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Abstract: The study aimed to evaluate the impact of listening to preferred music during active/passive
rest on power output and heart rate in barbell squats (BS) and bench presses (BP). Fifteen partici-
pants (13 males and 2 females), moderately resistance trained, were engaged in four randomized
experimental sessions with varying rest intervals (active/passive) and music presence (listening
or not). Each session involved three sets of three repetitions of BS and BP at a 50% one-repetition
maximum. ANOVA showed a significant main effect of the set for BP relative mean and peak power
output (p < 0.001; both). The post hoc comparisons indicated a significantly higher BP relative mean
and peak power output in set_2 (p < 0.001; effect size [ES] = 0.12 and p < 0.001; ES = 0.10) and set_3
(p <0.001; ES = 0.11 and p = 0.001; ES = 0.16) in comparison to set_1. Moreover, a main effect of the
set indicating a decrease in BS relative peak power output across sets was observed (p = 0.024) with
no significant differences between sets. A significantly higher mean heart rate during active rest in
comparison to passive rest was observed (p = 0.032; ES = 0.69). The results revealed no significant
effect of listening to music on relative power output and heart rate during BS and BP.

Keywords: resistance training; music effect; motivation; focus; bench press; back squat

1. Introduction

Resistance training has been utilized for years in improving overall and specific
physical fitness, injury prevention and rehabilitation protocols [1]. Back squats (BS) and
bench presses (BP) are basic exercises that have become a permanent part of exercise
programs. Both exercises are part of powerlifting competitions and are commonly used by
athletes practicing many sports. The BS is one of the exercises with the greatest potential to
increase the development of strength, power, and overall athletic performance of the lower
limbs [2], while the BP is the most common exercise to increase upper body strength [3].

To enhance sports performance and stagnation, individuals and coaches employ vari-
ous training methods (beyond traditional resistance training) and ergogenic aids including
supplements as well as verbal motivation or music [4,5]. Music plays a significant role
in everyday life, both on an emotional and physical level [6]. The influence of music
encompasses psychological [7], psychophysical, and physiological factors [8], which focus
on how music affects mood, emotions, feelings (a sense of pleasure or displeasure) [9], cog-
nition (thought processes) [10], behavior [11,12], physical exertion [13], and cardiovascular
response [14].

The impact of music has been extensively studied, and numerous evidence has con-
firmed the use of music as an ergogenic aid during physical activity [15]. A growing body of
research has demonstrated the impact of music on physiological variables, including blood
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pressure, heart rate respiration rate, body temperature [16], and biochemical parameters,
in addition to pain sensitivity [17]. Furthermore, music has a positive effect on athletic
performance, by delaying fatigue and increasing work capacity [18]. In the context of
resistance training, research also indicates an ergogenic effect of listening to music. For
instance, Cutrufello et al. [19] revealed that compared to conditions without music, listen-
ing to self-selected music resulted in a significant enhancement in the total number of BP
repetitions at 70% one-repetition maximum (1RM) among healthy, college-aged students.
Similarly, Ballmann et al. [20] observed an increase in the total number of BP repetitions
at 75%1RM after a warm-up session during which preferred music was listened to, as
compared to non-preferred music. However, the authors did not find differences in barbell
velocity between conditions. Conversely, the subsequent study by these authors found
that listening to music before BP significantly increased barbell velocity, as well as the total
number of performed repetitions, compared to conditions without music [21]. All these
studies collectively point to the ergogenic effect of listening to preferred music before or
during exercise. Potentially, in the long term, listening to preferred music during resistance
training may contribute to its greater effectiveness, encompassing strength, power, and
muscular endurance in resistance training. However, it is worth noting that, to the best of
the authors” knowledge, the impact of listening to music on performance in lower body
multi-joint resistance exercises has not been examined thus far. Additionally, it seems
that no studies have been published to directly compare the influence of preferred and
non-preferred music on the power output during resistance exercises involving both the
upper and lower body, such as BS and BP. Considering that BS is known to elicit higher
hemodynamic and metabolic demands than BP [22], the ergogenic effect of music may
differ between these exercises.

The effectiveness of music also depends on when it is listening in relation to the task
and exercise intensity [23]. While research has explored its impact in resistance training
and warm-ups [24,25], little extrapolation can be made to competitive sports where music
is prohibited during competitions (e.g., weightlifting). Moreover, there is a gap in evidence
regarding the effects of listening to music solely during rest intervals. To the authors’
knowledge, no study has examined the acute effects of music during rest intervals on
resistance exercise performance.

Considering shortcomings in the knowledge regarding the acute impact of listening to
music on power output during resistance training, the aim of this study was to evaluate
the influence of listening to preferred music during active and passive rest intervals on the
relative peak power output during BS and BP. It was hypothesized that listening to music
during both active and passive rest intervals would enhance the power during BS and BP,
with a greater degree of improvement after the former.

