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This study aimed to investigate the effects of auditory stimulation with different frequency
variations (increasing, decreasing, and constant) on performance, physiological parameters
and perceived exertion in the shuttle run test. Twenty-four healthy sports science students
participated in this experimental study and performed the shuttle run test under four different
conditions: a) standard (as baseline); b) auditory stimulation with increasing frequency; c)
auditory stimulation with decreasing frequency; and d) auditory stimulation with constant
frequency. The results showed that maximal oxygen consumption in the decreasing-frequency
condition was significantly higher than in any other condition and performance in the
increasing-frequency condition was higher than that in the constant and standard conditions.
The results also showed that in the initial and intermediate phases of the test, heart rate and
perceived exertion were lower in both the increasing— and decreasing— frequency conditions
than in the constant frequency and standard conditions. The results of the present study suggest
that the use of auditory stimulation with decreasing frequency and increasing frequency can
improve performance in endurance tasks. Future studies should better understand the different
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effects of these two types of stimulation and investigate whether they lead to long-term
improvements.

Keywords: auditory intervention, sound frequency, perceived exertion, blood pressure, blood
oxygen level

Highlights:

* According to the results of this study, artificial sounds (with changing the
frequency) can affect performance and perceived exertion (as music does).

» This type of auditory stimulation is only useful at low and medium intensities
of performance and has no effect on performance at high intensities.

* Decreasing frequency sounds, more than other sounds (constant and
increasing frequency), lead to improved performance and reduced perceived
exertion.

Over the past two decades, researchers have focused on sound-based
interventions in sport to improve perceptual-motor (Sors., 2015a; Schaffert.,
2019) and psychophysiological (Karageorghis & Priest, 2012; Valenti et
al., 2012; Gomes et al., 2018) performance. The purpose of sound-based
interventions is to understand and modulate the coordination and execution
of movements that affect athletic performance (Sors et al., 2015a; Vinken et
al., 2013). Indeed, recent research has focused on how auditory information
affects the production of complex movements and ultimately leads to the
development of motor performance in athletes (Schaffert et al., 2019; Pizzera
& Hohmann, 2015). These studies have used natural (Kennel et al., 2014)
or artificial (Ramezanzade et al., 2017; Dyer et al., 2015) sounds to produce
auditory patterns or feedback.

Studies that focus on the psychophysiological adaptability of athletes are
also highly valued. In light of this, researchers have extensively investigated
the effect of music on psychological variables such as mood (Tenenbaum,
2001), positive emotional states (Karageorghis et al., 2009; Elliott et al., 2004),
and motivation (Hutchinson et al., 2011). In addition, studies have clearly
demonstrated the positive effect of auditory stimulation on physical arousal
(Karageorghis & Priest, 2012; Hutchinson et al., 2018). In these studies,
physiological indicators such as heart rate, blood pressure, blood oxygen level,
etc., have been used to measure arousal. Although many studies have also shown
that high levels of psychophysiological arousal have an ergogenic effect, i.e.,
an increase in work capacity (Karageorghis, 2008; Cohen et al., 2007), such an
effect has not been observed in some other studies (Yamamoto, 2001; Eliakim
et al., 2007). In addition, while some researchers have attributed the positive
effect of auditory stimuli (such as music) to a reduction in perceived exertion
(Karageorghis & Priest, 2012; Bigliassi et al., 2018; Yamashita et al., 2006),
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some other studies have not confirmed such an effect (Hutchinson et al., 2011;
Dyrlund & Wininger, 2008).

Despite all these discrepancies, most studies consistently indicate that
auditory stimuli (such as music) positively affect perceived arousal and exertion
(Karageorghis & Priest, 2012), but the intensity of these effects varies widely.
To explain the results of different studies, Karageorghis et al. (1999) developed
a model where the motivational qualities of music are a determining factor for
its effect on arousal, perceived exertion, and different moods. In this model, four
index factors were introduced that influence the motivational qualities of music.
These factors include two internal factors (rhythm response (effect of music
rhythm, especially its pace) and musical components (loudness, frequency, etc.))
and two external factors (cultural and communicative effects) (Karageorghis et
al., 1999).

