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ABSTRACT

Instrumental music has the fascinating capacity to com-
municate emotions, sometimes with subtlety. Most previ-
ous research has focused on comparing features of re-
cordings (e.g. sound level, tempo and timbre) of music
conveying different emotions, rather than detailed ges-
tures that musicians use during music playing, which
would be useful for music students, teachers and music
researchers. This paper reports an experimental study of
how an expert clarinet player expresses three different
emotions when playing the same pieces of music: happy,
sad and lacklustre/deadpan. Parameters showing the mu-
sician’s continuous control of blowing pressure and reed
position were measured, as well as variables mentioned
above in the recorded music; all were analysed semi-au-
tomatically using a new toolbox developed for this study.
The results show how the emotions can be differentiated
not only by the musical feature variables, but also the de-
tails of how the musician physically controls the instru-
ment to produce them. These results provide an alterna-
tive approach for training musicians about expressive

playing.

1. INTRODUCTION

Conveying various types of emotion plays an important
role in music playing and this often requires that musi-
cians master control over sets of playing techniques to
physically manipulate the musical instrument to achieve
desired musical goals. Good players can perform the
same piece in different ways to transmit distinctly differ-
ent emotions or expressive goals (EGs). However, the
musical parameters used to produce EGs are better under-
stood than the physical gestures used to produce them
these musical parameters. Different EGs are conveyed in
the presence of different musical parameters such as note
length, loudness, pitch and timbre (see, for example, [1,
2]). The musical parameters that convey different EGs in
performance have been studied over at least quarter of a
century [1-4]. For example, Gabrielsson and Lindstrom
[5] summarised a lexicon of musical elements/parameters
that are associated most often with particular EGs.
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These musical features are necessarily created by care-
fully controlled physical gestures or ‘playing control pa-
rameters’ by the musician. Understanding both the musi-
cal and gestural/control parameter aspects of perfor-
mance is currently a gap in research on music expression,
and closing this gap would have several applications.
Such knowledge would provide insight into the nexus be-
tween the physics and the psychology of music perfor-
mance, and would be useful for music students, teachers
and music researchers who seek to understand music per-
formance in terms of the physical control of the instru-
ment, rather than, or in addition to, the more commonly
used musical parameters (e.g. ‘music systemisers’ could
benefit from such researcher — Kreutz [6]). Measuring pa-
rameters of both aspects simultaneously, and understand-
ing how they are varied to convey different EGs is the
aim of this pilot study.

Less attention has been given to the playing control pa-
rameters (hereafter called playing parameters) because
they are difficult to measure, and measuring physical pa-
rameters of the instrument-player interaction usually re-
quires invasion of the instrument and the player by meas-
urement tools, which can interfere with the playing itself.
Nevertheless, in the case of the clarinet, a few playing
parameters used by players to control the sound have
been studied, such as the average or DC air pressure in
the player’s mouth while blowing the clarinet, the posi-
tion and vibration of the reed, the lip and tongue action,
and some information about the acoustics of the player’s
vocal tract [7-13]. These studies used either single notes
or simple excerpts with the focus of understanding the re-
lation between player’s input gestures and output sound,
thus little attention was given to the particular EGs (if
any) that were used in performance. More recently (and
while many laboratory activities were limited by the
COVID-19 pandemic), we used a survey to study how
experienced clarinettists think they would play in order to
distinguish different EGs in terms of both musical and
playing parameters when performing the same musical
excerpts [14]. Based on similarities, a set of six clusters
of EGs were suggested for use in future studies. A few
musical and playing parameters were reported by clari-
nettists as important in achieving specific EGs.

Over the last decade or so, we developed a musical in-
strument performance capture and analysis toolbox
(MIPCAT) to capture and study various musical and
playing variables controlled by clarinettists while per-
forming music [15]. The toolbox includes both hardware
and software. The hardware consists of various sensors
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mounted in or on the clarinet, plus microphones and
video cameras. These can capture the player’s blowing
pressure, the sound pressure in the mouth and the instru-
ment, the reed position and vibration, aspects of embou-
chure including the bite on the reed, some motions of the
player’s body and the output sound at different positions.
The software contains several tools to process and ana-
lyse recordings of player performances captured by the
hardware semi-automatically. Among other applications,
the components of the toolbox enable us to study how
clarinettists play the same music to convey different EGs,
from a rich set of data that include both musical and play-
ing parameters.

As an exploratory investigation for a larger study, this
paper reports a case study of how a clarinettist plays the
same musical excerpt with three different EGs and com-
pares the musical parameters produced and some of the
playing parameters used in producing them.

2. MATERIALS AND METHODS

In this study, MIPCAT and a modified clarinet (Yamaha

YCL250 model with Yamaha 4C mouthpiece) were used

for data acquisition and processing: see Figure 1. More

details of the setup are described in [16].

