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Abstract

Norwegian telespringar is often referred to as being in so-called asymmetri-
cal triple meter—that is, the three beats in the measure are of uneven dura-
tion. Previous studies report that a systematic long—medium—short beat du-
ration pattern seems to be a prominent feature of telespringar. This paper
investigates how motion data can be incorporated into studies of rhythmi-
cal structures in Norwegian telespringar using motion capture technology.
It is reported from two motion capture studies: first, a fiddler playing tele-
springar on a Hardanger fiddle; second, a couple dancing telespringar. Par-
ticipants’ movements were recorded using an advanced optical infrared mo-
tion capture system. Motion analysis of the fiddler’s foot stamping con-
firms the long—medium—short beat-duration hypothesis. In addition, the fid-
dler’s upper-body movements seem to be in synchrony with the bar level of
the music. Motion analysis of the up/down movement of the body’s center
of gravity in telespringar dancing shows a consistent /ibration pattern. These
results appear to suggest that prominent rthythmical features of telespringar
are represented in both the fiddler’s and the dancers’ body motion. They
also indicate that motion capture technology is an effective means of in-
vestigating music-related movements in telespringar.
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1. Introduction

Music is not only a sonic phenomenon but also a multimodal phenomenon
that encompasses both mind and body. A theoretical starting point for a so-
called ecological perspective on perception is that we obtain knowledge about
the world by constantly interacting with it. Hence, the mind must be un-
derstood as inseparable from the physical body that interacts with the world
(Gibson 1986; Wilson 2002; Clarke 2005). Within this theoretical frame-
work, music perception likewise implies an understanding of body motion,
and it has been suggested that an experienced rhythm is in fact an imagined
motion (Shove & Repp 1995; Iyer 2002). This correspondence between
music and body motion seems to be reflected in rhythmical structures in
music that derives from oral tradition, and that has an intimate relationship
to dance, as in the traditional dance music of Sweden and Norway (see,
e.g., Aksdal & Nyhus 1993; Ramsten 2003). In his studies of Norwegian
folk music and dance, Blom (1981) takes as his point of departure the con-
viction that musical rhythm is intimately related to our bodily experiences,
and that our concepts of thythm are mirrored in the way in which we move
our bodies in synchrony with music. In the earlier article “On notation of
time, signature and rhythm in Swedish polskas”, Bengtsson (1974) suggests
that the specific rthythm patterns in the polska are probably conditioned
by particular ways of dancing as well.

A considerable part of the traditional dance music of Sweden and Nor-
way are in so-called asymmetrical triple meter—that is, the three beats in a
measure are of uneven duration. In attempts to both interpret and notate
this phenomenon, the intimate relationship between the music and the cor-
responding dancing is often emphasized. Also, in accordance with the view
that musical rhythm is intrinsically related to body motion, it has been sug-
gested that performers’ body motion should be incorporated in investiga-
tions of rhythm structures in music featuring asymmetrical meter (see, e.g.,
Blom 1981; Bengtsson 1987; Kvifte 2004). Using motion capture tech-
nology, we can track these music-related motions with great precision, and
the present study discusses the use of this technology in studies of rhythm
structures in Norwegian folk music and dance.
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An advanced optical motion capture system, preferred when very pre-
cise positional data are required (Skogstad et al. 2011), was used for the
study. When one works with quantitative data, one must consider carefully
what is actually measured and why, in order to avoid dwelling upon aspects
of the music that are not relevant to the experience of it. A qualitative analy-
sis of the music of interest can determine which musical features are expe-
rienced as significant, and quantitative data from measurements can then
enable the investigation of these features in more detail—this study, for ex-
ample, measured musical sound and performers’ body motion. Also, a vi-
sualization based on quantitative data (the vertical movement of a fiddler’s
foot, for example) can be analyzed qualitatively. Hence, qualitative and
quantitative methods complement one another and together produce the
best results.

2. Earlier research

From 1892 to 1904 the Swedish folk music collector and schoolteacher
Einar Overgaard (1871-1936) travelled through Western Sweden and also
Valdres, Gudbrandsdalen, and @sterdalen in Norway, transcribing both
vocal and instrumental music. In addition to his transcriptions, Overgaard’s
field notes also include reflections about the notation asymmetrical rhythms
of pols/springar tunes from this area. Regarding the tunes, called springleik,
from Elverum in @sterdalen, he describes how he first transcribed them in
2Y5/4 meter, then changed it to %2 +2/4 meter, but ended up using the nor-
mal 3/4 meter (Ramsten 1982).

