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ABSTRACT

Singers of Western contemporary popular (WCP) music are
known for their dynamic stage behaviour, both physically
and vocally. This paper tests the hypothesis that body
movement in WCP singing may be associated, not only with
idiosyncratic expression but with the generation of the high
sound amplitudes achieved by singers in this vocal style. Six
professional and semi-professional singers performed a
section of an R&B/soul song, first with their usual stage
behaviour and then while standing still. This was recorded
using a headset-mounted microphone to avoid the singers
changing their mouth distance from the microphone during
performance. The recordings were analysed for sound
pressure level and the results of the two conditions were
compared. There was a significant reduction in the sound
pressure level recorded by the singers both statistically and
acoustically in the ‘no movement’ condition. Movement
during WCP singing may therefore facilitate SPL control,

though by what means is yet to be determined.

1. BACKGROUND

The Western contemporary popular (WCP) music world
values the excitement generated in an audience by a singer
who can produce a powerful sound. High sound pressure
levels (SPL)] are an important part of the perception of the
acoustic expression of emotion in speech and singing,
particularly for strong emotions such as anger and happiness
[1, 2]. However, high sound levels are physically taxing for
the voice especially when delivered at high pitch [3,4]. This
combination of vocal stressors may lead to functional
problems with the voice in the long-term if not executed with
the appropriate technique [5]. As a result, singers want to

know how to master control of high vocal sound levels. In
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this paper, we observed the interaction of body movement
and SPL in professional contemporary popular singing in
order to discover whether some aspects of body movement
during singing serve a functional as well as expressive role in

vocal production in WCP styles.

WCP singing has a different acoustic profile to that of a
western classical singer [6,7] which means that techniques
suitable for Western classical singing may not appropriate for
a singer in the WCP style: WCP vocal production is more
“speech-like” in timbre, although a large range of techniques
are employed and considered acceptable [8]. WCP singers
also differ markedly from Western classical singers in body
behaviour. Classical training leads to the minimisation of
body movement [9] in contrast to WCP singing. WCP
singers use a variety of body behaviours when singing, some
idiosyncratic, some observable across a wide range of
singers. These movements often appear to parallel dynamic

variations in the vocal line.

The aim of this study was to determine whether the body
behaviour of WCP singers is associated with SPL levels.
Given that some postural and movement characteristics have
been associated with dysfunctional voice [10, 11] it is
possible that there are similarly characteristic patterns of
optimal voice use. Singers learn by various means to
optimize their posture and respiratory drive [12]. The
dependent variable in this study is acoustic output and SPL
represents the physical correlate of that output as well as

providing a good measure of subjective loudness [13].

This study compared singers’ spontaneous singing
performance behaviour against a performance condition that
required them to sing while standing still. It was
hypothesised that if movement is being used to optimize SPL
production then the removal of movement should lead to a

reduction in SPL, especially at moments of high vocal
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loading such as at high pitch. We hypothesized that it would
be less likely to have an effect at points where loading is

lower such as at low pitch or at quieter parts of the songs.

2. METHOD

Participants were 6 singers, 1 male and 5 female, ranging in
age from 21 to 46 years. They were all professional or semi-
professional singers of WCP music. with strong voices with

an ability to produce a powerful sound.

The study design permitted observation of singers in a
manner consistent with their performance style while
maintaining sufficient rigor such that valid data could be
collected in as authentic a performance setting as possible,
thereby making the results more meaningful to practitioners.

The common song (CS) spanned a 2-octave range, originally
F3 (175 Hz) - F5 (698Hz), without a transition to loft
register. This large range ensured that even if the singers
lowered the key they would not be able to avoid the
transition point. To avoid problems which could be created
by singers using microphone technique , the microphone was
mounted on a headset to keep the singers’ distance from the

microphone constant.

All the singers prepared three short song excerpts, two of
their own choice from their own repertoire including a verse
plus chorus in addition to the song excerpt provided by the
researchers. These self-chosen songs were used as a vocal
warm-up and also as a means of helping the singers feel at
ease by singing familiar songs.. The own repertoire songs
were also used to assess whether the samples taken of the CS
represented the singers’ usual vocal performance standard.

Singers were advised that they could sing the song in the key
of their choice and could personalise the song as they would
any other song in their repertoire. However, they were
requested to maintain a similar dynamic range to the original
recorded version provided to them. It was requested that the
other two song excerpts they were to bring to the session
have a similarly large dynamic range as the song provided to
them. No limitations were placed on pitch range or musical

style.
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All the singers sang unaccompanied in a large untreated
room at the Faculty of Health Sciences, The University of
Sydney. The singers sang each of their three song excerpts
three times. The starting pitch of each song was nominated
by the singer and was played on a pitch-pipe before each
recording. Songs were recorded digitally and videoed
simultaneously with two video cameras from front and side-
on. Singers were encouraged to sing and behave as if in
performance. A taped rectangle on the floor represented the
range of the cameras and singers were advised that they
could move as they wished within this space. The video was
intended for later analysis but also had the effect of making
the singers more performance aware and more likely to

behave as if on stage.

