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Abstract

Purpose: Visual feedback and music while warm up may help elicit peak performance, but its effect during the Win-
gate anaerobic test (WANT) in futsal players is unexplored. Therefore, the aim of this study was to examine the effects
of music and visual stimulus on WANT performance in futsal players.

Methods: The study included 17 young male futsal players (age, 21.53 +1.32 years; height, 177.59+£5.75 cm;
73.71+9.31 kg; BMI 23.342 + 47). The WANT was administered using three distinct protocols: with music (M), without
music (NM), and with music and visual feedback (MV) following a 10-min warm-up at 72-h intervals. After WANT, the
following parameters were evaluated: (a) peak power output: PPO (W), (b) relative peak power output: RPPO (W/

kg), (c) mean power output: MPO (W), (d) relative mean power output: RMPO (W/kg), (e) fatigue index: FI (%), and (f)
minimum power output MIPO (W).

Results: MV indicated that futsal players' WANT values, including PPO, RPPO, MPO, RMPO, and MIPO improved more
than with other protocols (p < 0.05). However, there was no significant difference between protocols for FI (%) WANT

values (p>0.05).

mance suggest to coaches and futsal players.
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Conclusions: Listening to music and watching visual feedback while warm up before performing WANT perfor-

Background

Futsal requires anaerobic power and capacity such as
sprinting, sudden change of direction and jumping in the
field. Many studies have shown that listening to music
while warming up significantly improves anaerobic exer-
cise performance [1-4]. Various training methods and
ergogenic supplements are being researched to increase
anaerobic performance. In a study, Chtorou et al. [2]
found that power output increased in male sprinters
during the 30-s Wingate Anaerobic Test (WAnNT) after
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a 10-min warm-up with and without music. It has been
reported in many exercises in the literature that meth-
ods such as warm up, stretching, music and visual feed-
back before competitions and training are necessary to
improve athletic performance [2, 5-10]. Pre-exercise
warm-up, a common technique, is defined as neces-
sary to maximize the athlete’s performance in a variety
of sports and physical activities by changing the body’s
physiological mechanisms (muscle temperature, nerve
conduction velocity, increased blood flow). In addition,
the increased anaerobic metabolism induced by passive
and active warm up may have metabolic, neurological,
and psychological consequences, such as an increase in
oxygen uptake kinetics and post-activation potentiation
[11]. In addition, warm up before exercise or competition
can enhance the effectiveness of muscle glycolysis and

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-022-00601-3&domain=pdf

Bayrakdaroglu et al. BVIC Sports Science, Medicine and Rehabilitation

the breakdown of high-energy phosphates during exer-
cise by increasing muscle temperature, muscular metab-
olism, and muscle fiber conduction velocity. This causes a
positive increase in the activity of VO, kinetics following
the prior contraction of a muscle. Modulating the cross-
bridge cycle rate and oxygen uptake kinetics can there-
fore increase muscle function [12].

Numerous sportsmen like listening to music dur-
ing warm up and work out at a high level of intensity.
However, research on the effects of music on athletic
performance has yielded mixed results, with some sug-
gesting that the timing and type of music may influ-
ence the anaerobic performance response [13]. Music
is an external resource that can be used to enhance the
ergogenic effect of a wide variety of exercise modes and
intensities [14, 15]. Additionally, it has demonstrated that
changes in the mood, motivation, warm-up speed, and
arousal of music can result in performance gains [14, 16].
Preference for music has been shown to be a significant
factor in determining music’s ergogenic potential [14,
15]. However, how preference affects the aforementioned
mechanisms, particularly during anaerobic exercise, is
unknown. The relationship between music and anaero-
bic exercise has been studied primarily through the use
of predetermined music, with mixed results [17-19].
Besides visual feedback, which is equally critical for ath-
letic performance, can aid in determining peak perfor-
mance throughout many types of strength and power
testing, but its effect on anaerobic Wingate is worth
investigating [20].