The Norwegian fiddler, composer, and music researcher Eivind Groven
(1901-1977) undertook a relatively early study (Groven 1971) of rhythm
in Norwegian folk music styles characterized by asymmetrical triple meter.
He began by noting that since the three beats in a measure are uneven in
duration, a transcription cannot supply an accurate sense of a tune’s rhyth-
mical pattern. As an alternative, then, he made use of an old Morse instru-
ment constructed for punching Morse code into a paper slip moving at a
regular speed of 30 millimeters per second. While listening to music record-
ings, Groven tapped the beat on the Morse instrument, producing a paper
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slip with dots representing the beats in time. By measuring the distance be-
tween the dots, Groven derived a measure of the beat duration pattern in
the tunes. He then calculated the percentage duration of each beat in a
measure to generate an average beat duration pattern, represented by ratio
numbers. For telespringar, his pattern indicated a long—medium—short pat-
tern. Based on the measurement of tunes in various local styles played by
different fiddlers, Groven concluded that these ratio numbers seemed to
be a feature of the tune itself, related to the local tradition from whence it
derived, rather than a result of a fiddler’s personal style.

The Swedish musicologist Ingmar Bengtsson developed methods for
analyzing musical rhythm as performed and perceived (see, e.g., Bengtsson
et al. 1969; Bengtsson & Gabrielsson 1980; Bengtsson 1987) and intro-
duced the concept of systematic variations (SYVAR) to describe the phe-
nomenon of consistent/regular deviations from an isochronous norm
(Bengtsson & Gabrielsson 1980). He identified and measured these sys-
tematic deviations in musical rhythm using analog sound analysis devices
to register features like changes in pitch and amplitude from audio record-
ings (Bengtsson et al. 1969). Based on these data, musical rhythm could be
analyzed and described in terms of estimated measure and beat durations.

In an article on polska, the Swedish musician, music researcher, and
teacher Sven Ahlbick (2003) states that the rhythmical asymmetry in pol-
ska tunes can be schematized as a short beat, then a beat that is at most
twice as long, then a beat that falls between the two and occupies about a
third of the measure. He also shows how the same tune can be played ac-
cording to different metrical interpretations—starting the measure with the
longest beat rather than the shortest, for example. Ahlbick emphasizes that
what is interpreted as the first beat in a measure depends on not only the
metrical accents but also the fiddler’s foot stamping, and he goes on to argue
that there might be a relationship between the accents in the sound and
the performer’s body motion. He divides these accents into two main types:
“grave,” which can be characterized as heavy, sustained, and round, and
“acute,” which can be characterized as light, short, and sharp. The deep ac-
cent might be experienced as a downward body movement, and the acute
as an upward body movement, he argues. He also notes that the pattern is
more important than the individual strength of each accent.
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In another article dealing with the phenomenon of asymmetrical meter,
Kvifte (1999) notes that Groven and Bengtsson are actually measuring two
different things. Groven measures his own beat tapping, or his subjective ex-
perience of a beat pattern. Bengtsson’s measurements, on the other hand,
derive solely from a visualization of physical events extracted from the
sound signal; they do not take into account the ways in which these points
in time are perceived. Kvifte then suggests a method that he describes as a
“Groven approach” with a “Bengtsson modification”. He records the music
of interest into a sequencer program, then plays it back and, like Groven,
records what he experiences as the beat in the music by tapping on a MIDI
keyboard. He then plays back his recorded beats simultaneously with the
music and modifies them until they appear to be in sync with the music.
This method of measurement requires that the researcher is familiar with
the musical code, and Kvifte points out that one way to determine the re-
sult’s source of error is to compare the researcher’s measurements with the
performers’ (both musicians’ and dancers’) measurements, performing the
same tapping task.

In his work on asymmetrical grooves in Norwegian folk music, Mats Jo-
hansson (2009) also refers to Groven and Bengtsson’s research. In addition
to noting that Groven’s measurements mainly represent Groven’s interpre-
tation of the beats, Johansson also points out that the correspondence be-
tween Groven’s measurements and the attack points in the music is not dis-
cussed as such. Johansson also questions the methods used by Bengtsson
with regard to attack points and the onsets derived from Bengtsson’s visual
graphs. Unlike Kvifte (1999) and Groven (1971), that is, Johansson seeks
a picture of the duration pattern based on measurements of the positions
of the actual sound events in the audio signal; unlike Bengtsson, Johansson
favors a measuring method for sound analysis that incorporates both visual
and audible clues. He records the music of interest into a computer program
that shows the music’s waveform and plays the sound back at the same time.
By moving the cursor back and fourth, starting the playback from differ-
ent positions, Johansson tries to determine where one unit seems to stop
and where the following starts. Subsequently, Johansson picked the manu-
ally measured onsets representing beat positions. In this way, beat positions
not represented by a sound event are not included in the analysis. The re-
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sult of Johansson’s analysis of telespringar indicates a long—long—short aver-
age beat duration pattern that differs from Groven’s long—medium—short
pattern. However, these two patterns may not be incompatible, because
Groven’s measurements represent an underlying perceptual beat pattern,
and Johansson’s measurements represent the physical positions of actual
played sound events, which can be two different things.

