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Objectives: The effects of music on sport performance mainly involved endurance or resistance exercises
overlooking possible effects on reaction time,which is deemed essential inmartial arts for a proficient performance.
Therefore, the aim of this study was to investigate the effects of the exposure to pre-task music on choice visual
reaction time in elite taekwondo athletes.
Design: Repeated measure study design.
Methods:Reaction time andmeanHeart Rate (HRmean)were recorded in twenty young taekwondo athletes (17.5±
2.5 years old) while performing a roundhouse kick in response to different visual stimuli after three warmup
conditions: listening to self-selectedmusic (SM), research-selectedmusic (RM)or nomusic (CC).Moreover, Feeling
Scale (FS), Felt Arousal Scale (FAS) were recorded before (T0) and after warmup (T1) in each testing session.
Results: SM and RM elicited significantly faster reaction times compared to CC (−3.3 % and−5.2 %, respectively).
No significant difference in reaction time was observed between SM and RM. The FS and FAS scores were signifi-
cantly higher at T1 compared to T0 in the SM and RM conditions, whereas no difference between T0 and T1 was
observed in the CC condition. No difference was observed for HRmean between SM, RM and CC conditions.
Conclusions: Listening to SM and RM during the warmup improved choice visual reaction times in elite taekwondo
athletes. These results suggest the use of music as a performance-enhancing strategy prior to combat competition
or training in martial arts.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of SportsMedicine Australia. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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• Listening to self-selected and motivational music during the warmup
improved choice visual reaction times in elite taekwondo athletes.

• A change from a pleasant low-activation state to pleasant high-
activation state was observed only with music.

• Warmup music may be a performance-enhancing strategy prior to
combat competition in martial arts.

1. Introduction

The effects of music have been extensively investigated especially in
the context of performance enhancement (for comprehensive reviews
see 1,2) in endurance sports. Different music factors such as rhythmic
response3 (tempo >120 beats per minute (bpm)), musicality, cultural
td on behalf of Sports Medicine Aus
impact, and emotional responses may influence sport performance4

through several psychophysiological mechanisms of action. It has been
shown thatmotivationalmusic (fast tempo and strong rhythm) reduces
the subjective perception of fatigue during exercise, possibly by reduc-
ing the processing of interoceptive signals or by reorienting the atten-
tional focus toward task-irrelevant information.5 Moreover, music
stimuli improvemood states4 and regulate the psychomotor arousal.6–8

Interestingly, it has been shown that arousal state influences also reac-
tion time,9,10 thus an upregulation of the arousal state to an optimal
level would increase the performance in reaction time task. It is worth
noting that musical preferencemay also affect the link between amusi-
cal stimulus and the individual affective responses to it.2,11 Specifically,
familiarity with a song, due to its influence on feeling status, may
strengthen the effects of rhythmic response on performance
enhancement.2,12 Therefore, using self-selected music may represent
an effective and alternative strategy to improve exercise performance.
However, it is unclear whether themain effect ofmusic on performance
is due to its intrinsic characteristics or by the evoked affective responses
(i.e., arousal and feeling states).
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Fig. 1. Schematic representations of the CRT test. Stimuli were interspersed by 2 s.
Abbreviations: CRT = Choice Reaction Task; RK = Roundhouse kick.

F. Greco, F. Quinzi, S. Chiodo et al. Journal of Science and Medicine in Sport 27 (2024) 276–280
Noteworthy, music is also classified according to the time of admin-
istration with respect to the task. Indeed, several studies have focused
on the effects of listening to music during (in-task) and prior to (pre-
task) a given task.12–14 Pre-task music seems to be particularly suitable
for elite athletes.14 Indeed, as reported by Laukka,14 athletes prefer lis-
tening to music in the pre-competition preparation and during the
warmup phases. Moreover, pre-task music is eligible for a variety of
sports in which music cannot be applied during the activity, such as
team or combat sports.

