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Abstract Previous research has shown that, in a task
requiring the detection of local deviations from
mechanically precise timing in music, the relative de-
tectability of deviations in different positions is closely
related to the typical expressive timing pattern musicians
produce when playing the music. This result suggests
that listeners expect to hear music expressively timed
and compensate for the absence of expressive timing.
Three new detection experiments shed additional light
on the nature of these timing expectations in musically
trained listeners. Experiment 1 shows that repeated ex-
posure to an atypically (but not unmusically) timed
performance leaves listeners’ timing expectations unaf-
fected. Experiment 2 demonstrates that the expectations
do not manifest themselves when listeners merely
imagine the music in synchrony with a click track. Ex-
periment 3, however, shows that the timing expectations
are fully operational when the click track is superim-
posed on the music. These results reveal timing
“expectations™ to be an obligatory consequence of the
ongoing auditory perception of musical structure.

Introduction

This study is concerned with the relationship between
music performance and the perception of timing in
music. It is well known that music — particularly music in
the Western Romantic tradition, which concerns us here
— must be played expressively in order to give joy to
performers and listeners. An important aspect of this
expression is the almost continuous modulation of the
local tempo, or expressive timing. In large part, expres-
sive timing seems to be a function of the music’s division
into successive temporal segments, variously called
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rhythmic groups, melodic gestures, phraselets, or mo-
tives. Each such segment seems to be associated with an
acceleration-deceleration pattern, with the final deceler-
ation usually being more pronounced than the initial
acceleration and being especially notable at the ends of
larger units such as whole phrases. The performer’s
(often subconscious) intention seems to be to *“act out”
the music’s hietarchical grouping structure and thereby
to communicate it to listeners (Povel, 1977, Clarke,
1985; Palmer, 1989; Todd, 1985, 1995).

Listeners attuned to classical music evidently appre-
ciate this, though exactly why they do is a matter of
speculation. Expressive timing is not necessary to pet-
ceive the grouping structureé of music, expect in cases of
high ambiguity. Usually there are other, stronger cues to
grouping, such as the notated rhythmic structure (the
pattern of unequal note interonset intervals, or 10Is). A
long IOI usually signals the end of a group, and an
additional lengthening of the preceding short I0I(s) is
merely icing on the cake. This icing is important to lis-
teners, however, perhaps because it enables them to
participate empathically in the musician’s actions. Per-
ception of the unadorned structure usually gives plea-
sure only to music theorists (Cook, 1990}.

When music is played with mechanical exactitude
under computer control, the absence of expressive tim-
ing has not only aesthetic but also perceptual conse-
quences. This is not immediately evident to
introspection, for a mechanical performance simply
sounds mechanical. However, in a task that requires
listeners to detect small local deviations from the per-
fectly even timing of a mechanical performance, detec-
tion accuracy varies greatly as a function of position in
the music. It turns out that a deviation is difficult to
detect when it is in the same direction as the deviation
that would typically be found in musicians’ expressive
timing at that same point in the music (Repp, 1992,
1995a, in press). In particular, the lengthening of an IOI
is hard to detect when musicians would normally
lengthen that [O]; the analogous relationship with re-
gard to detection of shortening is less pronounced,
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perhaps because in performance, relative lengthening is
expressively more significant than relative shortening. It
seems, then, as if listeners expected to hear expressive
timing and compensated perceptually for its absence in a
mechanical performance. That is, an 10! expected to be
long is perceived as relatively too short, and this is the
reason why an actual small lengthening of that IOI is
difficult to detect. In other words, listeners’ timing ex-
pectations may interfere with the mechanism that keeps
track of a steady beat, such as a mental clock or oscil-
lator (e.g., Desain, 1991; Large & Kolen, 1994; Povel &
Essens, 1985). Alternatively, listeners’ timing expecta-
tions may leave the mental timekeeper unaffected but
may govern some subsequent cognitive criterion that
decides whether or not a deviation from even timing
becomes conscious.

The aim of the present experiments was to learn more
about the origin and nature of these timing expectations.
Are they true expectations in that they exist prior to the
perception of the musical object and are brought to bear
on it, as it were? Or are they rather an automatic con-
sequence of the on-line anditory and cognitive process-
ing of musical structure, in which case they probably
should not be calied expectations at all? (Hence the
quotation marks in the title of this paper). In the former
case, they should be relatively fiexible and under cog-
nitive control. For example, it should be possible to have
different timing expectations for the same music, to
apply similar expectations to an unstructured auditory
stimulus, or to suspend expectations when not attending
to music. In the latter case, the “expectations” should be
inflexible and obligatory, elicited by structured materials
only, and unaffected by attention.

Experiment 1 examined whether listeners’ timing ex-
pectations can be influenced by repeated exposure to an
unusually (but not unmusically) timed performance of
the same music. If timing expectations are flexible and
based on past experience with expressive performances,
they should be at least partially assimilated to the per-
formance that serves as a model. If timing “‘expectations’

are a function of the musical structure, however, they
should not change.