The importance of body motion in rhythm studies is emphasized in
both Bengtsson’s and Kvifte’s research (see, e.g., Bengtsson 1987; Kvifte
2004, 2007). The Norwegian anthropologist and ethnomusicologist Jan-
Petter Blom also emphasizes that one should understand the rhythmical
pattern of telespringar in relation to the dance. Blom’s (1981) point of de-
parture is that perception and expression of musical rhythm is intimately
linked to experiences of body motion, and he illustrates how the alternat-
ing stretching and bending movements in the joints in hips, knees, and an-
kles in the dance results in a patterned libration of the bodys center of grav-
ity. This pattern can be represented as up/down movements in the form of
straight lines. The capital letter A (Greek: arsis) can represent rising move-
ments, and the capital letter T' (Greek: #hesis) can represent falling move-
ments, so that a full libration can be notated TA. In telespringar, Blom pro-
poses a TA:T:A libration pattern in relation to the triple musical meter
(beats are separated by colons). Although Blom does not refer to methods
for measurement, his theories are well grounded based on both his close
observations and his own experience as dancer and fiddler.

Scholars have also seen a correspondence between bowing and the
dance meter. Kvifte (1987) investigated bowing patterns in terms of dance
meter in springar tunes from Valdres and Telemark, based on transcriptions
with bowing indications. He starts with the up/down movement of the
bow (up when the frog moves toward the strings, down when the frog
moves away from the strings). Kvifte finds no direct link between the bow-
ing pattern and the dancing’s libration patterns, but he does allow for the
possibility of a more general analogy between them—one that should be in-
vestigated via studies of performances, not only transcriptions. Blom (2006)
points out that while motifs, bow phrases, and form in Hardanger fiddle
music seem to be shared across local communities, the relationships be-
tween beat duration, fiddlers’ regular foot stamping, and speed of bowing
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may be specific of a particular local style. Based on his own practical expe-
rience and close observation, Blom presents a model indicating a relation
between bowing speed and dance meter that evokes the model mentioned
above—that is, rising movements in the dance (A) correspond to greater
bowing speed, and falling movements in the dance (T) correspond to lesser
bowing speed.

Motion capture technology appears in a study carried out by Turid
Mirds (1999) to investigate correspondences between libration curves and
force used in different styles of Norwegian folk dancing. A professional fid-
dler and three professional dancers participated in the telespringar study,
which used a motion capture system consisting of four cameras and passive
reflective markers. To produce a visual representation of the dancers’ libra-
tion pattern, reflective markers were placed on the dancers’ heads. In addi-
tion, the dancers were dancing on rectangular force plates that registered
counterforces, in order to measure the kinetic power of their steps. Four
force plates (one 50cm*50cm and three 120m*60cm) were placed one after
the other. Due to the force plates’ shapes and placements the dancers had
to dance in a straight line. The force measurements were used to place the
dance steps in time. To produce a further representation of the fiddler’s foot
stamping, a plate with an accelerometer attached to it was placed under the
musician’s feet, and the signal from the accelerometer was used to calculate
the fiddler’s foot stamping in time. Those measurements confirmed the
long—medium—short telespringar pattern hypothesis. The motion curves of
the dancers’ heads, on the other hand, showed that the duration of the first
TA movement was approximately one half of the “measure”, while the re-
maining beats 2 and 3 of the measure lasted approximately a quarter of the
measure each. There are, however, some issues regarding these results. First,
the libration curves are based on motion capture of the dancers” heads, not
the movement of what Blom referred to as the body’s center of gravity. Sec-
ond, as mentioned above, the rectangular force plates forced the dancers to
dance in a straight line, and not in a circle, as they would normally do. One
might wonder whether the use of rectangular force plates might have re-
strained the execution of the dance and skewed the motion-capture results.
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3. A case study of Norwegian telespringar

Although many rhythm studies of traditional dance music in asymmetrical
triple meter are based on audio recordings, the importance of incorporat-
ing performer’s body motion is frequently mentioned. For example, Kvifte
(2004) and Bengtsson (1974) highlight the dancers movements and
Ahlback (2003) the fiddler’s foot stamping. As noted, Norwegian tele-
springar is often referred to as being in asymmetrical triple meter, and the
present study will investigate how the motion capture technology available
today can be used in studies of rhythmical structures in telespringar per-
formance.

3.1 Motion capture

The term motion capture typically describes the technology used for track-
ing motion and storing motion data (Nymoen 2013). The present study
used a passive optical infrared motion capture system from Qualisys." It
consists of reflective markers and nine cameras that both emit infrared light
and record the light reflected from the markers. During the recording
process, each marker must be captured by at least three cameras simulta-
neously to enable triangulation and generate a three-dimensional (3D) rep-
resentation of the marker’s movement. The software Qualisys Track Man-
ager (QTM) calculates the position of the reflective markers to produce
this representation.