In these latter, proficient performance relies also on fast reaction
time (RT). Indeed, athletes must be able to perform powerful kicks or
punches within an extremely brief time15 often in response to an oppo-
nent's attack. Moreover, combat sport athletes continuously undergo to
speeded (i.e., react as fast as possible) decision-making processes to
choose the most effective technique to be performed at the right time
in response to the opponent's action. The crucial role of RT has been
also evidenced by cross-sectional studies that showed the importance
of a fast RT in different combat sports in athletes.16–18 In taekwondo,
as in other combat sports, RT represents a cornerstone between
being successful or not. Moreover, performing or not the correct tech-
nique according to the opponent's movement is a fundamental skill
for proficient performance. This is confirmed by the increasing number
of studies that focused on RT in taekwondo athletes. This body of
evidence has focused on the effect of experience,16 fatigue19 andmuscle
activation16,20 on RTs during the roundhouse kick. The roundhouse kick,
either performed at waist or head level, is one of the most commonly
performed kicking technique in Taekwondo combat competitions17,21

as well as in other martial arts.22,23 In this framework, the evaluation
of the effectiveness of novel methods to shorten RT in combat sports
may mark the difference between being a gold medalist or a runner-
up. Since different music stimuli may influence affective responses
(i.e., feeling status and arousal state) and RT differently, the aim of this
study is to assess the effects of self-selected and research-selected
music (motivationalmusic) administered during thewarmup on subse-
quent visual choice reaction time and affective responses in elite
taekwondo athletes. We hypothesize that listening to research-
selected music prior to a visual reaction time task would increase affec-
tive responses (i.e., feeling status and arousal state) and thus reduce RT.

2. Methods

Twenty young elite taekwondo (Olympic style) athletes volunteered
to participate in this study (mean ± standard deviation (SD): age =
17.5 ± 2.5 years; height = 1.69 ± 0.10 m; body mass = 63.6 ± 12.1
kg). An a priori sample size estimation performed using G-Power 3.1
showed that eighteen participantswere sufficient to achieve a statistical
power of β=0.80 (medium effect size of 0.25). Participants had an av-
erage experience in taekwondo of 9.9± 4.0 years, sixteen of themwere
black belt (nine were ranked second Dan, and seven were ranked first
Dan black belt) while the remaining four were red belt. Sixteen athletes
were competing at national level, while the remaining were competing
at international and regional levels. Participants attended 5.0 ± 1.8
training sessions per week, each lasting approximately 2 h. None of
the participants practiced any other sport. All participants reported to
have a normal or corrected to normal visual acuity andwere asked to re-
frain from assuming psychoactive substances for at least 12 h prior to
the execution of the study. Exclusion criteria were any contraindication
to the practice of sport, history of osteo-articular injuries in the last
twelvemonths preceding the study, being color-blinded. After being in-
formed of the goals, the risks, and the benefits of participating in the re-
search, participants signed the written informed consent approved by
the ethics committee of the Calabria region (Approval number: 122).
All the procedures detailed in the following paragraphs comply with
the Declaration of Helsinki on research on human participants.

In a repeated measure study design participants attended the labo-
ratory in three separate occasions spaced approximately 3 days apart
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(experimental sessions). Participants were granted a familiarization
session before the experimental procedure. During the familiarization
session, anthropometric and body composition characteristics were
assessed. Height was measured to the nearest 0.01 m by means of a
stadiometer. Leg length was measured using a tape measure with par-
ticipants in a standing position as the distance between the greater tro-
chanter and the lateral malleolus. Athletes' mean leg length was 0.95±
0.05 m.