Various tests are used to evaluate anaerobic perfor-
mance. The 30-s Wingate anaerobic test (WAnT) is one
of the most commonly used tests to assess lower body
anaerobic performance. WAnNT is considered the gold
standard test to evaluate anaerobic performance in many
sports disciplines [21-24]. Other anaerobic tests can
measure peak power; these tests are vertical jump tests,
standing long jump test, and Bosco repeated jump tests
[25-27].

Many studies have shown that listening to music while
warm up significantly improves anaerobic exercise per-
formance [1-4]. Studies have reported that listening to
music provides an increase in peak and average power
values in the 30 s WANT performance [2, 4]. Brooks et al.
[28] reported increases in peak and average power dur-
ing the 2 x 30 s WAnNT in performance with music com-
pared to performance without music. Simpson et al. [18]
reported that using music during a 400 m sprint has
a positive effect on performance. A systematic review
and meta-analysis showed that listening to music dur-
ing WANT may increase anaerobic exercise performance
physiologically, although the reasons remain specula-
tive [13]. However, other researchers’ findings showed
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little or no improvement in anaerobic performance with
warm-up music [3, 4, 17]. The reasons for the differences
between the findings are not entirely clear. For this rea-
son, it needs to be investigated.

Additionally, visual input has been shown to influence
athletic performance [20, 29]. While visual feedback has
been shown to be beneficial in determining the short-
term maximum effort required to obtain the highest
isokinetic force production, its effect on maximum force
or power output in other types of tests has not been well
explained [30]. Additionally, studies have demonstrated
that the provision of visual feedback results in increased
performance during short-term maximum test runs,
which are typical of strength and power testing [31, 32].

With the results obtained from the WAnNT, sports sci-
entists and practitioners form the roadmap of athletes.
It is very important that the WAnT, which provides very
detailed information to determine the training pro-
grams of the athletes and the deficiencies in the athletes,
is measured at the maximum level. In order to maxi-
mize the results of the tests, it is very important to try
to increase the test performance output with feedback
and music during the test. While additional research
is needed to determine the impacts of music and visual
feedback while warm up on WAnNT performance, the
preference of futsal players and a dearth of literature
to support such an effect are deemed significant. The
research that results in such a design can aid coaches in
determining the most appropriate scenario and in utiliz-
ing visual feedback and music to improve futsal players’
match readiness. Additionally, music and visual feed-
back can be used to improve the performance of WAnT
values such as PPO, RPPO, MPO, RMPO, and FI. How-
ever, it is unknown whether warming music and visual
stimuli affect WANT performance and whether possible
effects occur in psychological or psychophysiological
mechanisms. Visual feedback and music while warm up
may help elicit peak performance, but its effect during
the WAnNT in futsal players is unexplored. Therefore, the
aim of this study was to examine the effects of music and
visual stimulus on WAnNT performance in futsal players.
Our hypothesis was that music and visual stimuli will
improve anaerobic performance.

Method and material

Participants

The study included 17 male futsal players aged 18-25
who had been active for at least four years and exercised
regularly 5 days a week (age, 21.53+1.32 years; height,
177.59+5.75 cm; 73.71£9.31 kg, BMI 23.34+2.47).
The study group was determined using the power analy-
sis program G*Power (version 3.1.9.3, Germany). As a
result of the power analysis (confidence interval=0.95,
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alpha=0.05, power (1-beta)=0.80, and effect a) No music and visual feedback phase (NM); First,

size=0.33), it was determined that at least 17 futsal play- the warm-up was implemented by pedaling in
ers should be included in the study [33]. The criteria for WAnNT for 10 min at a heart rate corresponding
including volunteer futsal players in the research were to 40% of the determined HRR. the intensity of the
as follows: (a) they must have participated in licensed warm- up was determined by calculating 40% of the
sports for at least four years; (b) they must not have a HRR using the formula of Karvonen. The calcula-
history of disability that would impair the study’s out- tion of the Karvonen formula was as follows: Target
come; (c) they must commit to regular participation heart rate=exercise intensity x (maximum heart
in the study; and (d) they must obey the investigators’ rate — resting heart rate) 4 resting heart rate [36, 37].
commands throughout the study. The exclusion criteria The heart rates of the subjects were monitored dur-
of the study were reported to the volunteers as having ing the 10-min warm-up using a Polar RS400 watch.
problems such as disability that would affect the result of After 10 min of warm-up WAnNT was applied to sub-
the study and having used stimulant drugs until the day jects.

