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Abstract

v

The purpose of this investigation was to assess
the effects of listening to music while warming-
up on the diurnal variations of power output
during the Wingate test. 12 physical education
students underwent four Wingate tests at 07:00
and 17:00h, after 10min of warm-up with and
without listening to music. The warm-up con-
sisted of 10min of pedalling at a constant pace
of 60rpm against a light load of 1kg. During the
Wingate test, peak and mean power were meas-
ured. The main finding was that peak and mean
power improved from morning to afternoon

after no music warm-up (p<0.001 and p<0.01,
respectively). These diurnal variations disap-
peared for mean power and persisted with an
attenuated morning-evening difference (p<0.05)
for peak power after music warm-up. Moreover,
peak and mean power were significantly higher
after music than no music warm-up during the
two times of testing. Thus, as it is a legal method
and an additional aid, music should be used dur-
ing warm-up before performing activities requir-
ing powerful lower limbs’ muscles contractions,
especially in the morning competitive events.

Introduction

v

During a 400-m time trial, Simpson and Kara-
georghis [17] showed that listening to music
results in better performance than a no-music
control. Moreover, Eliakim et al. [8] found that
following a warm-up in which music was heard;
peak power (PP) during the Wingate test was sig-
nificantly higher in adolescent volleyball players
(10.7+£0.3 vs. 11.1£0.3W/kg, p<0.05, without
and with music, respectively). However, these
authors found that music had no significant
effect on the mean power (MP). In addition, this
auditory stimulus has been shown to be effective
in reducing perceived levels of exertion (RPE;
[21]) enhancing arousal levels after long duration
exercise [11] and facilitating motor coordination
during short-term maximal exercise [17]. In this
context, Eliakim et al. [8] showed that RPE scores
after the Wingate test were unaffected by listen-
ing to the music during the warm-up.
Furthermore, it has been shown that PP and MP
during the Wingate test fluctuate with time-of-
day, with an acrophase (peak) at 17:24+00:36h
and 18:00+01:01h (mean+SD) respectively, and
an amplitude of 7.6+0.8% and 11.3%1.1%

(meanxSD), respectively [18]. The fact that
power during a 30-s Wingate test was lower in
the morning raises the question of what limits
performance at this time-of-day. In this context,
since this test requires a strong level of motiva-
tion, Souissi et al. [18] suggested that the lower
level of motivation in the morning could, in part,
be responsible for such diurnal variation. More-
over, Lericollais et al. [13] suggested that a pac-
ing-strategy effect (i.e., the strategies used by a
subject to distribute work and energy through-
out an exercise task) could also explain the lower
performances observed in the morning. As the
music’s motivational effects have been linked to
increases in individual perceptions of self-esteem
and sense of confidence, enhancing arousal [11]
and facilitating motor coordination [17], the
question then arises to determine if listening to
music during warm-up can lead to similar or dif-
ferent improvements in short term exercise per-
formances in the morning and evening.

Thus, the aim of the present investigation was to
study the diurnal fluctuations during the Win-
gate test's performance while examining if
warm-up with music helps athletes to overcome
the morning alteration of power output. The
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morning nadir of performances correlates with the lower levels
of mood states, fatigue (i.e., loss of desire or ability to perform
the test), and subjective sleepiness (i.e., desire to sleep) [19] at
this time-of-day. Since music can be used as a tool to ‘psych up’
in preparation for performance (arousal regulation), shift inten-
tional focus (association/dissociation), boost self-efficacy and
encourage psychological skills usage (e.g. mental imagery [5],
we hypothesized that music during warm-up reduces the diur-
nal variations of short-term maximal performances by a greater
ergogenic effect in the morning.

Methods

v

Subjects

Twelve male physical education students (22.4+1.7 yrs,
176.7+5.8cm and 72.5+6.5kg) voluntarily participated in this
study. Prior to commencing the study, all subjects were informed
about the experimental procedures and the possible risks and
discomforts associated with the study. Each subject signed a
written informed consent prior to participation. The study was
conducted in accordance with the Declaration of Helsinki as well
as the ethical standards of the I[JSM [9]. The protocol was fully
approved by the Clinical Research Ethics Committee of the
National Centre of Medicine and Science of Sports of Tunis
(CNMSS) before the commencement of the assessments. Sub-
jects were categorized either as “moderately morning type”
(n=4)or as “neither type” (n=8), on the basis of their answers to
the Horne and Ostberg’s [10] self-assessment questionnaire.

