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In Experiment 1, six eyclically repeating interonset interval parterns (1,
2:1, 2:1:1, 3:2:1, 3:1:2, and 2:1:1:2) were each presented at six differ-
ent note rates {very slow to very fast). Each trial began at a random
point in the rhythmic cycle. Listeners were asked to tap along with the
underlying beat or pulse. The number of times a given pulse {period,
phase} was selected was taken as a measure of its perceptual salience.
Responses gravitated toward a moderate pulse period of about 700 ms,
At faster tempi, taps coincided more often with events followed by
longer interonset intervals, In Experiment 2, listeners heard the same set
of rhythmic patterns, plus a single sound in a different timbre, and were
asked whether the extra sound fell on or off the beat. The position of the
downbeat was found t0 be quite ambiguous,

A guantitative model was developed from the following assumprions.
The phencmenal accent of an event depends on the interonset interval
thar follows ir, saturating for interonser intervals greater than about 1s,
The salience of a pulse sensation depends on the number of events macch-
ing a hypothetical isochronous template, and on the period of the
template—pulse sensations are most salient in the vicinity of roughly
100 events per minure (moderate tempo). The merrical accent of an
cvent depends on the saliences of pulse sensations including that event.

Calcutated pulse saliences and metrical accents according to the
model agree well with experimental results (r > 0.85). The model may
be extended to cover perceived meter, perceptible subdivisions of a beat,
categotical perception, expressive timing, temporal precision and dis-
crimtnation, and primacy/recency effects. The sensation of pulse may be
the essential factor distingnishing musical rhythm from nonrhythm.

Introduction

Imagine that you are walking down a quiert city alley and enter a jazz
club. The door opens and suddenly you hear the music. In just a second or
two you have a strong impression of the “feel” of the music—in particu-
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lar, the way it “swings” —its “beat” or “pulse.” If instead you had been
confronted with some Ghanaian percussion music, or a disce number, or
Ravel’s Bolero, or a movement of a Bach Motet driving inexorably for-
ward in 3/4 time toward a glorious climax, you would have received an
entirely different qualitative impression of the music’s beat. But the experi-
ence would have been similar in two respects: the strength of the impres-
sion of beat {swing, pulsc), and the remarkably short time required to
perceive it.

Yeston (1976) referred to an isochronous sequence of similar-sounding
events as a rhythmic stratum, or level of motion (also called tirne level by
Jones & Boltz, 1989, level of pulsation by Palmer & Krumhansl, 1990,
and rhythmic level by Rosenthal, 1992). In Yeston’s theory, a rhythmic
level may be defined by note onsets, accents of all kinds {dynamic, me-
lodic, harmonic, timbral, textural, phrasal), and repetition of a temporal
pattern. Integral to the theory is the idea that a single rhythmic sequence
can evoke several rhythmic levels at the same rime. A listener may focus
attention on any one of these, or swirch attention from one to another ar
will (Jones, Boliz, & Kidd, 1982; Jones, Kidd, & Wetzel, 1981).

Yeston divided the various rhythmic levels evoked by a rhythmic se-
quence into one, fastest level or pulse level, and slower (higher) interpreta-
tive levels. Interpretative levels whose periodicity is slower than that of the
barlines are referred to as bypermeters by Rothstein (1989); straddling the
conventional borderline between rhythm and form, they play an impor-
tant role in most tonal-rhythmic music. In the present study, the term pulse
sensation is used to describe alf rhythmic levels spontaneously evoked in
the mind of the listener. The term pulse sensation is intended as a blanket
term for “beat,” “swing,” “rhythmic level,” and so on.

The widespread use of rubato (especially in Western classical music)
indicates that a musical beat need not be exactly isochronous, or equally
spaced in time, to be strongly felt (Shaffer, 1981). In general, however,
stricter timing tends to induce a stronger feeling of pulse, and the strength
of the beat evoked by a sequence of sounds tends to decrease as the
sequence deviates from isochrony (cf. Ehrlich, 1958). Thus, African percus-
sion music (as described by Agawu, 1987; Jones, 1959; Koetting, 1986;
Rowlands, 1991} generally evokes a stronger feeling of pulse than does
European classical music.

Rhythmically organized auditory patterns are easier to encode, recall,
and reproduce than similarly organized visual patterns {(Garner & Gott-
wald, 1968; Glenberg, Mann, Alman, Forman, & Procise, 1989; Handel
& Buffardi, 1968). A feasible explanation is that presentation times are
encoded more accurately in the auditory case (Glenberg & Swanson,
1986}. This may in turn be due ro the confinement of the sensation of beat
or pulse to the auditory modality (as demonstrated, e.g., by Grant &
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