In terms of down side, studies incorporating optical infrared motion
capture systems are often carried out in a motion capture lab, and the at-
tachment of reflective markers to one’s body can exacerbate the awkward-
ness of being in an artificial environment even more. Fortunately, some
previous studies have concluded that the participant’s professional experi-
ence can compensate for this problem (Naveda & Leman 2008; Haugen
2011).

If a marker becomes occluded or is moved outside the capture space, it
will disappear from the motion capture recording for that period, resulting

1. See http://www.qualisys.com.
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in so-called dropouts. Hence markers must be positioned on participants
where they are least likely to be occluded, and participants must be en-
couraged to move within the capture space. If there are a large number of
markers on participants who are moving a lot, some dropouts are to be ex-
pected. Dropouts cause gaps in the data. If a gap is quite short, it can be gap-
filled during post-processing, but the missing trajectories of longer gaps are
often impossible to estimate (Nymoen 2013). Recordings containing a lot
of long gaps often have to be discarded.

As described above, when a marker is seen by at least three cameras si-
multaneously, the system can calculate its 3D position, represented as a dot
in a virtual 3D space (see Figures 1a and 1b). Next, the dots are identified
and labeled manually. After the dots have been identified, they can be con-
nected by “bones” to create an animated stick figure (see Figure 1c). In ad-
dition to facilitating the interpretation of the dots, these bones also make
the figure more stable.

(@) (b) (©

Figure 1: An illustration of the processing: (a) a picture from the recording, (b)
the dots in a 3D environment representing the markers as recognized by QTM,
and (c) the representation of the markers after they have been manually iden-
tified and connected by “bones’.

The processed motion data from QTM can be converted into a so-called
.tsv file, a text file that contains all of the information from the motion cap-
ture, and this file can be read into the MoCap Toolbox for MatLab (Burger
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& Toiviainen 2013) for further analysis (Figure 2). The MoCap Toolbox
contains a set of functions for analyzing motion capture data and was de-
veloped for studies of music-related movements.

load Matl_ab/
tsv MoCap
Toolbox

QTM export

Motion data

Figure 2: The motion data from the Qualisys Track Manager (QTM) are con-
verted into a .tsv file that can be read into the MoCap Toolbox for MatLab for
[further analysis.

3.2 Set-up

The recordings were carried out in the fourMs Motion Lab? at the De-
partment of Musicology at the University of Oslo using a nine-camera mo-
tion capture system from Qualisys. The system tracked the movements of
reflective markers at the frame rate of 100 Hz. Video recordings were also
created for reference purposes.

There were two separate recordings. The first featured a fiddler playing
telespringar via a total of 27 reflective markers attached to the fiddler’s body.
In addition, two markers were attached to the fiddle (at either end of the
instrument), one at the end of the bow, and eight on the chair, for reference
(see Figures 1a and 1c). The second featured a couple dancing telespringar
via markers placed mainly on the dancers’ joints but incorporating some
variation in order to both identify and separate the two participants. In ad-
dition, a number of control markers were placed on the dancers in an asym-
metrical manner between some of the joints. The placements of the mark-
ers on dancer 1 and dancer 2 are presented in Table 1 and Figure 3.

2. See http://www.uio.no/english/research/groups/fourms/about/labs/.
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Dancer 1

RF head

LF head

RB head

LB head
neck

R shoulder
R elbow

R wrist

R hand

L shoulder

L elbow

L wrist

L hand
lower back
RF hip

RB hip

LF hip

LB hip

R knee

R ankle

R heel

R toe

L knee

L ankle

L heel

L toe

CTR R shoulder
CTR L arm
CTR R thigh
CTR L thigh
CTR R lower leg

Dancer 2

RF head

LF head

RB head

LB head
neck

R shoulder

R elbow

R wrist

L shoulder

L elbow

L wrist

lower back
RF hip

LF hip

R knee

R ankle

R heel

R toe

L knee

L ankle

L heel

L toe

CTR R shoulder
CTR R arm
CTR L arm
CTR R thigh
CTR L thigh
CTR R lower leg
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1able 1: Placement of the markers on dancer 1 and dancer 2 (L = left, R =

right, F = front, B = back, CTR = control).
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Since the recording of the fiddler and the recording of the dancers did not
take place on the same day, the dancers were dancing to the sound that had
been recorded in the fiddler’s session. Consequently, no direct interaction
between the musician and the dancers could be analyzed for this study.
However, since the dancers were dancing to the sound from the actual fid-
dler’s recording, the motion data from the dance recording can be precisely
synchronized with the sound and motion data from the fiddler’s session.

Figure 3: Placement of the markers. Dancer 1 is on the right, and dancer 2 is
on the left. The markers are placed slightly differently from one person to the
other in order to distinguish them.