Experiment 2 tested whether tnmng expectations can
be applied to a nonmusical stimulus (a click sequence)
by imagining music in synchrony with it. Again, if the
expectations are applied to the auditory input, there may
be an effect, perhaps an attenuated one. However, if they
derive from on-line auditory and cognitive processing,
they should not be in evidence in this task.

Experiment 3 superimposed clicks on music and
asked listeners to attend to the clicks and ignore the
music. If timing expectations are under cognitive con-
trol, they should be reduced or absent in this task. If
they are obligatory consequences of auditory structural
processing, however, they should be fully present,

All three experiments used the same music and em-
ployed very nearly the same design as Exp. 1 in Repp (in-

. press), whose results provide baseline data for compar-

ison with the present findings. While it would be inap-
propriate to re-describe this experiment in detail here, it
is necessary to summarize its results and describe its
methodological features that are shared with the present
experiments. For details omitted here, the reader is re-
ferred to Repp (in press).

The baseline experiment
Method

Materials, The music, shown in Fig. la, was the beginning. of
Chopin’s Etude in E major, op. 10, No. 3, with the final chord
extended to the end of the fifth bar. Between the initial downbeat
and the final chord, the music defines 36 sixteenth-note 10Is which
served as ““target” positions in the detection task. The melody, in
the soprano voice, is divided into five rthythmic groups or melodic
segments which end with longer notes on the second beat of each
measure while the accompaniment in the other voices continues,
While this melodic grouping structure is important for expressive
timing and timing perception, it is irrelevant to the definition of
target 1OIs, due to the increase in the detection threshold with 101
duration {see, e.g., Friberg & Sundberg, 1995): It was assumed that

Fig. 1 (a) The musical score of

the initial measures of Chopin's ‘%
Etude in E major, op. 10, No. 3.
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small timing changes would be detectable only with reference to the
shortest IOI in which they occurred.

The music was synthesized under computer (MIDI) control on
a Roland RD-250s digital piano, with a baseline sixteenth-note 101
duration of 500 ms. Although there was no expressive timing, ex-
pressive dynamics was present; the MIDI velocities (relative in-
tensities) of the notes were taken from a human perfortnance,

Two parallel tests were prepared, one for the detection of 101
increments, the other for the detection of IOI decrements. Each test
began with five familiarization trials, which were followed by three
blocks of 18 test trials each. Each trial (a complete presentation of
the musical excerpt) contained 0-4 lengthened or shortened IOIs
(“targets™). In each block, there were 2 trials with 4 targets, 4 trials
with 3, 6 trials with 2, 4 trials with 1, and 2 trials with no target.
Two targets in close succession were avoided. In the course of a
block, each of the 36 10Is served as a target once.

The size of the duration increment or decrement was 52 ms in
the five familiarization trials, and 42, 31, and 21 ms, respectively, in
the three test blocks. Whenever an 101 was changed in duration,
the durations of all notes that were “on” during the 10I were
changed in the MIDI instructions and the onsets of all following
notes were delayed by the same amount, so as to maintain legato
articulation everywhere. The change to be detected thus was a
phase shift in the isochronous rhythm underlying the performance.

Listeners and procedure, Fourteen musically trained undergraduate
students participated. The test tape was played back oh a DAT

recorder, and participants listened at a comfortable intensity over -

Sennheiser HD 540 II earphones. Half of them received the incre-
ment detection test first, and half the decrement detection test.
Participants circled the note(s) representing the lengthened or
shortened 101(s) on answer sheets that reproduced the upper staff
of the musical score for each trial. For the 5 familiarization trials,
the correct responses had already been filled in. Random guessing
was discouraged, when no change was detected on a trial, a ques-
tion mark was to be entered on the answer sheet.

Performance measurements. Nine skilled pianists, mostly graduaie
students at a major music school, were MIDI-recorded playing the
Chopin excerpt three times on the digital piano after brief practice.
The 101s were determined from the onset times of the highest notes
in chords.! An average timing profile was obtained by linearly
averaging the IO¥s over all pianists’ performances, after ascer-
taining that the individual profiles were fairly similar to each other.
This average profile is shown in Fig. 1b, where it is evident that
pianists tended to slow down at the ends of melodic-rhythmic
groups (around the second beat of each bar) and especially at the
end of the excerpt, as well as at the beginning.

Results
Overall accuracy

Responses adjacent to a target position were scored as
correct because there was a strong tendency to circle the
note following a target position, especially in the incre-
ment detection task. Naturally, average percent correct
scores declined as increment sizes decreased across the
three blocks, from about 70% to about 40% (weli above
chance level, which was about 10%). Increment detec-
tion was significantly better than decrement detection.

