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Abstract: Background: The aim of this study was to examine the effect of applying synchronized
music and appropriate music selection on motivation for exercise and achieving better results in
individuals of different fitness levels. Methods: The study included a total of 20 female participants,
who for certain analyses were divided into two groups with slightly different levels of aerobic fitness:
students from the Faculty of Sport and Physical Education (n = 10, age 23.0 ± 2.8), and middle-
aged adult women exercising recreationally (n = 10, age 38.3 ± 11.6). Cardiopulmonary exercise
testing (CPET) was conducted using a treadmill and gas analysis equipment, and motivational music
qualities were assessed using the BMRI-2 questionnaire. The procedure included an initial maximal
CPET test, echocardiography, and spirometric tests, followed by an interview to select preferred
music tracks. A second CPET test was then performed with the chosen motivational music. The Borg
Rating of Perceived Exertion (RPE) scale was used in both tests. Results: The internal consistency of
the questionnaire was confirmed with a Cronbach’s Alpha of 0.982. The synchronized motivational
music significantly improved cardiopulmonary parameters such as peak oxygen consumption (peak
VO2), oxygen consumption (VO2) at the second ventilatory threshold (VT2), peak heart rate (peak
HR), test duration, and reduced perceived exertion (RPE) at the beginning of the test and at the
intensity level corresponding to the VT2. Negligible differences were noted between students and
recreational athletes, so it can be assumed that music had an equal impact on these two groups
of subjects. Conclusions: The study concluded that synchronous motivational music significantly
enhances cardiopulmonary performance and reduces perceived fatigue during physical exertion by
serving as a key motivational element and facilitating more economical movement.

Keywords: synchronized music; aerobic fitness; peak VO2; endurance training; exercise performance;
perceived fatigue

1. Introduction

Cardiopulmonary exercise testing (CPET) is the most widely used assessment to
examine the dynamic relationship between exercise and integrated physiological systems.
The information from CPET can be applied across the spectrum of sport performance,
occupational safety screening, research, and clinical diagnostics [1]. Exercise testing in
medicine is used to examine the hemodynamic status of an individual, as well as the
tolerance to effort, i.e., aerobic capacity, and to diagnose and assess the severity of ischemic
heart disease [2]. Aerobic capacity, aerobic endurance, aerobic fitness, or cardiorespiratory
endurance are synonyms for the same component of physical fitness [3], which represents
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the ability of the respiratory and cardiovascular system to deliver oxygen to the muscles
and to utilize this oxygen to generate energy during exercises involving large muscles and
the entire body at a moderate to high intensity for a prolonged period [4,5].

The best measure, or “gold standard”, of aerobic capacity is maximal oxygen consump-
tion (VO2max), the upper limit of the body’s aerobic functioning, the most widely used
parameter characterizing the effective integration of the central nervous, cardiopulmonary,
and metabolic systems [6]. VO2max is achieved during large muscle mass exercise and
represents the integrative ability of the heart to generate a high cardiac output, total body
hemoglobin, high muscle blood flow, and muscle oxygen extraction, and in some cases,
the ability of the lungs to oxygenate the blood [7]. Although the difference exists between
VO2max and peak VO2 and these terms are often used interchangeably in the literature [1],
the peak VO2 attained on a maximum-effort incremental test is likely to be a valid index
of VO2max [6]. Peak VO2, the highest rate at which an individual can consume oxygen
during exercise, was used in this study.

During testing, to measure peak VO2, a second ventilatory threshold (VT2) was also
determined. In a three-zone model of the exercise [8], the training zones (low, medium, and
high intensity) are separated by thresholds, which can be either determined through the
ventilatory exchange—ventilatory thresholds (VT1, VT2) [9]—or the lactate concentration—
lactate thresholds (LT1, LT2) [10]. VT2 was initially determined in order to dose the exercise
intensity of cardiac patients [11], but today it is widely used to determine intensity zones
in endurance sports. VT2 is a marker of higher exercise intensity, when lactate builds up
in the bloodstream faster than the body can remove it, the exerciser breathes very heavily
and can no longer speak [12]. VT2 is often called the anaerobic threshold (AnT)—usually
estimated to be around 85–90% of the HRmax [13].