2. Materials and Methods
2.1. Participants

Thirteen moderately resistance trained [26] healthy males (age: 22 + 2 years, body
mass: 79.9 £ 10.2 kg, body height: 180 & 6 cm, training experience: 3 £ 2 years, IRM
value in BS: 140 + 35.4 kg, and 1RM value in BP: 86.5 & 26.4 kg) and two moderately
trained healthy females (age: 23 £ 2 years, body mass: 72 + 7 kg, body height: 175 £ 1 cm,
training experience: 3 & 2 years, 1RM value in BS: 106.3 & 12.4 kg, and 1RM value in
BP: 52.5 & 10.6 kg) participated in the study. The inclusion criteria for the study group
were as follows: regular participation in resistance training at least 3 times a week for
3 years; no diseases (self-declaration) of the cardiorespiratory system, such as hypertension,
atrial fibrillation, thrombosis, or heart failure, and no musculoskeletal injuries for at least
6 months before the examination. Participants were asked not to engage in any resistance
exercise 48 h before the start of the experimental session. They were instructed to maintain
their regular dietary habits and avoid using any supplements or stimulants before and
during the experiment. They were also informed about the potential risks and benefits of
participating in the study and were informed that they were free to withdraw from the
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experiment at any time. All participants gave written consent to participate in the study
but were not informed of the expected results. Additionally, each subject performed the
experimental sessions individually to avoid competition with other participants. Random-
ization was performed using the randomization.com generator, assigning each participant
anumber and determining the order of individual sessions. After being randomly assigned
to the training intervention, participants were unaware of the subsequent course of the ex-
periment. The experimental project was approved by the Bioethics Committee for Scientific
Research (3/2021; date of approval: 17 June 2021) at the Academy of Physical Education in
Katowice, Poland, in accordance with the ethical standards of the Declaration of Helsinki
(1983). No participants withdrew from the study.

2.2. Experimental Approach to the Problem

The experiment was conducted according to a randomized crossover design where
participants participated in one familiarization session and four experimental sessions.
This setup was designed to test the effect of listening to preferred music during active and
passive rest intervals on relative peak power output during BS and BP. Participants took
part in four experimental sessions, which differed in the type of rest interval and lasted
3 min between the sets and 5 min between exercises: (i) passive without music (PNM),
(ii) passive with music (PM), (iii) active without music (ANM), (iv) active with music (AM).
During each experimental session, participants performed 3 sets of 3 repetitions of BS and
BP on a Smith machine (to ensure that the movement trajectory always remains the same)
with an external load of 50%1RM [27].

2.3. Procedures
2.3.1. Familiarization Session and the One-Repetition Maximum Test

A week before the start of the experimental sessions, participants conducted a famil-
iarization session. Both the familiarization and the experimental sessions were always held
until the first half of the day. During the familiarization session, participants performed
an individual warm-up which they also used during each experimental session, and then
proceeded to perform a one-repetition maximum (1RM) test where the BS was always
performed first, followed by (after a 5 min rest interval) the BP. During each repetition,
two individuals experienced in resistance training provided safety and ensured maximum
barbell velocity by spotting the participants. Participants were familiar with the 1RM test,
as they had previously undergone it as part of their training process to determine the
intensity for prescribing the resistance training program.

2.3.2. One-Repetition Maximum Test

After performing an individual warm-up, participants completed 6 warm-up repe-
titions on an empty barbell and then determined the first test load at the Smith machine,
which was increased in each subsequent attempt by 2.5 to 20 kg, depending on the exer-
cise. This process was repeated until an unsuccessful attempt was made. For the BS, the
participants began in an upright position, feet shoulder-width apart, with knees and hips
fully extended. Feet were flat on the floor, positioned parallel or slightly externally rotated.
The barbell rested on the back at the acromion level, ensuring constant contact with the
back and shoulders throughout. From this position, they descended until touching the
bench, which was defined as when the trochanter major aligned with the upper part of
the patella. Concerning the BP, the participants unracked the bar by their own and began
the lift with their arms extended and elbows locked. The ‘touch-and-go’ procedure was
adopted, in that the bar was required to touch the chest before being pressed to full arm
extension [28]. The rest interval between sets was 5 min. The grip width on the barbell
was individually determined and used in all attempts during the experimental session.
Olympic equipment from (Eleiko International, Halmstad, Sweden) was used in the study
(barbell: 2.8 cm diameter; 1.92 m length). During the squat exercise, technical criteria were
applied in accordance with Martinez-Cava et al. [29] and according to the rules of the
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International Powerlifting Federation [30]. During the familiarization session, including
the 1RM test, the participants did not listen to music.

2.3.3. Experimental Sessions

According to randomization, the study participants performed four experimental ses-
sions of squats and bench presses on the Smith machine in random order with a minimum
72 h interval.

After the same warm-up as during the familiarization session, each participant per-
formed 3 sets of 3 explosive repetitions of BS and BP on the Smith machine with specified
rest intervals, depending on the condition: (i) PWM, passive rest interval without music;
(ii) PM, passive rest interval with music; (iii) AWM, active rest interval without music;
(iv) AM, active rest interval with music.

During the PWM and PM, the participants spent their time in a seated position, while
during the AWM and AM, they walked for the entire duration of 3 min. During the PM and
AM, each participant listened to their preferred genre of music at their preferred volume
and frequency on their own headphones [21]. Heart rate during all sessions was measured
using a heart rate monitor (Polar H10, Kempele, Finland).

