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ABSTRACT

This study aimed to evaluate quantitatively the effects of different tempo of sound
heard during task performance. In the experiment, 12 participants performed a con-
tinuous addition task while listening to sounds in three tempo conditions;, their
biometric data were measured during the experiment, and a questionnaire was admi-
nistered after the experiment. The results indicated that the time pressure experienced
by the workers decreased, and they were in a more active mood state when listening to
sounds with a slower tempo than their work pace. Furthermore, individual differences
in tempo were found, and thus this method can be used to determine the individual
tempo for work improvement of each individual.
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INTRODUCTION

In the past decades, various studies have been conducted to improve work
efficiency. One example is performing work while listening to music, which
is thought to improve concentration and facilitate productivity (Abe and Ara-
gaki, 2010). As the term “music therapy”suggests, listening tomusic has been
reported to relieve mental stress (Hotta et al. 2007). To verify this effect, stu-
dies have beenconducted using various types of music, such as classical and
jazz music. However, the magnitude of the effect varies depending on the
piece of music being listened to, and different pieces of music are considered
representative of each genre. Replicating the results with music other than
that used in the study is not always possible, even if the music has similar
characteristics. Therefore, there are no consistent findings regarding the type
of music that improves work efficiency or relieves mental stress. One reason
is that many genres and instruments are used in music, as well as various
elements, such as tempo, melody, and harmony. Many of these elements are
believed to interact with each other, and there are countless patterns in the
effect that each piece of music has on the listener, depending on the combi-
nation of the elements. Therefore, it is necessary to isolate a single element
to obtain knowledge related to its effects. Consequently, several previous stu-
dies have used a method to separate the “tempo” element. Unlike genres or
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melodies, tempo can easily be expressed as an independent parameter, and it
is possible to reproduce sounds of different tempos by changing the beats per
minute (BPM) of a metronome. Previous studies using this method have eva-
luated worker performance in various tasks. However, it can be predicted that
listening to tempo sounds during work may influence the mental stress expe-
rienced by the worker during the task as well as areas that are not subjectively
noticed by the worker. To evaluate this effect, the present study conducted
an experiment to obtain objective indices based on emotional evaluation and
biometric measurements before and after task performance. Furthermore, the
analysis results were used to evaluate the subjective and latent effects on the
worker when performing a task while listening to sounds of different tempos.

TIME-LIMITED CONTINUOUS ADDITIVE TASK EXPERIMENTS

To evaluate the relationship between the tempo of the sound and the emoti-
onal change in the task performer, a continuous addition task simulating the
Uchida-Kraepelin test (Uchida, 1957) was prepared, and a subjective evalu-
ation questionnaire regarding the participant mood state and sound tempo
was used during the experiment. The continuous addition task used in this
experiment is illustrated in Figure 1. Note that at the bottom of Fig. 1, there
is Japanese text that means “Please enter the value obtained by adding the
upper right and left numbers of the “_”; the answer is irrevocable.

Figures 2 and 3 show the environment and experimental protocol, respe-
ctively. A NeXus-10 Mk II (Mind Media, Inc.), a multi-physiological sensor,
was used to measure the biometric data with a sampling period of 128 Hz. A
wireless noise-canceling headset WH-CH710N, SONY was used to listen to
the tempo sounds. The participant wore the headset during the experiment
and sat 0.75 m away from the monitor with the sensor attached to his non-
dominant hand. The headset was set to the noise-canceling mode during the
task, and the task was performed while listening to a metronome at the BPM
of each condition.

This experiment was approved by the Ethics Committee on Research
Involving Human Subjects at Saitama University (R4-E-25). Oral informed
consent was obtained from all participants.

Figure 1: Task image.
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Figure 2: Experimental environment.

Figure 3: Experimental protocol.

In the continuous addition task, participants solved for the sum of two
adjacent numbers in a random number sequence displayed on the screen by
entering the value of the last digit of the sum on a numeric keypad. In these
tasks, a new number sequence was displayed every minute, regardless of the
number of answers, in accordance with the original Kraepelin test. Additi-
onally, a practice test was conducted prior to the experiment to avoid the
effects of numeric keypad input and task habituation.

The Two-Dimensional Mood Scale (TDMS) was administered before and
after the experiment tomeasure the following four psychological states: “acti-
vation”, “stability”, “comfort”, and “arousal”. The Visual Analog Scale
(VAS) questionnaire was administered only after the experiment, and the par-
ticipants were asked to respond to the following questions: tempo preference,
concentration, and time pressure (TP). The experiment consisted of three tri-
als with 12 male Japanese participants (22.3 ± 1.1 years old), and each trial
consisted of a task in which the participants listened to sounds under diffe-
rent tempo conditions. In setting the tempo condition, 60 BPM was used as
the standard tempo, referring to the average number of responses of approxi-
mately 60 /min in the continuous addition task experiment without listening
to tempo sounds that had been conducted beforehand. In addition, referring
to the condition setting in a previous study (Takahashi and Honda, 2013), a
tempo of ±30 BPM was adopted as the reference tempo, and three conditi-
ons of 30, 60, and 90 BPM were set. The experiment was counterbalanced
to suppress bias caused by differences in the order of trials in the three con-
ditions, and participants were asked for their impressions of the experiment
after completion.
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ANALYSIS METHOD

Evaluation Index Based on Finger Volume Pulse Wave

LF/HF values, which are used as an index of mental stress by utilizing the
autonomic nervous system, were used to evaluate the finger volume pulse
waves. The LF/HF values obtained during the post-task rest and pre-task
rest periods were averaged, and the difference was considered the evaluation
index.