4. Sound analysis

The MIRtoolbox for Matlab (Lartillot & Toiviainen 2007) was developed
to extract musical features like timbre, tonality, and rhythm from audio
files. One way to visualize sound is by looking at its waveform (signal
strength over time). A sudden increase in signal energy, for example, can in-
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dicate a new sound event (Collins 2010), and an onset detection function can
then perform peak detection on the audio signal in order to estimate the po-
sitions of the notes. However, the sound of Hardanger fiddle is complex,
and the peaks in the fiddler performance’s waveform seem neither unam-
biguous nor likely to represent the beginning of notes, so the waveform
may not be the best point of departure for estimating the position of sound
events in telespringar playing (Figure 4).

The temporal positions of sound events may also be determined in terms
of changes in pitch. This can be done manually—Johansson (2009), for ex-
ample, suggests moving a marker back and forth, starting playback from dif-
ferent positions in order to locate the start of a sound unit (Figure 4).

x 10* Waveform

T T T T T

I I I I I
54 55 56 57 58 59 60

—- Onset detection (beats)

Amplitude

Figure 4: Visualizations of the sound of four measures of telespringar playing.
The audio waveform (top), the waveform with beat positions estimated using
the onset detection function in the MIRtoolbox (middle), and the waveform
with manually measured beat positions (botrom,).
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However, there are some fundamental problems with investigating
meter based on the locations of physical sound events in time (Kvifte 2004;
Johansson 2009). For example, the physical onset of syncopated notes is
located “off” the experienced beat. Sometimes the duration of a tone ex-
tends the duration of a given beat, so that the beats in an underlying expe-
rienced pulse may not be present in the sound signal. In the end, when in-
vestigating the asymmetrical meter in telespringar, such determinations of
sound events may not be sufficient. As previously mentioned, studies have
therefore suggested that the body motions of performers and dancers should
be incorporated into rhythm studies (see, e.g., Blom 1981; Baily 1985;
Kubik 1990), and that will be the case in what follows.

5. Motion analysis

According to previous studies (Kvifte 1999, Blom 20006) the fiddler’s foot
stamping, bowing movements and the up/down movements of dancers’
center of gravity are of particular interest in rhythm studies of telespringar.

5.1 The fiddlers foot stamping

Foot stamping appears to be an integral part of telespringar playing, al-
though the style and pattern of the motion differ among fiddlers (Kvifte
1999, Ahlbick 2003, Johansson 2009). The fiddler in the present study
seems to stamp both feet in a regular pattern while playing. There are two
reflective markers attached to each of the fiddler’s feet, one on the toe and
one on the heel. Because the feet primarily move up and down, we plotted
the vertical movements of the foot markers (Figure 5). The plots show that
the right heel stamps on every beat of the measure, the left heel stamps on
every first beat of a measure, and the left toe stamps on every second beat
of a measure.

Motion capture data representing the right heel’s vertical movement on
each beat provide measurable intervals between stamps, which are repre-
sented as unambiguous downward “spikes.” The beat duration pattern was
estimated by calculating the intervals between foot beats, the durations of
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Figure 5: Plot of the vertical movements of the markers placed on (a) right heel,
(b) right toe, (c) left heel, and (d) left toe over time in seconds. The left heel
movement seems to synchronize with the first beat in a measure, the left toe
movement seems to synchronize with the second beat in a measure, and the right
heel movement seems to synchronize with all three beats in a measure. The right
toe does not move.

which were measured in seconds to four decimal places. The calculated beat
durations were then converted into percentages of the measure over the
course of the first 40 measures, or a total of 120 beat durations. The results
confirm the long—medium—short pattern in telespringar with a ratio of

41:34:25 (Table 2).
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Beats Mean duration (in %) SD

First beat 40.83 0.02
Second beat  33.80 0.02
Third beat 25.36 0.02

Table 2: Mean duration with standard deviations (SD) for the first, second,
and third beast in a measure (N=120), based on the fiddler’s foot stamping.

Analysis of variance showed significant differences between beat durations
(p<0.001), and Bonferroni-corrected post-hoc tests showed significant dif-
ferences between the duration of first, second, and third beat (all p<0.001).
A boxplot of the beat durations based on foot movements (Figure 6) and
the standard deviations (SD) in Table 2 indicates that the long—medium—
short pattern in the foot stamping seems to be very regular. Previous stud-
ies suggest that fiddlers’ regular foot stamping plays an important part in

45+

T

40+

30 l

Beat duration (%)

25

Firstlbeat Seconld beat ThirdI beat

Figure 6: Boxplot showing the distribution of the duration of the first, second,
and third beats in a measure, based on the fiddler’ foot stamping over the course
of 40 measures.
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distinguishing a particular local style and in enabling the interpretation of
asymmetrical meter (see, e.g., Ahlbick 2003, Blom 2006). Hence in this
study the patterned foot stamping may serve as a structure of reference in
rhythm studies of telespringar.