Bodymass and compositionwere assessed using a hand-to-foot bio-
electrical impedance instrument in upright position (InBodyR20, Seoul,
Korea). Specifically, participants' muscle mass (28.0 ± 5.8 kg), fat mass
(13.2 ± 3.7 kg), percentage of fat mass (20.4 ± 8.4 %) and basal meta-
bolic rate (1457.9 ± 207.4 kcal) were estimated. During each experi-
mental session, participants performed a choice visual reaction task
(CRT) composed by thirty stimuli after three different warmup condi-
tions (self-selectedmusic, research-selectedmusic or to a control condi-
tion). The CRT was performed using the FitLight system (FitLight
Trainer,Milan, Italy). This system allows the presentation of visual stim-
uli of different colors. Through a dedicated device, the light activation of
the unit is programmed to bedeactivated bydirect foot contact allowing
to measure RT as the time elapsed between the presentation of a stim-
ulus (light turns on) and the response (contact with the BodyOpponent
Bag Dummy).

For the present study, participants were randomly shown three
visual stimuli (red, green, blue) that lighted on a single unit. The unit
was firmly attached to a Body Opponent Bag Dummy (Fig. 1). Partici-
pants performed the roundhouse kick at different height according to
the color stimuli: green color - roundhouse kick to the head; blue
color - roundhouse kick to the abdomen; and red light - no action.
Participants' ear and umbilicus were identified as references for head
and abdomen roundhouse kicks, respectively.

Visual stimuli were presented in random order and lasted for 1.80 s.
A fixed interstimulus interval of 2 s was adopted. For each color, ten
stimuli were presented. Participants were asked to kick as fast as possi-
ble, when needed. Kicking distance was freely chosen by the athletes,
recorded by the experimenter, and kept constant across experimental
sessions (mean kicking distance: 0.54 ± 0.14 m). Average RTs were
computed collapsing the RT of head and abdomen roundhouse kicks. A
schematic representation of the setup of theCRT test is depicted in Fig. 1.

Before performing the CRT, participants performed a 10-minute self-
administered warmup. During thewarmup, participants listened to dif-
ferent types of music through the same headphones (Beats studio3
Wireless; Apple Inc., Culver City, CA, USA). Participants were randomly
exposed to self-selected music (SM), research-selected music (RM) or
to a control condition during which they wore the headphones, but no
music was administered (CC). The participants were asked to individu-
ally select SM by identifying five songs that they believed to improve
their performance. RM consisted of five songs that were identified a
priori by the experimenters and kept constant across participants. The
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rhythmic response of RMmatched the requirements to be classified as
motivational music (tempo >120 bpm).4

Moreover, to account for the cultural appropriateness and for famil-
iarity, songs were selected from the Italian top 10 chart. Both SM and
RM music were played at an intensity level of 75db. To investigate the
effect of music on affective responses, immediately before (T0) and
after the warmup (T1) the Feeling Scale (FS)24 and the Felt Arousal
Scale (FAS)25 were administered. Participants' heart rate (HR) was
continuously recorded with a wearable HR monitor (RS 400, Polar
Electro™, Kempele, Finland) and the average HR was computed from
the beginning of the warmup to the end of the CRT. For all participants
and for all conditions the delay between the administration of the three
experimental conditions (SM, RM and CC) and the beginning of the CRT
was <1 min, as measured by a stopwatch.

All the statistical procedures were performed using the SPSS Soft-
ware 20 (SPSS Inc., Chicago, IL, USA). All variables were tested for nor-
mal distribution using the Shapiro–Wilk test and the assumption of
homoscedasticity was verified via the Mauchly's sphericity test. Since
RTs and HRmean showed a normal distribution a repeated measure
analysis of variance (RM-ANOVA) with condition (SM, RM, CC) as re-
peated factor was conducted to detect the effects of music on RTs and
HRmean. When significant differences were detected, a paired t-test
was performed. Since the affective responses (Feeling Scale and the
Felt Arousal Scale) showed a skewed distribution, they were analyzed
using the Friedman ANOVA. Whenever significant, the Wilcoxon test
for matched pairs as post hoc analysis was carried out. Bonferroni–
Holm correction was applied to all pairwise comparisons. For all statis-
tical tests, significance level was set to α < 0.05.