In addition to muscle strength, aerobic capacity is one of the most important capac-
ities of an individual from a fitness perspective but also from a medical standpoint, as
this parameter is directly related to health and longevity [14]. Promoting health-related
fitness—particularly cardiovascular and muscular fitness—are the primary focus of the
latest Guidelines of U.S. Department of Health and Human Services. For substantial
health benefits, adults should perform at least 150 min to 300 min a week of moderate-
intensity—or 75 min to 150 min a week of vigorous-intensity—aerobic physical activity
and muscle-strengthening activities of moderate or greater intensity and that involve all
major muscle groups on 2 or more days a week [15]. Oxygen consumption increases with
aerobic physical activity, which helps in combating chronic non-communicable diseases by
preventing them or alleviating symptoms through immune system enhancement [14,16],
and subsequently contributes to improving the quality of life in older age by increasing
physical and mental well-being [16,17].

Although scientific research demonstrates the positive effects of exercise, the per-
centage of inactive people worldwide ranges from 20 to 80% [14], with approximately
50% of individuals giving up on exercise [17]. The main reason for quitting sports is
lack of motivation [18]. For these reasons, many techniques used to promote physical
activity and change exercise-related habits have emerged from psychological theories of
motivation and behavior change [19]. From a motivational standpoint, music represents a
significant element suitable for combining with physical exercise [20–23], as it stimulates or
inspires physical activity [24]. Music has been postulated to influence exercise performance
through three main types of mechanisms: psychological (affect, mood, subjective fatigue),
psychophysiological (arousal, dissociation, autonomic control), and physiological (VO2,
cardiac output/blood flow, hormonal response, lactate clearance) [25]. Research has shown
that music of different styles leads to cardiovascular and respiratory responses in subjects
that are associated with the tempo of the music [26].

The conceptual framework for predicting the psychophysical effects of asynchronous
music (background music, where there is no attempt by the exerciser to synchronize their
movements with the music’s tempo or rhythm) in exercise and sports [27,28] provides
the starting point for investigating the motivational role of music during exercise, the
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framework on which this study is based. It answers the question of whether certain
melodies, which have a satisfactory motivational score for the participants, lead to better
results in physical load testing compared to testing without music at the same level of ability.
Within this framework, four factors contributing to the motivational qualities of the musical
stimulus were identified: (1) reaction to rhythm, which represents a natural response to
musical rhythm and tempo (beats per minute—bpm); (2) musicality, which encompasses
harmony (the consonance of tone combinations) and melodic line (theme); (3) cultural
influence, which represents the penetration of music in society or a particular subcultural
group; and (4) associations relating to non-musical experiences that a particular melody can
evoke [24,27–29]. These factors are hierarchical in nature and divided into internal, which
relate to how the music is composed (reaction to rhythm and musicality), and external,
which are associated with the personal experience of a specific musical piece (cultural
influence and associations), with internal factors being much more important in predicting
how a person will respond to the musical stimulus [27,28]. Another conceptual framework,
derived from the framework for predicting the psychophysical effects of asynchronous
music, focuses on the sports context, postulating that the main benefits for an athlete
from listening to music will be: (1) increase in positive and decrease in negative mood;
(2) arousal control; (3) dissociation from unpleasant sensations such as pain and fatigue;
(4) decrease in RPE; (5) increased work output due to synchronization of movement and
music tempo; (6) enhanced acquisition of motor skills when rhythm or associations match
the required movement patterns; (7) increased likelihood of achieving a state of flow;
and (8) increased performance levels [28–30]. Music can be used in various ways during
exercise, sports training, and competition: as a stimulant or sedative before performing a
task, as asynchronous (background) music, or as synchronous music that is synchronized
with movements in physical exercise and sports [28], which is the focus of this study.
Synchronous music can be applied in aerobic and anaerobic activities, as well as with all
participants, whether competitive athletes or recreational exercisers.