5.2 The fiddlers upper body movement

The fiddler in the present study sways back and forth with his upper body
while playing, begging the question of whether this movement was related
to the rhythmical pattern in his foot stamping. From a position plot of the
horizontal movement of the marker attached to the fiddler’s neck, it be-
came clear that this swaying synchronized with the measure level of the
telespringar, as previously determined by the vertical movements of the foot

stamping (Figure 7).
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Figure 7: Plot of the vertical movements of the markers placed on the right heel
and the horizontal movement of the neck. The movement of the upper body
seems to move in synchrony with bar level.
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To clarify the relationship between the upper-body swaying and the
foot stamping, we measured the points in time when the swaying changed
direction, then correlated them with the first beats of the measures, as in-
dicated by the foot stamping. We did so for 21 measures at the beginning
of the recording. A scatterplot confirmed that the upper body swayed in
synchrony with every first beat in a measure (Figure 8).

954

901

851

801

759

Upper body movements - Time (s)

654

T T T T T T T
65 70 75 80 85 920 95

Foot stamping - Time (s)
Figure 8: Scatterplot showing the relation between the points in time when the
upper-body swaying changed direction and the first beats of the measures, as
indicated by the foot stamping, in 21 measures.

5.3 The patterned libration of the bodys center of gravity in

telespringar dancing

The up/down pattern of telespringar dancing has been referred to as zhe
patterned libration of the bodys center of gravity, and it has been related to the
musical meter in telespringar (Blom 1981). To explore this link further, we
analyzed the vertical movements of the markers placed on the dancers’ lower
backs. A plot of lower-back marker data based on four measures in the mid-
dle of the recording was compared to the fiddler’s right-heel stamping, and
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the resultant visualization of the vertical movement of the dancers” lower
back seems to confirm Blom’s TA: T:A libration pattern hypothesis (Figure
9).
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Figure 9: Plot of the vertical movements of the markers placed on the fiddler’s
right heel and the dancer’s lower back for four measures.

In order to investigate the dancers’ libration patterns in more detail, we ap-
plied a mathematical function for picking the peaks and throughs in a graph
to calculate the movement pattern of the dancers” lower backs. The throughs
were where the curve changed from downward to upward, and the peaks
were where the curve changed from upward motion to downward. The plot
of the lower bacK’s vertical movement included some “noise” that may have
interfered with the determination of peaks and lows, forcing us to smooth
the motion capture data using the mcsmoothen function in the MoCap
Toolbox (Figure 10).
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Dancer 1 - Lower back (raw data)
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Figure 10: lllustration showing the difference between the plot of the libration
curves in telespringar dancing, including calculated peaks and throughs, (a)

before and (b) after the data was smoothed.

Next we estimated the beat durations based on the libration curve. In ac-
cordance with Blom’s libration-pattern hypothesis, we measured the dura-
tion between the first two peaks (beat 1), the second peak and the second
through (beat 2), and the second through and the third peak (beat 3) of the
libration curve. The beat durations were measured in seconds and subse-
quently converted into percentages of the measure. The result indicated a
ratio of 48:27:25 for dancer 1 and 46:27:27 for dancer 2. The mean dura-
tions of the beats, as percentages, for both dancer 1 and dancer 2 are pre-
sented in Table 3.

An analysis of variance showed significant differences between the beat
durations (p<0.001), and Bonferroni-corrected post-hoc tests showed sig-
nificant differences between the durations of the first and second beats and
of the first and third beats (both p<0.001). However, no significant differ-
ences between the second and third beats were found (p>0.70 for dancer 1
and p>0.99 for dancer 2). This means that the dancers’ libration pattern in

this study seems to be long—short—short rather than long—medium—short,
which accords with Turid Mards’ (1999) findings.
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Beats Mean duration (in %) | SD

Dancer 1 First beat 48.2 5.9
Second beat 26.9 4.1

Third beat 25.0 4.8

Dancer 2 First beat 45.8 32
Second beat 26.9 2.1

Third beat 27.3 2.3

Table 3: Mean duration with standard deviations (SD) for the first, second and
third beat in a measure in 40 measures for Dancer 1 and Dancer 2 (N=120).

5.4 Dance meter and bowing velocity

As previously mentioned, Blom (2006) suggests a correspondence between
dance meter and bow velocity, and Kvifte (1987) defines a bowing move-
ment as #p when the frog is moved toward the strings and down when the
frog is moved away from the strings (this is also the ordinary definition of
bowing movements). In this study the bow marker was attached to the tip
of the bow, so a bowing movement is defined as #p when the tip of the bow
is moved away from the strings and down when the tip of the bow is moved
toward the strings.