before the study. All futsal players were informed of the b) Music phase (M); the same procedure above was
study’s requirements and risks, and signed an informed used to determine the intensity of warm up. In music
consent form indicating their voluntary participation in condition, subjects applied to 10 min of warm up by
the study. The futsal players were instructed to maintain listening to music (120-140 bpm) rather than just
their normal physical activity throughout the study, but warm up by pedaling [38, 39]. After 10 min of warm-
to abstain from strenuous activities for 24 h prior to the up, the WanT was applied while maintaining the
study. Throughout the study period, futsal players were same musical conditions.

instructed not to use any drugs (anabolic steroids, other ¢) Music and visual feedback phase (MV); the same
hormones, metabolic modulators, diuretics, or non-ste- procedure was used to determine the intensity of
roidal anti-inflammatory drugs NSAIDs, for example) or warm up. In music and visual feedback condition,
receive any medical treatment (blood transfusion, blood subjects applied to 10 min of warm up by listening
donation). Additionally, the futsal players were asked to to music (120-140 bpm) and watching a video that
monitor their sleep habits prior to the study. Prior to ini- displaying athletes who perform high intensity exer-
tiating the study, the Malatya Inonu University Clinical cises (indoor and outdoor) such as sprinting on a hill
Research Ethics Committee approved it (Ethics Commit- or lifting heavy weights to motivate subjects. After
tee Protocol Number 2021/2719). 10 min of warm-up, the WAnT was applied while

maintaining the same conditions.
Experimental design
Futsal players were recruited from a single group. Three
distinct protocols were used to conduct the measure- Wingate anaerobic strength test (WANT) protocol
ments, with each protocol being applied 72 h apart [34].  The Wingate Anaerobic Power Test (WAnT) was used to
The familiarization phase began one week prior to the  determine the participants’ anaerobic capacity and power.
study by providing information about the futsal players  After thoroughly briefing the subjects on the test proce-
during the test process. To avoid the circadian rhythm’s  dure, the test was conducted using a computer ergometer
effect on each protocol, all tests were conducted at the  (Monark 839E Sweden) equipped with compatible software
same time of day (05:00-07:00 pm) [35]. As a result, the  and connected to a specially modified computer for the

following protocols were established (Fig. 1). leg. The WANT is the most widely used bicycle ergometer
@ @ @
S & S
CXO) £ CHQ)
NM M MV
72 h Rest 72 h Rest
Fig. 1 Wingate anaerobic strength test (WANT) protocol design
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test for determining anaerobic performance in which the
subject pedals as quickly as possible against a resistance
determined by body mass [40, 41]. For each test, partici-
pants were seated on the bicycle ergometer and seat height,
pedal position, and upper body position were adjusted
to the participant’s satisfaction. To prevent futsal players
from slipping off the pedals during the test, finger clips
were used. These adjustments were made for each athlete
and maintained throughout all protocols. Throughout the
test, futsal players were given strong verbal motivational
stimuli to perform at their peak. The load was determined
for each athlete in the WANT test according to their body
mass (0.087 kg — 1 body mass) using BarOr [42] optimi-
zation tables, and the athlete attempted to pedal at a high
speed for 30 s against the resistance created by the load.
The pedal numbers were recorded every 5 s, and the five
major parameters of WAnT were evaluated in the study
by computing the absolute and relative values of all power
parameters using computer software: (a) peak power out-
put: PPO (W), (b) relative peak power output: RPPO (W/
kg), (c) mean power output: MPO (W), (d) relative mean
power output: RMPO (W) /kg), and (e) fatigue index: FI
(%). Additionally, the following formula was used to deter-
mine the FI (%) values [40, 42].
Wingate Anaerobic Strength Test (WAnT) Protocol