Synchronous music can increase neuromuscular or metabolic efficiency in cyclic ac-
tivities. Participants performing a submaximal test on a cycle ergometer were able to
maintain the prescribed intensity (60% of maximal heart rate) while consuming 7.4% less
oxygen when listening to selected synchronous music during the test, compared to the
same task while listening to asynchronous music [28], justifying its use for motivational
purposes. The greatest effect is certainly exerted by melodies that meet the exercisers’
needs in terms of internal and external characteristics of music. Music should be selected
according to specific criteria if we want it to provide a source of motivation during physical
activity. Motivational music has a fast tempo (>120 beats/min) and a strong rhythm to
generate energy and cause bodily action [27,31]. In order to select exercise music with
satisfactory motivational qualities, it was necessary to construct an instrument for selecting
musical tracks. For this purpose, the Brunel Music Rating Inventory—BMRI for music
exercise experts [27] and the Brunel Music Rating Inventory–2 (BMRI-2) adapted for all
levels of trainers and exercisers [24] were constructed, and the validity and reliability
of the instrument were tested and confirmed. This questionnaire, as an instrument, can
provide more precise information about the motivational qualities of music applied as
asynchronous or synchronous music during exercise of all intensities. Its application can be
in two directions—before training so that the exerciser can choose the musical tracks that
motivate him or after exercise in order to evaluate the motivational qualities of the music
chosen by the coach. Some results suggest that females may respond more positively than
males to exercise-induced fatigue while listening to self-selected music during repeated
bouts of high-intensity exercise [32].

The subject of this study was to examine the effect of applying synchronized music
and appropriate music selection on motivation for exercise and achieving better results
in females.

The main aim of this study was to examine the response of cardiorespiratory pa-
rameters as well as RPE during CPET in 20 female participants, in two different testing
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conditions: without music and with the use of selected synchronized music. An additional
purpose was to assess the significance of differences in responses between two groups of
participants with slightly different levels of aerobic fitness and age.

We hypothesized that: H1: the BMRI-2 scale is reliable; H2: music will affect the
values of cardiorespiratory parameters during the load test; H3: greater effect of music
on cardiorespiratory parameters during the CPET will be shown in recreational athletes
compared to students; H4: RPE will show a lower value in the music testing condition than
in the non-music condition.

2. Materials and Methods
2.1. Subjects

A total of 20 female participants, who for certain analyzes were divided into two
groups with slightly different levels of aerobic fitness, participated in this study. The first
group consisted of students from the University of Belgrade—Faculty of Sport and Physical
Education, majoring in recreation (n = 10; age 23.0 ± 2.8; body height 169.7 ± 5.0 cm; body
weight 63.7 ± 5.9 kg; body mass index 22.1 ± 1.4 kg/m2). The second group consisted
of middle-aged adult women (n = 10; age 38.3 ± 11.6; body height 168.5 ± 5.1 cm; body
weight 67.5 ± 9.5 kg; body mass index 23.8 ± 3.1 kg/m2), whose exercise frequency was
at a recreational level, not more than 2 to 3 times a week. To be included in the study,
participants had to be healthy and free of musculoskeletal injuries or other conditions that
could hinder their participation. All participants were informed of the study procedures,
benefits, and potential risks and provided written informed consent.

2.2. Procedure

The study was approved by the Ethical Committee of the University of Belgrade—
Faculty of Sport and Physical Education (approval number 02-1986/21-2). All procedures
were conducted following the standards established by the Declaration of Helsinki and its
later amendments. The study was conducted in three phases from June to August 2021.

