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This work is motivated by a desire for understanding the use of feedback and
feedforward control mechanisms in musical performance; specifically, to discover the role
of each of the possible control mechanisms that the skilled musician has available and uses
in performance. In nearly all instruments, it is likely that there are control components of
a musical performance which exploit all of the different functions of memory, auditory
feedback, and various touch feedbacks via sensors of position, skin contact pressure, and
vibration. The nature of each instrument and instrument family, however, dictate that
different mechanisms will dominate, and the skilled instrumentalist will adopt control
strategies which yield the greatest control and success in expressive musical performance.
Further, pedagogy for a given instrument family will also adopt teaching and rehearsal
practices which develop and reinforce the most successful control mechanisms.

Studies of the effects of auditory masking on singers have been conducted (Campbell
& Michel 1980; Elliot & Niemoeller 1970, Shipp et. al. 1984; Sundberg 1981; Ward &
Burns 1978; Ternstrom et. al. 1983), showing that even singers with perfect pitch can
make gross errors in pitch production when auditory feedback is impaired. Further,
singers when presented with a delayed version of their own voice demonstrate changes in
long-term and short-term pitch control (Deutch & Clarkson 1959; Shipp et. al. 1984).
Very little research on auditory masking and performance has been done using
instrumental performers. The role of touch and vibration sensation has been investigated
in bowed strings and piano (Askenfelt & Jansson 1992). The study described in this paper
examines the role of feedback control in trombone playing. The trombone is an instrument
which allows the player to exert continuous control over pitch via the smooth motion of
the slide, and the player has intimate contact with the instrument via the lips, which serve
as the non-linear oscillating “reed” in brass instruments. Traditional brass pedagogical
literature (Kleinhammer 1963) notes that the principal mechanism for tonal “centering” is
the “feel” of the note, that is, once the slide position is set, small adjustments of the lip
tension bring the lip natural frequency into alignment with the nearest impedance peak of
the trombone bore resonator. Pedagogical literature from circa 1850 discusses the penalty
for “lipping” notes away from the natural frequencies of the bore (Arban 1936), and
suggests that player feeling is critical to good technique.

The level of auditory masking used in this study was 110 dB, A-weighted, presented
via closed headphones for no longer than 30 seconds at a time. Given the average long-
term exposure of symphony orchestra players of 76-102 dBA L, (averaged A-weighted
sound level) found by (Royster 1989), the levels used in this study were judged not only
safe but typical for many professional musicians. Royster further found that symphony
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