Fatigue index(%) = (peak power — lowest power)
/peak power) x 100

Statistical analysis

In this investigation, the assumption of normal distribution
for quantitative data was checked with the Shapiro Wilk
test. Since the quantitative data showed a normal distribu-
tion, they were expressed as the mean and standard devia-
tion. The effect of different protocols (NM, M, and MV) on
measurement times was determined using the Repeated
Measures ANOVA test. Mauchly’s sphericity test was used
to test the homogeneity of variances and Greenhouse—
Geisser correction was applied when necessary. Partial eta-
squares (17127) were calculated to examine the magnitude of

the effect between groups. When statistically significant
differences were discovered between study protocols, mul-
tiple comparison analyzes were performed using the Bon-
ferroni method. p<0.05 was considered significant. All
statistical analyzes were performed using IBM SPSS Statis-
tics for Windows version 28.0 (New York; USA) software
and graphs using GraphPad Prism 9.4.1 software.

Results

The difference between the PPO (W) WANT values of
the futsal players participating in the study following
the NM, M, and MV protocols is depicted in Table 1
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Table 1 PPO (W) WANT values after NM, M and MV protocols
participating in the study

Groups Mean+SD Between measurements
F value
p value
77%
PPO (W) NM 754.07+119.93 F=47.53p<0.001 ng:ojs
PPO (W) M 837.33+134.16
PPO (W) MV 889.73+145.22

PPO, peak power output; NM, no music and visual feedback phase; M, music
phase; MV, music and visual feedback phase; SD, standard deviation; ng: Partial
eta-squares.

1100 -
1000 -
E 900 - \
o
& 800 -
700 -
600 T T T
NM M mMv
Fig. 2 The peak power output (PPO (W)): The Wingate anaerobic
power test (WANT) values after no music and visual feedback (NM),
music (M) and music and visual feedback (MV) protocols participating
in the study; *: statistical significance

and Fig. 2. The PPO (W) WAnNT values observed fol-
lowing the MV (889.73 & 145.22) protocol are greater
than those observed following the M (837.33 +134.16)
and NM (754.07+£119.93) protocols, respectively.
Additionally, NM, M, and MV were found to be among
the PPO (W) WAnNT values following all protocols indi-
cating a statistically significant difference [F=47.53;
p<0.001; n§=0.75]-

The difference in RPPO (W/kg) WAnNT values
between the NM, M, and MV protocols is shown in
Table 2 and Fig. 3. There was a statistically significant
difference in RPPO (W/kg) WANT values between
the NM, M, and MV protocols [F=38.95; p<0.001;
nﬁ:0.7l]. The RPPO (W/kg) WANT values observed
after the MV (12.16 £ 2.22) protocol were significantly
higher than the M (11.46 +1.95) and NM (10.36 £+ 1.84)
protocols (p <0.05).
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Table2 RPPO (W/kg) WANT values after NM, M and MV
protocols participating in the study
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Table 3 MPO (W) WANT values after NM, M and MV protocols
participating in the study

Groups Mean £+SD Between measurements Groups Mean +SD Between measurements
F value F Value
p value p Value
nﬁ uH
RPPO (W/kg) NM 1036184 F=38.95p<0.001 ;752071 MPO (W) NM 524.08+£76.21 F=20.12p<0001 n§=0<56
RPPO (W/kg) M 11.46+£1.95 MPO (W) M 555.034+80.25
RPPO (W/kg) MV 12.164+222 MPO (W) MV 566.57 +£76.38

RPPO, relative peak power output; NM, no music and visual feedback phase; M,
music phase; MV, music and visual feedback phase; SD, standard deviation; 175:
Partial eta-squares.

MPO, mean power output; NM, no music and visual feedback phase; M, music
phase; MV, music and visual feedback phase; SD, standard deviation; 7755 Partial
eta-squares.

16 =
14 —
o
=<
S 124 *
o
o
o
14
10 —
8 1 1 1
NM M Mv
Fig. 3 The relative peak power output (RPPO (W/kg)): The Wingate
anaerobic power test (WANT) values after no music and visual
feedback (NM), music (M) and music and visual feedback (MV)
protocols participating in the study; *: statistical significance

The difference between the MPO (W) WAnNT values
of the futsal players participating in the study following
the NM, M, and MV protocols is depicted in Table 3
and Fig. 4. According to the results of the study, there
was a statistically significant difference in MPO (W)
WANT values between the NM, M, and MV protocols
[F=20.12; p<0.001; 72=0.56].The MPO (W) WAnT
values observed after the MV (566.57 4-76.38) protocol
were greater than the MPO (W) WAnNT values observed
after the M (555.03+80.25) and NM (524.08 & 76.21)
protocols, respectively. In addition, Post-hoc analyzes
showed a statistically significant difference in terms of
MPO (W) WAnNT between the NM - M (p =0.002) and
NM - MV (p=0.001) protocols.