When this first part of the protocol in which the singers
performed in their usual manner [i.e. called the Movement
(M) condition] was concluded, singers were requested to sing
the songs again, but this time behaving as if they had been
given the instruction by a stage director to remain still. All
three songs were then repeated under this second Non-
Movement (NM) condition. The protocol took no more than

40 minutes for all participants.

Line 11 of the song excerpt contained notes of both high
pitch and highest SPL, therefore representing the most
demanding section of the song in terms of maximal voice
production. This was referred to as the Peak Phrase (PP).
The notes of highest SPL within the PP were referred to as
Peak Notes (PN) in the subsequent analysis. The PP was a
note on the first syllable of the word “never,” the vowel /¢/,
was measured for mean dB in PRAAT from the offset of the

sound /n/ to the onset of the /v/.

A one sample t-test was conducted to assess the null
hypothesis that there would be no difference between the
movement and non-movement conditions; that is, the
difference in Peak Note SPL between the two conditions
would not be significantly different from zero. A paired t-test
assessed the averaged differences over the three takes in each
condition for all six singers between the M and NM

conditions.
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The SPL of the entire song excerpts were calculated at a
sampling rate of 100 Hz using PRAAT. SPL percentile
values where calculated from the dB listings generated in
order to show the entire dynamic range of the whole song
samples. The percentile levels indicate which SPL levels had

been exceeded between 1 and 99% of measurement time.

3. RESULTS

For all singers, the maximum SPL attained on the PN
occurred in the M condition (Figure 1). SPL values and
difference scores (N-NM) were consistently lower in the NM
condition for each singer. The hypothesis tested by the one-
sample test was not confirmed. The mean difference was
2.37dB (SD=1.3); t=4.46 (df=5), p(two-tailed)=.007. The
paired t-test assessing the averaged differences for all six
singers between the M and NM conditions, averaged over the
three takes in each condition (see Table 1) showed that the
mean difference of 2.87dB (SD=1.3) was statistically
significant [t=4.42 (df=5), p (one-tailed) =.039].

All singers showed an absolute dynamic range of ~30dB in
both conditions at the dynamic extremes. Figure 2 shows
graphs representing percentile levels 1-99 for all singers in
both conditions. It illustrates that highest and lowest SPL
occurred in parallel; that is, when peak SPL was reduced,
there was a concomitant reduction in lowest SPL, and when
highest SPL increased, lowest SPL increased. This allowed
singers to maintain a consistent dynamic difference in SPL
throughout the song. For mid range SPL, singers showed
more variation. The percentile levels across all singers show
SPL of greater than ~80dB for 99% of the duration of the

song.

The graphs show higher SPL levels in the M condition at the
extremes of the dynamic range in most cases. In all singers
the maximum L99 attained was in the M condition. Singers
3, 5 and 6 showed larger differences between conditions at
all percentiles. Singer 5 showed the phenomenon of
parallelism of SPL most clearly, with a ~3dB gap between
the lowest M percentile line and the highest NM percentile
line up to the 40" percentile area, with some crossing over at

~L80-90.
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4. DISCUSSION

The results indicated that vocal SPL is reduced when
movement is reduced or eliminated in WCP singing. Our first
hypothesis was confirmed. Individually, singer mean
differences on the PN ranged from at 0.96 dB (Singer 4)
which is at JND to 4.6 dB (Singer 6). This occurred even
though the singers were not restricted in the way they could
sing the song, and were permitted to lower the key in
accordance with their habitual pitch range. Even though the
singers sometimes reduced the two-octave pitch range of the
song thus minimizing the vocal load and making the song
easier to sing, the relationship between movement and SPL

remained significant.

The SPL percentile graphs in Figure 2 present an overview of
the SPL range used within the entire CS excerpt. Figure 2
shows that, as hypothesised, the mid-range SPL was more
variable than the higher range. Contrary to expectation, SPL
percentiles at the low end of the dynamic range reduced to a
similar degree to the reductions shown at maximum SPL.
The singers in this study were asked to sing with a large
dynamic range but remained consistently within ~30dB. The
precision of the maintenance in SPL range in the NM
condition is noteworthy and to our knowledge has not been

previously reported.

S. CONCLUSION

The results of this study indicate that body movement may
facilitate SPL production in WCP singing. The links
between voice and body movement are complex: we will
aim, in a future study, to provide a detailed description of the
kind of movements singers use at different levels of SPL. It
is a conventional wisdom that classical vocal training
prepares a singing student for any kind of singing. The
results of this study indicate that the Western classical
singing method, with its emphasis on physical restraint may
not be appropriate for singers wanting to sing in popular

styles, at least with respect to physical behaviour.
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