JOURNAL OF MEDICAL INFORMATICS& TECHNOLOGIESVoal. 13/2009, | SSN 1642-6037

synchronization, music, musical beat,
heartbeat, Cardio-Music Synchrogram

Makoto FUKUMOTO' Shusaku NOMURA

THE CHANGE IN THE SYNCHRONIZATION BETWEEN HEARTBEAT AND MUSIC

In this study, the change in the synchronizatiotwben heartbeat and music was investigated. Thagohena of the
synchronization between human heartbeat and musicglo has been reported in several previous Stud@vever, it has not yet
been fully investigated including the effect of nbag the tempo of musical piece on the synchraioza In the experiment,
the subjects were exposed to musical pieces inhwifie tempo was manipulated to gradually increa@iagned “Up” condition),
decreasing (“Down”) and constant (“Flat”). Throughe analysis by our developed software, Cardio-MuSimichrogram,
the shortest length of the total synchronizationgaks was observed in Flat condition. Furthermdihe, temporal change in the
synchronization was investigated.

1. INTRODUCTION

Musical pieces are often used for making atmosphenarious situations. Especially, relaxation effef music is
often used for reducing anxiety of patient, eagirgsonal feelings, etc. Although some previousietutave partly revealed
the psycho-physiological effect, the relaxationeeffof music and its mechanism have not been iddrifTo verify main
effective factors of music, Hevner has comparedefiectiveness of musical factors and clarifiedt tteanpo is the most
effective factor on listener’s impression [8]. Effeof musical tempo is generally realized as aiifgctistener’'s impression:
fast tempo affords excitation feeling, and slow pemaffords relaxation feeling [10], respectively.

How does musical tempo affect listener's psychosphiggical states? Observing a relationship betwesanpo of
music and physiological index of a listener mayriffathe mechanism of effects of music. As a fitrsal, Bason et al. have
investigated the relationship between simple soand listener’'s heartbeat [1]. They have observedemtnainment of
heartbeat intervals by interval of consecutive pgorees. Based on their finding, some previous stutiave investigated the
entrainment and synchronization of heartbeat byicausempo [3, 4, 5, 6, 11, 12, 13, 15]. Kusunokiaké have developed
Cardio-Music Synchrogram (CMS), which is effectieml to visualize the synchronization between Hesat and musical
beat [11]. Fukumoto et al. have investigated theckgonization with relaxation musical pieces whittanges its tempo [4, 5,
6].

In the previous study, three kinds of changes imp@ of musical pieces were used in listening expenis.
However, concrete properties of the synchronizatiave not been clarified completely yet.

In this study, based on the previous study [6],s§nechronization between heartbeat and musicalibéatestigated in
details. Same musical pieces with three differdmainge in their tempo are used in the listening exmnt. CMS is used for
observing and analyzing the synchronization. Thetle of the synchronization periods and changesartirate between three
musical conditions are compared. Furthermore, teatmihanges in synchronization state are obserie.synchronization
would be used for several applications in the afesntertainment, therapy, media contents, etc.

2. METHOD

2.1. METHOD

This section describes the experimental procedutlenausical stimuli used in the listening experiment

2.2. SUBJECT AND PROCEDURE

Eight males participate in the listening experimamsubjects. All subjects don't have any specahing of music.

The listening experiments are performed in a quoeim. All subjects individually participated in foexperimental
conditions. Each condition is composed of thredi@es, 4 min rest sectionl, 10 min musical sectang 1 min rest section2.
In the listening section, the subjects listen tarfdifferent stimuli through headphone includinge#n musical stimuli and
no-music. The order of four experiment is randowmhife each subject.

Electrocardiogram is measured during each of #terling experiments. Times of R-waves in the ebeetrdiogram are
detected as times of heartbeats. To compare theteff four stimuli, heart rates (hnumber of heaatbger 1 min) between rest
sectionl and rest section2 are compared. To obgbesesynchronization between musical beat and Iheart CMS is
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constructed afterward of the all listening expenise The length of synchronization periods is comg@abetween three
musical conditions. The change in the synchrorepaiéngth in 1 min periods is also investigated.