One clarinettist having extensive classical and jazz
playing experience participated in this study. From writ-
ten music provided, the participant was asked to play the
excerpt ‘Happy Birthday to You’ in G major (music score
shown in Figure 2). The tune was played to convey three
different EGs: happy, sad and lacklustre/deadpan (see
[14] for detailed discussions of these EGs). Before re-
cording, the participant was allowed to practise on the in-
strument modified to fit MIPCAT until feeling comforta-
ble with it. The music and instructions were emailed to
the participant beforehand so that he or she had time to
prepare, if needed. To convey each EG, the participant
was instructed not to change the melody but to vary freely
other aspects of the performance, including tempo, dy-
namics, articulation, and timbre, to communicate the in-
tended EG to listeners as convincingly as possible.

The following signals were used in the analysis:

e Mouth pressure: measured by a miniature pressure sen-
sor (8507C-2, Endevco, Irvine, CA) fitted into the cor-
ner of the mouthpiece with its sensing membrane ex-
posed to the inside of the player’s mouth during play-
ing;

e Reed position: the AC and DC components of the dis-
placement of the reed in a direction at right angles to
the instrument axis were measured by a reflective, in-
frared proximity sensor (QRE1113, ON Semiconduc-
tor, Phoenix, AZ) mounted inside the mouthpiece,
5 mm from the mouthpiece tip, directly opposite the
reed;

e Radiated sound: measured by a 3%” microphone (RODE
NT3, Sydney, Australia) mounted on a stand at the
same height as the bell and at a distance of 45 cm. Mi-
crophones were also mounted on the clarinet bell and
barrel, to separate out the effects of player and instru-
ment motion. The recordings from these last two are not
used in the current preliminary investigation. Measure-
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ments were conducted in a room treated to have low re-
verberation. More details about how the signals were
acquired and processed were described in [15].

Mouthpiece Reed
camera ‘ '

Mouth pressure
— transducer

Mouthpiece
_ pressure
-~ transducer

Figure 1. The mouthpiece and some of the sensors
used in the MIPCAT. Reproduced from [15].

The software tools of MIPCAT were used for data pro-
cessing. First, several indicator timeseries such as DC
values, amplitudes of oscillation, fundamental frequency,
etc. were extracted from the raw data. Then these
timeseries were segmented note by note by matching the
fundamental frequency measured to that of the music.
Then some of the musical and playing parameters were
extracted and averaged within each note from the
timeseries: RMS sound pressure level, tempo, spectral
centroid, blowing pressure and DC reed displacement. A
local ‘tempo’ for each note was calculated by the written
duration of the note divided by the Inter-Onset Interval
(IOI) in minutes. IOl is the time interval between the on-
sets of successive notes.

Two takes from the participant gave a total of 50 tokens
(notes) for each EG, resulting a total of 150 tokens. In
addition to MIPCAT, MATLAB and R were also used for
subsequent analysis.

3. RESULTS AND DISCUSSION

3.1 Musical Parameters

In this pilot study, we only explored a few of the musical
parameters: sound pressure level, tempo and spectral cen-
troid. These were considered important musical parame-
ters that can characterise the performances and reflect an
important subset of the musical parameters used to
achieve a particular EG; we discuss them first before dis-
cussing control parameters.

Figure 2 shows the average sound level of the radiated
sound for each note and the standard deviation of level
within that note, for each of the three EGs: happy, sad
and lacklustre/deadpan. (The last of these is hereafter ab-
breviated as deadpan.) In general, notes played to convey
happy have the highest average sound level and largest
standard deviation of level within each note. This result
is consistent with previous research, e.g. [17]. Those for
deadpan show medium average sound level and smallest
standard deviation, and those for sad show lowest aver-
age sound level (also consistent with the literature) but
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Figure 2. Sound pressure level of the radiated sound for each note and standard deviation of level within that note for
the three expressive goals: happy, sad and deadpan. Notes of each phrase are connected with dotted lines. The pitches
from the score (Happy Birthday to You) are shown on the x-axis, in order but not proportional to time.

also a large standard deviation within notes. In addition,
notes at the start and end of each phrase often show larger
variation than other notes in the phrase, e.g. notes D4 and
F#4 in the first phrase for happy. Another observation is
that different EGs show different patterns in the average
sound level and standard deviation of the note sequence,
e.g. happy and deadpan have similar patterns for the first,
second and last phrases, whereas sad has a very different
pattern from happy: e.g. the variation between notes in
the first two phrases are smaller, but much larger in the
last two phrases; the peak sound level of the third phrase
falls on the third last note (G4) instead of the third note
(DS, highest note in that phrase); the average sound level
of the last phrase is significantly lower than the other
three phrases. These features seem to indicate a particular
playing style of the participant when conveying sad in the
excerpt.

