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Supporting Jogging at an Even Pace by Synchronizing Music
Playback Speed with Runner’s Pace∗

Tetsuro KITAHARA†a), Member, Shunsuke HOKARI†, and Tatsuya NAGAYASU†, Nonmembers

SUMMARY In this paper, we propose a jogging support system that
plays back background music while synchronizing its tempo with the user’s
jogging pace. Keeping an even pace is important in jogging but it is not
easy due to tiredness. Our system indicates the variation of the runner’s
pace by changing the playback speed of music according to the user’s pace
variation. Because this requires the runner to keep an even pace in order
to enjoy the music at its normal speed, the runner will be spontaneously
influenced to keep an even pace. Experimental results show that our system
reduced the variation of jogging pace.
key words: jogging, healthcare, music, smartphone

1. Introduction

Computer-aided prevention of disease and/or disorders has
recently attracted a good deal with attention, and accord-
ingly computing technologies such as those for promoting
healthy behavior are expected to bring beneficial effects [3].
One of the disorders to prevent is the metabolic syndrome.
To prevent the metabolic syndrome, increasing physical ac-
tivity is important. A simple but effective way for increasing
physical activity is jogging. The importance of jogging is in
maintaining an even pace from beginning to end [4], but this
may not be easy for novices. Novice runners often decrease
their pace due to tiredness. If computing technologies can
alert these runners of their pace variations to help them keep
an even pace, it would be useful in allowing them to enjoy
jogging.

We focus on the fact that a number of people jog while
listening to music with their portable music players (includ-
ing smartphones). We then propose a method for telling the
runner the pace variation by synchronizing the music play-
back speed with the runner’s pace. After the runner’s stan-
dard pace is measured, the playback speed automatically in-
creases or decreases, according to the runner’s pace as it
increases or decreases. This method requires the runner to
keep the standard pace in order to enjoy the music at its nor-
mal speed, therefore we expect that this method will raise
his/her awareness of pace control and spontaneously influ-
ence him/her to keep an even pace.

There have been many attempts to support jogging with
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computing technologies (e.g., [5], [6]) and some of them
have focused on music [7]–[12]. Rubisch et al. [7] devel-
oped a mobile-phone-based system that recommends musi-
cal pieces that have a close tempo to the target heart rate
defined by the user-desired amount of oxygen consump-
tion. Oliver et al. [8] also developed a mobile-phone-based
system, called MPTrain, which measures the user’s physio-
logical condition such as the heart rate and selects musical
pieces that will encourage the user to speed up, slow down,
or keep the pace. Nirjon et al. [9] and Adachi et al. [10] also
developed similar systems. These systems use the heart rate
as a measure of the user’s condition, but the measurement
of the heart rate requires a dedicated device (no music play-
ers or smartphones have a built-in function of measuring the
heart rate). These systems adopt the approach of selecting
musical pieces that have an appropriate tempo rather than
changing the tempo of the musical piece being played back.

Ohira et al. [11] developed a music player adapted to
the walking or jogging rhythm. This system uses an accel-
eration sensor for measuring the rhythm of walking/jogging
instead of the heart rate. The advantage of this system is
that it does not require a dedicated device, because most
recent mobile devices have an acceleration sensor. Sakata
et al. [12] also proposed a similar concept called interactive
jogging. However, the effectiveness of these systems has not
been confirmed through experiments.

In this paper, we propose a music player that has the
following features:

• The user’s behavior is measured only by the accelera-
tion sensor and does not require any dedicated devices.
• The variation of the user’s pace is immediately re-

flected in the playback speed of the musical piece be-
ing played back to allow the user to be aware of his/her
pace variation in real time.

2. Proposed System

The user wears an Android device on his/her hip using a
belt and jogs while listening to music using the earphones
or headphones connected to the Android device. After the
music starts, it is then played back at the normal speed for
15 seconds, because the first five seconds are regarded as a
setup time for running and the next ten seconds are used for
measuring the runner’s standard pace. After measuring the
standard pace, the system starts to synchronize the playback
speed with the user’s pace based on the following method.
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2.1 Preparation of Audio Signals

Audio signals of the target music with different playback
speeds are generated on a PC in advance. In the current
implementation, those with 0.5, 0.6, . . . , 2.0 times of the
original speed are generated based on Phase Vocoder [13]
using the MARY Text To Speech Libary [14].