Experimental design

During the week before the experiment, all subjects came to the
laboratory several times and at different hours of the day to
become fully familiarized with the procedure and tests involved
so as to minimize learning effects during the experiment. Then
the subjects performed four experimental test sessions in a ran-
dom order: 2 in the morning (07:00-09:00h) and 2 in the
evening (17:00-19:00h) with either a 10 min warm-up with
music (MWU) or 10min warm-up without music (NMWU). The
experimental test sessions were conducted as follows: 10 min
warm-up followed by 30s Wingate test. During the warm-up,
subjects pedalled at a constant pace of 60rpm against a light
load of one kilogram. Immediately after the warm-up, subjects
started the 30 s Wingate test.

In the night preceding each test session, subjects were asked to
keep to their usual sleeping habits, with a minimum of 7 h sleep.
Moreover, participants were requested to maintain their habit-
ual physical activity and to avoid strenuous activity on the day
before each test session. Before the morning test session, only
one glass (15 to 20cl) of water was allowed, to avoid postpran-
dial thermogenesis effects. After the morning session, unre-
stricted food intake was allowed. Before the evening test session,
they had the same standard isocaloric meal at 12:00h, which
was concluded at the latest 5h before the test. After that meal,
only water was allowed ad libitum.

Music protocol

In order to mimic competitive conditions, music was played only
during the warm-up. Due to the exercise type (high-intensity),
high tempo music (>120 to 140bpm) was chosen for the study.
The selection's criteria were based on the five recommendations
of Karageorghis et al. [12]. Music was played from recorded
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cassette tapes through personal headphones. In the no-music
condition, headphones were worn but no sound was played. The
music was switched off after the 10-min warm-up period.

Rating of Perceived Exertion Scale (RPE)

Rate of perceived exertion (RPE) was determined using the
Borg scale [6] at the end of the warm-up (endWU) and the
Wingate test (endWin). The RPE scale allows participants to give
a subjective exertion rating for the physical task. The scale
presents a 15-point scale ranging from 6 (very very light) to 20
(very very hard). The higher the RPE score, the higher the rating
of perceived exertion. The RPE scale is a reliable indicator of
physical discomfort, has sound psychometric properties and is
strongly correlated with several other physiological measures of
exertion [6].

Wingate test

The Wingate test was conducted on a friction-loaded cycle
ergometer (Monark 894E, Stockholm, Sweden) interfaced with a
microcomputer. This test consisted of a 30-s maximal sprint
against a constant resistance related to body mass (0.087 kg -
kg™ ! body mass) as proposed by Bar-Or [3]. The test began from
arolling start, at 60 rpm against minimal resistance (weight bas-
ket supported). When a constant pedal rate of 60rpm was
achieved, a countdown of “3-2-1-go!” was given by the experi-
menter. At the start signal, subjects were instructed to pedal as
fast as they could during 305s. During the test, they had to remain
seated and were strongly encouraged to reach the maximal ped-
alling rate as quickly as possible. The peak power output (PP)
and the mean power (MP), corresponding to the ratio between
total work done and time to do it (i.e., 30 s), were recorded at the
end of the test.

Statistical analysis

Statistical tests were processed using STATISTICA Software
(StatSoft, France). Mean and SD (standard deviation) values were
calculated for each variable. The Shapiro-Wilk W-test of normal-
ity revealed that the data were normally distributed. Once the
assumption of normality was confirmed, parametric tests were
performed. A two-way ANOVA (2 [music] x 2 [time-of-day])
with repeated measures on both factors was used to analyze the
Wingate test performance data. RPE data were analyzed using a
three factors ANOVA (2 [music] x 2 [time-of-day] x 2 [exercise])
with repeated measures on the three factors. When appropriate,
the Least Significant Different (LSD) post-hoc test was used for
multiple pair-wise comparisons. Differences in amplitude of the
diurnal variations between the two experimental conditions
were analyzed using independent samples of t-tests. A probabil-
ity level of 0.05 was selected as the criterion for statistical sig-
nificance.

Results

v

Muscle power (PP and MP) during the Wingate test

© Fig. 1,2 show the mean values of PP and MP recorded at 07:00
and 17:00h during MWU and NMWU. There was a significant
main effect for time-of-day (F(;11)=21.31, p<0.001 and
F111)=8.81, p<0.05 for PP and MP, respectively) and music
(F(1.11)=10.44, p<0.01 and F; 11)=11.60, p<0.01 for PP and MP,
respectively). Likewise, there was a significant music x time-of-
day interaction (F(; 11)=5.97, p<0.05 and F; 11)=6.63, p<0.05 for
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PP and MP respectively). The post-hoc test revealed that muscle
power was significantly higher in the evening than in the
morning in NMWU for PP (p<0.001) and MP (p<0.01)
(e Fig. 1, 2). These diurnal variations were blunted for MP
(e Fig. 2) and reduced for PP (p<0.01) (¢ Fig. 1) by an attenu-
ated morning-evening difference after the MWU condition
(p<0.05) (c Table 2). In addition, power output (PP and MP)
were significantly higher during MWU than NMWU at the two
times of testing (p<0.001 in the morning and p<0.05 in the
evening) (¢ Fig. 1, 2). However, there was no significant differ-
ence between morning MWU and evening NMWU conditions.