Evaluation Index by Psychogenic Sweating

The skin electrodermal response (GSR), which is generated by the activity
of sweat glands due to excitation of the sympathetic nervous system, was
used to evaluate psychogenic sweating (Nakagaki et al. 2006). The GSR was
obtained for one minute of rest before and after the task and for five minutes
during the task. The difference between the mean of the post-task rest and the
mean of the pre-task rest divided by the standard deviation of the pre-task
rest was used to compare the results across conditions of the tempo of the
sound being listened to.

Emotional Evaluation Before and After the Continuous Addition Task

For TDMS scores other than “arousal level”, a positive score indicates a
pleasant and favorable psychological state, whereas a negative score indi-
cates an unpleasant and unfavorable psychological state. The results of the
pre-task rest measurements were used as the baseline, and post-task rest mea-
surements were evaluated by subtracting the baseline from the post-task rest
measurements.

EXPERIMENTAL RESULTS

To compare each index between the two groups, a t-test or Wilcoxon signed-
rank test was performed, and Bonferroni’s multiple comparison method was
used to correct for differences.

Experimental Results Using Biometric Measurements

Figure 4 shows the results of the analysis of the differences between the post-
and pre-task rest LF/HF values and the GSR for the 12 participants in each
tempo condition.

Results of the Emotion Rating Questionnaire

Figure 5 shows the difference between the “arousal level” item of the TDMS
before and after the task for each tempo condition. The results were tested
for each tempo condition and found to be significantly different between
30 BPM and 90 BPM at the 5% level of significance.

Experimental Results on the VAS Questionnaire

Figure 6 shows the results of the “TP” item of the VAS questionnaire for each
tempo condition. The results for each tempo condition showed a significant
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Figure 4: Relationship between conditions and bio-information.

Figure 5: Relationship between conditions and arousal.

Figure 6: Relationship between conditions and TP.

difference at the 1% level between 30 BPM and 60 BPM and at the 5% level
between 30 BPM and 90 BPM.

Experimental Results on the Performance of the Sequential
Addition Task

The results of the tests on the number of responses, the number of correct
responses, and the percentage of correct responses for each tempo condition
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Figure 7: Relationship between the number of trials across all conditions and the
number of answers.

showed no significant differences at the 5% level. To observe the effect of
growth on the ability to solve the task over time, the results of the task were
categorized by the number of experiments. The results are shown in Figure 7.
The test results showed that there was a significant difference at the 1% level
in the “number of answers” item for all combinations of each condition.

DISCUSSION

The results of the TDMS and VAS questionnaires together suggest that task
performance at a listening tempo of 30 BPM tends to reduce perceived TP
and produce a more active mood state. Therefore, it is thought that listening
to 30 BPM sounds a state of mind suitable for activity in the participants and
suppresses the anxiety and impatience caused by TP, enabling them to engage
calmly in the task.

The task results showed that the “number of answers” significantly incre-
ased with the number of times the experiment was conducted. This indicates
that the effects of task habituation cannot be fully corrected by using prior
practice problems. Considering the possibility that this effect may be related
to mental stress, concentration, and subjective TP, we analyzed each item by
the number of times the experiment was conducted and found no significant
difference at the 5% level for all items except “number of answers”. The-
refore, the effect of the number of times the experiment was conducted was
considered significant only in terms of the percentage of correct responses.

In the comments after all the experiments, several participants responded
that they felt impatient when they made a mistake in the task while liste-
ning to a tempo of 60 BPM or higher or when the timing of the metronome
sound and the input timing were off. This suggests that in tasks in which the
participants listened to a tempo close to or faster than the natural tempo of
their answering, theymay have been psychologically motivated tomatch their
input timing to that tempo. Consequently, it can be inferred that the input
timing is delayed owing to errors and that the input timing shifts from the
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answer tempo tomatch the sound tempo, which arouses impatience and anxi-
ety. Because the workers’ response tempo is generally faster than 30 BPM, it
can be considered that the response tempo is faster than the sound tempo
when the sound tempo is 30 BPM, making it less likely to arouse impatience
and anxiety when a mistake is made.

CONCLUSION

The purpose of this study was to evaluate the effects of sound tempo on the
mental stress and emotional state of workers during work. As a result, when
the workers worked while listening to a sound at a tempo of 30 BPM, the
TP they felt decreased, and they tended to be in a more active mood state.
Individual differences in the number of responses to the continuous addition
task were significant in the results of this experiment. This suggests that the
working tempo of each participant had a significant effect on the number of
responses to the sequential addition task. Therefore, it is assumed that the
tempo that considers the individual response characteristics can be found by
measuring the work tempo of each participant in advance and calculating and
presenting the high and low tempo in proportion to that. This method can
be used to determine the tempo that contributes to the improvement of work
efficiency and alleviation of mental stress, based on the base work tempo
information, and can be adapted for each individual.
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