Participants were instructed to perform each repetition at maximum movement veloc-
ity without stopping the barbell at the bottom or top position. A linear position transducer
system (Tendo Power Analyzer, Tendo Sport Machines, Trencin, Slovakia) was used to
evaluate bar velocity which was then immediately calculated to power output values by
the manufacturer software. Previous studies have demonstrated the high reliability and
validity of this linear position transducer (intraclass correlation coefficient [ICC] 0.970 to
0.988) [31]. The cable of the sensor module was attached to the end of the barbell using a
Velcro strap. The device was positioned in a way that the trajectory of the cable during the
movement was as perpendicular to the ground as possible. The accuracy of the measure-
ment was ensured by the same experienced individual who was familiar with the research
procedures using the Tendo TM Power Analyzer.

2.4. Statistical Analyses

Post hoc power analysis using G*Power version 3.1.9.2 (Dusseldorf, Germany) for
the parameters, such as “ANOVA, repeated measures, within factors,” was assumed as a
statistical test (1 group of subjects, 4 experimental conditions, and 3 measurements) and the
significance level of 0.05 indicated that an effect size of at least 0.32 was needed to achieve a
power above 80%. All data were analyzed using IBM SPSS Statistics for Macintosh, Version
25.0 (IBM Corp., Armonk, NY, USA) and were shown as means, with standard deviations
(£SD) with their 95% confidence intervals (CI). Statistical significance was set at p < 0.05.
The normality of data distribution was verified using Shapiro-Wilk tests and Mauchly’s
test was used to test the assumption of sphericity. The two-way ANOVAs (4 conditions
[PNM; PM; ANM; AM] x 3 sets [set_1; set_2; set_3]) were used to investigate the influence
of rest type on relative peak power output during back squat and bench press. Moreover,
one-way ANOVAs were used to verify differences in heart rate between conditions. When a
significant interaction or main effect was found, the post hoc tests with Bonferroni correction
were used to analyze the pairwise comparisons. The magnitude of mean differences was
expressed with standardized effect size (ES). Thresholds for qualitative descriptors of
Cohen’s d were defined as <0.20 a small effect, 0.21 to 0.50 a moderate effect, 0.51 to 0.80 as
a large effect, and >0.80 as a very large effect.

3. Results

The Shapiro-Wilk test did show a statistically significant violation of data distribution
for vastus lateralis frequency.
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3.1. Bench Press

Two-way ANOVA indicated no statistically significant interaction (F = 2.167; p = 0.054;
n? =0.134 and F = 1.756; p = 0.118; 1% = 0.111) nor the main effect of condition (F = 1.068;
p =0.373;1%=0.071 and F = 0.377; p = 0.77; % = 0.026), but a main effect of the set was found
(F=16.579; p < 0.001; n? = 0.542 and F = 22.985; p < 0.001; n? = 0.621) for relative mean and
peak power output, respectively. The post hoc comparisons showed significantly higher
relative mean power output in set_2 (p < 0.001; ES = 0.12) and set_3 (p = 0.001; ES = 0.16)
in comparison to set_1. Similarly, a significantly higher relative peak power output was
found in set_2 (p < 0.001; ES = 0.10) and set_3 (p < 0.001; ES = 0.11) in comparison to set_1
(Table 1).

Table 1. Relative power output descriptive data during bench press exercise.

Relative Peak Power [W/kg]

Relative Mean Power [W/kg]

set_1 (95%CI)

set_2 (95%CI)

set_3 (95%CI)

set_1 (95%CI)

set_2 (95%CI)

set_3 (95%CI)

PNM 6.22 +1.55 633 £1.64% 6.36 + 1.59 * 446 £1.21 454 +1.24* 451+£1.20*%
(5.36-7.08) (5.42-7.24) (5.48-7.24) (3.79-5.13) (3.85-5.23) (3.85-5.17)
PM 6.04 +1.48 6.28 + 1.58 * 634 +1.64% 431 +£1.10 459 +1.26* 448 +1.27*
(5.22-6.86) (5.40-7.16) (5.43-7.25) (3.70-4.92) (3.89-5.29) (3.78-5.18)
ANM 6.21 + 1.67 6.34 £ 1.68 * 6.35 + 1.65* 450+£1.28 459 £1.27* 4.64£1.27*%
(5.29-7.13) (5.41-7.27) (5.44-7.26) (3.79-5.21) (3.89-5.29) (3.94-5.34)
AM 6.20 + 1.57 6.37 £1.56 * 6.30 + 1.53 % 446 £1.20 456 £1.19* 4.60 £1.18*
(5.33-7.07) (5.51-7.23) (5.45-7.15) (3.80-5.12) (3.90-5.22) (3.95-5.25)
* a significant difference in comparison to set_1 (p < 0.05); PNM—passive rest interval without music; PM—
passive rest interval with music; ANM—active rest interval without music; AM—active rest interval with music;
Cl-confidence interval.
3.2. Back Squat
Two-way ANOVA indicated no statistically significant interaction (F = 0.69; p = 0.658;
n? = 0.044) nor the main effect of condition (F = 0.579; p = 0.632; % = 0.037), and effect of the
set (F=0.938; p = 0.403; n? = 0.059) for relative mean power output. In the case of relative
peak power output, there was a non-statistically significant interaction (F = 0.923; p = 0.483;
n? = 0.062) and a main effect of condition (F = 2.365; p = 0.085; n? = 0.145) but a main effect
of the set to decrease relative peak power output was found (F = 4.266; p = 0.024; % = 0.234).
The post hoc comparisons did not show any significant differences between sets (Table 2).
Table 2. Relative power output descriptive data during back squat exercise.
Relative Peak Power [W/kg] Relative Mean Power [W/kg]
set_1 (95%CI) set_2 (95%CI) set_3 (95%CI) set_1 (95%CI) set_2 (95%CI) set_3 (95%CI)
PNM 12.51 £ 3.37 12.21 £ 3.33 12.10 £+ 3.14 749 £2.07 7.44 £2.03 734 +1091
(10.64-14.38) (10.37-14.05) (10.36-13.84) (6.34-8.64) (6.32-8.56) (6.28-8.40)
PM 12.16 + 3.56 12.20 +£ 3.45 12.09 £ 3.31 743 +2.17 7.48 £ 2.05 745+ 2.13
(10.19-14.13) (10.29-14.11) (10.26-13.92) (6.23-8.63) (6.34-8.62) (6.27-8.63)
ANM 12.59 + 3.50 12.45 + 3.50 12.28 + 3.31 7.54 +2.04 7.50 + 2.09 7.49 + 1.98
(10.65-14.53) (10.51-14.39) (10.45-14.11) (6.41-8.67) (6.34-8.66) (6.39-8.59)
AM 12.47 +3.49 12.44 4+ 3.37 12.44 4+ 3.32 7.45 £ 2.08 748 £ 2.09 748 £ 2.04
(10.54-14.40) (10.57-14.31) (10.60-14.28) (6.30-8.60) (6.32-8.64) (6.35-8.61)