In Phase I, the participants performed an initial CPET according to the ramp protocol
with a constant increase in load until reaching the peak respiratory exchange ratio (peak
RER) ≥ 1.1 and peak heart rate (peak HR) at a value ≥ 90% of the theoretical maximum
HR, according to current guidelines [33,34]. Participants were advised not to exercise at
least 48 h before the test and to eat only a light breakfast and not to consume caffeine at
least 2 h before testing. CPET was performed in the morning under controlled conditions
(temperature and humidity in the room) for all subjects. Test was performed on an h.p.
Cosmos treadmill, while gas analysis was measured using the “breath by breath” method
on a Cardiovit CS 200 ergospirometer (Schiller, Baar, Switzerland) and printed at 10 s
intervals. Before the first testing, echocardiography was performed, while spirometric
tests were performed before the start of both CPET. Numerous cardiopulmonary variables
were measured by testing, and among the most important were peak VO2 and VO2 at
VT2. VO2max represented the mean of peak VO2 (mL/kg/min) and was calculated using
the highest VO2 measurement average in 30 s [35]. The VT2 was determined, using the
ventilation/carbon dioxide production (VE/VCO2) plot at the point where VE increases
out of proportion to the VCO2 [10].

During the CPET, the Borg’s Rating of Perceived Exertion (RPE) Scale6-20 was used to
assess the level of perceived exertion [36,37]. Before the test, the subjects were familiarized
with the Borg’s scale. The verbal descriptions of the numbers (from 6 to 20) on the exertion
scale were translated from English to Serbian by a certified expert. Before the test, during
the test (in the second half of every even minute), and at the end of the test, the subject
indicated with his index finger on a large board (held near the subject by one of the
researchers), the number that best corresponds to the current subjective feeling of exertion.
After that, the researcher would repeat out loud the number that the subject showed, the
subject would nod his head affirmatively, and only then would that number be entered
into the corresponding field in relation to the elapsed time of the test. Later, gas analysis
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determined when the subject reached the VT2 and what was her subjective assessment of
effort at that intensity. A short interview was conducted with each subject after the test,
with questions regarding their overall impression of the test. The main purpose of the
interview was for the researchers to make sure that everything was fine with the subject
after the test.

In Phase II, an interview was conducted with the participants regarding their favorite
music, including questions such as (1) what type of music they like to listen to, (2) which
music genre they prefer, and (3) who their favorite band/artist is, and then they were
asked to send several faster tempo songs that they would like to listen to while walking on
the treadmill, meaning songs that would make them want to exercise longer and harder.
Based on the responses, a list of music tracks was created specifically for each participant,
where each track had to have a tempo > 120 beats per minute (120 bpm). Afterwards, all
participants were asked to complete the BMRI-2 questionnaire for each song from their list.
The BMRI-2 questionnaire, constructed by Karageorghis et al. [24], was used to examine the
motivational qualities of music. For the purposes of this study, the BMRI-2 questionnaire
was translated and adapted to the musical terminology in the Serbian language. The
questionnaire consists of six statements that examine the motivational qualities of music
related to rhythm, melody, and harmony and is constructed on seven levels of assessment,
from 1 (strongly disagree) to 7 (strongly agree) (Table 1). The total score for each song
ranges from 6 to 42, representing the motivation score (MS) for the applied music. Based
on this score, Karageorghis [28] stratifies the musical stimulus into highly motivational
(score 36–42), moderately motivational (score 24–35), and neutral (score ≤ 24). For each
subject separately, the songs with the highest motivation scores were selected for the final
playlist for the second CPET. The mean motivation score of all songs on the playlists of
all participants was 39 ± 2, which belongs to the category highly motivational music,
according to Karageorghis [28]. The playlist was formed from the slowest to the fastest
tempo and according to the increasing motivation score, if that was possible.

Table 1. BMRI-2 questionnaire [24].