Rate of perceived exertion (RPE)

© Table 1 shows the mean values of RPE scores recorded in the
morning and the evening during MWU and NMWU. There was a
significant main effect for exercise (F(; 11)=124.46; p<0.001) and
music (F;11)=7.96; p<0.05). However, the time-of-day effect
and the music x time-of-day x exercise interaction were not
significant (F(111)=0.25; p>0.05 and F;;1y=1.11; p>0.05,
respectively). RPE scores were significantly higher after the Win-
gate test in comparison with after the warm-up (p<0.001) at the
two times of testing. Moreover, RPE scores were significantly
higher during MWU than NMWU conditions in the morning
after the warm-up (p<0.05) but in the morning and evening
after the Wingate test (p<0.01).

Discussion

v

The aim of this study was to examine the effects of warm-up
while listening to music on the diurnal fluctuations of muscle
power. The results showed that peak and mean powers increased
following music warm-up in comparison with no music warm-
up. Moreover, music during warm-up modified the magnitude
of the diurnal variations of muscle power during the Wingate
test due to higher increase in performance in the morning (i.e.,
MP was independent of time-of-day after MWU and the morn-
ing-evening difference was attenuated for PP).

Diurnal variations after the warm-up without music
Concerning the parameters recorded during the Wingate test, in
agreement with previous reports, PP and MP were higher in the
evening compared to the morning, with gains of 5.3 and 3.3%,
respectively. Until now, the exact underlying mechanisms of
these diurnal fluctuations are not known, but some authors
[4,14,20] have hypothesized a causal link between the temporal
fluctuations in core temperature and the diurnal variations of
power output. The increase in body temperature in the evening
hours may produce an increase in the extensibility of connective
tissue and in the conduction velocity of action potentials, a
decline in muscle viscosity and an enhancement of metabolic
reaction [18]. These diurnal modifications could explain better
motor coordination in the evening compared to the morning and
an increase in the subject’s ability to adopt high pedal rates and
thus produce higher power output in the evening [13]. However,
others factors can be evoked to explain the diurnal variations in
muscle power. Lericollais et al. [13] and Souissi et al. [18] have
hypothesized that the diurnal fluctuations in power output dur-
ing the Wingate test could partly be attributed to the daily vari-
ations in motivation. In fact, higher evening motivation and
arousal [13,16] could contribute to the higher muscle power
observed at this time.
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Fig. 1 Mean=SD for peak power (PP) recorded at 07:00 and 17:00 h
during the two experimental conditions. **, ** *: significant difference
between 07:00 and 17:00h at the level of p<0.01 and p<0.001 respec
tively. +, +++: Significant differences between NMWU and MWU at the
level of p<0.05 and p<0.001 respectively.
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Fig.2 Mean=SD for mean power (MP) recorded at 07:00 and 17:00h
during the two experimental conditions. * *: significant difference
between 07:00 and 17:00 h at the level of p<0.01. +, +++: Significant dif-
ferences between NMWU and MWU at the level of p<0.05 and p<0.001
respectively.

Table 1 RPE scores (mean=SD) at 07:00 and 17:00 h after the music and
the no music protocols at the end of the warm-up (endWU) and after the
Wingate test (endWi).

Without music With music

07:00h 17:00h 07:00h 17:00h
endWU 9.50+1.88 9.33+1.97 10.33+2.35+ 9.58+2.11
endWi 16.25+1.76 16.33+1.67 17.42+1.56++  17.58+1.38++

+, ++: Significant differences between the two experimental conditions at the level of
p<0.05 and p<0.01 respectively

Table 2 Morning-evening differences in power output (mean +SD) after the
two experimental conditions.