Many researchers agree that rhythm response is the most important
determinant of the motivational quality of music (Crust, 2008; Priest &
Karageorghis, 2008). The results of various studies indicate that the faster the
rhythms, the more motivating the effect and the stronger the effect on arousal
and reduction of perceived exertion (Hutchinson et al., 2011; Rendi et al., 2008).
Compared with rthythm, other musical components have received less attention.
To our knowledge, only one study has compared music with a high and low
volume (Edworthy & Waring, 2006) and they tested effects of tempo (slow vs.
fast) and intensity (quiet vs. loud) on the self-selected speed of treadmill running
during 10-min trials. The results showed no significant difference between high
and low volumes for slow rhythm sounds; however, for fast sounds, a loud sound
was better than a soft sound. No study was found that examined the effect of
changing sound frequency on work performance or perceived exertion. Almost
all of the studies used music already familiar to the target audience. This music
could have different rhythms and be used depending on the purpose of the study.
Other studies have used verbal auditory stimuli (Grande-Alonso et al., 2020).

Given that frequency is a component of sound and that, according to
the model proposed by Karageorghis et al. (1999), it is likely to affect the
motivational quality of sounds, the question is whether frequency variations in
auditory stimulation (from low to high, from high to low, or constant) during a
performance can promote changes in work performance and perceived exertion.
In particular, the shuttle run test, an endurance task, has been used in the
present study. Some previous studies have investigated the effect of music on
endurance. The results of these studies confirm the positive effect of stimulating
music (with different rhythms) vis-a-vis relaxing music and non-music (in the
case of control groups) on cardiorespiratory (Yamashita et al., 2006; Nakamura
et al., 2010; Patania et al., 2020) and muscular (Karageorghis, 2008; Crust,
2004a; Crust & Clough, 2006) endurance. In a recent study, Lamoneda et al.
(2021) show that the 20m shuttle run with music (20m SRT-music) is a feasible
test for measuring cardiorespiratory fitness in adolescents. It should also be
noted that the effects of stimulating music on endurance are stronger for slow—
to moderate-intensity tasks than for high-intensity tasks, and in many studies,

PSIHOLOGIJA, 2024, Vol. 57(2), 155-175



THE EFFECT OF CONTINUOUS ARTIFICIAL NON-MUSICAL AUDITORY
158 STIMULATION ON CARDIORESPIRATORY ENDURANCE AND ...

the effect of music on high-intensity endurance tasks (performance to the point
of exhaustion) was not apparent (Karageorghis & Priest, 2012; Yamashita,
2006; Harmon & Kravitz, 2007).

Based on the available literature, studies on the effect of music with slow
to fast rhythms have produced conflicting results, especially in the context of
high-intensity endurance activities. To produce a motivational quality, only pre-
recorded music known in the community has been used in these studies, and the
change in audio frequency has not been intended to produce this motivational
quality. This music often has emotional content that reminds participants of
specific memories. Therefore, it is not clear whether the effect of the music was
due to the rhythm chosen (fast, medium, slow) or due to the distraction caused
by the music. Furthermore, most studies have used only very fast or very slow
music rhythms. Only one study has examined the effects of music with variable
rhythms (rising and falling) on moderate-intensity endurance tasks (Szabo et al.,
1999). This study suggests that changing from a slow to a fast rhythm results in
higher work performance than when the music is quite fast or slow.

Against this background, the present study aims to answer the following
questions by administering auditory stimulation with increasing, decreasing, or
constant frequency during the shuttle run test: a) what are the effects of such
stimulation on endurance performance and physiological parameters (heart rate,
blood pressure, blood oxygen level)? b) Are the effects of such stimulation the
same in all phases of the shuttle run test? and c) what are the effects of these
auditory patterns on perceived exertion?.

Methods

Participants

The participants in this study were 24 undergraduate healthy sports science students,
all-male, with a mean age of 19.38 + 1.14 years. The public health questionnaire developed
by Goldberg et al. (1997) was used to assess the participants’ general health. All were
nonsmokers and did not consume alcohol. Also, all the subjects were in the normal range
based on the body mass index. The exclusion criteria in this study included injuries or the
appearance of unusual clinical symptoms in the individual, non-adherence to the schedule in
the implementation of the research protocol, and the individual’s unwillingness to participate
in the research. After being informed of the purpose of the study and familiarized with the
working method, they signed the informed consent form to participate in the study.

Experimental Design

The design of this study was within-group so that each participant was tested under the
following four conditions: a) standard (as baseline); b) auditory stimulation with increasing
frequency; c) auditory stimulation with decreasing frequency; and d) auditory stimulation
with constant frequency. The standard condition (without auditory stimulation) was the first
for all participants, while the order of the other three conditions was counterbalanced between
participants. Figure 1 shoes an overview of the research methodology.
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Figure 1
Overview of research methodology
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Shuttle Run Test