PNM-—passive rest interval without music; PM—passive rest interval with music; ANM—active rest interval

without music; AM—active rest interval with music; CI-confidence interval.

3.3. Heart Rate

One-way ANOVA indicated no statistically significant effect of the condition in base-
line (F = 0.368; p = 0.776; n> = 0.026) (Figure 1) and peak heart rate (F = 0.082; p = 0.97;
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n? = 0.006) (Figure 2) but statistically significant differences in the mean heart rate were
found (F = 5.246; p = 0.004; n? = 0.273) (Figure 3). The post hoc comparisons showed a
significantly higher mean heart rate during ANM than in PNM (p = 0.043; ES = 0.66) and
ANM in comparison to PM condition (p = 0.01; ES = 0.78) (Figure 3).

ANM

Figure 1. Resting heart rate values. PNM—passive rest without music listening; PM—passive rest with
music listening; ANM—active rest without music listening; AM—active rest with music listening.

PNM PM AM

PNM PM AM

Figure 2. Peak heart rate values. PNM—passive rest without music listening; PM—passive rest with
music listening; ANM—active rest without music listening; AM—active rest with music listening.



J. Funct. Morphol. Kinesiol. 2024, 9, 32

7 of 11

Heart Rate [bpm]

120

110

100

90

80

70

60

50

PNM PM ANM AM

Figure 3. Mean heart rate values. * a significant difference in comparison to passive rest with
music listening. PNM—passive rest without music listening; PM—passive rest with music listening;
ANM-—active rest without music listening; AM—active rest with music listening.

4. Discussion

The aim of this study was to assess the impact of listening to preferred music during
active and passive rest intervals on relative peak power output during Smith machine BS
and BP. The main finding of this study was that music had no effect on the power output
in BS and BP exercises. However, a statistically significant decrease in peak power output
during subsequent BS sets was revealed for all conditions. On the other hand, an opposite
situation was reported in the case of BP, where a statistically significant effect of increasing
mean and relative peak power output in particular sets of BP was found. Additionally, an
increase in mean heart rate was noted in the ANM compared to PNM and PM conditions.

The results of this study are inconsistent with the findings of previous research indi-
cating the ergogenic effects of listening to music before or during resistance exercises. It
seems that the reasons for these differences should be sought in the disparities between
the protocols of this study and previous research [19,24]. Firstly, previous studies assumed
the performance of only a single upper-body resistance exercise such as bench press or
latissimus pulldowns [15,16]. Additionally, they involved only single or two sets with high
loads (75-100%1RM) and assessed repetitions performed to volitional failure [21]. More-
over, in the Ballmann et al. study [21], participants also listened to music only before the
power output and muscular endurance assessments. In contrast, in this study, participants
performed three sets of both BS and BP in a single training session with a load of 50%1RM;
however, music was also listened to only during rests. Furthermore, in this study, the exer-
cise order was not randomized, and all participants began the measurement sessions with
BS. This may indicate a limited ergogenic effect of listening to music, possibly applying only
to upper-body exercises. On the other hand, this study also did not demonstrate the impact
of listening to music on power output during BP. Thus, this suggests that the ergogenic
effect of music in resistance training might depend on the load and be more pronounced
during high-intensity efforts [23]. The mechanisms underlying the observed ergogenic ef-
fect of listening to preferred music are not well understood, however, it is suggested that the
main one is a modulation of attentional focus [25]. It is possible that, because participants
in this study were verbally encouraged to perform each repetition with full engagement,
listening to music was not able to provide any additional effect. Moreover, it cannot be
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ruled out that perhaps the applied load was moderate and the duration of effort was short,
thereby not arousing the participants’ need for attentional focus. This is in line with the
study by Hutchinson and Tenenbaum [32], which indicates that under conditions of high
workload and prolonged duration, attentional focus on overwhelming physiological sensa-
tions dominates. At this point, attentional focus becomes almost inevitable. An alternative
and likely explanation is that participants received verbal encouragement during exercise,
unintentionally fostering a high level of attentional focus. As a result, listening to music
may not have further enhanced this focus, leading to a potential “ceiling effect”. In previous
studies where the ergogenic effect of music on performance in resistance exercises was
reported, participants were not verbally encouraged before performing the exercise [20,21].
Therefore, future research should focus on directly comparing verbal motivation and music,
as well as their combined influence on performance in resistance training.

