follow-up analyses
were conducted. At pretest, there was no
significant difference between groups in
alerting network efficiency (t = -1.40, df = 18,
P = 0.17); however, a significant difference
emerged at posttest (t = -3.32, df = 18, P =
0.004). Paired-samples t-tests revealed a
significant difference between pretest and
posttest in the neurofeedback group (t = 9.00,
df =9, P =0.000) but no significant difference
in the control group (t=0.45, df =9, P = 0.65).

Repeated-measures ANOVA results also
showed that the Group x Time interaction was
significant for the orienting network (F(1,18)
=13.77,P=0.002, > = 0.43). At pretest, there
was no significant difference between groups
in orienting network efficiency (t = 0.64, df =
18, P = 0.52); however, a significant difference
emerged at posttest (t = -4.47, df = 18, P =
0.00). Paired-samples t-tests revealed a
significant difference between pretest and
posttest in the neurofeedback group (t = 3.32,
df =9, P =0.009) but no significant difference
in the control group (t=1.84, df =9, P =0.09).

Repeated-measures ANOVA results showed
that the Group x Time interaction was also
significant for dart-throwing performance
(F(1,18) = 77.80, P = 0.000, n> = 0.81). At
pretest, there was no significant difference
between groups (t = 0.38, df = 18, P = 0.70);
however, a significant difference emerged at
posttest (t = 3.85, df = 18, P = 0.001). Paired-
samples t-tests revealed a significant
difference between pretest and posttest in the
neurofeedback group (t = -8.489, df =9, P =
0.000) and also in the control group (t = -
4.217,df =9, P =0.002).

Conclusion

The present research examined the effect
of neurofeedback training on the alerting
and orienting networks of attention and on
dart-throwing performance in novices
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under competitive-state anxiety.
Neurofeedback helps individuals achieve
an appropriate arousal level. According to
the optimal arousal hypothesis, when
individuals are at this level of arousal, they
exhibit appropriate performance. Because
the alerting and orienting networks are
based on arousal, attaining an appropriate
arousal level enhances their functioning.
Furthermore, evidence indicates that brain
systems involved in tonic alerting are
related to systems involved in arousal
(Kasper, Elliott & Giesbrecht, 2012).
Considering this finding, along with the
attention-demanding nature of dart-
throwing — which relies on focus and
maintaining a conscious state —
neurofeedback training appears to regulate
the arousal level through its effects on the
alerting and orienting networks, thereby
improving performance. Consequently, an
athlete who has achieved an appropriate
arousal level through such training is less
likely to experience performance
decrements when in a high-pressure
environment.

Kavianipoor et al.
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