! There are slight asynchronies between nominally simultaneous
note onsets in human performance. The notes with the highest
pitch are usually the most salient and the most carefully timed.
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Fig. 2 (a) Detection accuracy profiles for I0I increments and

decrements in the baseline study. (b) The bias profile derived from
these data

Detection accuracy profiles

By combining al! listeners’ responses across all three
blocks, an average detection accuracy profile (DAP),
representing average percent correct scores (hits) as a
function of position in the music, was obtained for each
condition. As can be seen in Fig. 2a, detection accuracy
varied greatly from position to position, and the DAPs
for increment and decrement detection were negatively
correlated [r(34) = ~0.53, p < .001]: In general, decre-
ments were easy to detect where increments were hard
to detect, and vice versa. The DAP for increments was
negatively correlated with the average performance
timing profile shown in Fig. 1b [r(33) = —0.82,
p < .001)], whereas the DAP for decrements showed a
positive  correlation _with “the timing profile
[7(33) = 0.70, p < .001].2 Thus, an increment was dif-
ficult to detect where pianists would typically slow
down, whereas it was easy to detect where pianists
would typically move ahead; and the reverse for de-
crements. The higher perception-performance correla-
tion for increments than for decrements, which was
replicated in four subsequent experiments (Repp, in
press), suggests that listeners’ expectations concern pri-
marily lengthenings, in agreement with the greater im-
portance of lengthenings than of shortenings in
expressive performance. A bias profile was subsequently
derived by subtracting the increment DAP from the
decrement DAP and dividing by two, under the as-
sumption that these functions exhibited underlying

2 The final 101 was omitted in these correlations because of a fioor
effect in increment detection and extreme lengthening of the final
101 in performance,
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perceptual biases of opposite polarity. This bias profile,
shown in Fig. 2b, was even more highly correlated with
the performance timing profile {r(33) = 0.85, p < .001].
In a way, it represents the listeners’ timing expectations:
A high bias indicates an expectation of relative length-
ening.

Discussion

Repp (in press) contrasted three possible explanations of
the perception-performance correlation. The first is that
listeners have formed timing expectations from experi-
ence with expressively timed performances and that
these expectations are applied to the evenly timed music,
which results in perceptual compensation effects (Repp,
1992). A second possibility is that the complex acoustic
structure of music causes auditory distortions in the
perceived rhythm which are reflected in the detection
accuracy results; musicians’ expressive timing is seen as a
form of (over-)compensation for these auditory distor-
tions (Drake, 1993). A third proposal is that the per-
ceptual and cognitive processing of musical grouping
structure has strong timing implications that are re-
flected both in listeners’ perceptual compensation and in
musicians’ kinematics (Repp, in press). The present ex-
periments are relevant to the distinction between the first
of these alternatives and the other two. The first (“ex-

pectation’) hypothesis assumes that timing expectations-

are cognitive, experience-based, and at least somewhat

flexible. The psychoacoustic hypothesis clearly implies--

the opposite — an obligatory relationship between
acoustic structure and pérceptual bias in timing judg-
ments. The third (“structural’) hypothesis, too, assumes
a rigid connection between structure and timing but
describes it in musicological rather than psychoacoustic
terms, in order to provide a more palatable explanation
of the perception-performance parallel. The distinction
between the psychoacoustic and structural hypotheses
thus is more epistemological than empirical. The struc-
tural hypothesis can be extended, however, to incorpo-
rate a higher level of structural interpretation which has
the flexibility assumed by the expectation hypothesis. In
that case, the empirical issue addressed here can be
framed entirely within the structural hypothesis: Are
timing expectations purely bottom-up or top-down,
perceptual or cognitive, inflexible or fiexible?

It is important to note that musicians are fiexible in
their expressive timing. Experienced artists, in particu-
lar, sometimes deviate considerably from the typical
pattern instantiated by an average timing profile
(Fig. 1b), sometimes but not always as a consequence of
alternative structural conceptions of the music. Clearly,
expressive timing is under cognitive control. In a prin-
cipal components analysis on 15 famous pianists’ timing
profiles for the initial phrase of Chopin’s E-major Etude
(Fig. 1a), Repp (1997) found three very different un-
derlying timing patterns, two of which are shown in
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Fig. 3 ‘The first two principal components (Varimax-rotated) of 15

t;agrg%us pianists’ timing profiles, rescaled into milliseconds (Repp,

Fig. 3. The first component, representative of 11
pianists, is similar to the average student profile shown -
in Fig. 1b. The second component, which is highlighted
in Fig. 3, was representative of only 3 pianists and seems
to reflect an alternative interpretation of the melodic
grouping structure: The slowing down just before the
beginning of each melodic segment suggests that the
previous segment was viewed as including the whole
duration of the final long note. In the standard inter-
pretation, melodic segments seem to end with the onset
of their final note or perhaps with the onset of the first
subsequent note in the accompaniment, so that there are
between-segment “gaps” filled with accompaniment
only. These observations lead directly to the present
Exp. 1.