Strongly
Disagree

In-
Between

Strongly
Agree

1 The rhythm of this music would
motivate me during exercise 1 2 3 4 5 6 7

2
The style of this music (i.e., rock, dance,
jazz, hip-hop, etc.) would motivate me
during exercise

1 2 3 4 5 6 7

3 The melody (tune) of this music would
motivate me during exercise 1 2 3 4 5 6 7

4 The tempo (speed) of this music would
motivate me during exercise 1 2 3 4 5 6 7

5
The sound of the instruments used (i.e.,
guitar, synthesizer, saxophone, etc.)
would motivate me during exercise

1 2 3 4 5 6 7

6 The beat of this music would motivate
me during exercise 1 2 3 4 5 6 7

In Phase III, the participants performed the same CPET again, but this time with
the selected motivational music. During testing, they listened to their own playlist of
motivational songs using headphones. In all other details, the procedure and test conditions
was identical to the first test. The interval between tests was at least 48 h, and participants
were advised not to exercise between tests.
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2.3. Variables

The dependent variables in this study were: peak oxygen consumption—peak VO2
(mL/kg/min), percentage of predicted peak oxygen consumption—pred. peak VO2 (%),
oxygen consumption at second ventilatory threshold—VO2 at VT2 (mL/kg/min), ventila-
tory efficiency during exercise i.e., the slope of the minute ventilation and carbon dioxide
production curve—VE/VCO2 slope, ventilatory equivalent for oxygen—peak VE/VO2,
end-tidal carbon dioxide pressure at rest—PETCO2 (mmHg), increase in end-tidal carbon
dioxide pressure during exercise—∆PETCO2 (mmHg), peak heart rate during exercise—HR
peak (bpm), percentage of predicted maximum heart rate—pred. HR max (%), resting
systolic blood pressure—SBP rest (mmHg), resting diastolic blood pressure—DBP rest
(mmHg), peak systolic blood pressure during exercise—peak SBP (mmHg), peak diastolic
blood pressure during exercise—peak DBP (mmHg), test duration (s), rating of perceived
exertion at three time points, at the beginning, at VT2, and at the end of the test—RPE
start, RPE VT2, peak RPE. Peak VO2 were expressed as the highest 10 s average sample
obtained during the last 20 s of the test. The VE/VCO2 slope was calculated using tabular
calculation (Microsoft Excel version 2023, Microsoft Corp., Bellevue, WA, USA) with the
help of least squares linear regression (y = mx + b, m = slope).

From anthropometric variables, body height—BH (cm), body weight—BW (kg) and
body mass index—BMI (kg/m2) were used for testing. The independent variable was the
motivation score of the music tracks—MS.

2.4. Statistical Data Analysis

SPSS software (SPSS version 25.0, SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Descriptive statistics were performed for all variables, as well as testing the
normality of distribution using the Kolmogorov-Smirnov test. The reliability of the scale
was tested using Cronbach’s alpha test. Differences between the test without music and
with music were measured using the paired samples t-test, while testing between the two
groups was conducted using the independent samples t-test. Variables that did not have a
normal distribution were tested using the non-parametric Wilcoxon signed-rank test. A
p value at the level of 0.05 was considered significant.

3. Results

At the beginning of the analysis, a measure of internal consistency was performed to
check the compatibility of questions in the questionnaire for the given sample. Cronbach’s
Alpha has a value of 0.982 (Table 2), indicating excellent internal consistency of the scale.
Thus, H1 is accepted: the BMRI-2 scale is very reliable.

Table 2. Reliability statistics.

Cronbach’s Alpha Number of Cases

0.982 4

The average values for relevant cardiopulmonary variables, measured during testing
without and with music, are summarized in Figure 1, with only variables that showed a
significant difference in the two conditions being shown. There were no differences for
other measured variables.
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Figure 1. Cardiorespiratory parameters and test duration of CPET without music and while listening
to synchronized motivational music. (A) Peak oxygen consumption (Peak VO2), (B) predicted peak
oxygen consumption (Pred. peak VO2), (C) oxygen consumption at second ventilatory threshold
(VO2 at VT2), (D) peak heart rate during exercise (HR peak), (E) predicted maximum heart rate (Pred.
HR max), (F) test duration (Duration). Whiskers extend between ± one standard deviation. * p < 0.05;
** p < 0.01, significantly different from without music.