3. Results

The SM had an average tempo of 118.7 ± 22.9 bpm. All songs were
written in major keys. The most represented keys were “B” (13 % of
the songs) and “C#/D♭” (11.7 %). The RM music had an average tempo
of 129.0 ± 4.6 bpm and all songs administered to the participants
were written in major keys. The most represented keys for the RM
were “C#/D♭” (75 %) and “D” (25 %).
Fig. 2. A) Reaction time, and B) Heart Rate mean (HRmean) reported for the three experimental c
are reported as mean and standard deviation. *p < 0.05.
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The average RTs, collapsed across conditions, was 821 ms. The
shortest RTs were observed in the RM condition (650 ms), while the
longest in CC (1006 ms). The RM-ANOVA showed a significant main ef-
fect of condition for the RT (F2,38 = 5.039; p = 0.011; β= 0.785). Post
hoc analysis showed that RTwas significantly lower in SM (−3.3 %) and
RM (−5.2 %) condition compared to CC (p = 0.006 and p = 0.020,
respectively). No difference was observed between SM and RM (p =
0.62) on RTs. The RTs across conditions (SM, RM and CC) are reported
in Fig. 2 panel A. No significant effect of condition was observed for
HRmean (F2,38 = 0.667; p = 0.519; β = 0.154) as reported in Fig. 2
panel B.

The Friedman ANOVA showed significant differences across time of
measurement (T0 vs T1) for FS. Post hoc analysis showed that FSwas sig-
nificantly higher at T1 compared to T0 in SM and RM conditions (SM T0:
3.0 ± 2.0; SM T1: 4.0 ± 1.8; p= 0.018; RM T0: 3.0 ± 2.0; RM T1: 4.0 ±
1.0; p = 0.045). No difference was observed between T1 and T0 in CC
(CC T0: 3.5 ± 2.0; CC T1: 3.7 ± 1.7; p = 0.18). FAS was significantly
larger at T1 than at T0 in the SM and RM conditions (SM T0: 3.0 ± 2.5;
SM T1: 5.0 ± 1.0; p = 0.009 and RM T0: 4.0 ± 1.7; RM T1: 5.0 ±
1.0; p = 0.0018). No difference between T1 and T0 was observed in
CC (CC T0: 3.8 ± 1.7; CC T1: 4.1 ± 1.0; p = 0.070). Fig. 3 shows the
changes over time in the Felt Arousal Scale (FAS) score as a function
of changes over time in the Feeling Scale (FS).

4. Discussion

This study investigated the influence of music on RTs and affective
responses in elite taekwondo athletes. Results showed that pre-task
music enhances RT and affective responses in young taekwondo ath-
letes. Specifically, we showed that listening to research- and self-
selectedmusic during thewarmup reduced theRTs in response to visual
stimuli to perform a roundhouse kick compared to a no-music condi-
tion. Since in taekwondo competitions, to perform or not
(i.e., inhibition) the correct technique according to the opponent's
movements is fundamental, we used three different color stimuli to
possibly mimic the decision-making process adopted during the com-
petition. Regarding affective responses, our results showed that arousal
onditions (self-selectedmusic: SM; research-selectedmusic: RM; and nomusic: CC). Data



Fig. 3. Changes over time (T0 and T1) in the Felt Arousal Scale (FAS) as a function of the
changes over time in the Feeling Scale (FS) observed during the three experimental
conditions: self-selected music (SM), research-selected music (RM) and control condition
(CC). Data are presented as median.
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and feeling status were positively influenced both by SM and RM. Con-
trary to our initial hypothesis, no difference on RTs and affective re-
sponses was observed between research-selected music (RM) and
self-selectedmusic (SM). This result could be partly explained by the in-
trinsic characteristics of the self-selected music which had similar
rhythmic characteristics of RM. Indeed, it was shown that, music
rhythm should be higher than 120 bpm4 to be effective for performance
enhancement. In our study, the average tempo of the self-selected
music was 118 bpmwhile of the RMwas 129 bpm. Although the rhyth-
mic response of music has turned out to be themost relevant feature to
increase the performance,1 self-selected music administered in our
study may represent a custom-tailored alternative being more specific
in terms of the cultural impact and association. These considerations
could account for the similar effects of SM and RM on RTs. It was
shown that the effects of music may be less evident on athletes' perfor-
mance possibly due to their high attentional focus on the task.2,26

Despite this, we found positive effects of both RM and RM on RTs. Note-
worthy, based on our results we could speculate that elite athletes are
able to self-select the appropriate music to enhance their performance.
However, further studies involving athletes practicing different sports
are needed to verify this hypothesis.