Experiment 1

If listeners were exposed repeatedly to a performance
with an atypical timing profile, such as the second
component pattern in Fig. 3, would their perceptual
biases in the detection task change? A significant effect
of exposure would indicate that listeners’ timing expec-
tations are malleable and depend on specific experience;
thus it would support the *“expectation’ hypothesis or
top-down structural explanation outlined above. It
would be incompatible with a psychoacoustic or bot-
tom-up structural account. A negative finding, on the
other hand, would be most compatible with a bottom-up
account, though — as negative findings go — it would not
necessarily contradict the other hypotheses.

Method

Materials and design. Experiment 1 differed from the baseline ex-

* periment in three ways:

(1) Only 10] increment detection was tested.
(2) Each trial was preceded by an expressively timed performance
of the same music. That precursor performance always had the




atypical timing profile of the second principal component of the
previous analysis of 15 famous pianists’ timing profiles (Fig. 3).°
The interval between a the precursor and the following trial was
2 5; that between. a trial and the next precursor was 4 s.
(3) The increments to be detected were larger. As a pilot subject, the
author found the task more difficult than previously and decided to
use increments of 80, 60, and 40 ms, respectively, in the three test
blocks. In the five familiarization trials, the increment was 100 ms.
In other respects, Exp. | was identical with the baseline ex-
periment, including the quasi-random schedule that assigned tar-
gets to trials. One technical difference was that the MIDI
instructions were created using arithmetic operations in a spread-
sheet program, and the resulting stimulus sequences were played

back and recorded on digital audio tape under control of a pro-
gram written in Max.?

Listeners and procedure. The listeners were 12 musically trained
Yale undergraduates who were paid for their services. They were
members of the Yale Symphony Orchestra or Concert Band and
thus were skilled players of various instruments, but few of them
were also pianists. The Chopin Etude thus was not very familiar to
them, if at all, The procedure was the same as in the baseline
experiment, except that the instructions pointed out that the pre-
cursors requirsd no response, only passive listening,

Results and discussion
Overall accuracy

Of all responses scored as correct, 25% were “late” (i.e.,
attributed to the IOI following the target IOI). This
percentage is similar to that observed in earlier incre-
ment detection studies; for a discussion, see Repp (in
press). Figure 4 shows the average percentage of correct
responses (hits) in the three test blocks, as well as the
results of the baseline experiment for comparison. On
the bottom of the figure, estimates of chance level per-
formance derived from the false-alarm rates are shown.
(See Repp, in press, for their derivation). Overall, ac-
curacy was higher in Exp. 1 than in the baseline study,
which indicates that the difficulty of the present task had
been somewhat overestimated by the author when he
chose the larger increment sizes. Nevertheless, it is clear
that the task was more difficult than in the baseline
study: Scores in Block 1 are almost equal, even though
the increment was almost twice as large in Exp. 1. Also,
the baseline scores in Block 1 (42-ms increments) were

? The I0Is in Fig. 3 were obtained by multiplying the standardized
component scores with the average standard deviation of the
original performances and adding this product to the grand average
101 of all performances (Repp, 1997). The duration of the initial
upbeat, which had not been included in the principal components
analysis, was the average of all pianists’ upbeat durations. The
MIDI velocities were similar to, but not identical with, thosz of the
music in the test trials; they represented the average velocities of the
9 student performances,

* In the baseline study, a MIDI sequencer (PERFORMER) had been
used for both stimulus generation and playback, which explains
why the increments had not been exact multiples of 10 ms: The
durations had to be specified in “ticks”’, with 1tick = 1.0417 ms.
Note that Max was not employed for stimulus generation, only for
playback of coniplete MID! files.

37

— Exp.t —&~ Chance level
100 —O— Baseline -0~ Chance level
80 (80 ms)

g (42 ms)™
§ 60 h ~
9 -~ (40 ms)
L= i~
g 40 (3Bims) T~ -
2 {21 ms)

207

I

Block 1 Block 2 Block 3

Fig. 4 Overall accuracy and chance level estimates in Exp. | and in

the baseline study
| -~ Exp.1

-0 Basaline —l

Meaasure number

Fig. 5 Detection accuracy profiles for 101 increments in Exp. 1 and in
the baseline study

significantly higher than those in the present Biock 3 (40-
ms increments) [F(1,24) = 15.57, p < .0007}, even
though the present subjects had had more practice by
that time. This is a fortuitous but interesting result: It
appears that a temporally modulated precursor inter-
feres with the detectability of deviations from isochrony,
and this interference seems to persist throughout the test
trial (see Fig. 5), even though 18 s would seem plenty of
time to adapt to the isochronous rhythm. Large and
Jones (submitted) have reported a similar long-term ef-
fect of exposure to temporal irregularity and have ex-
plained it in terms of a widening of the temporal
“expectancy window” of a mental oscillator.’