To measure cardiorespiratory endurance, the shuttle run test was used. It was invented
by Leger et al as a progressive endurance test that requires the participant to run a distance of
20 meters by running in various levels (Leger et al., 1988). The test consists of 21 levels, with
each level comprising a specific number of stages (e.g., level 1 comprises 7 stages, level 2
and 3 comprise 8 stages, level 4 comprises 9 stages, etc.). Each stage corresponds to covering
20 meters once. In this way, after starting the test and playing the audio file simultaneously,
the participant has to run 20 meters between two beeps. The interval between the two beeps
is fixed for each level and decreases from level to level, which means that the participant
must go faster (for example, in the first level, the interval is 9 seconds, in the second level it
is 8 seconds, in the third level it is 7.58 seconds, etc.). If the participant does not cover the
20-meter distance before the beep, it will be counted as a failure; if there are three failures, the
test is over. Thus, the test is finished when the participant reaches the point of exhaustion and
wants to leave the test or makes three mistakes. The level and stage at which the participant
exits the test are recorded and used to calculate the VO2 max index. VO2 max is the maximum
rate of oxygen consumption attainable during physical exertion.

Leger and Gadori (1989) modified the shuttle run test, originally introduced by Leger
and Lambert (1982). Nazem et al. (2002) found a significant correlation between the VO2
max estimate of the shuttle run test and the VO2 max estimate of the Ellestad treadmill test,
demonstrating that shuttle run test has high validity for estimating the relative value of VO2 max.

In the present study, participants’ scores on the shuttle run test were converted to VO2
max using the following estimation formula (Paradisis, 2014)
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y =0.2761 x + 27.504 (where y = VO2 max and x = number of 20-m shuttles).

In this equation, y represents the VO2 max and x represents the number of 20-meter
shuttles that the subject has traveled from the beginning of the test to the time of leaving
the test. For example, if the subject stops at level 5 and stage 6 of the shuttle run test, he
has completed 38 shuttles. Therefore, according to the above formula, the maximum oxygen
consumption is:

y = (0.2761 x 38) +27.504
y =37.99 ml/kg.min

Auditory Stimulation

In this study, specific auditory stimulation was used that was appropriate for the purpose
and type of the endurance test, i.e., shuttle run test. To generate this auditory stimulation,
the audio frequency was designed using the Sandbox Sonification program (Davison &
Walker, 2007) based on the positive degree-2 function pattern (increasing pitch), the negative
degree-2 function pattern (decreasing pitch), and the constant function (constant pitch). In
the increasing pattern, the pitch varied from note! 322 (Ab3) (51.91 Hertz) to note 113 (F)
(5587.65 Hertz); in the decreasing pattern, the pitch varied from note 113 (F) to note 32 (Ab).
For the constant pattern, there was no change in sound frequency. In this study, the resonance
of an electric piano was used. The audio patterns were inserted into the intervals between the
two beeps of the shuttle run test so that the participants could hear the sound pattern over the
loudspeaker as they traveled 20 meters at a time. The duration of the auditory stimulus was
proportional to the duration determined to run each length in the shuttle run test. Since in the
shuttle run test, the duration of the 20-meter shuttle gradually decreases, the duration of the
auditory stimuli decreased accordingly.

Dependent Variables

Cardiorespiratory endurance. Cardiorespiratory endurance is one of the most
important factors in physical fitness and refers to the ability of the heart and lungs to supply
oxygen to working muscles during continuous physical activity (Ross et al., 2016). In this
study, cardiorespiratory endurance was measured using the shuttle run test, calculated as
described above.

Heart rate, blood oxygen level, and blood pressure. A heart rate gauge (model Polar
S625X — manufactured in Finland) was used to measure heart rate, consisting of two parts: a
chest part and a wristwatch. A pulse oximeter from JZIKI (model JZK-303 — manufactured
in China) was used to measure blood oxygen levels. Also, a Microlife sphygmomanometer
(model BP A2 Basic — manufactured in China) was used to measure blood pressure. The timing
of the measurement of physiological parameters is described at length in the following sections.

Perceived exertion. The Borg (1980) Perceived Exertion Scale was used to measure
the participants’ perception of exertion. This scale contains 15 levels (6-20) and 9 verbal
descriptors. Grade 6 corresponds to “no exertion,” and grade 20 corresponds to “maximal
exertion.” In this scale, for exertion rate 6, 7, 9, 11, 13, 15, 17, 19 and 20, the following
expressions are presented respectively: No exertion, Extremely light, Very light, Light,
Somewhat hard, Hard, Very Hard, Extremely hard and Maximal exertion.