The RTs observed in our study agree with those reported in previous
studies.19,20 Indeed, it has been shown that in adult elite taekwondo
athletes the time elapsed from stimulus onset to target strike for a
roundhouse kick is approximately 0.750 s.19,20 Notably, our results
showed that the shortest RT (650ms)was observed after being exposed
to RM. The slightly higher average RTs in our study (821ms) compared
to previous literature may partly be explained by the nature of the CRT
that poses higher load on the decision-making process compared to a
simple reaction task (i.e., one stimulus requires one reaction) that was
used to investigate RT in previous literature. Furthermore, in the present
CRT, to mimic the specific requirements of the combat competitions we
added a condition (red light) in which participants had to refrain from
responding (performing the kick), in analogy to what happens in re-
sponse to a fake attack of the opponent during a combat competition.
Therefore, the decision to perform a kick aiming to the head or to the
abdomen or not to perform a kick poses a heavy burden on the
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decision-making process, and especially sensory-motor integration
and stimulus–response mapping processes, possibly slowing down the
emission of the response. Another possible explanation for the slightly
longer RTs observed in our study is the age of our participants. Previous
studies focused on adult elite athletes, whereas our participants were
adolescents. This difference may imply an incomplete maturation of
the prefrontal cortex27 which, together with other cortical structures,
may be accounted for the slower RTs.28

It is worth noting that the RT enhancement was associated with an
increase in feeling status and arousal state after the warmup in the SM
andRMconditions. Therefore, participants felt better andmore “worked
up” after listening to both pre-task music types, irrespectively of
their preferences. This could be due to the similar rhythmic characteris-
tics of both research-selected and self-selected music. If interpreted
according to Russell's circumplex model,29 it could be concluded that
athletes, after being exposed all experimental conditions (Fig. 3, T1),
showed a pleasant high-activation state. A change from a pleasant
low-activation state to pleasant high-activation state was observed
only for SM music.

It has been shown that exercise alone, especially if performed at
medium intensities, has the potential to enhance arousal leading to an
optimal state30 and consequent performance enhancement. In our
study, participants had an average HR of approximately 70 % of their
maximal estimated HR which can be considered a medium exercise in-
tensity. However, since our results showed that warmupwithout music
did not influence feeling status and arousal state, we may affirm that,
music has a performance enhancing effect on RT in visual choice reac-
tion task.

Some limitations of this study need to be acknowledged. Although
the effects of music may vary according to experience andweekly train-
ing volume, we succeeded in observing the effects of music on both
affective responses and RT, despite the heterogeneity in these variables
in our athletes. In the present study, we were not able to determine
whether the cognitive (pre-movement time) or motor component
(movement time) was more influenced by music. This would allow a
deeper understanding on the effects of music on speeded reaction
task. Future studies should disentangle this dichotomy investigating
muscular and brain activity after the exposure to motivational music
as well as establish whether the familiarity or the rhythmic characteris-
tics of music account for the improvement of RT and psychological
variables.

5. Conclusion

In the present study,we showed that listening to SMandRMpre-task
music enhances reaction times and affective states in elite taekwondo
athletes. Moreover, we showed that athletes, if allowed to freely choose
theirmusic, are able to select the appropriatemusic to enhance their per-
formance. However, future studies should verify this ability in athletes
practicing different sports. Based on our results, martial art masters and
physical trainers should consider suggesting their athletes to listen
both SM and RM immediately prior to training and/or combat competi-
tions with the aim to enhance their performance.
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