* It might be asked whether it could have been the atypicality of the
precursor’s expressive timing rather than its temporal modulation
that affected detection performance, The author has run himself in
a condition with typically timed precursors and obtained the same
amount of interference relative to the no-precursor baseline as with
atypically timed precursors. This is consistent with an explanation
in terms of exposure to temporal irregularity,
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Detection accuracy profile

The DAP is shown in Fig. 5, together with that of the
baseline study.® It is clear from the graph that the DAPs
were extremely similar in shape ir(33) = 0.84, p < .001).
The only substantial difference, apart from the difference
in overall level of accuracy, was in the second half of bar
4, where the present DAP showed a sharp peak while the
baseline DAP did not. There is reason to believe, how-
ever, that the baseline DAP was somewhat atypical in
this respect; subsequent experiments with similar mate-
rials (Repp, in press) did show a peak there, which also
makes more sense in terms of the musical structure.
Moreover, the difference cannot be rationalized in terms
of the precursor profile, which was similar to the typical

profile in that region (see Fig. 3). The present DAP was

significantly correlated with the typical expressive timing
profile shown in Figure ib [r(32) = -0.82, p < .001],
and this perception-performance correlation is of the
same magnitude as that in the baseline study. The DAP
was not significantly related to the atypical timing profile
instantiated in the precursor [r(32) = —0.29,ns.). Fi-
nally, the distribution of false-alarm responses over
positions (not shown in Fig. 5) was also positively cor-
related with that in the baseline study [r(33) = 0.59,
p < .001].7

Conclusion

It may be concluded from these data that the timing
expectations underlying the DAP are resistant to mod-
ification through repeated exposure to a specific (atypi-
cal) performance. Almost certainly, then, they do not
derive from experience with specific typical perfor-
mances of the Chopin Etude in the past; anyway, most
of the participants were not very familiar with the music.
The principles underlying the timing expectations must
be more general, be they tacit knowledge of the rules
governing expressive music performance or psycho-
acoustic interactions or the timing implications of me-
lodic-rhythmic grouping. These three alternatives
correspond to the three explanations outlined above,
and while a positive finding in Exp. 1 would have ruled
out a psychoacoustic account, the negative finding ob-
tained is less informative. Although it seems least con-
sistent with the expectation hypothesis, several reasons
could be imagined why the priming technique was not
effective:

(a) Musically trained listeners’ expectations may be far
too ingraired to be changed in a brief experiment.

% Due to an error in stimulus construction, position 2-1 did not
occur as a target in Exp. 1.

7 False-alarm rates were subject 1o large individua! differences, and
the responses were distributed over 36 positions, which resulted in
very sparse and unreliable data. For this reason, the methods of
signal detection theory could not be applied in this paradigm.
Nevertheless, false alarms presumably reflect the same perceptual
biases that shape the DAP.

{(b) The listeners may have rejected the precursor as a
cognitive model because they recagnized its atypicality.
{c) An atypical timing pattern may be difficult to re-
member (cf. Clarke, 1993), ,

Certainly, however, the results are consistent with ex-
planations that assume a rather rigid connection be-

tween acoustic or musical structure and the perception
of timing. '

Experiment 2

In this experiment, the question was whether the pro-
cessing of the musical sound structure is necessary to
elicit timing expectations, or whether it would be suffi-
cient just to imagine the music, If the expectations can be

“invoked through imagination, this would favor the ex-

pectation hypothesis, whereas a negative result would
indicate that the “expectations” are a by-product of
bottom-up perceptual processing and therefore should
be placed between quotation marks.

Method

Materials and design. The design differed from that of the baseline
experiment in the following ways:

(t) As in Exp. 1, only increment detection was tested, _
(2) Each trial consisted not of music but of a series of 38 clicks,
which were actually brief, high-pitched tones produced on the
digital piano. They had a fundamental frequency of 4186 Hz (Cg)
and a nominal duration of 20 ms.¥ The unmodified 101 duration
was 500 ms; only the initial IO, which was never a detection target,
was twice as long, simulating the initial upbeat in the music. The
increment sizes used were 50 ms in the five familiarization trials and
40, 30, and 20 ms in the three test blocks, similar to the values used
in the baseline study,

(3) As in Exp. 1, each trial was preceded by a fixed precursor, but
here it was the Chopin excerpt played with fypical expressive tim-
ing. The timing profile represented the average 10Is of 11 expert
performances that had loaded most highly on the first principal
component in Repp's (1997) analysis.”

(4) The five familiarization trials were preceded by three presen-

tations of the precursor alone, to familiarize the listeners with the
music.

Listeners and procedure. The listeners were 12 musically trained
Yale undergraduates from the same pool as in previous experi-
ments. They were paid for their services. The instructions asked the
participants to listen to the precursor music without responding
and then to imagine it as vividly as possible in synchrony with the
click sequence while trying to detect lengthened 10Is. Listeners

8 Asin all (simulated) piano tones, the energy did not stop abruptly
but decayed following the nominal offset (see Repp, 1995b). This
decay was very rapid, however, for such a high-pitchegl tone, There
were also lower spectral components in the sound which simulated
the thud of key-bed contact.