1 In music, a note is a musical sound. Notes can represent the pitch and duration of a sound
in musical notation.

2 Audio pitch in MIDI standard.

3 Audio pitch in Helmholtz system.
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Procedure

All participants were asked to avoid any intense and prolonged physical activity at
least 24 hours before the start of the experimental protocol and not to drink coffee at least
12 hours before the start of the protocol; they were also asked to eat some light food 2 hours
before each session. Except for auditory stimulation, the other factors include performance
environment (gym with constant temperature, air humidity and lighting), performance time
(Between 4 and 7 in the evening), distance between the four conditions (72 hours), and the
variables measured) were the same for all four conditions. The performance protocol consisted
of two parts: warm-up and test.

As mentioned earlier, the participants underwent four different experimental conditions
in four separate sessions. There was a 72-hour break between sessions to allow for a full
recovery. One hour before the start of the first session, all participants received detailed
explanations about the warm-up, how to perform the test, the perceived exertion scale, and the
physiological parameters to be measured. All participants performed the standard shuttle run
test (without auditory stimulation) as baseline in the first session. In subsequent sessions, the
experimental conditions were counterbalanced to avoid for the effects of order and sequence.
Thus, of 24 participants in the second session, 8 participants were tested under conditions of
an increasing auditory pattern, 8 participants were tested under conditions of a decreasing
auditory pattern, and 8 participants were tested under conditions of a constant auditory pattern.
The same procedure was applied in the third and fourth sessions.

After warming up, the participants’ heart rate, blood oxygen level, and blood pressure
were measured, and then they were placed behind the starting line of the test. Then, they
performed the test (under a certain experimental condition). After the test, their heart rate and
blood oxygen level were measured immediately, and blood pressure was measured one minute
later. All measurements were performed for all participants in a standing position. Table 1.
summarizes the protocol of a single session and the timing of the measurements.

Table 1
Protocol of a single experimental session

Soft Running (2 minutes) Warm-up
Stretching Movements for Upper and Lower Body (3 minutes)
Rotational Movements (2 minutes)

Before the start: measurement of heart rate, blood oxygen level, and blood Test
pressure;

During performance: measurement of heart rate and perceived exertion at the

end of each level; and

At the end of the test: measurement of heart rate and blood oxygen level
(immediately), and blood pressure (one minute later)

In addition to measuring physiological parameters and perceived exertion, the
participants’ experience was also examined using an open-ended posttest question in each of
the conditions, “How do you perceive performance in the conditions of ... compared to the
original test condition?”. In addition, at the end of the entire experiment (i.e., after the fourth
session), the participants were asked to prioritize the four conditions in terms of feeling better
and having a more favorable performance condition.

Statistical Analysis

To compare the dependent variables across the four test conditions, a series of repeated
measures ANOVAs were conducted; Bonferroni post hoc comparisons were also conducted

PSIHOLOGIJA, 2024, Vol. 57(2), 155-175



THE EFFECT OF CONTINUOUS ARTIFICIAL NON-MUSICAL AUDITORY
162 STIMULATION ON CARDIORESPIRATORY ENDURANCE AND ...

when appropriate. In this research, there is four conditions and the p value has been corrected
for 6 different comparisons. Normality of data distribution and the variance-covariance
homogeneity assumption was tested with Mauchly’s sphericity and Kolmogorov-Smirnov
tests before the repeated measures ANOVAs. When the variance-covariance homogeneity
assumption was not confirmed, Greenhouse Geisser was used. The effect size of the statistical
tests is expressed in terms of Cohen’s d (Cohen, 1992). The graphs were drawn using Excel.

Results

In this study, the standard condition is considered as the baseline and all
three other conditions (constant, increasing and decreasing) are compared with
these conditions. However, increasing and decreasing frequency conditions have
also been compared with constant frequency conditions to find out whether the
mere presence of sound can affect subject’s performance, or in addition to the
presence of sound, changes in the frequency of sound (increasing and decreasing)
are also effective.

As for cardiorespiratory endurance (VO2 max) (Figure 2), the result of
Mauchly’s sphericity test showed that the variance-covariance homogeneity
assumption was confirmed (Mauchly’s W = 0.662, df = 5, p = .11). Also,
the results of Kolmogorov-Smirnov test showed that the normality of data
distribution assumption was confirmed (p > .05). Repeated measures ANOVAs
showed that the effect of different test conditions was significant (F(3, 69)
= 77.013, p = 0.001, 1 = 0.77). Bonferroni post hoc tests revealed that the
participants performed significantly better (higher VO2 max) in the increasing (d
=0.865, p=.001) and decreasing (d = 1.22, p = .001) frequency conditions than
in the standard condition. In addition, performance in the standard condition was
significantly better (higher VO2 max) than in the constant frequency condition
(d=0.399, p =.012). Finally, performance in the decreasing frequency condition
was significantly better (higher VO2 max) than in the increasing frequency
condition (d = 0.365, p = .003).