Despite the lack of a meaningful impact of music listening on power performance, a
statistically significant power increase in particular sets during bench press for all conditions
was reported. Nonetheless, completely different results were obtained in the case of BS,
where a significant decrease in power output was noted in successive sets. In the case
of BP, these results could potentially be attributed to the post-activation performance
enhancement effect, as previously reported in studies analyzing changes in power output
between bench press sets [33]. Entirely different results were obtained during back squats,
where a significant decrease in power output was observed in particular sets. Considering
that BS are known to elicit higher hemodynamic and metabolic demands than BP [22], and
the fact that participants in this study were intermediately resistance trained, this could
have contributed to a gradual decline in power output due to their limited ability to resist
local fatigue [34].

In this study, we noted a statistically significant increase in mean heart rate in the
ANM condition compared to the PM and PNM conditions, with a large effect size (ES = 0.78
and 0.66, respectively). Interestingly, no significant differences were found between AM
and passive conditions; however, the effect sizes were also moderate to large (ES = 0.49
compared to PNM and ES = 0.61 compared to PM). Therefore, the results from our study
showed that listening to music during rest intervals of resistance training has no impact on
heart rate. On the other hand, it is also revealing that a very low-intensity physical activity
such as walking is able to maintain mean heart rate during long rest intervals (3 min) [35].
Active rest periods stimulate physiological mechanisms, including the cardiovascular
response, and thereby enhance readiness for physical exertion [36]. The observed higher
mean heart rate in ANM condition might stimulate greater blood flow resulting from
low-intensity physical activity during the rest period, which beneficially affects the delivery
of oxygen and nutrients to the muscles and the removal of metabolic by-products leading
to favorable adaptations [37] which, however, had no effect on the power performance
in our study. The higher mean heart rate observed in the ANM in comparison to the PM
and PNM conditions partially aligns with the results reported by Thakare et al. [38]. In
their study, no correlation was found between the increase in heart rate and the presence
or absence of music during treadmill running at self-selected speeds. Patania et al. [39]
compared the impact of music on heart rate and the assessment of perceived exertion during
endurance exercises, i.e., walking on a treadmill (6 km/h) and high-intensity exercises, i.e.,
leg press (80%1RM). The results in this study showed greater benefits of listening to music
during endurance exercise, where a lower rate of perceived exertion and higher metabolic
demand were noted. The authors suggest that anaerobic training, due to its characteristics,
requires fewer decision-making processes and is therefore less sensitive to additional
external stimuli, which may also explain the results of our research. Spierer et al. [40]
demonstrated an increase in total work performed in a repeated Wingate test during the
active rest condition, where participants continued to perform low-intensity work on a
stationary bike during the rest period compared to a passive rest period. Signorile et al. [41]
showed that active recovery provides better performance than passive rest in repeated,
short-duration, high-intensity explosive exercises, i.e., eight consecutive 6 s supramaximal
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rides on a modified cycle ergometer, but this was not reported in our study, which may be
related to a different type of effort as well as rest intervals. This study also demonstrated
that listening to music during rest intervals in resistance training may potentially have a
slight effect in lowering mean heart rate. However, further research is needed to verify this
observation, taking into account various music genres.

It is worth noting that there are several methodological limitations that could poten-
tially have influenced the results of this study. Firstly, the volume (beats per minute) and
tempo of the music were individually chosen by the participants without standardization.
This is noteworthy because previous evidence has shown that volume can affect arousal
and change exercise performance [21,42,43]. However, allowing participants to choose the
volume and tempo according to their own preferences is more representative of individual
habits of using music during resistance training. Following the example of the study by
Ballmann et al. [21], it is also worth considering measuring the motivation of participants,
which will be directly related to increased satisfaction. Additionally, although the partici-
pants were resistance trained, they were not elite athletes. Therefore, it is unclear whether
these results can be generalized to experienced elite-level athletes. Furthermore, only one
load (50%1RM) was used in this study. In future research, it would be valuable to consider
gender differences in a similar sample size, which also constitutes a research limitation.
Additionally, longitudinal studies are needed to assess the effects of listening to music
and various types of rest intervals on resistance training outcomes, including the need to
compare different music genres and exercise intensities.

5. Conclusions

The results of this study indicate that listening to music had no effect on the power
output during BS and BP as well as on the heart rate. However, the results demonstrated a
statistically significant increase of relative and mean peak power in the second and third
BP sets in comparison to the first one in all conditions. Completely different results were
obtained in the case of BS, where a significant decrease in power output was noted in
successive sets. In summary, listening to music during rest intervals in resistance training
does not have a significant impact on power output and heart rate during resistance
exercises.