% This average profile was used in preference to the statistically

extracted first-component profile (Fig. 3) or the average _proﬁle of

student performances (Fig. 1b) because 1t I'CCCIVCC! the highest av-

erage rating in an aesthetic judgment task that included perfor-

mances with all three profiles {(Repp, 1997). In any case, these three -
profiles were quite similar to each other.



marked their responses in the musical score, on the same answer
sheets as previously. In order to enter responses correctly and
rapidly, they had to read along while listening, and this was ex-
pected to aid rausical imagery as well. Participants were discour-
aged from using technigues that might interfere with imagining the

~ music, such as counting or tapping with the pen on successive notes

in the score, They were made to believe that the study was about
musical imagery,

Results and discussion
Overall accuracy

Of all the correct responses, 33.5% were “late”. Thus,
the strong tendency to attribute increments to the fol-
lowing IOI persisted even with click sequences, The
overall percent correct scores are shown. in Fig, 6; to-
gether with the baseline data. Detection scores were
somewhat higher in the present experiment, even though
the increments were slightly smaller, but the difference
was not significant.'?

Detection accuracy prafile

The DAPs for the clicks and the music baseline are
shown in Fig. 7. The DAP for the clicks seems rather
irregular and bears little resemblance to the baseline
DAP, except for low scores in the initial and final po-
sitions, which are easily explained by the availability of
only.one adjacent unmodified 101 for comparison.
Without these two extreme data points, the correlation
between the two DAPs is 0.2, which is nonsignificant.
Likewise, there was no correlation between the click
DAP and the typical timing profile instantiated in the
music precursor [r(32) = —0.07, ns.].

Although some random variability was to be ex-
pected with only 36 observations per data point, the
click DAP was more variable than expected. In order to
determine whether any of this variability was systematic,
a one-way repeated-measures ANOVA was carried out,
with the initial and final data points omitted. The F ratio
was not large but significant, due to the large number of
degrees of freedom [F(33,363) = 2.85, p < .001]. It was
still significant when the four initial data points were
omitted, suggesting that there was systematic variability
beyond a possible initial tuning-in to the periodicity of
the sequence (Drake & Botte, 1993). What could have
been the cause of this variability?

Many of the trials contained multiple targets. Al-
though these targets were separated by at least four and

' The reader may wonder whether the temporally modulated
music precursor interfered with the detection of 101 increments, as
it did in Exp. 1. Being equally curious, the author tested himself
both in Exp. 2 and in a condition without precursors and indeed
achieved higher detection scores in the fatter. This result suggests
that 101 increment detection is easier in a click sequence than in
music and that the absence of a significant difference in Fig. 6 was
due to the interference caused by the precursor in Exp. 2.
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Fig. 6 Overall acéuracy and chance level estimates in Exp. 2 and in
the baseline study

usually more .unmodified I0Is, it is possible that the
phase shift caused by an early target had repercussions
for later targets, in proportion to the distance between
them. The oscillatory mechanism that keeps track of
isochrony may need some time to adjust to the phase
shift (Large & Kolen, 1994). To test this hypothesis,
targets that were preceded by another target on the same
trial were identified in each block, and their distance
from the nearest preceding target was determined. Dis-
tances larger than 12 positions were excluded. For
comparison, the present correct scores of targets not
preceded by another target were examined as a function
of their position in the music, up to the 12th position.
(Targets preceded by another target were all beyond the
12th position.) The initial and final positions were ex-
cluded. The results of this exercise were suggestive, but
not conclusive. The clearest pattern was obtained in
Block 3, which also yielded the most varied DAP:
Detection accuracy tended to increase both with the
distance from a preceding target [(9) = 0.57,p < .07]
and, for targets not preceded by another target, with
distance from onset - {r(9) = 0.60,p < .06], though the
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Fig. 7 Detection accuracy profiles for 101 increments in Exp. 2 and in
the baseline study
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correlations fell short of significance. Moreover, the
average accuracy for the latter targets was some 20%
higher than for the former. This suggests that preceding
targets did indeed interfere with increment detection. In
Blocks 1 and 2, however, only small trends in the same
direction could be discerned. Moreover, these trends
were not sufficient to cause a correlation with the DAP
of the baseline study, in which exactly the same assign-
ment of targets to trials had been used.

Conclusion

The results show that merely imagining music does not
produce perceptual bias effects comparable to those
observed when music is heard. There is no reason to
doubt that the listeners tried to imagine the music to
the best of their ability. It is possible, however, that
their auditory imaging abilities were limited; perhaps,
only individuals with exceptional musical imagination
would. show perceptual bias effects. Nevertheless, for
ordinary listeners with musical training, perception of
the musical sound structure seems to be essential for the
biases to emerge. This argues against the expectation
hypothesis.

Experiment 3

It remains possible, however, that the clicks in Exp. 2
somehow neutralized listeners’ timing expectations.
Perhaps listening to a nonmusical sequence of sounds is
incompatible with having expectations based on music,
or the internal time-keeper that is used to track clicks is
impervious to these expectations. In Exp. 3, the clicks
were superimposed on the music, but the listeners were
asked to direct their attention to the click sequence and
ignore the music. Three outcomes were possible:

(1) If the results ook like those of Exp. 2, they would
suggest that the perception of click timing is indeed
immune to music-based timing expectations or that such
expectations are generated only when the music is at-
tended. to.

