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ABSTRACT 

Expressive performance requires strict temporal coordination. 
Especially  in ensembles, temporal coordination between 
performers is crucial. Revealing co-performers ’  temporal 
coordination can provide useful suggestions not only for performers 
to generate musical expressiveness, but also for the further 
understanding of interactional processes in ensemble performance. 

This issue has been investigated in terms of musical tones only. 
However, it has been pointed out recently that performers use 
various nonverbal behaviours to coordinate with other performers. 
Body movement seems to be particularly important due to its 
ongoing occurrence.  

This study tried to examine the role of body movement in 
co-performers' temporal coordination. To this end, synchronization 
tasks on electronic drums by two participants were completed in 
face-to-face and non-face-to-face condition. Synchronization 
scores and the relationship between two participants' body 
movements were compared between the two conditions. 

Higher synchronization scores were found in the face-to-face 
condition. Also it was found for this condition that participants’ 
body movement showed similarities occurring due to the necessity 
of achieving temporal coordination. 

This study clarified two significant aspects: first, the presence of 
visual information contributes to temporal coordination between 
performers, and second, performers’ body movements interact in 
response to the necessity of temporal coordination when visual 
information is available. These results strongly suggest a significant 
contribution of body movement to temporal coordination between 
performers. 

1. INTRODUCTION 
Musical behaviour is one of the most time dependent activities of 
humans, and musical performances are produced and appreciated as 
they gradually develop over time. This characteristic of music 
requires performers to strictly control temporal aspects of their 
performance such as timing when they try to effectively generate 
musical expressiveness. Especially in ensembles, coordination 
between performers is crucial.  

Revealing how co-performers achieve coordination has several 
important implications. First, it can provide useful suggestions for 
performers as to how to generate expressive performances. 
Expressive performances often include deviations from the timing 
indicated in the musical score, and therefore temporal coordination 
between co-performers becomes particularly important. Second, it 
can enable the improvement of performance support systems for 
more expressive human-computer interaction. Third, it can lead to a 
further understanding of interactional processes in ensemble 
performance. This can provide a theoretical foundation for a certain 
type of music therapy in which a therapist and a client perform 
together.  Hargreaves, MacDonald & Miell (2005) referred to the 
potential of music to provide an opportunity to interact with others 
for people who have difficulties in communicating in ordinary ways. 
To understand such function of music, more knowledge about 
moment-by-moment interaction developed in ensemble 
performances is required. 

This issue has inspired several researches (Rasch, 1988; Horiuchi, 
2002). These studies investigated co-performer’s temporal 
coordination only in terms of musical tones they produced. 
However, it has been argued that in actual ensemble situations, 
performers use various nonverbal behaviours, including body 
movement, breathing, gaze, to coordinate their performance 
(Williamon & Davidson, 2002). In focusing on body movement and 
describing its role in musical behaviour, Davidson & Correia (2002) 
pointed out that performers use the pattern of their body movement 
to coordinate with each other. Indubitably, body movement could 
be regarded as being a more prominent cue than other nonverbal 
behaviours because of its ongoing occurrence. Given this 
perspective, it seems that investigations in terms of musical tones 
only are not sufficient to explain co-performers’ temporal 
coordination, and therefore the role of nonverbal behaviour, 
particularly body movement, needs to be examined. In addition, it is 
necessary to clarify the relationship between coordination and these 
cues in actual ensemble situations. However, little quantitative 
research in this respect has been carried out.  

This study examined whether body movement contributes to 
temporal coordination between co-performers in a basic ensemble 
situation. For this purpose, a synchronization task on electronic 
drums in which two participants synchronized their equal interval 
tapping was completed. Two experimental conditions were applied: 
face-to-face condition and non-face-to-face condition. 
Synchronization scores and body movement were measured 
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quantitatively and compared between the two conditions. We 
hypothesized that synchronization scores would be higher in the 
face-to-face condition than in the non-face-to-face condition 
because availability of visual cues in the face-to-face condition may 
facilitate temporal coordination between co-performers, and that in 
face-to-face condition, an interaction of body movement between 
the two participants would be found. 

2. METHOD 
2.1 Participants 

16 graduate and undergraduate students (male=8, female=8) of 
Osaka University participated. Their age ranged from 18 to 46 years 
old(mean= 23.6 years). The participants were tested in pairs of the 
same sex, and they had not met prior to the experiment. None of 
them had any previous musical experience as a drummer. 10 
participants were assigned to the face-to-face condition, and the rest 
to the non-face-to-face condition. 

2.2 Apparatus 
The experiment was conducted in two adjacent sound proof rooms 
separated by a window. The two rooms were acoustically 
independent from each other, and shared visual information through 
the window. In the non-face-to-face condition, visual information 
was eliminated by drawing a curtain over the window. An 
electronic drum pad (Roland, PD-6) was placed in front of the 
window in each room. A percussion sound module (Roland, TD-10) 
was used to generate drum tones and MIDI data based on the 
participants’ tapping on the drum pads. A work station (TASCAM, 
SX-1) recorded the MIDI data transmitted through the sound 
module. The drum tones were presented through loud speakers 
(DENON, SC-T777SA) in each room through an amplifier (SONY, 
TA-V88ES). To record the participants’ body movement, a CCD 
camera (DAIWA, SE-72F) and HD-equipped DVD recorder 
(TOSHIBA, RD-X5) were used. 

