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ABSTRACT

By means of varying timing, dynamics, pitch, and timbre music
performers put emphasis on important events of a musical piece and
provide their listeners with acoustic cues that facilitate the perceptual
and cognitive analysis of the musical structure. Evidence exists that
the speed and the accuracy with which stimulus features are being
processed contribute to how a stimulus itself is evaluated. In our study,
we tested whether expressive timing facilitates auditory grouping and
whether these timing variations influence pleasantness judgments. To
this aim, participants listened to short atonal melodies containing one
or two auditory groups and performed both a cognitive and an
evaluative task. The expressive phrasing patterns of the excerpts were
gradually modified ranging from inverted phrasing through deadpan
versions to exaggerated timing patterns. Reaction times decreased
and hit rates increased with a more pronounced grouping structure
indicating that subtle timing variations alone do facilitate the
formation of auditory groups in a musical context. Timing variations
also modulated the direction of pleasantness ratings. However, the
results suggest that the threshold of an expressive musical
performance to become more pleasant than its deadpan counterpart
presumably can be exceeded only by the simultaneous covariance of
more than one acoustic cue.

I.  INTRODUCTION
Expressivity in music can be understood in terms of the

performer expressing his or her intentions to put emphasis on
the emotional tone conveyed in accordance with the
composition.  In addition, expressivity in music also refers to
variations in the microstructure of performances (Palmer,
1997). The acoustic parameters which are commonly modified
by the performer are timing, dynamics, pitch, and timbre. The
variation of different performance cues not only makes
performed music sound animate and natural, but it also
supports and facilitates the perceptual as well as the cognitive
analysis of the musical material by highlighting important
structural aspects. Performance deviations from the nominal
score are not arbitrary, rather they follow certain rules which
themselves can be classified according to their major functions:
grouping and differentiation (for details, see Sundberg, 2000).
Evidence exists that although individual differences among
music performances of the same piece do exist, common
patterns in the variation of, for instance, expressive timing can
be identified (Repp, 1992).  In addition, it has been shown that

average piano performances and individual performances of
the same piece are rated almost equally high in quality (Repp,
1997) by expert listeners. This suggests that the individual
variation is constraint by the musical score on the one hand and
by perceptual, cognitive, and motor mechanisms of the
performer and the listener on the other hand. The interaction
between these different aspects dictates, for instance, a certain
temporal grouping structure.

Deadpan music is characterized by a strictly regular
progression with all the parameters being constant and stable.
Therefore, deadpan music lacks the lively character and mostly
is regarded as aesthetically less valuable than expressively
performed music (Sloboda, 2000). This might be attributed to
cultural conventions or standards in music performances
where deviations from these are regarded as inappropriate.
However, this seems to be only one side of the coin. Basic
perceptual mechanisms might explain listeners’ preference for
adequately performed music (Penel & Drake, 1998). Hence,
the investigation of the mechanisms underlying the perceptual
and cognitive processing of individual as well as co-varying
expressive parameters might help develop an understanding of
why expressively played music is evaluated as more
appropriate and more pleasant than its deadpan counterpart.

A possible explanation of the phenomenon comes from
processing fluency approaches (Reber, Schwarz, &
Winkielman, 2004) According to these it is assumed that
successful information processing facilitates perception and
therefore leads to aesthetic pleasure. Processing fluency
thereby may refer to both perceptual fluency as well as
conceptual fluency. It is assumed that the effective stimulus
processing, as reflected in the speed and accuracy of processing,
is influenced by stimulus properties such as complexity,
symmetry, and figure-ground contrast. Furthermore, stimulus
repetition and prototypicality (features that depend on previous
exposure and knowledge) as well as priming allow for an
efficient processing of stimulus features and consequently lead
to a more positive evaluation of the aesthetic object.

In music, evidence for perceptual or conceptual fluency is
still scarce. The mere-exposure effect (for an overview, see
Bornstein, 1989), which refers to an observed increase of
liking-judgments after repeated exposure, is probably one of
the most studied phenomena (Hargreaves, 1984; Peretz &
Gaudreau, 1998; Witvliet & Vrana, 2007) related to a
processing fluency account in music perception. Besides, the
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effect of prototypical music performances (Repp, 1997; Smith
& Melara, 1990) and complexity (Orr & Ohlsson, 2005) on
aesthetic judgments were investigated.