2.3. MUSICAL STIMULI

All of three musical stimuli are made from same itaispiece. Gymnopedy No.l1 is selected as the raLigiece.
Tempi of them are initially set 66 beats per min{ipm), but two of them change its tempo. The nalgiece and initial
tempo and ratio of change in tempo of three musigaiuli are defined by referring to the previousdées [4, 5, 6]. Tempi in
three conditions are described as below.

Down condition: 66 bpm to 46 bpm.

Flat condition: 66 bpm to 66 bpm.

Up condition: 66 bpm to 86 bpm.

In Down and Up conditions, tempi of musical stimaile gradually changed 2 bpm per 1 min, respegtiahanges in

tempo are precisely reflected in each interval abical beats. The format of the musical stimuMissical Instrument Digital
Interface.

2.4. CARDIO-MUSIC SYNCHROGRAM AND SYNCHRONIZATION PERIOD

To observe the synchronization between musical bedt heartbeat, CMS is used. Furthermore, synctaton
periods are detected by using CMSs. This sectiaeries construction of CMS and detection of syorization periods
from CMS.

2.5. CARDIO-MUSIC SYNCHROGRAM (CMS)

CMS has been developed for observing the synchatiaiz between musical beat and heartbeat [11].r&igushows
how to construct the CMS. In the CMS, horizontalsameans time, vertical axis means musical beatartHeats are
represented on the development of musical beapedily in the Flat Condition, musical beats depsllinearly against time
development like bold line shown in Fig. 1, and dimf heartbeats are represented on the line. Tluseps means
development of heartbeat is represented in devadoprof musical phase. After that, heartbeats onntlisical phase are
folded into three musical beats (modulo). If thésesynchronization, parallel lines are observedthia CMS (Fig. 2).
As moduli, three, four, and five musical beatsw@sed to construct CMSs.
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2.6. DETECTION OF SYNCHRONIZATION PERIODS

This sub-section briefly describes the detectioaywichronization periods by using CMS. To deteetdynchronization
period between musical beat and heartbeat, at&tatisechnique proposed by Kusunoki et al. [11lised. The technique is
based on statistical method and uses two synchrmggrarmal synchrogram and hypothetic synchrogratwéxen musical beat
and heartbeat in a no-music condition. Synchrominaperiods are detected as rare period in hypettsstnchrogram
(Significance level is set 0.05 in this study). 8eearticle [11] for further description of thistéction method.

3. RESULTS

3.1. SYNCHRONIZATION PERIODS IN CARDIO-MUSIC SYNCHROGRAM

Figure 3 shows the change in instantaneous hdar{Fay. 3(a)) and CMSs (Fig. 3(b)) of a subjecbiown condition.
Tempo of the musical stimulus is represented asgstr line from 0 s to 600 s in Fig. 3(a). In Figu(b), synchronization
periods are also shown in narrow boxes above ed8.dhe black bold line in the narrow boxes indésathe detected
synchronization periods. Instantaneous heart satiefined as 60.0/(heartbeat interval), and timi@finstantaneous heart rate
is its time of prior heartbeat of the interval. $8eCMSs are based on three, four and five musézkhrespectively.

Parallel lines are observed in all CMSs, and syoization ratios are different; 5:4 (around 10rg) 4:1 (around 180 s
and 500 s).
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Fig. 3. An example of (a) heart rate in Down coieditand (b) its Cardio-Music Synchrograms

3.2. LENGTH OF SYNCHRONIZATION PERIODS

To compare the total length of synchronization gasibetween conditions, averaged synchronizatioioghén each
subject and each condition are calculated. To suimedhe synchronization periods obtained from éh@&MSs of each
subject, overlapped synchronization periods betwiem is calculated for each subject.

Figure 4 shows average length of the total syndhation periods. According to this graph, shortestgth of the
synchronization period is observed in the Flat d¢owl and almost same length is observed in theviand Up conditions.
Tendency of the effect of musical tempo on the fleraf the synchronization periods was observed Witte-way repeated
measure of Analysis of Variance.