Figure 2
Vo2 max of the participants in different conditions

Standard Test Constant Frequency Increasing Decreasing
Frequency Frequency
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As for heart rate, the ANOVA showed no significant difference between
conditions in the first stage of the test. The results of the Bonferroni post-
hoc test showed that in the second (F(2.175, 50.021) = 131.771, p = .001, n
= 0.851), third (F(3, 69) = 154.057, p = .001, n = 0.8700, fourth (F(2.116,
48.671) = 94.776, p = .001, n = 0.805), and fifth (F(3, 69) = 26.1, p = .001,
n = 0.532) levels, there was a significant difference in favor of the increasing
and decreasing frequency conditions compared to the standard (base line) and
constant frequency conditions. Heart rate was significantly lower in the standard
condition than in the constant frequency conditions at the same levels. At the
sixth (F(3, 69) = 8.412, p = .001, n = 0.268) and seventh (£(3, 60) = 15.694,
p =.001, 1 =0.44) levels, a significant difference was observed in favor of the
decreasing frequency condition compared to the other three conditions. There
was no significant difference between the four conditions at the remaining
stages (eighth and ninth stages) and at the end of the test. Figure 3 illustrates the
mean heart rates of the participants at different levels in the four different test
conditions.

Figure 3

The mean heart rates of the participants at different levels of the shuttle run test in the four
conditions
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Regarding the blood oxygen level (Figure 4), there was a significant
difference between the different test conditions (£(1.946, 44.769) = 16.307, p
=.001, n = 0.415). Bonferroni post hoc tests showed a significant difference
(higher oxygen level) between the increasing frequency and decreasing frequency
conditions with the standard test conditions (respectively p = .025, d = 0.68 and
p =.024, d = 0.812) and the constant frequency (respectively p = .001, d = 1.38
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and p = .001, d = 1.45) in favor of the increasing frequency and decreasing
frequency conditions. In addition, there was no statistical significant difference
between the increasing and decreasing frequency conditions (p = 0.98, d = 0.23),
nor between the constant frequency conditions and the standard test (p = 0.316,
d=0.34).

Figure 4
Blood oxygen saturation levels of the participants under different conditions
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There was also a significant difference for systolic blood pressure (Figure
5) between the different test conditions (F(1.797, 41.322) = 14.273, p = .001,
n = 0.383). Bonferroni post hoc tests showed a significant difference (lower
systolic blood pressure) between the increasing frequency condition and both
the standard (base line) condition (p =.009, d = 0.42) and the constant condition
(p = .001, d = 0.87) in favor of the increasing frequency condition. In addition,
the differences between the decreasing frequency condition and the increasing
frequency condition (p = .048, d = 0.7), constant frequency (p = .001, d = 1.62),
and standard conditions (p = .001, d = 1.12) were significant and in favor of the
decreasing frequency condition. In addition, the difference between the standard
condition and constant frequency (p = .001, d = 1.62) was significant and in
favor of the standard frequency condition.

There was also a statistical significant difference for diastolic blood
pressure between the different test conditions (F(3.69) = 8.888, p = .001, n =
0.279). Bonferroni post hoc tests revealed no significant difference between
increasing frequency, decreasing frequency, and standard conditions. However,
diastolic blood pressure was significantly lower in these three conditions than in
the constant frequency condition.
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Figure 5§
Systolic and diastolic blood pressure under different conditions
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Finally, ANOVA results indicated no statistical significant differences
in the first stage among the four conditions regarding perceived exertion. The
results of the Bonferroni post hoc test showed that in the second (F(3, 69) =
15.045, p = .001, n = 0.395), third (F(2.227, 51.232) = 21.124, p = .001, n =
0.479), fourth (F(3, 69) = 36.949, p = .001, n = 0.616), fifth (F(2.041, 46.953)
= 47.23, p = .001, n = 0.673), sixth (£(2.245, 51.638) = 77.012, p = .001, n
= 0.77), seventh (F(2.163, 49.743) = 34.344, p = .001, n = 0.599), and eighth
(F(1.914, 24.881) = 16.981, p = .001, 1 = 0.566) levels, scores were significantly
lower in the increasing and decreasing frequency conditions than in the standard
and constant frequency conditions. However, in the other levels, except for the
third and fourth levels, the difference between the increasing and decreasing
frequency conditions was insignificant. It was also found that the difference
between the standard condition and the constant condition was significant and
in favor of the standard at the fourth to eighth stages. No significant difference
was found between the four conditions at the ninth stage and the end of the test.
Figure 6 shows the mean perceived exertion of the participants at the different
stages of the shuttle run test.
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Figure 6