Figure 3 is the boxplot of sound levels of all the notes
from the radiated sound for the three EGs. This figure fur-
ther confirmed the observations from Figure 2: median
sound level of happy is 88.4 dB, substantially higher than
deadpan (86.8 dB) and sad (84.7 dB). As expected,
happy and sad show more variation in the sound level
than deadpan.
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Figure 3. Boxplot showing the note-to-note variations
in sound pressure level of the radiated sound for the
three expressive goals: happy, sad and deadpan.

Figure 4 is the boxplot of local ‘tempos’ (in the unit of
beats per minute) of all the notes, showing the note-to-
note variation for the three EGs. Sad has the slowest me-
dian tempo value (107 bpm) but largest note-to-note var-
iation in the tempo among the three EGs. Happy has me-
dian tempo (120 bpm), similar to deadpan (121 bpm), but
much larger variation in local tempo than deadpan. The
low variation in sound level and tempo for deadpan were
expected. But it is interesting to note the similarity in
tempo between happy and deadpan.

Stockholm 14-15 June, 2023



-
'

:

PM)
B
F-{ -

60
Deadpan Happy Sad

Figure 4. Boxplot showing the note-to-note variations
in local tempo for the three expressive goals: happy, sad
and deadpan. Local ‘tempo’ of each note was calculated

as the written value of the note in beats divided by the

Inter-Onset Interval in minutes.

Figure 5 is the boxplot of spectral centroids of all the
notes for the three EGs. The spectral centroid can be pic-
tured as the ‘centre of gravity’ of the pressure spectrum.
It is strongly correlated with perceived brightness of tim-
bre [18]. Among the three EGs, deadpan has the lowest
median spectral centroid at 1796 Hz and smallest varia-
tion in the spectral centroid, followed by happy
(1918 Hz) and sad (1983 Hz). This finding is somewhat
consistent with the literature. For example, one study
found that spectral centroid for depressive sadness was
lower than for happiness [19]. We can reconcile the dif-
ference between that study and ours by the stimuli used.
The previous study [19] required rating of emotions of
single tones played across a range of musical instrument
timbres. This meant that those participants had far fewer
cues from which to determine differences in emotions (a
single pitch, controlled volume etc.), making participants
rely more on timbral cues, and hence leading to more dis-
tinct results than the present study, where more musical
context and flexibility allowed for several other cues to
distinguish EGs, and where changes in timbre were
‘within-instrument’ changes, and therefore generally
quite subtle. However, sad also has a considerably wider
range of spectral centroids employed, suggesting that the
player is varying timbre more in comparison to happy and
deadpan to achieve the goal of sad. The spectral centroid
may be expected to be influenced by blowing pressure
and reed position [9]: greater blowing pressure and
smaller average reed displacement from the mouthpiece
both enhance clipping, which increases high harmonics
and thus spectral centroid. Here, the written D4 notes are
selected for calculating the correlation with blowing pres-
sure and reed displacement: both correlation coefficients
are non-significant (r = 0.05, p = .75 for spectral centroid
and blowing pressure; r = 0.14, p = .35 for spectral cen-
troid and blowing pressure). The reason of the non-sig-
nificant result may be that the player was adjusting both
playing parameters while playing.
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Figure 5. Boxplot of spectral centroids of all the notes
for the three expressive goals: happy, sad and deadpan.

3.2 Playing Parameters

This case study only analysed two playing parameters:
blowing pressure and DC reed position. Previous studies
[9, 11, 12] have shown the influence of blowing pressure,
bite force and bite position on fundamental, sound level,
and transient behaviour. Here, the DC reed position,
which is related to both the player’s bite on the reed and
the blowing pressure, was used as a simple parameter for
initial exploration.

Figure 6 is the boxplot calculated from the blowing
pressure (the DC pressure in the mouth) of all the notes
for the three EGs. The box shows the median for all notes
and the variation is the note-to-note variation; variation
within notes is not shown here. Happy shows the highest
median blowing pressure (4.2 kPa) and largest variation
in blowing pressure. The median blowing pressure for
deadpan and sad are 3.6 kPa and 3.4 kPa, respectively,
but sad shows a larger variation than deadpan. This is
consistent with the observations from Figure 3, because
the sound level of the radiated sound is expected to cor-
relate with blowing pressure over the relatively low val-
ues used here [9]. The correlation coefficient is 0.56.
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Figure 6. Boxplot of blowing pressure of all the notes
for the three expressive goals: happy, sad and deadpan.