The difference in the RMPO (W/kg) WAnNT values of
the futsal players participating in the study following
the NM, M, and MV protocols is depicted in Table 4
and Fig. 5. When comparing the RMPO (W/kg) WAnT

700 =
650 —
600 —
= k
O 550 -
% !
500 —
450 —
400 T T T
NM M MV
Fig. 4 The mean power output (MPO (W)): The Wingate anaerobic
power test (WANT) values after no music and visual feedback (NM),
music (M) and music and visual feedback (MV) protocols participating
in the study; *: statistical significance

Table 4 RMPO (W) WANT values after NM, M and MV protocols
participating in the study

Groups Mean+SD Between measurements
F value
p value
o
RMPO (W) NM 7154088 F=1836p<00017=053
RMPO (W) M 7.55+£0.85
RMPO (W) MV 771+£074

RMPOQ, relative mean power output; NM, no music and visual feedback phase; M,
music phase; MV, music and visual feedback phase; SD, standard deviation; né:
Partial eta-squares.

values after the NM, M, and MV protocols [F=18.36;
p<0.001; n§=0.53], there was a statistically significant
difference between the NM - M (p=0.004) and NM
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Fig. 5 The relative mean power output (RMPO (W/kg)): The Wingate
anaerobic power test (WANT) values after no music and visual
feedback (NM), music (M) and music and visual feedback (MV)
protocols participating in the study; *: statistical significance

Table5 FI (%) WANT values after NM, M and MV protocols
participating in the study

Groups Mean +SD Between measurements
F value
p value
g
Fl (%) NM 60.40410.30 F=041p=066 ngzooz
FI (%) M 61.38+7.26
FI (%) MV 62.20£7.74

FI, fatigue index; NM, no music and visual feedback phase; M, music phase; MV,
music and visual feedback phase; SD, standard deviation; '753 Partial eta-squares.

- MV (p=0.001) protocols. The RMPO (W/kg) WAnT
values observed following the MV (7.71 +0.74) protocol
were found to be superior to the RMPO (W/kg) WAnT
values observed following the M (7.5540.85) and NM
(7.15 £ 0.88) protocols, respectively.

The difference in the FI (%) WAnNT values of the fut-
sal players participating in the study following the NM,
M, and MV protocols is depicted in Table 5 and Fig. 6.
The FI (%) WAnNT values observed following the MV
(62.20£7.74) protocol were compared to the FI (%)
WART values observed following the M (61.38+7.26)
and NM (60.40+10.30) protocols, respectively. There
was no statistically significant difference in FI (%) WAnT
values following the NM, M and MV protocols [F = 0.41;
p=0.66; nﬁ:0.02]. So the protocols did not affect the FI
(%) WANT values.

75 =
70 —
65 =
> /‘
< 60 —
i
55 —
50 —
45 T T T
NM M MV
Fig. 6 The fatigue index (FI (%)): The Wingate anaerobic power test
(WANT) values after no music and visual feedback (NM), music (M)
and music and visual feedback (MV) protocols participating in the
study; ns: no - significance

Table 6 MIPO (W) WANT values after NM, M and MV protocols
participating in the study

Groups Mean+SD Between measurements
F value
p value
g
MIPO (W) NM 292.02473.72 F=455p=001 ngzo.zz
MIPO (W) M 318.13+64.21
MIPO (W) MV 330.01+56.09

MIPO, minimum power output; NM, no music and visual feedback phase; M,
music phase; MV, music and visual feedback phase; SD, standard deviation; né:
Partial eta-squares

The difference in FI (%) WAnNT values of the futsal play-
ers participating in the study following the NM, M, and
MV protocols are shown in Table 6 and Fig. 7. A statis-
tically significant difference was observed in MIPO (W)
WAnNT values following the NM, M and MV protocols
[F=4.55; p=0.01; 17=0.22]. MIPO (W) WANT values
observed after MV protocol (330.01+56.09) were sig-
nificantly higher compared to MIPO (W) WAnNT val-
ues observed following NM (292.02+73.72) protocols
(p=0.01). However, there was no statistically significant
difference between the M-MV and M-MV protocols in
terms of MIPO (W) WARNT values.