Author Contributions: Study design, A.L. and M.K.; data collection, A.L. and J.H.; statistical analysis,
M.K.; data interpretation, A.L. and M.K.; manuscript preparation, A.L.; literature search, A.L. and J.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The experimental project was approved by the Bioethics
Committee for Scientific Research (3/2021; date of approval: 17 June 2021) at the Academy of
Physical Education in Katowice, Poland, in accordance with the ethical standards of the Declaration
of Helsinki (1983).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Baechle, T.R.; Earle, R W.; National Strength & Conditioning Association (U.S.) (Eds.) Essentials of Strength Training and Conditioning,
3rd ed.; Human Kinetics: Champaign, IL, USA, 2008; ISBN 978-0-7360-5803-2.

2. Gepfert, M.; Krzysztofik, M.; Kostrzewa, M.; Jarosz, J.; Trybulski, R.; Zajac, A.; Wilk, M. The Acute Impact of External Compression
on Back Squat Performance in Competitive Athletes. Int. J. Environ. Res. Public Health 2020, 17, 4674. [CrossRef] [PubMed]


https://doi.org/10.3390/ijerph17134674
https://www.ncbi.nlm.nih.gov/pubmed/32610568

J. Funct. Morphol. Kinesiol. 2024, 9, 32 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Krzysztofik, M.; Jarosz, J.; Matykiewicz, P.; Wilk, M.; Bialas, M.; Zajac, A.; Golas, A. A Comparison of Muscle Activity of the
Dominant and Non-Dominant Side of the Body during Low versus High Loaded Bench Press Exercise Performed to Muscular
Failure. |. Electromyogr. Kinesiol. 2021, 56, 102513. [CrossRef] [PubMed]

Pettit, ].A.; Karageorghis, C.I. Effects of Video, Priming, and Music on Motivation and Self-Efficacy in American Football Players.
Int. ]. Sports Sci. Coach. 2020, 15, 685-695. [CrossRef]

Filip-Stachnik, A.; Wilk, M.; Krzysztofik, M.; Lulifiska, E.; Tufano, ].J.; Zajac, A.; Stastny, P.; Del Coso, J. The Effects of Different
Doses of Caffeine on Maximal Strength and Strength-endurance in Women Habituated to Caffeine. J. Int. Soc. Sports Nutr. 2021,
18, 25. [CrossRef]

Park, K.S.; Hass, C.J.; Fawver, B.; Lee, H.; Janelle, C.M. Emotional States Influence Forward Gait during Music Listening Based on
Familiarity with Music Selections. Hum. Mov. Sci. 2019, 66, 53-62. [CrossRef]

Schifer, T.; Sedlmeier, P.; Stadtler, C.; Huron, D. The Psychological Functions of Music Listening. Front. Psychol. 2013, 4, 511.
[CrossRef]

Arazi, H.; Asadi, A.; Purabed, M. Physiological and Psychophysical Responses to Listening to Music during Warm-Up and
Circuit-Type Resistance Exercise in Strength Trained Men. J. Sports Med. 2015, 2015, 1-6. [CrossRef]

Dingle, G.A.; Sharman, L.S.; Bauer, Z.; Beckman, E.; Broughton, M.; Bunzli, E.; Davidson, R.; Draper, G.; Fairley, S.; Farrell, C.;
et al. How Do Music Activities Affect Health and Well-Being? A Scoping Review of Studies Examining Psychosocial Mechanisms.
Front. Psychol. 2021, 12, 713818. [CrossRef]

Roman-Caballero, R.; Arnedo, M.; Trivifio, M.; Lupiafiez, J. Musical Practice as an Enhancer of Cognitive Function in Healthy
Aging—A Systematic Review and Meta-Analysis. PLoS ONE 2018, 13, e0207957. [CrossRef] [PubMed]

Jones, L.; Karageorghis, C.I; Ekkekakis, P. Can High-Intensity Exercise Be More Pleasant? Attentional Dissociation Using Music
and Video. J. Sport Exerc. Psychol. 2014, 36, 528-541. [CrossRef] [PubMed]

Clark, IN.; Baker, F.A.; Taylor, N.F. The Modulating Effects of Music Listening on Health-Related Exercise and Physical Activity
in Adults: A Systematic Review and Narrative Synthesis. Nord. ]. Music Ther. 2016, 25, 76-104. [CrossRef]

Pusey, C.G.; Haugen, T.; Hoigaard, R.; Ivarsson, A.; Reshol, A.W.; Laxdal, A. Put Some Music on: The Effects of Pre-Task
Music Tempo on Arousal, Affective State, Perceived Exertion, and Anaerobic Performance. Music Sci. 2023, 6, 205920432311743.
[CrossRef]

Kulinski, J.; Ofori, E.K.; Visotcky, A.; Smith, A.; Sparapani, R.; Fleg, ].L. Effects of Music on the Cardiovascular System. Trends
Cardiovasc. Med. 2022, 32, 390-398. [CrossRef]

Terry, P.C.; Karageorghis, C.I.; Curran, M.L.; Martin, O.V.; Parsons-Smith, R.L. Effects of Music in Exercise and Sport: A
Meta-Analytic Review. Psychol. Bull. 2020, 146, 91-117. [CrossRef]

Gomez, P; Danuser, B. Affective and Physiological Responses to Environmental Noises and Music. Int. |. Psychophysiol. 2004, 53,
91-103. [CrossRef] [PubMed]