The mean perceived exertion of the participants at different levels of the shuttle run test
under the four conditions
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Prioritization and Self-assessment Results

To prioritize the test conditions, the Friedman test was used. The results
in terms of mean ranking showed that the conditions with decreasing frequency
ranked first with an average score of 1.83, and the conditions with increasing
frequency, standard test, and constant frequency ranked second to fourth with an
average score of 2.25, 2.67, and 3.25, respectively. Furthermore, the results of
the Friedman test showed that the difference between the ranks of the different
test conditions was statistical significant (y*> = 15.8, df'= 3, p = .001) and that the
conditions with decreasing frequency had a higher priority for the participants
than the other conditions.

Finally, the following passages were taken from the participants’ responses
to the question “How do you perceive performance under the condition ...
Compared to the original test condition?

— Decreasing frequency condition: provides relaxation; creates more accurate
timing for performance; is very useful in stress management, especially in
the first stages of the test; causes less exertion and keeps the test on the last
stages;

— Increasing frequency condition: encourages the person to work at higher
intensity; motivates at the end of each stage to start the next stage;
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— Constant frequency condition: causes confusion in setting the time for each
stage; causes mental exertion, makes it difficult to continue the test; makes
the test more mentally demanding for the person.

Discussion

This study aimed to investigate the effect of auditory stimulation
at different frequencies (increasing, decreasing, or constant) on subjects’
performance in the shuttle run test and on perceived exertion. For this purpose,
24 participants performed the shuttle run test under four different conditions: a)
standard (as baseline); b) increasing frequency; c) decreasing frequency; and d)
constant frequency.

The results showed that, on the one hand, the participants performed
better (higher VO2max) in the increasing and decreasing frequency conditions
than in the other two conditions, and, on the other hand, the performance in
the decreasing frequency condition was better (higher VO2max) than that in
the increasing frequency condition. The participants’ superior performance in
the increasing frequency condition over the standard test was predictable and
is consistent with studies that have shown the positive effect of music with
high rhythm on endurance performance (Yamashita, 2006; Nakamura et al.,
2010; Patania et al., 2020; Crust & Clough, 2006). High-rhythm music has
also been shown to increase motivation for activity (Hutchinson et al., 2011;
Karageorghis et al., 2013) and physiological arousal (Birnbaum et al., 2009;
Priest et al., 2004), which appears to help maintain endurance activity. Priest
et al (2004) have shown that the rhythmical elements of music elicit an arousal
response in addition to a synchronization effect. A recent study has also shown
the association of cardiorespiratory fitness with achievement motivation and a
higher level of cardiorespiratory fitness (based on shuttle run test) and VO2max
is related with a higher level of motivation (Cadenas-Sanchez et al., 2021). Thus,
music may activate certain neural structures to promote rhythmic movements
and be responsible for stimulating certain parts of the brain that control arousal.
Bernardi et al. (2009) found a relationship between arousal and sound rhythm
with rapid breathing. Therefore, the relationship between sound rhythm and
exercise intensity may be explained by psychomotor arousal. Although the type
of sound modulation used in this study (frequency change) was different from the
sound modulation used in other studies (rthythm change), it seems that increasing
the sound frequency during the task plays a stimulating and motivating role (the
same result was observed in self-reports).

Although music with high rhythm (motivational music) increases work
performance by developing motivation for activity and triggering physiological
responses, it seems that its positive effects are greater in short-term activities
with intensity above the average level. In this type of activity, the increase in
heart rate (an indicator of physiological arousal), together with the high rhythm
of the music (Karageorghis et al., 2006), favors task performance (Crust, 2004a;
Crust & Clough, 2006). Stimulating music, however, does not appear to be
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as effective in endurance activities as in short-term activities. Birnbaum et al.
(2009) showed that fast music decreases cardiovascular efficiency (which is
a key factor for success in endurance tasks), consistent with the present study
results. Indeed, we observed that participants’ performance was better in the
decreasing frequency condition than in the other conditions. Several studies
have confirmed that the use of relaxing music does not produce good results
in short and intense tasks (hand holding power) (Pearce, 1981; Karageorghis
et al., 1996). Some studies have found that slow and relaxing music lowers
blood pressure (Merakou et al., 2015) and heart rate (Knight & Richard, 2001),
reduces cerebral arterial flow (Karageorghis et al., 1996), and generally reduces
physiological arousal (Priest & Karageorghis, 2008). Reducing arousal during
an endurance exercise appears to require less energy because it results in energy
savings. In this study, systolic (rather than diastolic) blood pressure at the end
of the test was lower in the decreasing frequency condition than in the other
conditions, although there was no difference in blood oxygen levels between
the decreasing and increasing frequency conditions. However, blood oxygen
levels were higher in both conditions than in the constant frequency conditions
and the standard test. Heart rate was also significantly better (lower) under the
increasing and decreasing frequency conditions from the second to the seventh
stage than under the constant frequency conditions and the standard test. The
present study results are consistent with previous studies highlighting that the
use of relaxing music during endurance tasks leads to performance enhancement
(Hepler & Kapke, 1996; Ghaderi et al., 2009).