2.2 Measurement of Jogging Pace

The pace is measured with the acceleration sensor built in
the Android device. The acceleration value α(t) is defined
by:

α(t) = |ax(t) − ax(t − 1)| + |ay(t) − ay(t − 1)|
+ |az(t) − az(t − 1)|

and is measured every 80ms, where ax(t), ay(t), and az(t)
are the accelerations along the x-, y-, and z-axes, respec-
tively. When α(t) is higher than an experimentally deter-
mined threshold αθ, the step counter is incremented. The
number of steps for the previous four seconds is regarded as
the jogging pace at that time.

The previous methods [11], [12] use the acceleration
only in the vertical direction. However, the relationship be-
tween the sensor’s internal axes and the external axes (i.e.,
which of the x-, y-, and z-axes is vertical) depend on how the
user wares the device. In jogging, the non-vertical accela-
tions are expected to be sufficiently smaller than the vertical
accelation. We therefore simply add all of the three direc-
tional accelations.

2.3 Switching of Playback Speed

For every second, the system calculates the pace and ac-
cordingly switches the audio signal. As an example, when
the pace at time t is 0.8 times the standard pace, the audio
signal with 0.8 times of the normal speed is used.

3. Experiments

3.1 Experimental Condition

We conducted experiments on jogging using our system.
There were ten participants, ages 22 to 23. Participant E ex-
ercises every month and Participant H exercises more than
three times a week, while the remaining eight partcipants
usually do not exercise. The procedure was as follows:

1. Try a two-minute jog three times, listening to music
with the normal playback speed, at 30-s intervals.

2. Rest for enough time.
3. Try a two-minute jog three times again, listening to mu-

sic with our system, at 30-s intervals.

To avoid order effects, we replaced Step 1 with Step 3 for
half of the participants.

We used a straight course and asked the participants to
turn back around one minute after they started. In choosing a
musical piece, we should prevent that the results are affected
by whether the participants know the piece used. We there-
fore chose a musical piece from RWC Music Database [15],
no pieces in which were known to any participants. From
this database, we took “Tonight’s the Night for Love” be-
cause it is suited to background music of jogging†. As an
Android device, we used an Acer ICONIA TAB A100 with
Android 3.2.1.

3.2 Experimental Results

Table 1 lists the temporal average and coefficients of vari-
ation of the every-second jogging pace for each trial. Un-
fortunately the data for Participants I and J were lost due to
device trouble, and those were removed from the table. The
results are summarized as follows:

1. Participant A’s pace decreased at every trial with nor-
mal speed playback. Participant B’s pace also varied
between the trials. On the other hand, they jogged at
consistent paces with our system.

2. The coefficients of variation for the 2nd and 3rd trials
were smaller with our system than with normal speed
playback except for the 3rd trials by Participants E and
G. This means that our system reduced pace variation
caused by tiredness to some extent. For the 3rd trial
by Participant E, the coefficient of variation with our
system was larger than that with the normal speed play-
back. This may be because he frequently exercises. For
the 3rd trial by Participant G, the coefficients of varia-
tion with our system was approximately equal to that
with the normal speed playback.

Table 1 Temporal average and coefficients of variation of pace for each
trial.