Figure 7 is the boxplot of DC reed displacements of all
the notes for the three EGs. In Figure 7, zero on the y axis
(not shown) corresponds to the reed position where the
reed is at rest position without any displacement, and a
more negative value corresponds to more reduced open-
ing of the reed-mouthpiece aperture. (The player’s bite
produces a negative displacement.) Happy shows the
least reduced aperture (lowest reed displacement,
—0.89 mm) and largest variation in reed position among
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the three EGs, followed by deadpan (—0.92 mm) and sad
(the most reduced opening, with displacement
—0.94 mm). On its own, a higher blowing pressure tends
to close the reed, giving a more negative reed displace-
ment, so one might naively expect a more negative dis-
placement for happy, where higher blowing pressure is
used. However, the opposite is shown here. The explana-
tion is that, in order to put the reed in an operating posi-
tion to produce a sound with the similar sound level at
lower blowing pressure, more lip force is required [9]. So,
lip force needs to be increased further when playing with
lower blowing pressure at lower sound level. This indi-
cates that the clarinettist has applied more bite force when
using lower blowing pressure to play sad.
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Figure 7. Boxplot of reed displacements of all the notes
for the three expressive goals: happy, sad and deadpan.
Higher (less negative) position means larger reed-
mouthpiece aperture.

3.3 Inferential Statistical Analysis

Analysis of variance (ANOVA) and post-hoc Tukey's
honest significance test were conducted to check further
the significance of differences in the musical and playing
parameters per note when comparing the three EGs. As
shown in Table 1, most of the items are significantly dif-
ferent (with adjusted p value less than .05), except tempo
and spectral centroid between happy and deadpan, and
spectral centroid between happy and sad. These results
statistically confirm the observations discussed earlier.

4. CONCLUSIONS

This preliminary case study involved one clarinettist par-
ticipant and used the MIPCAT toolbox to investigate ex-
perimentally (1) the differences in the musical parameters
of three EGs happy, sad and deadpan and (2) how the
player conveys different EGs controlling the playing pa-
rameters, when performing the same musical excerpt
‘Happy Birthday to You’. Overall, notes played in the
happy EG condition have high sound level and large
standard deviation in sound level both within notes and
across notes, fast tempo with medium variation, and mod-
erate spectral change. This player used high blowing
pressure with greatest variation and bite when interpret-
ing happy. For the deadpan EG, the player selected me-
dium blowing pressure and bite with little variation, re-
sulting in a performance with medium sound level with
minimum variation, fast and stable tempo, and minimum
spectral change. For sad, low blowing pressure and bite
with large variation were used to produce notes showing
low sound level but large variation both within notes and
across notes, slow tempo with large variation and large
spectral variation. The analysis along the note sequence
also revealed that sad has a very different pattern from
happy and deadpan: the last two phrases have greater var-

iation in the sound level and the peak sound level falling
on the third last note (G4) instead of the highest note in

ANOVA  happy wrt  sad wrt  sad wrt
deadpan  deadpan happy
Sound F(2, 146) T l 1
level =25.57
p <.001
Tempo F(2, 146) ns l l
=8.33
p <.001
Spectral ~ F(2, 146) ns 1 ns
centroid =9.67
p <.001
Blowing  F(2, 146) i | |
pressure =60.46
p <.001
Reed F(2, 146) i l l
position = 104.78
p <.001

the third phrase. Musical and playing features like these
could be useful hints for music students to learn playing
the music more expressively, especially when a larger
sample of players has been measured.

While the present study focussed on just two of the
measured playing parameters, MIPCAT offers potential
in understanding how playing parameters interact to pro-
duce particular musical parameters. This will help to fur-
ther bridge the gap between what the player is physically
doing to the instrument during playing, and the aesthetic,
musical product.

This study was limited to one player performing one
musical excerpt and only the basic musical and playing
parameters were investigated qualitatively. Thus the ob-
servations on comparing the three EGs could be unique
for this particular player, e.g. similar tempo used for

Table 1. Comparing five parameters of the three EGs
using analysis of variance and post-hoc Tukey's honest
significance test. ‘ns’ stands for non-significant result
with adjusted p value larger than 0.05; 1 and | stand for
larger and smaller, respectively. ‘wrt” means ‘with re-
spect to’.
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deadpan and happy. A future study with more players and
detailed analysis would be ideal for identifying general
regularities.

As a musical instrument performance capture and anal-
ysis toolbox, MIPCAT includes both hardware and soft-
ware. The software part can process and analyse record-
ings of player performances captured by the hardware
semi-automatically, reducing the work involved in the
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analyses reported here; it makes possible a more ambi-
tious study on a group of clarinettist participants; this is
currently being undertaken. Much of the software could,
with relatively little modification, be applied to other in-
struments. For this reason, the software components are
publicly available [15].
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