Grouping based on Gestalt principles is fundamental to our
auditory perception of music and speech as well as any other
environmental auditory event impinging on our ears. It has
been suggested that the successful binding of features for an
object to emerge is a perceptual process which directs the
attention to the feature (Ramachandran & Hirstein, 1999).
This, in turn, might facilitate the subsequent analysis of the
percept. Among other acoustic cues timing variations in music
performances are crucial for temporally structuring the
auditory input into meaningful units referred to as musical
groups or phrases. Systematic variations of the inter-onset
intervals of successive notes such as the slow beginning of a
phrase, the increased tempo in the middle, and the slowing
down towards the end of a musical group, are typical.
Moreover, it is known that the prolongation of a temporal
interval between two rhythmical groups in music is used to
cluster the most temporal proximal events into one unit by
marking the phrase boundaries. The occurrence of the
phrase-final lengthening, which can be also observed in speech
(Carlson, Friberg, Frydén, Granström, & Sundberg, 1989) has
been repeatedly shown in perception as well as production
studies (Penel & Drake, 2004; Repp, 1992).

II. AIMS OF THE STUDY
In line with the processing fluency approach, our study

aimed at testing whether expressive timing alone facilitates
auditory grouping and whether these timing variations
influence pleasantness judgments.

We thereby assumed that expressive timing variations
highlighting the grouping structure of the musical pieces
support and facilitate the detection of musical phrases
indicated by an increase in detection speed and an increase in
the accuracy with which auditory groups can be determined.
Moreover, we hypothesized that a more efficient perceptual
and cognitive analysis of the musical material would lead to a
more positive evaluation of the musical material.

III. METHOD

A. Participants
Twenty-eight participants (8 males) attended our

experiment. The data of one participant were rejected from
analysis due to technical problems during the experiment. The
mean age of the remaining 27 participants was 23.4 (SD = 3.68;
8 males). All of the participants were students from the
University of Helsinki. Six of them never had taken any
instrument lessons. Twenty-one indicated that they had played
or are still playing an instrument on an amateur level. However,
none of them reported to have a professional musical
background.

B. Stimuli
 In total, 48 atonal scale-like basic melodies were created to

circumvent confounding due to harmonic and metric
expectations. One third of the excerpts consisted of scales
based on minor seconds, major seconds, minor thirds, or major
thirds (“simple scales”). Another third of the excerpts
consisted of unidirectional alternating intervals (“alternating
scales”). For instance, alternating minor seconds and major
seconds, alternating major seconds and minor seconds, or
alternating minor thirds and major seconds. Finally, the last
third of the melodies was based on alternating but bidirectional
intervals (“zig-zag scales”). In this case, an ascending interval
was followed by a descending interval (or vice versa) resulting
in a zig-zag melody. For example, ascending major seconds
and descending minor seconds were alternating.

Different grouping mechanism underlying the temporal
chunking of musical material were extensively described some
decades ago by Lerdahl & Jackendoff (1983) and empirically
validated in a number of studies (for instance, Deliège, 1987;
Peretz, 1989). Among others, a large pitch leap (change in
register) is supposed to indicate a phrase boundary in music.
During the pilot testing of our stimuli, it became obvious that
the insertion of a register change in the melodies would be too
easy to detect by our participants. Because timing effects on
reaction times and hit rates could not have been observed with
a very high detection rate, we decided to increase the level of
difficulty by inserting a pitch leap only two to three semitones
larger than the basic interval of the melody. In addition,
melodies without a pitch leap indicating a phrase boundary
were created. In total, fifty percent of the melodies contained a
pitch leap larger than the basic scale interval, whereas the
other 50 % followed the respective regular scale patterns.

Figure 1.  Atonal scale consisting of major seconds with a pitch
leap after the sixth note. The upper graph indicates deviations
from the nominal duration of each note (in %) with a rule
quantity of  k = 3.5.