2.3 Task 
Participants were asked to synchronize as much as possible their 
equal interval tapping on electronic drum pads with their dominant 
hand.  They didn’t receive any instruction about tempo. They were 
seated on chairs placed to face each other across the window which 
separated sound proof rooms. They started and stopped their 
tapping following audio cue presented at the start and end of a trial. 
Each experiment consisted of five trials, the duration of each being 
one minute. 

2.4 Procedure 
After receiving instructions regarding the experimental procedure 
together, participants were introduced into each sound proof room 
separately. First, they were prepared for the measurement of body 
movement by covering the area around their wrists with black cloth, 
with a white mark at the wrist position. Next, they were instructed 
to practice tapping on the electronic drums. During the practice 
session, participants could hear only drum tones produced by 
themselves, and could not see each other, the curtain being drawn 
over the window. Participants continued their practice until they 
considered they were familiar enough with the electronic drum pad 

tapping. After both participants finished their practice, they 
proceeded with the synchronization task. 

2.5 Measurement 
Participants’ tapping on the electronic drum pads was recorded as 
MIDI data by the work station. Their tapping time was obtained by 
analyzing the MIDI data. Participants’ body movements recorded 
during the practice session and the synchronization task were 
analyzed using a time-serial body movement analysis software 
(DKH, FrameDIAS ΙΙ). 

Synchronization scores.  Synchronization scores were calculated 
for each pair as the absolute value of time difference between the 
two participants’ tapping. Only the last 30 taps of each trial became 
subject of analysis. 

Indicators of body movement. The two indicators of body 
movement considered in this study were size and temporal patterns 
of the rise and fall movement of the wrist. They were obtained 
based on time-serial body movement data for the last 30 taps of 
each trial and the practice session. Size of wrist movement 
represents the distance between the lowest position of a tap and the 
highest position prior to the next tap. Temporal pattern indicates the 
duration from the moment of tapping to the next highest position 
calculated in proportion to the duration from the moment of tapping 
to the next tap. 

3.  RESULTS 
3.1 Synchronization scores 

Synchronization scores were compared between face-to-face 
condition and non-face-to-face condition in order to examine 
whether participants’ temporal coordination differed between the 
two conditions. Figure.1 shows means of synchronization scores in 
the two conditions for each of the 5 trials. In all trials, 
synchronization scores were higher in the face-to-face (FTF) 
condition than in the non-face-to-face (nonFTF) condition. 
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Figure 1: Synchronization scores in the two conditions. All pairs’ 
synchronization scores in each condition were averaged for each 
trial. 

Since participants were faced for the first time with the necessity of 
coordinating their tapping during the first trial, it is expected that 
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their behaviours would be heavily influenced by that necessity in 
the first trial, and therefore we may assume that characteristics of 
body movement for participants’ temporal coordination can be 
already identified from the first trials. Herein we shall take into 
consideration for analysis only the results obtained in the first trials.  

3.2 Body movement 
To examine whether an interaction existed between participants’ 
body movement in the face-to-face condition, similarity of body 
movement was inspected in regards to size and temporal pattern. 
Participants had individual characteristics of body movement, and 
therefore the relationship between their body movements was 
peculiar to each pair. Given this, the similarity of body movement 
was examined based on comparisons of the relationship of body 
movements in the first trials with that in the practice sessions. 

Similarity of body movement size was calculated as a ratio of the 
two participants’ body movement sizes for each tap, smaller ratio 
indicating more similarity. Figure.2 and Figure.3 show the mean 
ratios of body movement size for the practice session and the first 
trial. In the face-to-face condition, participants’ body movement 
sizes were more similar in the first trial for all pairs; however, 
consistent results were not found in the non-face-to-face condition. 
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Figure 2: Ratio of the two participants’ body movement size in the 
face-to-face condition. Ratios of the practice session and the first 
trial are shown for each pair in logarithmic scale. 

 

 

 

 

 

 

 

Figure 3: Ratio of the two participants’ body movement size in the 
non-face-to-face condition. Ratios of the practice session and the 
first trial are shown for each pair in logarithmic scale. 

Similarity of temporal pattern of body movement was calculated as 
the difference of the two participants’ temporal patterns of body 
movement. Smaller difference signifies more similarity. Figure.4 

and Figure.5 show the mean differences of temporal patterns of 
body movement for the practice session and the first trial. In the 
face-to-face condition, temporal pattern of participants’ body 
movements were more similar in the first trial, except for one pair; 
Again, the non-face-to-face condition did not show consistent 
results. 

 

 

 

 

 

 

 

 

Figure 4: Difference of the two participants’ temporal patterns of 
body movement in the face-to-face condition. Practice session and 
first trial results are shown for each pair. 