Bayrakdaroglu et al. BVIC Sports Science, Medicine and Rehabilitation

400 =
350 —
A
=3
o 300 — )
o
=
250 —
200 1 1 1
NM M MV
Fig. 7 The minimum power output (MIPO (W)): The Wingate
anaerobic power test (WANT) values after no music and visual
feedback (NM), music (M) and music and visual feedback (MV)
protocols participating in the study; *: statistical significance; ns: no —
significance

Discussion

The purpose of this study was to investigate warm up
with music and visual feedback can effect WAnNT results
in futsal players. The major conclusion of this study was
that significant linear increases in Wingate’s PPO, RPPO,
MPO, RMPO, and FI findings were obtained, particularly
after MV.

Examining the literature, it is believed that the acti-
vation performed prior to Wingate is considered a
warm-up phase and motivational effect that influences
performance [2, 4, 13, 14, 17, 28, 43-45]. Brooks et al.
[28] in their research, reported increases in mean and
peak power during 2 x 30 s WAnT when comparing
music to no-music conditions. In another study, Simp-
son et al. [18] reported that they performed better
using music without using music during a 400 m sprint.
These results support our findings. Contrary to our
findings, Pujol et al. [19] found no changes in power
output during 3 x 30 s WAnT when comparing music
to no music. Atan et al. [17] similarly, the research of
’s studies could not find the effect of music on perfor-
mance. Studies have been carried out on its effect on
performance using music determined in previous stud-
ies. Music preference can also be a factor in this situ-
ation. As a matter of fact, it has been found in studies
that listening to preferred music is more stimulating
than non-preferred music, improves perceived exer-
tion (RPE) values, increases the feeling of energy and
heart rate [15, 46]. Moreover this can be explained by
factors such as the tempo of the music or the type of
music. In another study that supports our findings,
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Eliakim et al. [9] showed in their study that during the
WAnNT, the highest power (Ppeak) was achieved after
warm up with music. Similarly Brooks et al. [28] aimed
to examine whether music had a substantial impact on
performance enhancement. A significant difference
in anaerobic performance has been found when moti-
vational music is played. Peak, average, and overall
anaerobic power characteristics were all shown to be
substantially different from when no music was played,
with a reduction in power over time (p <0.01). On every
metric incorporating motivational music, performance
values were much higher, as indicated [28]. Nakamura
et al. [15] evaluated the effects of two types of music
(preferred and non-preferred) on exercise distance,
heart rate (HR), and perceived exertion rating during a
high-intensity cycling exercise (RPE). According to the
results of the study, the RPE for non-preferred music
was greater than for other circumstances.

Jarraya et al. [4] investigated the impact of using music
to warm up on short-term peak performance. Perceived
effort rate (RPE) was measured during a 30-s WAnT
following a 10-min warm-up with or without music in
a study involving nine young male athletes (MWU).
Although RPE and fatigue index were not modified by
MWU, the power output during the Wingate test was
considerably greater after MWU than after NMWU.
These studies indicate that music has a positive impact
on Wingate performance measures. Several published
research indicate that music has little effect on Wingate
performance measures. Isik et al. [44] investigated the
influence of music on motivation during the Wingate
Anaerobic Test (WAnT). There is a statistically significant
difference in favor of conditioning with music in terms of
maximal anaerobic power, maximum anaerobic capac-
ity, relative anaerobic power, relative anaerobic capacity,
and fatigue index, as determined by WAnNT tests with and
without music. There was no statistically significant dif-
ference in the minimum values of anaerobic power.