We then estimated the bow velocity by differentiating the previously
obtained position data. Blom’s (2006) model, which shows a relation be-
tween bowing velocity and dance meter, suggests an increase in bowing ve-
locity toward the second beat in a measure, which also corresponds to the
“heaviest” beat in the dance meter, in that it contains the longest down-
ward movement. Based on the four measures plotted in Figure 11 (next
page), it scems as though the “upward” bow velocity peaks once in every
measure, and that this peak is located around the second beat. This con-
firms Blom’s hypothesis, though by looking at the distribution of the bow-
ing velocity over a longer period of time, we found different patterns in
different parts of the tune.
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Figure 11: Plots showing the waveform (audio), the bows movements (where
“up” is when the tip of the bow is moving away from the strings and ‘down”
when the tip of the bow is moving toward the strings), the bow’s velocity over
time in seconds, and the vertical movements of dancer 2’s lower back over time
Jfor four measures. Beat positions, estimated from the fiddler’s foot stamping, are
indicated by dotted lines.

6. Discussion and future work

This paper investigates rhythmical structures in telespringar performance,
based on motion capture recordings of a fiddler and two dancers. Analysis
of the fiddler’s foot stamping confirms the long—medium—short beat-dura-
tion pattern hypothesis, and the stability of the pattern suggests that it con-
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stitutes an essential feature of telespringar. The visualization of the vertical
movements of the dancers’ lower back seems to confirm Blom’s TA:T:A li-
bration pattern hypothesis. The estimated beat durations based on the li-
bration curve, revealed a long—short—short duration pattern that accords with
Mirds’ (1999) findings. The results presented in this paper are based on
the analysis of one recording of one fiddler and one recording of two
dancers and should not be interpreted as indicative of any overal/ thythmi-
cal pattern of telespringar. While we have demonstrated some of the ways
in which motion data could be used in rhythm studies, more telespringar
performance recordings should be included if more general conclusions are
to be drawn. Future studies should also incorporate recordings of dancers
and fiddler performing simultaneously, rather then separately.

Lastly, sound data is as important as motion-capture data in the explo-
ration of telespringar rhythms. Previous studies have pointed out that audio
analysis, like motion analysis, must confront whar to measure as well as
whether measured units represent features experienced by performers and
perceivers (Kvifte 2004, Johansson 2009). The audio signal of a Hardanger
fiddle is complex, so it is not necessarily obvious what should be measured.
However, the technologies and possibilities for audio analysis are progress-
ing fast, and future studies will probably determine methods for audio
analysis that are capable of tackling the sound of Hardanger fiddle playing.

7. Conclusions

The results from this study support the view that performers’ body motion
should be incorporated into the study of rhythmical structures in tele-
springar. We recorded a fiddler and two dancers using an advanced infrared
motion capture system, and our motion analysis of the fiddler’s foot stamp-
ing confirms the long—medium—short hypothesis. In addition, the fiddler’s
upper-body movements seem to be in synchrony with bar level. An analy-
sis of the dancers’ libration pattern showed a consistent TA:T:A pattern,
which is in accordance with Blom’s (1981) hypothesis. These observations
suggest that prominent features of telespringar are represented in bozh the
fiddler’s and the dancers’ motions. It has been suggested that the body mo-
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tions of performers may offer a more perceptually relevant reference struc-
ture for rhythm studies than an abstract time line with isochronous time
marks. To get a better understanding of the phenomenon of asymmetrical
meter, more motion capture recordings, including both musicians and
dancers, should be carried out in the future.

8. Acknowledgements

The author would like to thank Arve Voldsund and Ragnhild Torvanger
Solberg for assistance during the motion capture recordings; Hans-Hinrich
Thedens, Karin Leberg Code, and David Leberg Code for having partici-
pated in the study; Kristian Nymoen and Kathrine Frey Froslie for helping
with the statistical analysis; and Rolf Inge Godey and two anonymous re-
viewers for insightful comments and valuable feedback on this article.

9. References

Ahlbick, S. (2003). About Asymmetrical Beat in the Polska. In M. Ram-
sten (Ed.), The Polish dance in Scandinavia and Poland (Vol. 17, pp.
165-180). Stockholm: Svenskt visarkiv.

Aksdal, Bjorn, & Nyhus, Sven. (1993). Fanitullen: innforing i norsk og sa-
misk folkemusikk. Oslo: Universitetsforlaget.

Baily, John. (1985). Music Structure and Human Movement. In . How-
ell, Ian Cross and Robert West (Ed.), Musical Structure and Cognition
(pp- 237-258). London: Academic press.

Bengtsson, 1., Gabrielsson, A., & Thorsén, S.M. (1969). Empirisk rytm-
forskning: en orientering om musikvetenskaplig bakgrund, utveckling
och nigra aktuella projekt. Svensk tidskrift for musikforskning, 51, pp.49-
118.

Bengtsson, Ingmar. (1974). On notation of time, signature and rhythm in
Swedish polskas. In G. Hillestrom (Ed.), Studia instrumentorum musi-
cae popularis III (pp. 22-31). Stockholm: Nordiska Musikforlaget.



Studying Rythmical Structures 51

Bengtsson, Ingmar. (1987). Notation, motion and perception: Some as-
pects of musical thythm. In A. Gabrielsson (Ed.), Action and perception
in rhythm and music (Vol. 55, pp. 69-80). Stockholm: The Royal
Swedish Academy of Music.