(a) Our System
Participant Trial 1 Trial 2 Trial 3

A 28.0 0.071 21.0 0.095 21.0 0.14
B 21.5 0.19 23.8 0.16 22.4 0.13
C 22.8 0.18 22.4 0.16 21.4 0.16
D 27.5 0.12 30.0 0.12 29.6 0.11
E 30.2 0.17 27.7 0.14 28.8 0.17
F 11.1 0.18 12.0 0.19 11.2 0.16
G 27.0 0.15 22.8 0.15 19.4 0.17
H 24.7 0.15 29.5 0.17 30.1 0.15

(b) Normal Speed Playback
Participant Trial 1 Trial 2 Trial 3

A 29.5 0.017 22.5 0.47 15.5 0.22
B 10.4 0.27 20.9 0.25 24.2 0.15
C 26.4 0.16 23.2 0.19 23.3 0.18
D 26.2 0.13 26.3 0.14 25.7 0.14
E 27.2 0.19 26.1 0.16 27.4 0.15
F 10.8 0.15 12.5 0.30 12.7 0.18
G 19.3 0.20 19.4 0.21 18.6 0.17
H 8.2 0.26 21.8 0.18 24.6 0.20

†This is a newly composed piece for this database, and there-
fore different from the piece with the same title by Al Johnson.
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Fig. 1 Pace by Participant A with normal playback (upper) and with our
system (lower).

Table 2 Results of questionnaire.

Participant Q1 Q2 Q3 Q4
A 2 5 5 5
B 4 4 4 5
C 4 6 6 3
D 6 7 4 6
E 1 4 2 4
F 3 7 6 5
G 4 7 6 5
H 3 6 6 6
I 3 7 4 7
J 3 6 5 6

Avg. 3.3 5.9 4.8 5.2

Details of every-second paces by Participant A are
shown in Fig. 1. The pace was reduced for each trial with
normal speed playback, whereas the pace with our system
was not reduced. The pace largely decreased on turning
back for normal speed playback, while the pace did not de-
crease with our system. This would be an effect of synchro-
nizing music playback with the running pace.

3.3 Questionnaire

We asked the ten participants to answer a questionnaire con-
sisting of the following questions:

Q1 Did the music playback synchronized to your pace?
Q2 Did you consciously control the jogging pace according

to the music?
Q3 Did you feel that jogging becomes easy with our sys-

tem?
Q4 Do you want to use this system in your daily life?

The questionnaire was conducted on a scale of one to seven.
The results are shown in Table 2. The result for Q1

was not high. Our system updates the playback speed at ev-
ery second according to the average pace during last four
seconds, so a little latency occurred in the synchronization.
This is why the result of Q1 was not high. The result for Q2
was high. It means that our approach successfully raised the
runner’s consciousness of pace control. The results for Q3

Table 3 Participants’ comments (excerpt).

The change of the playback speed was more frequent than expected. It
could be better to keep the same playback speed at least two seconds. I
would like to try this system with other musical pieces. I’m interested
in what happens when I go up the stairs.
It was interesting. The playback sufficiently closely followed my run-
ning pace although there was a little bit latency. The sound quality was
also good. The change of playback speed was good because it’s not
insistent, compared to indication by voice such as “too fast” and “too
slow.”
Some people may want to enjoy music independently of jogging. This
system is not suitable for such people. The margin of the pace for the
normal playback speed should be a litte more broader.
It will be interesting if this is released as a smartphone app. The sound
quality was no problem. I felt latency. I tried to jog according to the
tempo of the music. It made the jogging easy.
The synchronization had latency. However, it was interesting that I can
recognize my pace of running.
I took care to keep the speed of music during the running. Due to it, I
didn’t feel very much pain. It was interesting.

and Q4 were also high on average. This means that our sys-
tem is useful to support jogging by people without frequent
exercise.

Table 3 lists an excerpt of the comments given by the
participants. Except for the latency of synchronization, they
had positive impression on the whole.

4. Conclusion

To encourage the runner to maintain an even pace in jog-
ging, we developed a system for indicating pace variation
by synchronizing the music playback speed with the run-
ning pace. Experimental results showed that this system
raised the runner’s awareness of pace control and success-
fully reduced pace variation.

In the current implementation, it is necessary to pre-
pare audio signals with various playback speeds in advance
on a PC. To solve this problem, we plan to implement the
Phase Vocoder [13] and real-time music synchronization on
the Android platform. We also plan to distribute this soft-
ware to collect users’ feedback for further improvement.
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