Ballmann et al. [14] investigated the impact of listen-
ing to 2 different (preferred and unpreferred) types of
music on repeated sprint performance. Participants in a
balanced crossover study design made two different vis-
its. At each visit, participants listened to either preferred
or non-preferred music and performed 3 x 15 s Wingate
Anaerobic Tests separated by 2-min active recovery peri-
ods. Average power, anaerobic capacity, and total effort
were not statistically significantly different between pre-
ferred and non-preferred music conditions after at least
48 h of recovery. The participants’ average heart rate did
not change. These results differ from our findings. The
main reason for the differences may be the type of music
or visual stimuli in the research protocol.
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Chtourou et al. [45] examined the impact of listening
to music while warm up for the WAnT on variations in
daily power output. Physical education teachers partici-
pated in four WAnNT following a 10-min warm-up with
and without music at different times of the day (07:00
and 17:00) after a 10-min warm-up with and without
music. According to the results of the study, peak and
average power increased after listening to music from
morning until afternoon. The mechanism by which
music positively affects performance is unknown.

When the studies examining the impacts of visual
feedback on performance are reviewed, it is reported
that visual feedback has beneficial effects on perfor-
mance [47, 48]. Stastny et al. [20] investigated the influ-
ence of visual feedback on the power output of hockey
players using an intermittent WAnT (AnWT6 x 6)
with a 1:1 work-rest ratio that was particular to hockey
players. It has been observed that visual feedback can
favourably influence power output in the unfatigued
condition (stage 1), but plays no meaningful function
in the WAnNT expression of excessive neuromuscular
fatigue (stage 6). These studies are similar to our find-
ings. Arnautu and Hantiu [29] proposed to analyze the
effect of using equipment that provides athletes with
visual feedback on the yield in boxing training. The
results of this study show us that the motivation ele-
ments and the visual feedback introduced in the case
of the experiment group had the effect of increas-
ing the number of punches transmitted in the boxing
bag, compared to the control group. Hopper et al. [31]
investigated the impact of visual feedback on power
performance during the leg press in sixteen elite female
field hockey players between the ages of 16 and 27. Vis-
ual feedback has a considerable favorable effect on the
power performance of elite female field hockey play-
ers, according to the study’s findings. Kim and Kramer
[49] investigated the knee extensor torques of groups
with and without visual feedback over the course of
two weeks in their study. They concluded that the knee
extensor torques produced during visual feedback were
greater than those produced by groups without visual
feedback. Kellis and Baltzopoulos [50] investigated the
effect of maximum moment measurements of knee
extensors and flexors during isokinetic eccentric activa-
tions with and without visual feedback. Consequently,
they found that the mean elongation peak moments at
30°/sec and 150°/sec in evaluations with visual feedback
were nearly 7.2% and 6.4% greater, respectively, than in
data without visual feedback. The knee flexor moment
increased by 8.7 and 9 percent at slow and high speeds,
respectively.

There are several limitations highlighted in the study.
Initially, a small number of single-sex volunteers were
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recruited for this study. One of our limitations was
that the participants could listen to preferred music
and non-preferred music. Another limitation was that
different types of music could be used. In addition,
the variable of Rating of perceived exertion and heart
rate variable could be tested. Athletes from a variety of
sports, such as judokas, kickboxers, volleyball players,
and basketball players, could have volunteered for this
study. Therefore, the results cannot be generalized to all
sports branches.

Conclusion

Coaches, sports scientists, and researchers can provide
visual feedback with music (120-140 bpm) as a warm-
up program prior to the WAnNT, as it can have a posi-
tive impact on performance and help athletes achieve
peak power. The positive development of Wingate’s per-
formances was facilitated by a warm-up consisting of
visual feedback and music performed by futsal players.
Positive responses to MV indicated that futsal players’
WAnNT values, including PPO, RPPO, MPO, RMPO, and
FI, improved more than with other protocols. Coaches
should perform tests in multiple situations to establish
consistent responses to various visual feedback or music
warm-ups and thus create their own individualized, opti-
mal warm-ups. However, the results clearly indicate a
positive effect, so additional research is required to deter-
mine the optimal warm-up procedures for futsal players.
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