Although the participants in this study performed better (higher VO2 max)
in both increasing— and decreasing-frequency conditions than in the standard
test, they performed better in the decreasing-frequency condition than in the
increasing-frequency condition. In addition to lower systolic blood pressure
in the decreasing-frequency condition compared with the increasing-frequency
condition, heart rate was significantly lower in the decreasing-frequency
condition than in the increasing-frequency condition at the sixth and seventh
stages of the test. These results suggest that performing with a decreasing
frequency sound leads to lower blood pressure and heart rate values, and thus
increased performance (higher VO2 max). Some researchers have also found a
clear link between heart rate during exercise and music rhythm (Karageorghis
et al., 2006; Iwanaga, 1995a). In addition, the results of the perceived exertion
variable indicate that in the third and fourth stages of the test, participants’
perceived exertion is significantly lower in the decreasing-frequency condition
than in the increasing-frequency condition (no difference was found in the other
stages). The lower perceived exertion in the decreasing frequency condition may
be another reason for the increased performance in this condition compared to
the other conditions.

The results of perceived exertion were nearly identical to the performance
results. Participants in the increasing and decreasing frequency conditions
perceived lower exertion than those in the constant frequency and standard test
conditions. This suggests that auditory stimulation positively affects people’s
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performance by reducing perceived exertion. From this point of view, the
results of this study are consistent with the studies of Bigliassi et al. (2015) and
Yamashita et al. (2006). However, the participants’ perceived exertion was lower
in the decreasing-frequency condition than in the other conditions. Based on
these results, it appears that decreasing-frequency auditory stimulation (which
the participants self-assessed as somewhat relaxing) is more beneficial than
increasing-frequency auditory stimulation (motivational stimulation) in reducing
perceived exertion. Ghaderi et al. (2009) also showed that relaxing music
reduced perceived exertion during their experiment and subsequently reduced
cortisol (a biochemical stress index) 5 minutes after the test. They concluded
that while motivational music can improve performance, soothing music reduces
motivation.

Based on the results of the present study, the participants’ performance
was higher in the increasing— and decreasing-frequency conditions and in the
standard test than in the constant-frequency condition. This result indicates that
no type of auditory stimulation per se has positive effects on performance, but
it is important to consider its characteristics (such as frequency variations).
In some studies, the effect of music on performance has been attributed to its
ability to create distraction (Grande-Alonso et al., 2020; Elliott et al., 2005). In
their study, Grand-Alonso et al. (2020) examined the effect of distraction stimuli
on endurance and strength and found that the visual and auditory distraction
groups performed significantly higher than the control group. However, in
the present study, performance in the constant frequency condition was worse
than in the standard test. Therefore, distraction alone cannot explain superior
performance in auditory stimulation situations. Another possible explanation
for the increased performance in the decreasing-frequency condition vis-a-vis
the other conditions is increased activity in certain brain areas. For example,
Kornysheva et al. (2010) showed the involvement of premotor areas and the
cerebellum when listening to preferred rhythms versus non-preferred rhythms.
They found that activity in the premotor ventral cortex increases as a result of
the preferred rhythm of the music and that this increase facilitates the process
of “tuning in” to an attractive musical rhythm. Another possibility is an increase
in neuromuscular efficiency (muscle activation patterns), resulting in decreased
metabolic energy (Roerdink, 2008).