Without music With music p value
PP (%) 5.34£3.52 2.73+3.16 p<0.05
MP (%) 3.32+3.19 0.13+2.47 p<0.05

PP: peak power; MP: mean power
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Music effects

The present study results indicated that power output increased
after music warm-up in comparison with no music warm-up
especially in the morning hours. These findings are in agreement
with those of previous studies [8,17]. Indeed, Simpson and Kara-
georghis [17] showed that music might exert an ergogenic effect
during a 400-m time trial and thus increase athlete’s perform-
ance. Likewise, Eliakim et al. [8] observed that warm-up with
music increased the subsequent peak power during the Wingate
test (10.7+0.3 vs 11.120.3 W+ kg~ 1) in highly trained adolescent
volleyball players. However, the authors did not find any music
effect on the mean power during this test. Nevertheless, Pujol
and Langenfeld [16] showed that performances during the Win-
gate test are independent of music. The discrepancies between
these findings might be due to the difference between subjects’
fitness levels. In fact, previous reports have demonstrated that
music had greater ergogenic effects in untrained participants or
during the initial stages of a training program, and that the influ-
ence of music on performances decreased markedly with
increased fitness levels [7,8]. Moreover, these discrepancies
could also be due to the use of music during the exercise or dur-
ing the warm-up [17].

The present results also showed that the diurnal variations of
muscle power during the Wingate test were modified (i.e., no
time-of-day effect for mean power, after music warm-up and
attenuated morning-evening difference for peak power) after
listening to the music during the warm-up due to higher
improvement in performances at 07:00h. As this is the first
study examining the effect of music on the diurnal variations of
short-term maximal performances, it is difficult to compare
these results with existing studies in the literature and to explain
this more important ergogenic effect. However, as mentioned in
the introduction, the batyphase of performances correlates with
lower levels of mood status, fatigue (i.e., loss of desire or ability
to perform the test), and subjective sleepiness (i.e., desire to
sleep) [19] in the morning. In addition, Lericollais et al. [ 13] sug-
gested that a pacing-strategy effect (i.e., the strategies used by a
subject to distribute work and energy throughout an exercise
task) could also explain the lower power output observed in the
morning hours. Thus, during morning’s short-term high inten-
sity exercise, subjects would aim to be more psyched up, may
wish to dissociate from unpleasant exertion induced sensations,
feel confident and employ appropriate psychological coping
strategies. In this context, it has to be emphasized that the sub-
jects pacing strategy and especially the rating of perceived exer-
tion during exhausting exercise are dependent on emotions [2].
The literature has reported that the music's motivational effects
have been linked to increases in individual perceptions of self-
esteem and sense of confidence [11]. Moreover, music has been
shown to be effective in reducing perceived exertion (i.e., during
submaximal exercise) [21], enhancing arousal [11] and facilitat-
ing motor coordination [17]. Although speculative, it is possible
that the music could have induced an ergogenic effect that was
more important in the morning.

Morning RPE scores were higher for music warm-up than no
music warm-up. The current data are in agreement with previ-
ous findings [8] in which higher RPE scores were observed after
music warm-up. Despite the fact that warm-up intensity was
monitored and standardized in the present study; these findings
suggest the possibility of higher warm-up intensity while listen-
ing to music. Some support for this suggestion can be found in
the post-trial comments made in the present study where some
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subjects felt that they “wanted to pedal faster in the warm-up
because of the music” in the two MWU conditions. However,
since the effort during the warm-up in both conditions was per-
ceived as very easy (mean RPE~10), conclusions regarding this
difference are probably negligible. After the Wingate test, in
agreement with Atkinson et al. [1] (i.e., during a 10-km cycling
time trial), the RPE scores were higher after music warm-up
than no music warm-up at the two times of testing. However,
Eliakim et al. [8] were unable to show any differences between
music and no music warm-up in RPE scores. The disparity
between these results could be due the fact that RPE values are
influenced by the situation in which the exercise is performed
and by the disposition of the exerciser. In fact, situational and
dispositional factors such as personality, motivation, and attention
can influence the perception of exertion during exercise [15].

In light of the present study’s findings and those of previous
research, it is apparent that music during warm-up before a
Wingate test seems to be effective to improve muscular power
especially in the morning hours and to avoid the negative impact
of time-of-day on power output. In fact, listening to music dur-
ing warm-up before a morning Wingate test can improve typi-
cally poor morning performances to the same or even higher
level as their normal daily peaks typically observed in the
evening without listening to music. Thus, as a clear trend is
emerging in the literature which suggests that music is a genu-
ine ergogenic aid, music should be heard during warm-up before
performing activities requiring powerful muscular contractions,
especially when competitions are scheduled in the morning
hours. This is an important point for coaches and it may benefit
athletes involved in sports requiring powerful lower-extremity
muscular contractions because it implies that all warm-ups
before a competition must be performed taking into considera-
tion the effects of music and time-of-day of the competitive
events. However, it would be useful to have more physiological
(e.g., blood lactate) and psychological (e.g., motivation, person-
ality) data to complement the present study’s findings and to
reveal the physiological and psychological mechanisms that
underlie the effect of this auditory stimuli on the diurnal varia-
tions of power output during a short-term powerful exercise.
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