Lynar, E.; Cvejic, E.; Schubert, E.; Vollmer-Conna, U. The Joy of Heartfelt Music: An Examination of Emotional and Physiological
Responses. Int. J. Psychophysiol. 2017, 120, 118-125. [CrossRef]

Wu, J.; Zhang, L.; Yang, H.; Lu, C.; Jiang, L.; Chen, Y. The Effect of Music Tempo on Fatigue Perception at Different Exercise
Intensities. Int. |. Environ. Res. Public Health 2022, 19, 3869. [CrossRef] [PubMed]

Cutrufello, P.T.; Benson, B.A.; Landram, M.J. The Effect of Music on Anaerobic Exercise Performance and Muscular Endurance.
J. Sports Med. Phys. Fit. 2020, 60, 486—492. [CrossRef]

Ballmann, C.G.; McCullum, M.].; Rogers, R.R.; Marshall, M.R.; Williams, T.D. Effects of Preferred vs. Nonpreferred Music on
Resistance Exercise Performance. J. Strength Cond. Res. 2021, 35, 1650-1655. [CrossRef]

Ballmann, C.G.; Favre, M.L,; Phillips, M.T.; Rogers, R.R.; Pederson, J.A.; Williams, T.D. Effect of Pre-Exercise Music on Bench
Press Power, Velocity, and Repetition Volume. Percept. Mot. Skills 2021, 128, 1183-1196. [CrossRef]

Andrade, |.; Esteves, D.; Ferraz, R.; Marques, D.L.; Branquinho, L.; Marinho, D.A.; Marques, M.C.; Neiva, H.P. Acute Effects of
Heavy Strength Training on Mechanical, Hemodynamic, Metabolic, and Psychophysiological Parameters in Young Adult Males.
Sports 2022, 10, 195. [CrossRef]

Karageorghis, C.I; Priest, D.-L. Music in the Exercise Domain: A Review and Synthesis (Part II). Int. Rev. Sport Exerc. Psychol.
2012, 5, 67-84. [CrossRef] [PubMed]

Biagini, M.S.; Brown, L.E.; Coburn, ].W.; Judelson, D.A.; Statler, T.A.; Bottaro, M.; Tran, T.T.; Longo, N.A. Effects of Self-Selected
Music on Strength, Explosiveness, and Mood. |. Strength Cond. Res. 2012, 26, 1934-1938. [CrossRef] [PubMed]

Eliakim, M.; Meckel, Y.; Nemet, D.; Eliakim, A. The Effect of Music during Warm-Up on Consecutive Anaerobic Performance in
Elite Adolescent Volleyball Players. Int. J. Sports Med. 2007, 28, 321-325. [CrossRef] [PubMed]

Santos Junior, E.R.T.; De Salles, B.F.; Dias, I.; Ribeiro, A.S.; Simao, R.; Willardson, J.M. Classification and Determination Model of
Resistance Training Status. Strength Cond. J. 2021, 43, 77-86. [CrossRef]

Soriano, M.A.; Jiménez-Reyes, P.; Rhea, M.R.; Marin, PJ. The Optimal Load for Maximal Power Production During Lower-Body
Resistance Exercises: A Meta-Analysis. Sports Med. 2015, 45, 1191-1205. [CrossRef]

Lockie, R.G.; Callaghan, S.J.; Moreno, M.R,; Risso, EG.; Liu, T.M.; Stage, A.A.; Birmingham-Babauta, S.A.; Stokes, ].J.; Giuliano,
D.V,; Lazar, A,; et al. An Investigation of the Mechanics and Sticking Region of a One-Repetition Maximum Close-Grip Bench
Press versus the Traditional Bench Press. Sports 2017, 5, 46. [CrossRef]


https://doi.org/10.1016/j.jelekin.2020.102513
https://www.ncbi.nlm.nih.gov/pubmed/33422743
https://doi.org/10.1177/1747954120937376
https://doi.org/10.1186/s12970-021-00421-9
https://doi.org/10.1016/j.humov.2019.03.004
https://doi.org/10.3389/fpsyg.2013.00511
https://doi.org/10.1155/2015/389831
https://doi.org/10.3389/fpsyg.2021.713818
https://doi.org/10.1371/journal.pone.0207957
https://www.ncbi.nlm.nih.gov/pubmed/30481227
https://doi.org/10.1123/jsep.2013-0251
https://www.ncbi.nlm.nih.gov/pubmed/25356615
https://doi.org/10.1080/08098131.2015.1008558
https://doi.org/10.1177/20592043231174388
https://doi.org/10.1016/j.tcm.2021.06.004
https://doi.org/10.1037/bul0000216
https://doi.org/10.1016/j.ijpsycho.2004.02.002
https://www.ncbi.nlm.nih.gov/pubmed/15210287
https://doi.org/10.1016/j.ijpsycho.2017.07.012
https://doi.org/10.3390/ijerph19073869
https://www.ncbi.nlm.nih.gov/pubmed/35409552
https://doi.org/10.23736/S0022-4707.19.10228-9
https://doi.org/10.1519/JSC.0000000000002981
https://doi.org/10.1177/00315125211002406
https://doi.org/10.3390/sports10120195
https://doi.org/10.1080/1750984X.2011.631027
https://www.ncbi.nlm.nih.gov/pubmed/22577473
https://doi.org/10.1519/JSC.0b013e318237e7b3
https://www.ncbi.nlm.nih.gov/pubmed/22033366
https://doi.org/10.1055/s-2006-924360
https://www.ncbi.nlm.nih.gov/pubmed/17024625
https://doi.org/10.1519/SSC.0000000000000627
https://doi.org/10.1007/s40279-015-0341-8
https://doi.org/10.3390/sports5030046