(2) IT the results look like those of the baseline study,
they would indicate that perceptual biases are an auto-
matic consequence of hearing music, even if it is unat-
tended.

(3) If the perceptual biases are present but weaker than
usual, then an additional experiment may be necessary
in which listeners are instructed to pay attention to the
music, to see whether the presence of clicks attenuates
timing expectations,

In order to focus the listeners’ attention on the clicks
as much as possible, the response sheets showing musical
notation were eliminated, and listeners pressed instead a
response key whenever they detected a deviation from

isochrony. Since there were no precursors in this ex-

periment, there was time to include both increment and

decrement detection tasks in a single session, as in the
baseline study.

Method

Materials and design. The materials differed from those of the
baseline experiment only in that each note or chord onset in the
music was accompanied by a click, so that any change in 0] du-
ration occurred simultaneously in the click sequence and in the
music.'’ The clicks were the same as in Exp. 2 and were incor-
porated into the MIDI instructions for the music trials, They had a
fixed MIDI velocity of 70, whereas all but the five toudest melody
notes in the music had velocities below 60 (see Repp, in press:
Fig. 1). The clicks were perceptually prominent and clearly distinct
from the music. The IOI increments and decrements were 50 ms
duting familiatization and 40, 30, and 20 ms in the three blocks, the

same as in Exp. 2 and similar to the baseline study.

Listeners and procedure. The participants were 12 musically trained
Yale undergraduates from the same pool as in the previous ex-
periments. Only 1 of them had participated in a previoiis experi-
ment-in this series that required attention to the music. Half the

listeners received the increment detection task first, and half the

decrement detection task. A Macintosh Quadra 660AV computer
running a Max program controlled the sequence of trials and
played the pre-assembled MIDI files on the digital piano. Indi-
vidual participants listened on-line over earphones plugged into the
pianc. Whenever they heard a deviation from isochrony, they
pressed the space bar of the computer keyboard. The response and -
its time from the onset of the trial were registered and saved by the
computer. The subjects were asked to focus on the clicks and ignore
the music, which was described as irrelevant to the task. They were
also asked to respond quickly,

Results and discussion

Overall accuracy

A response was scored as correct if it fell within 1 s of
the end of a modified 101 (i.e., within the two following
unmodified FOls)."? Figure 8 shows the overall percent
correct scores and estimated chance levels. The baseline
data are not included in this figure, but they were quite
similar (sec Repp, in press: Fig. 2). The average accuracy
in the two experiments was very nearly the same, which
suggests that the listeners in Exp. 3 did not derive any
benefit from the presence of the clicks. The difference
between increment and decrement detection scores fell
short of significance here [F(1,11) = 3.94, p < .08], but
a joint ANOVA of the two experiments revealed a sig-
nificant difference [F(1,24) == 13.96, p < .001] and no
significant interaction with experiment.

" While it would have been methodologically desirable to have the
changes occur only in the click sequence and not in lh; music, this
was not feasible because asynchronies between the clicks and the
music would have provided undesirable cues to timing changes.

12 “Late" responses did seem to occur but could not be identified
unambiguously in this experiment. The arbitrary 1-s criterion in-
cluded most but not all of these responses.
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Detection accuracy and bias profiles

The DAPs are shown in Fig. 9a. They show a mild
negative correlation {r(34) = —0.36, p < .05]. The cor-
responding baseline data are shown in Fig. 2a. The
present DAP for increments is highly similar to the
baseline DAP for increments [r(34) = 0.86, p < .001],
whereas it shows no relationship at all to the DAP for
clicks in Exp. 2 [#(32) = 0.09, n.s., initial and final data
points omitted]. The DAP for decrements is also similar
to that in the baseline study, though less strikingly so
[(34) = 0.55, p < .001]. Repp (in press) found the
DAPs for decrements to be generally less stable across
experiments than those for increments.

The bias profile derived from the DAPs is shown in
Fig. 9b. It, too, shows a close similarity to the corre-
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Fig. 9 (a) Detection accuracy profiles ‘for 101 increments and
decrements in Exp. 3. (b) The bias profile derived from these data
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sponding profile in the baseline study (Fig. 2b)
[+(34) = 0.78, p < .001]. Moreover, the bias profile is
positively correlated with “the typical timing profile

shown in Fig. 1b [#(33) = 0.77, p < .001 final data point
omitted).

Conclusions

The results of this experiment are very similar to those of
the baseline study, and they bear no similarity to the
results for clicks alone (Exp. 2). Moreover, the percep-
tual biases were just as strong as in the baseline study.
The absence of such biases in Exp. 2 thus was not due to
the presence of clicks but rather to the inefléctiveness of
auditory imagery. Evidently the biases ate contingent on
the auditory perception of a concrete musical structure,
but they do not require focused attention.