231



MUSIC AND PSYCHOLOGICAL THERAPY IN MEDICIN

350

300

250

200

Time [8]

150

100

50

Down Flat Up

Fig. 4. Total length of synchronization periodeach condition

3.3. CHANGE IN HEART RATE

To investigate the physiological effect by thedishg musical pieces, change in heart rate is cogdp&lo significant
difference of heart rate in 1 min before the ligtgrperiod and 1 min after the listening period whserved.

3.4. TEMPORAL CHANGE IN SYNCHRONIZATION

To investigate the temporal change in the synchation length, synchronization length in 1 min pds are observed
in Down and Up conditions, in which long synchratian length were observed in section 3.2. Figushd&ws the average of
the synchronization length in each 1 min (60 sjgukin Down and Up conditions respectively (Summatof the length in
these periods means total length of the synchrbaizahown in Fig. 4).

In Down condition, peak of the synchronization ldngvas observed in 300-360 s period, and the spmitation
length tended to decrease in accordance with temhgi@velopment. In contrast, in Up condition, maximlength of the
synchronization was observed in 540-600 s period, the synchronization length tended to increasacitordance with
temporal development. Statistical analysis is pgiiad to these results.
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Fig. 5. Temporal change in synchronization lengtbach 1 min period in (a) Down condition and (lp) ddndition
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4. DISCUSSION

In the example of instantaneous heart rate ar@dWSs in Down condition, different ratios of the shinonization were
observed. This property of the synchronization v@iiSs was observed in other subjects. The decrdarstantaneous heart
rate was also observed around 480 s, and using & @ith other basal musical beats (modulo) wouldualize this
synchronization. Furthermore, as shown in Fig. B tbe synchronization was considered as interntitighenomenon.
Therefore, the existence of the synchronizationrditl result the change in heart rate. Homeostasagntains the constant
internal conditions [14], might concern the intettemce.

Shortest total synchronization was observed in &taidition. The total synchronization in Down ang tonditions
were about 1.5 and 2.0 times as long as in Flatlition respectively. There seem several synchrdioizaatios for each
subject, therefore, change in the musical tempdpgrand Down conditions might search the synchrdiurgperiods, and its
resulted the difference of the total length of $lgachronization between conditions.

The results of observing the temporal change insyrechronization showed the possibility of the demin the
synchronization length in accordance with tempatalelopment. In the previous study, the synchrdicizalength is
supposed to be increased in accordance with teingevalopment [6], however, the results of thisdgtwere different from
the supposition. The result of the temporal changde synchronization was the average betweesubgcts, therefore the
result did not reflect the individual differenc&srther investigation reflecting the individualfdifence is needed to clarify the
change in the synchronization precisely, becauseetivas a difference in the total length of theckyonization between
subject.

As the cause of the synchronization has not besifiet, we have a hypothesis that connect thetestitwo previous
studies. One of result was the entrainment of éspiration by the musical tempo [7] and the anottes the synchronization
between respiration and heartbeat in sleep [16s&hesults indicate the possibility of the synofration between heartbeat
and musical tempo through the intermediation ofrtepiration. Some other previous studies [2, 9ehsuggested the effect
of velocity of music on temporal change in cardesaar response, therefore, many musical fact@sansidered as relating
the synchronization.

5. CONCLUSIONS

In this study, the change in the synchronizatiomvben heartbeat and musical beat was investigatbdhvee musical
stimuli. These musical stimuli were made from samasical piece having different change in its tem@éith CMS,
synchronization periods were detected in all comaét The comparison of the synchronization peribdsveen three
conditions showed shortest synchronization penoélat condition and tendency of the effect of raakpiece on the total
length of synchronization periods. The differené¢he length did not concern with the change inrhesie in pre and post of
listening musical pieces. Furthermore, the tempcinahge in the synchronization were observed iniDand Up conditions.
The results of this study will contribute for thetical use of music by controlling listener’s photeical states with musical
piece and its tempo.
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