J. Funct. Morphol. Kinesiol. 2024, 9, 32 11 of 11

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

Martinez-Cava, A.; Moran-Navarro, R.; Sanchez-Medina, L.; Gonzalez-Badillo, ].J.; Pallarés, J.G. Velocity- and Power-Load
Relationships in the Half, Parallel and Full Back Squat. J. Sports Sci. 2019, 37, 1088-1096. [CrossRef]

Wilk, M.; Krzysztofik, M.; Bialas, M. The Influence of Compressive Gear on Maximal Load Lifted in Competitive Powerlifting.
Biol. Sport 2020, 37, 437-441. [CrossRef]

Garnacho-Castafio, M.V.; Lépez-Lastra, S.; Maté-Munoz, J.L. Reliability and Validity Assessment of a Linear Position Transducer.
J. Sports Sci. Med. 2015, 14, 128-136.

Hutchinson, J.C.; Tenenbaum, G. Attention Focus during Physical Effort: The Mediating Role of Task Intensity. Psychol. Sport
Exerc. 2007, 8, 233-245. [CrossRef]

Wilk, M.; Krzysztofik, M.; Drozd, M.; Zajac, A. Changes of Power Output and Velocity During Successive Sets of the Bench Press
With Different Duration of Eccentric Movement. Int. J. Sports Physiol. Perform. 2020, 15, 162-167. [CrossRef]

Seitz, L.B.; Haff, G.G. Factors Modulating Post-Activation Potentiation of Jump, Sprint, Throw, and Upper-Body Ballistic
Performances: A Systematic Review with Meta-Analysis. Sports Med. 2016, 46, 231-240. [CrossRef]

Grgic, J.; Schoenfeld, B.J.; Skrepnik, M.; Davies, T.B.; Mikulic, P. Effects of Rest Interval Duration in Resistance Training on
Measures of Muscular Strength: A Systematic Review. Sports Med. 2018, 48, 137-151. [CrossRef]

Romero, S.A.; Minson, C.T.; Halliwill, ] R. The Cardiovascular System after Exercise. . Appl. Physiol. Bethesda Md 1985 2017, 122,
925-932. [CrossRef]

Hellsten, Y.; Nyberg, M. Cardiovascular Adaptations to Exercise Training. Compr. Physiol. 2015, 6, 1-32. [CrossRef]

Thakare, A E.; Mehrotra, R.; Singh, A. Effect of Music Tempo on Exercise Performance and Heart Rate among Young Adults. Int.
J. Physiol. Pathophysiol. Pharmacol. 2017, 9, 35-39.

Patania, V.M.; Padulo, J.; Iuliano, E.; Ardigo, L.P; Cular, D.; Mileti¢, A.; De Giorgio, A. The Psychophysiological Effects of
Different Tempo Music on Endurance Versus High-Intensity Performances. Front. Psychol. 2020, 11, 74. [CrossRef] [PubMed]
Spierer, D.K.; Goldsmith, R.; Baran, D.A.; Hryniewicz, K.; Katz, S.D. Effects of Active vs. Passive Recovery on Work Performed
during Serial Supramaximal Exercise Tests. Int. |. Sports Med. 2004, 25, 109-114. [CrossRef] [PubMed]

Signorile, J.F.; Tremblay, L.M.; Ingalls, C. The Effects of Active and Passive Recovery on Short-Term, High Intensity Power Output.
Can. J. Appl. Physiol. 1993, 18, 31-42. [CrossRef]

Edworthy, J.; Waring, H. The Effects of Music Tempo and Loudness Level on Treadmill Exercise. Ergonomics 2006, 49, 1597-1610.
[CrossRef]

Ballmann, C.G. The Influence of Music Preference on Exercise Responses and Performance: A Review. . Funct. Morphol. Kinesiol.
2021, 6, 33. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/02640414.2018.1544187
https://doi.org/10.5114/biolsport.2021.100145
https://doi.org/10.1016/j.psychsport.2006.03.006
https://doi.org/10.1123/ijspp.2019-0164
https://doi.org/10.1007/s40279-015-0415-7
https://doi.org/10.1007/s40279-017-0788-x
https://doi.org/10.1152/japplphysiol.00802.2016
https://doi.org/10.1002/cphy.c140080
https://doi.org/10.3389/fpsyg.2020.00074
https://www.ncbi.nlm.nih.gov/pubmed/32116903
https://doi.org/10.1055/s-2004-819954
https://www.ncbi.nlm.nih.gov/pubmed/14986193
https://doi.org/10.1139/h93-004
https://doi.org/10.1080/00140130600899104
https://doi.org/10.3390/jfmk6020033
https://www.ncbi.nlm.nih.gov/pubmed/33917781

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Approach to the Problem 
	Procedures 
	Familiarization Session and the One-Repetition Maximum Test 
	One-Repetition Maximum Test 
	Experimental Sessions 

	Statistical Analyses 

	Results 
	Bench Press 
	Back Squat 
	Heart Rate 

	Discussion 
	Conclusions 
	References