One of the notable findings of this study is that while there was a significant
difference in heart rate between conditions in the initial and intermediate stages
of performance, no such difference was observed in the final stages. This pattern
was also observed for the variable of perceived exertion. This result suggests
that auditory stimulation is ineffective in the more strenuous stages of the
shuttle run test. The results of this study are consistent with those of Razon
et al. (2009), who also showed that music reduces perceived exertion in the
early stages, whereas the effects are reversed in the latter stages. Hutchinson
& Tenenbaum (2007) also showed that people’s perceived exertion was not
affected by music. They attributed this to the very high intensity of the exercise.
Most studies have confirmed a reduced perceived music-induced exertion at

PSIHOLOGIJA, 2024, Vol. 57(2), 155-175



THE EFFECT OF CONTINUOUS ARTIFICIAL NON-MUSICAL AUDITORY
170  STIMULATION ON CARDIORESPIRATORY ENDURANCE AND ...

slow to moderate intensity (Yamashita et al., 2006). These results are consistent
with the parallel processing hypothesis of Rejeski (1985), according to which
physiological symptoms (such as heart rate, respiratory rate) predominate over
psychological symptoms with increasing training intensity. It appears that at high
training intensity, physiological features predominate over processing capacity
because of their relative strength, whereas at moderate training intensity, both
internal (kinesthetic) and external (music) cues can be processed simultaneously
and in parallel (Karageorghis, 2009). Atkinson et al. (2004) examined the effect
of music on a 10-km endurance run and concluded that the ergogenic effect
was significant during the first 3 km, where perceived exertion was relatively
low compared with later stages. Tenenbaum et al. (2004) also suggested in
their studie that the high intensity of the running task reduced the effect of
the accompanying music. This explanation is consistent with the theoretical
predictions of Rejeski (1985), according to which physiological feedback during
very high-intensity exercise exceeds the capacity of the nervous system. Despite
the consistency of the results of this study with previous findings, the increased
performance of the participants (lower heart rate) in the decreasing-frequency
condition compared with the increasing-frequency condition at higher stages of
the test (Ievels six and seven) indicates that decreasing frequency may, to some
extent, delay the dominance of physiological responses over external stimuli. At
these levels (the sixth and seventh levels), there was no difference between the
decreasing-frequency and increasing-frequency conditions in terms of perceived
exertion, which calls for further investigation.

This study clearly demonstrated that the use of auditory stimulation with
varying frequency (increasing and decreasing) resulted in increased performance
of the participants (VO2 max) in the shuttle run test compared to the standard test
(base line) and the constant-frequency condition. Participants in the increasing—
and decreasing-frequency conditions also experienced lower heart rate, lower
perceived exertion during the test (in some stages, only in the decreasing
frequency), higher blood oxygen levels, and lower systolic blood pressure at
the end of the test. It appears that both increasing— and decreasing-frequency
play an important role in continuing activity and achieving a higher record,
with the former increasing motivation and the latter promoting composure. The
difference between increasing and decreasing frequency needs to be investigated
in future studies regarding motivation for activity and more accurate indices
(e.g., skin electrical conductivity, body temperature, pupil changes, etc.).
Future studies should also examine whether similar auditory stimuli can help
produce long-term improvements. Participants of this research were an average
level in terms of cardiorespiratory endurance (average VO2max). It is not
clear whether the results of this study can be replicated for people with good
or poor cardiorespiratory endurance levels. Therefore, it is suggested that the
intervention of current study be re-implemented for groups with good and poor
cardiorespiratory endurance.
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Ova studija je imala za cilj da istrazi efekte slusne stimulacije sa razli¢itim varijacijama
frekvencije (rastu¢im, opadaju¢im i konstantnim) na postignuce, fizioloske parametre
i percipirani napor na Satl ran testu (eng. shuttle run test). Dvadeset Cetiri zdrava studenta
sporta ucestvovala su u ovoj eksperimentalnoj studiji i izvela Satl ran test pod Cetiri razli¢ita
uslova: a) standardni (kao osnovni); b) slu$na stimulacija sa rastu¢om frekvencijom; c¢) slusna
stimulacija sa opadaju¢om frekvencijom; i d) slusna stimulacija sa stalnom frekvencijom.
Rezultati su pokazali da je maksimalna potrosnja kiseonika u uslovima opadajuce frekvencije
bila znacajno veéa nego u bilo kom drugom stanju, a postignucée u uslovima rastuée frekvencije
bilo je vete od postignuéa u uslovima konstantne frekvencije i standardnim uslovima.
Rezultati su takode pokazali da su u pocetnoj i srednjoj fazi testa, otkucaji srca i uoceni napor
bili nizi u uslovima rastuée i opadajuce frekvencije nego u uslovima konstantne frekvencije
i standardne situacije. Rezultati ove studije sugeriSu da upotreba sluSne stimulacije sa
smanjenjem i povecanjem frekvencije moze poboljSati performanse u zadacima izdrzljivosti.
Buduce studije bi trebalo da bolje ispitaju razlicite efekte ove dve vrste stimulacije i istraze da
li one dovode do dugoro¢nih poboljsanja.

Kljucne reci: slusna intervencija, zvucna frekvencija, percipirani napor, krvni pritisak, nivo
kiseonika u krvi
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