Bengtsson, I & Gabrielsson, A. (1980). Methods for analyzing perform-
ance of musical rthythm. Scandinavian Journal of Psychology, 21, 257-
268.

Blom, Jan-Petter. (1981). Dansen i Hardingfelemusikken. In ]J. P. Blom,
Nyhus, S. & Sevag,R. (Ed.), Norsk Folkemusikk (Vol. VI, pp. 298-304).
Oslo-Bergen-Tromse: Universitetsforlaget.

Blom, Jan-Petter. (2006). Making the music dance: Dance connotations in
Norwegian fiddling. In I. A. Russell, M.A. (Ed.), Play it like it is. Fiddle
and dance studies from around the Noth Atlantic (Vol. 5, pp. 75 - 86):
The Elphinstone Institute, University of Aberdeen.

Burger, B. & Toiviainen, P. (2013). MoCap Toolbox — A Matlab toolbox for
computational analysis of movement data. Proceedings of the 10th Sound
and Music Computing Conference, (SMC), 172-178.

Clarke, Eric E (2005). Ways of listening: an ecological approach ro the per-
ception of musical meaning. Oxford: Oxford University Press.

Collins, Nick. (2010). Introduction to computer music. Chichester: Wiley.

Gibson, James J. (1986). The ecological approach to visual perception. Hills-
dale, N.]J.: Lawrence Erlbaum.

Groven, Eivind. (1971). Musikkstudiar - ikkje utgjevne for. 1. Rytmestu-
diar. In O. Fjalestad (Ed.), Eivind Groven. Heiderskrift til 70-drsdagen 8.
oktober 1971 (pp. 93-102). Oslo: Noregs boklag.

Haugen, Mari Romarheim. (2011). Musikken som danser: om sammenhenger
mellom musikk og bevegelse i samba. (M.A. thesis), University of Oslo.

Iyer, Vijay. (2002). Embodied Mind, Situated Cognition, and Expressive
Microtiming in African-American Music. Music Perception, 19(3), 387-
414

Johansson, Mats. (2009). Rhythm into style: studying asymmetrical grooves in
Norwegian folk music. (Ph.D. thesis), University of Oslo.

Kubik, Gerhard. (1990). Drum Patterns in the “Batuque” of Benedito Cax-
ias. Latin American Music Review / Revista de Musica Latinoamericana,
11(2), pp. 115-181.



52 MARI ROMARHEIM HAUGEN

Kvifte, Tellef. (1987). Strokfigurer - en side av bueteknikken i den norsk fe-
lemusikken. Sumlen, pp. 19-32.

Kvifte, Tellef. (1999). Fenomenet “asymmetrisk takt” i norsk og svensk fol-
kemusikk. Studia musicologica norvegica, 25, pp. 387-430.

Kvifte, Tellef. (2004). Description of grooves and syntax/process dialectics.
Studia musicologica norvegica, 30, 54-77.

Kvifte, Tellef. (2007). Categories and Timing: On the perception of Meter.
Ethnomusicology, Vol. 51(No. 1), 64-84.

Lartillot, Olivier & Toiviainen, Petri (2007). A Matlab Toolbox for Musi-
cal Feature Extraction From Audio. International Conference on Digital
Audio Effects.

Mards, Turid. (1999). Sviks, kraft og tramp: en studie av bevegelse og kraft i
Jolkelig dans. (Hovedfagsoppgave), Norges Idrettshegskole, Oslo.

Naveda, Luiz & Leman, Marc (2008). Sonification of samba dance using
periodic pattern analysis. ARTECH 2008. 4th International Conference
on Digital Arts; proceedings, 16-26.

Nymoen, Kristian. (2013). Methods and technologies for analysing links be-
tween musical sound and body motion. (PhD Thesis), University of Oslo,
Oslo.

Ramsten, Mirta. (2003). The Polish dance in Scandinavia and Poland: eth-
nomusicological studies (Vol. 17). Stockholm: Svenske visarkiv.

Ramsten, Mirta (ed.). (1982). Einar Qvergaards folkmusiksamling. Stock-
holm: Svenske visarkiv/Almqvist & Wiksell International.

Shove, Patric & Repp, Bruno H. (1995). Musical motion and perform-
ance: theoretical and empirical perspectives. In J. Rink (Ed.), The Prac-
tice of performance: studies in musical interpretation (pp. 55-83). Cam-
bridge: Cambridge University Press.

Skogstad, S.A, Nymoen, K., Hovin, M.E. (2011). Comparing Inertial and
Optical MoCap Technologies for Synthesis Control. Proceedings of SMC
2011 8th Sound and Music Computing Conference “Creativity rethinks
science” (pp. 421-426). Padova Padova University Press.

Wilson, Margaret (2002). Six views of embodied cognition. Psychonomic
Bulletin & Review, 9(4), 625-636.