To test H2, a paired samples t-test (dependent t-test) was used when researchers tested
the same group of subjects twice [38]. According to the data obtained from all participants
(n = 20), we can state that there are statistically significant differences between the mean
values for the following tested variables in conditions without music and with motivational
music: Peak VO2 (p = 0.005), Pred. peak VO2 (p = 0.007), VO2 at VT2 (p = 0.041), Peak HR
(p = 0.006), Pred. HR max (p = 0.015), and test duration (p = 0.019). Out of the 14 observed
variables, 6 showed significant differences between testing without music and with music,
i.e., music significantly influenced the values of 6 cardiopulmonary parameters during
the exercise test, while in 8 cases, it did not. Therefore, H2 (music will affect the values of
cardiorespiratory parameters during the load test) is rejected as a whole, but the important
fact remains that music had a positive effect on a large number of observed variables.

The average values for the relevant variables in the two groups of subjects, measured
during testing without and with music, are summarized in Figure 2. Only variables that
showed a significant difference between the two groups of subjects are shown. There were
no differences between the groups for other measured variables.
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To test the differences between the two groups of subjects in H3, the independent t
test was applied, which is used to compare means between two different samples [38]. The
only parameter by which the two groups of subjects differed when tested without music
was the duration of the test (Figure 2A)—the test lasted significantly longer (p = 0.039) in
the group of students compared to the recreational athletes.

The only parameter by which the two groups of subjects differed when tested while
listening to synchronized motivational music was the peak VO2 (Figure 2B): peak VO2 was
significantly higher (p = 0.013) in the group of students compared to recreational athletes.

The results showed statistically significant differences in the effect of music between
students and recreational athletes only in two of 14 observed variables: duration of the test
(slightly greater positive effect in the group of recreational athletes) and peak VO2 (slightly
greater positive effect in the group of students). Thus, H3 (greater effect of music will be
shown in recreational athletes compared to students) is rejected.

The average values for RPE at three time points during CPET without music and while
listening to synchronized motivational music are summarized in Figure 3.
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significantly higher (p = 0.013) in the group of students compared to recreational athletes. 

The results showed statistically significant differences in the effect of music between 
students and recreational athletes only in two of 14 observed variables: duration of the 
test (slightly greater positive effect in the group of recreational athletes) and peak VO2 
(slightly greater positive effect in the group of students). Thus, H3 (greater effect of music 
will be shown in recreational athletes compared to students) is rejected. 

The average values for RPE at three time points during CPET without music and 
while listening to synchronized motivational music are summarized in Figure 3. 

 
Figure 3. RPE at three time points during CPET without music and while listening to synchronized
motivational music. (A) RPE at the start of CPET, (B) RPE at VT2, (C) Peak RPE. * p < 0.05; ** p < 0.01,
significantly different from without music.

The Wilcoxon signed ranks test for nonparametric data was applied to test the differ-
ences in perceived exertion, in testing without music and with music at three time points,
and the results are shown in Table 3.



Appl. Sci. 2024, 14, 6751 9 of 13

Table 3. Comparison of perceived exertion results at three time points during testing.

RPE Start wm—
RPE Start m

RPE at VT2 wm—
RPE at VT2 m

Peak RPE wm—
Peak RPE m

Z −2.310 −3.660 −1.664

p 0.021 <0.001 0.096
Legend: Variables: RPE start wm—perceived exertion at the beginning of the test without music; RPE start
m—perceived exertion at the beginning of the test with music; RPE at VT2 wm—perceived exertion at the
VT2 in the test without music; RPE at VT2 m—perceived exertion at the VT2 in the test with music; Peak RPE
wm—perceived exertion at the end of the test without music; Peak RPE m—perceived exertion at the end of the
test with music.

