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Abstract

The purpose of this study was to investigate the effect of increasing and decreasing auditory
stimulation during shuttle run task on performance and recovery. 24 male subjects (Mean age 19.35)
performed in four conditions including increasing frequency, constant frequency, decreasing
frequency, and standard condition. Scores, heart rate and blood oxygen level at the end of the task, and
the first, third, fifth, seventh, tenth and fifteenth minutes after performing task were measured. Systolic
and diastolic blood pressure was recorded at the first, fifth, tenth and fifteenth minutes after
performing task. The performance in the decreasing auditory condition was significantly better than in
other conditions. Heart rate in all minutes after completion of the task was lower in decreasing and
increasing conditions than in the constant and standard conditions and in tenth and fifteenth minutes
after the completion of the task, in decreasing condition was significantly better than increasing
condition. Systolic (not diastolic) blood pressure was better than other conditions in the first minute
after completion of the task in the decreasing condition. According to the results, auditory stimulation,
especially with decreasing frequency, has a positive effect on performance and recovery of an
endurance task. However, the long-term effects of this type of stimulation are not yet known and
should be studied in future researches.
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Extended Abstract

Background and Purpose.

Numerous studies have demonstrated that high levels of psychological-physiological arousal
produce ergogenic effects (enhancing work capacity). Therefore, it can be predicted that
auditory stimulation, in addition to its effects on arousal and physiological indices, may also
influence performance. Many studies have examined the effects of such stimulation on
performance, and the results have shown positive effects of stimulating music (with different
rhythms) compared to relaxing music and control groups (without music) on cardiorespiratory
endurance, muscular endurance, and strength tasks. However, previous research has utilized
pre-prepared music that contains emotional content or evokes memories for individuals,
making it unclear whether the effect of music on performance is due to the nature of auditory
stimulation or distraction. The present study employed auditory stimulation with frequency
variations, which represents one component of sound that has received less attention. Another
important point is that previous studies have consistently examined the effect of auditory
stimulation on performance, while its effect on recovery has been neglected.

Materials and Methods

The participants in this study comprised 24 trained male individuals (undergraduate students
in sports science) with a mean age of 19.35 years. The study employed a within-subjects
design whereby each participant was tested under four conditions: 1) shuttle run test (original
version), 2) shuttle run test with auditory stimulation at constant frequency, 3) shuttle run test
with auditory stimulation at increasing frequency, and 4) shuttle run test with auditory
stimulation at decreasing frequency. Except for the auditory stimulation, all other factors
(testing environment, execution time, intervals between the four conditions, and measured
variables) remained identical across all four conditions. The execution protocol consisted of
two phases: warm-up and test execution. A 72-hour interval was maintained between sessions
to ensure complete recovery. Prior to test commencement, participants' heart rate, blood
oxygen saturation, and blood pressure were measured. Subsequently, participants performed
according to the audio file (previously described). Upon task completion, participants in all
auditory stimulation conditions underwent a similar recovery period without auditory
stimulation. Physiological indices including heart rate, blood oxygen saturation, and blood
pressure were measured immediately after test completion and at the 1st, 3rd, 5th, 7th, 10th,
and 15th minutes post-task completion. To assess cardiorespiratory endurance, the shuttle run
test was employed. In this study, participants' shuttle run test scores were converted to
maximal oxygen consumption using the following predictive formula. Consistent with the
study's objective and the nature of the endurance test (shuttle run test), specific auditory
stimulation was utilized. To create this auditory stimulation, using the Sonification Sandbox
program, sound pitch (an important sound characteristic) was designed based on positive
quadratic function patterns (increasing pitch), negative quadratic function patterns (decreasing
pitch), and constant function (constant pitch). In the increasing pattern, sound pitch changed
from Note #32 (Ab) to Note #113 (F), while in the decreasing pattern, sound pitch changed
from Note #113 (F) to Note #32 (Ab). In the constant pattern, no frequency variation occurred
in the sound. This study utilized Electric Piano 1 timbre. The constructed auditory patterns
were incorporated between the beeps of the shuttle run test audio file, such that participants
heard the auditory pattern sound once in addition to the beep sounds while covering each 20-
meter distance.
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To compare the research variables (shuttle run test performance, heart rate, blood oxygen
saturation, and blood pressure) across four different auditory pattern conditions (increasing,
decreasing, constant, and control), repeated measures analysis of variance was employed.

Results

The results showed that participants performed significantly better in the shuttle run test with
increasing sound frequency (Cohen's d = 0.865) and decreasing frequency (Cohen's d = 1.22)
compared to the standard shuttle run test. However, participants' performance in the original test
was significantly better than the shuttle run test with constant frequency (Cohen's d = 0.399).
Participants performed significantly better under decreasing frequency conditions compared to
increasing frequency conditions (Cohen's d = 0.365). Regarding the heart rate variable, the results
indicated that there was no significant difference between conditions in end-task heart rate.
However, participants' heart rate across all post-task completion minutes was better in the
decreasing and increasing conditions compared to the constant and standard conditions, and at
the 10th and 15th minutes, the decreasing condition was significantly superior to the
increasing condition (p<0.05). The results showed that participants' blood oxygen saturation
immediately following the completion of the shuttle run task was significantly higher in the
decreasing and increasing sound conditions compared to the standard and constant sound
conditions (p<0.05). The results also demonstrated that, except for the first minute where a
significant difference was observed only between the increasing and constant conditions, at
the 3rd, 5th, and 7th minutes, blood oxygen saturation in both decreasing and increasing
conditions was significantly higher than the standard and constant conditions. At the 10th and
15th minutes, participants' blood oxygen saturation showed significant differences with the
constant and standard conditions only in the decreasing condition. Participants’ systolic blood
pressure (but not diastolic) was better in the decreasing condition compared to other
conditions only at the first minute following execution completion.

Conclusion

The results of this study demonstrated that auditory stimulation with frequency variation
(decreasing and increasing) during endurance task execution, compared to no-sound
conditions (standard conditions) and constant frequency conditions, leads to better
performance and faster post-task recovery. The findings of this study also indicated that in
order to enhance the motivational quality of sound, in addition to rhythm, musical
components such as frequency can be utilized. Therefore, based on the results of this study, it
can be suggested that auditory stimulation with sound frequency variation, particularly
decreasing frequency, should be employed to enhance endurance performance and facilitate
faster recovery.
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