 

 

 

 

 

 

 

 

Figure 5: Difference of the two participants’ temporal patterns of 
body movement in the non-face-to-face condition. Practice session 
and first trial results are shown for each pair. 

4. DISCUSSION 
Results obtained in this study confirmed our hypothesis that 
synchronization scores would be higher in the face-to-face 
condition. The scores were higher throughout all trials, indicating 
that visual information strongly contributed to the synchronization 
of tapping. This result provided quantitative evidence that the 
availability of visual information facilitates co-performers’ 
temporal coordination, and supports previous research that 
suggested a contribution of various nonverbal behaviours to 
co-performers coordination in actual ensemble situations.  

Comparisons of the relationship of participants’ body movement in 
the first trial with that in the practice session showed that in the 
face-to-face condition, body movement became more similar in the 
first trial.  This similarity in the first trial of the face-to-face 
condition was found both in size and temporal pattern of body 
movement. Absence of these similarities in the non-face-to-face 
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condition indicates that they are specific to the face-to-face 
condition. In the practice session, since information about partners 
is not available, participants’ body movements show more 
individual characteristics. Thus, the similarity of body movement in 
the face-to-face condition implies that participants changed their 
body movement to match that of their partners’, based on available 
visual information. This means that interaction of body movement 
occurred. The similarity of body movement resulting from 
co-performer interaction was also pointed out in a case study on 
piano duo (Williamon & Davidson, 2002). 

Another major difference between the practice session and the first 
trial relates interaction of body movement in the face-to-face 
condition to temporal coordination. Participants tapped 
individually during the practice session, without any information 
about their partners, and this situation did not require any 
coordination between participants. On the other hand, they were 
required to achieve temporal coordination in the first trial, thus the 
similarity of body movement in the face-to-face condition is 
thought to be caused by the necessity of reaching temporal 
coordination. 

It is inferred that similarity of body movement includes 
characteristics that contribute to temporal coordination in several 
ways. As body movement provides ongoing information and is 
directly related to tapping, participants would be able to predict 
their partners’ tapping from their body movement. If they display 
different temporal patterns of body movement, important 
information that can add to the coordination of their tapping would 
be provided too late for the partner to use. Similarity of temporal 
patterns appears to have an important role in the mutual utilization 
of the partner’s body movements. In addition, similarity of 
movement size and temporal pattern may lead to the sharing of a 
common way of coordinating behaviour between participants, this 
enabling them to predict their partners' behaviour more easily. 

As mentioned above, in the face-to-face condition higher 
synchronization scores and an interaction of the participants’ body 
movement in response to the necessity of temporal coordination 
were found. These results strongly suggest the possibility that the 
interaction of body movement contributed to participants’ temporal 
coordination. 

This has several implications. For expressive performance, 
temporal coordination utilizing body movement may be useful in 
the cases in which produced musical tones deviate from the musical 
score, as it often happens in swing for instance, and therefore 
coordination based on musical tones would be difficult. For 
performance support systems, introducing coordination based on 
body movement may enable more expressive human-computer 
interaction. Recent development of sensing device of human 
movements may allow the designing of such system. 

5.     Conclusion 
In conclusion, this study clarifies two significant aspects regarding 
co-performers' temporal coordination quantitatively. Firstly, 
co-performers' temporal coordination was facilitated by the 
presence of visual information. This contribution observed 
throughout all trials suggested that visual information continuously 

provides important cues in an ensemble situation. Secondly, when 
visual information was available, the interaction of performers' 
body movement occurred in response to the necessity of temporal 
coordination. These two aspects pointed out herein strongly suggest 
that body movement contributes to co-performers' temporal 
coordination. This study represents a first step in the exploration of 
a temporal coordination mechanism based on body movement. To 
generate such mechanism, further study on this issue is necessary, 
such as the examination of how performers coordinate through 
interaction of their body movement moment by moment, and the 
further clarification of the results obtained in this work by 
examining the situation in which only information about body 
movement is available. 

6. REFERENCES 
1. Davidson, J. W., and Correia, J. S. Body Movement. In Parncutt, 

R., and McPherson, G. E. (Eds), The Science and Psychology 
of Music Performance (237-250). Oxford University Press, 
New York, 2002. 

2. Hargreaves, D. J., MacDonald, R., and Miell, D. How do people 
communicate using music? In Miell, D., MacDonald, R., and 
Hargreaves, D. J. (Ed), Musical Communication (1-25). Oxford 
University Press, New York, 2005. 

3. Horiuchi, Y. “Estimating the model of human performance in 
ensemble”, Journal of Information Processing Society of Japan, 
Vol. 43, No. 2, 260-267, 2002. in Japanese. 

4. Racsh, R. A. Timing and synchronization in ensemble 
performance. In Sloboda J. A. (Ed), Generative Processes in 
Music (71-90). Oxford University Press, New York, 1988. 

5. Williamon, R. A. and Davidson, J. W. “Exploring co-performer 
communication”, Musicae Scientiae, Vol.6, No.1, 53-72, 2002. 

Proceedings of ICoMCS December 2007 Page 75 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