Analysis of perceived exertion results for all participants (n = 20) showed significance
in two time points: at the beginning of the test (p = 0.021) and at the VT2 (p < 0.001).
Perceived exertion is significantly lower when testing with music at two time points: at the
beginning of the test (6.3 and 6.8, respectively) and at the intensity level corresponding to
the VT2 (13.3 and 14.4, respectively). Thus, H4 (RPE will show a lower value in the music
testing condition than in the non-music condition) is partially accepted.

4. Discussion

The study examined the effect of synchronized music as a motivational tool on the
results of a CPET in female participants. The assumption was that motivational music
would affect changes in cardiopulmonary variables, as well as perceived exertion during
maximal exercise testing. In this study, the BMRI-2 scale (Table 1) was used for the first time
to determine the motivational characteristics of music in Serbia. Consistent with previous
research [30], the scale showed excellent internal consistency (Table 2), making BMRI-2 a
valid and consistent tool for selecting music to accompany exercise or training and allowing
researchers to standardize music in experimental protocols involving exercise-related
tasks [24]. It was also confirmed that music with a tempo > 120 bpm has a pronounced
motivational quality, as evidenced by the mean motivation score of all songs on the playlists
of all participants (MS = 39 ± 2), which belongs to the category of highly motivational music,
according to Karageorghis [28]. These finding is in line with research on the motivational
qualities of music for submaximal aerobic exercise in different groups of participants [27]
and the claim that motivational music has a fast tempo and strong rhythm to generate
energy and induce physical action [31].

Testing the influence of music on cardiopulmonary parameters showed a significant
impact on VO2-related parameters, as expected. Specifically, testing with music compared
to testing without music resulted in significantly higher values of peak VO2, predicted
peak VO2, VO2 at VT2, peak HR, predicted peak HR, and test duration (Figure 1). Our
results are consistent with a study conducted by Vasić et al. [39], which tested the effect of
selected music at two levels of exertion in medical school students, showing a significant
increase in VO2max but also a decrease in blood pressure at 90% of VO2max (p < 0.05).
Additionally, research on the psychophysical and ergogenic effects of synchronous music
during treadmill walking has shown that peak HR remains approximately the same in
testing under all three conditions (without music, with neutral, and with motivational
music) until very close to physical exhaustion [40]. On the other hand, in a study conducted
by Copeland and Franks [41], investigating the effects of different types of music on HR,
RPE, and time to exhaustion during treadmill work in three different treatments, the results
showed that peak HR and HR in the minute preceding the maximum were higher in
testing with soft, slow, and popular music (approximately 100 bpm) than in conditions
without music. In a study examining the effects of using motivational music with a video
recording on participants, the results showed a significant increase in HR and accumulated
lactate during the motivational intervention compared to non-motivational and control
conditions [42] as well as an increase in ergogenic effects when using motivational music
compared to neutral and control conditions [40].
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The comparison between the two groups of participants within the third hypothesis
showed that there are significant differences in only two variables (Figure 2). Duration of the
test was significantly higher in students than in recreational athletes when tested without
music. Considering that there was no difference in the duration of the test between groups
when testing while listening to synchronized motivational music, it could be assumed
that music had a slightly greater positive effect on duration of the test in the group of
recreational athletes. Peak VO2 was significantly higher in students than in recreational
athletes when tested while listening to synchronized motivational music. Considering that
there was no difference in peak VO2 between groups during the test without music, it could
be assumed that music had a greater positive effect on peak VO2 in the group of students.
The above two results are contradictory, so it is difficult to explain them. We can assume
that music did not have a different effect on the two groups of participants, especially in
light of the fact that these are the only two variables in which the two groups of participants
differ (out of a total of 28 variables: 14 when tested without music and 14 with music). Thus
H3 (greater effect of music will be shown in recreational athletes compared to students) is
rejected. Unfortunately, as far as we know, there are no studies that compared groups of
subjects similar to this, so we do not have data with which we could compare the results of
this study.