It might be argued that the listeners did not follow
the instructions and attended to the music rather than
the clicks. This is difficult to rule out, but an intention to
follow instructions should be granted to participants in
an experiment. The resuits then demonstrate either that
unattended music creates timing expectations just as
attended music does and that these expectations affect
the perception of click timing, or that clicks cannot be
selectively attended to in the presence of music. Addi-
tional research would be necessary to disentangle these
two possibilities, but in either case the perceptual biases
seem to be an obligatory consequence of hearing music.

General discussion

The present experiments are part of a long and con-
tinuing series of studies.on the nature and origin of
timing expectations in music. Repp (in press) discussed
three hypotheses — (1) the expectation, (2) the psycho-
acoustic, and (3) the structural -~ and addressed pri-
marily the distinction between the second of these and
the other two, arguing for (1) and (3), in part on epi-
stemological grounds. The present experiments are rel-
evant to the distinction between the first hypothesis and
the other two. Although none of the three experiments is
very conclusive by itself, taken together they make a

fairly strong case against the expectation hypothesis.

That is, it does not seem to be the case that listeners’
timing expectations are cognitive, flexible, and applied
to music or other stimuli in a top-down fashion. They
are insensitive to experience with 2 model performance
(Exp. 1), they do not emerge when music is imagined
(Exp. 2), and they are back in full force when the music
is (intended to be) unattended (Exp. 3). These findings
are all consistent with the other two explanations, one
based on the acoustic surface characteristics of the music
and the other based on the processing of the musical
structure, particularly the segmentation of the melody
into rhythmic groups. The present results cannot dis-
tinguish between these two alternatives.
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There are several important questions that have not
been addressed in the present study but that are cur-
rently under investigation. One concerns the role of
musical experience. Perhaps only musically trained in-
dividuals have such ingrained knowledge of the princi-
ples of expressive timing that its elicitation by musical
stimuli cannot be avoided. Perhaps musically untrained
listeners would prove to be more flexible. Most experi-
ments in the present series have used musically trained
listeners because they perform well in the detection task.
Those experiments that included musically less experi-
enced listeners have found only small differences in the
DAP for increments (Repp, 1995a). Following Exp. 3,
the author has recently designed an on-line version of
the detection task in which the size of the temporal
changes to be detected can be adapted to the listener’s
perceptual capabilities. This will make it possible to test
a wider range of listeners in the future, It would be in-
teresting to repeat the present Exp. 3 with musically
untrained listeners, to see whether they are more suc-
cessful in ignoring music and attending to clicks.

Another interesting question is whether the percep-
tual biases elicited by music interact directly with the
time-keeping mechanism that enables a listener to detect
deviations from isochrony. This issue is now under in-
vestigation. The present experiments do not bear on this
topic, save for one small observation; The “late” re-
sponse tendency was just as pronounced with clicks

(Exp. 2) as with music (Exp. 1) and thus is not specific to-

music. Repp (in press) suggested that this tendency is at
least partially perceptual in origin: The IOI following a
lengthened IOI tends to be perceived as lengthened, also.
This would be expected if the internal time-keeper does
not immediately reset its phase when a phase shift is
encountered in the isochronous rhythm (see Large &
Jones, 1997; Large & Kolen, 1994; Mates, 1994a, b).
Since the tendency is much reduced in decrement de-
tection (Repp, in press), it may be that the internal time-
keeper adjusts more rapidly to negative than positive
phase shifts because its next prediction or “tick” is
precipitated by an early auditory event onset.

In part, the “late™ response tendency may be due to
listeners’ failure to backtrack on their answer sheets,
since a change in an 101 obviously can be detected only
during the following IOI. Experiment 3 did away with
answer sheets, but on the basis of the response latencies
alone it was impossible to distinguish between slow re-
sponses to the target JOI and fast responses to the fol-
lowing IOL. However, “late” responses did seem to be
present, judging from the number of responses that oc-
curred during the second and even third 101 following a
target IOL This would be consistent with a perceptual
explanation,

Experiment 3 lays to rest another issue that was
raised by a reviewer of Repp’s (in press) manuscript. It
was suggested that reading the score while hearing the
music might create the perceptual biases. While this
seemed unlikely to begin with, Exp. 3 now demonstrates
that this is not the case.

It may seem surprising from a structural perspective
that the precursors in Exp. 1 had ro effect, The atypical
timing pattern presented to the listeners was believed to

.illustrate an alternative interpretation of the grouping

structure of the music, and since the listeners were not
overly familiar with the music to begin with, it is not
clear why they did not accept the cognitive parsing
suggested by the precursor, One possibility is that the
atypical timing pattern did not really represent a valid
structural alternative, but merely a denial of the typical
timing pattern — a performance strategy or mannerism.
This issue needs to be pursued further with materials
that exhibits true structural ambiguities. If it turns out
that listeners’ timing expectations are really unaffected
by different structural interpretations, this would con-
firm the tentative conclusion reached here — that they are
a cognitively impenetrable effect caused by the uninter-
preted musical structure.
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