RPE testing showed that participants felt significantly less exertion when testing with
music at the beginning of the test and especially at the VT2 (Figure 3A,B and Table 3).
At the end of the test, at maximum exertion, RPE still had a lower value when testing
with music than without (Figure 3C), but statistical significance was not reached. A short
interview was conducted with each subject after both tests, with questions regarding their
overall impression of the test. Participants reported feeling more pleasant, that time passed
more quickly, and that the testing was easier with music. It can be concluded that as
the load and fatigue increased, so did the perceived exertion, but participants felt the
increase in exertion less and tolerated it more easily under conditions of testing with music.
Previous research findings show varying results in subjective exertion. In some studies,
RPE remained unchanged in all testing conditions [40,42,43], while in others, it was lower in
conditions of exercise with applying motivational music and even in conditions of neutral
music [44].

Significantly longer test duration was recorded under motivational music conditions
(Figure 1F). Considering test duration as an indirect indicator of fatigue, we can conclude
that participants fatigued more slowly and showed greater endurance under conditions
of testing with motivational music. The obtained results are consistent with the results of
previous research. In the aforementioned studies, the results showed that testing lasted
longer, and participants covered a greater distance in motivational conditions compared
to non-motivational and control conditions [40,42,44]. Additionally, studies that tested
walking speed as a measure of endurance for a certain time or distance showed that
participants moved significantly faster when exposed to any music condition compared to
the control intervention, with musical conditions also being associated with a higher state
of motivation, i.e., they swam faster [45] and cycled 10 km faster with music, even while
anticipating its playback [43].

As the cardiopulmonary exercise test represents a certain stress for the organism
and leads to changes in the levels of stress hormones [46], in future research, it would be
significant to see if there is a difference in the levels of these hormones under conditions of
testing with and without music, precisely because of the different processes, physiological
and psychological, that occur in the body, both during exertion and while listening to music.
Additionally, there are individual differences in the desired intensity of music and the use
of music during the test at certain time points, especially at the anaerobic threshold [47],
which could be taken into account in research to tailor the music intensity to create ideal
conditions for each participant.

There are also certain limitations in this study. The main limitation is the lack of
additional information on other factors that could affect the results, such as days in the



Appl. Sci. 2024, 14, 6751 11 of 13

menstrual cycle, as well as the hormonal status itself, that can additionally affect the test
results in females, which we could not take into account in choosing the test day. The next
limitation to the generalizability of this study results is the fact that only healthy females
were included in the study. Different results would be obtained if the research included
males or participants with health problems, especially cardiorespiratory ones. Another
limitation may be the sample size, as generalization would be better with a larger sample.
However, studies similar to this one have often been conducted with a similar or even
smaller sample of participants [30,39,42–44].

5. Conclusions

This research confirmed the high internal consistency of the BMRI-2 questionnaire
for determining the motivational qualities of music, and the validity of its use in this
study, as we hypothesized in H1. Adequate selection of motivational music provided the
opportunity to investigate its influence on cardiopulmonary parameters during physical
exertion. The results of research within H2 on the entire sample showed a significant
increase in oxygen consumption and heart rate at maximum exertion as well as in test
duration under the conditions of application of motivational music compared to testing
without music. Although H2 was not fully confirmed due to the lack of significance
in all examined variables, the fact is that there was a significant increase in important
cardiopulmonary parameters and test duration while listening to music. Music had a
similar positive effect on both groups of participants, so H3 was rejected. The results in
supports of H4 on the entire sample showed a decrease in fatigue perception during testing
with music in two of the three examined time points, at the beginning of the test and at the
VT2, which partially confirmed the hypothesis. Participants reported feeling more pleasant,
time passed more quickly, and the testing was easier with music.

We can conclude that music represents a significant element of motivation and that
in aerobic exercise conditions, it affects multiple aspects of the results. Its impact is in
reducing tension and fatigue and increasing mood. On the other hand, synchronizing
movement with the tempo of the melody allows for a constant frequency of movement and
more economical movement of the exerciser.
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