To avoid the phrase boundary generally to occur on an
accented beat (Brochard, Abecasis, Potter, Ragot, & Drake, 2003)
and to exclude the possibility that participants simply start
counting the number of tones played to determine whether and
when a larger pitch leap occurred within the melodies, we used
four different grouping patterns. The first type of grouping was
based on a pitch leap occurring after five tones, whereby the
whole melody consisted of 12 tones (5+7). For the second



grouping structure, the pitch leap occurred after the sixth tone
with an overall melody length of 11 tones (6+5). For the third
grouping structure, the pitch leap occurred after the seventh
tone resulting in a melody consisting of 14 tones (7+7). And
finally, the fourth type of grouping structure was based on two
groups comprising 8 and 5 tones (8+5) respectively.

The number of melodies with different grouping patterns
was matched across the different melody types. That is,
“simple scales”, “alternating scales”, and “zig-zag scales”
contained an equal amount of melodies with different grouping
patterns. Furthermore, all excerpts were matched for direction
(ascending/descending).

The inter-onset interval (IOI) for each of the melodies was
randomized between 280 and 380 ms in order to avoid possible
habituation effects to a certain tempo. This tempo range was
chosen because it has been shown that the just noticeable
difference (JND) of timing perturbations in isochronous
sequences depends on the tempo of auditory sequences (Friberg
& Sundberg, 1995; Ehrlé & Samson, 2005). Whereas the
constant relative JND for IOI’s longer than 240 ms is
approximately 2.5 %, the absolute JND for IOI´s below 240 ms
appears to be on average 6 ms (Friberg & Sundberg, 1995).
Therefore, we decided to use only IOI’s above the critical value
of approximately 240 ms.

C. Expressive timing variations
To compare the effect of small timing perturbations on the

detection of auditory groups/phrase boundaries, we created a
number of expressive timing versions of each of the melodies.

The expressive phrasing patterns of the excerpts were
modified using Director Musices (v. 2.7)1, a software package
developed at the Royal Institute of Technology (KTH) in
Stockholm, Sweden. The program supports the transformation
of notated scores into music performances (Friberg, Colombo,
Frydén, & Sundberg, 2000). It is based on a generative rule
system implemented in the program. This rule system includes
among others rules for phrasing, timing, articulation, and
intonation patterns which can be adapted gradually (for an
overview, see Friberg, Bresin, & Sundberg, 2006).

To modify the timing of the phrasing patterns, we applied
the so-called phrase arch rule. The rule modifies the score in
that the beginning of the phrase is slow and soft, the middle of
the phrase faster and more intense, and the end of the phrase
again slow and soft. Because we aimed at investigating the
timing effects on the detection of group boundaries only, we
kept the dynamic variations which are commonly affected by
the application of the rule constant.

To get a fine-grained, continuum-like picture of the
influence of very small timing perturbation on the detection of
phrase boundaries, the amount of phrasing was gradually
modified resulting in fifteen different timing conditions. The
conditions ranged from inverted phrasing patterns (fast
beginning, slow middle, and fast end of the phrase) through
deadpan versions to exaggerated timing patterns. In Director
Musices the rule quantity of a certain parameter applied is
expressed with the k-value. Generally the k-value depends on

1 http://www.speech.kth.se/music/performance/download/

the parameter under question. A negative k-value indicates the
reversal of a rule. The quantity of the phrase arch rule usually
lies between k = 1 to 3 for typical expressive timing
modifications. Figure 1 graphically depicts the amount of
expressive deviations from the nominal score (k = 3.5).

For our experiment, we used 15 different rule quantities to
modify the timing of the melodic groups. Overall, the different
timing conditions could be categorized according to five
broader categories each comprising three different timing
conditions. Table 1 shows the way the different timing
conditions were categorized.

Table 1. Different timing conditions, rule quantities, and timing
categories.

Condition
Rule

quantity
Timing

category

1 -2.0

2 -1.5

3 -1.0

“inverted”

4 -0.5

5 0

6 0.5

“deadpan”

7 1.0

8 1.5

9 2.0

“moderate”

10 2.5

11 3.0

12 3.5

“articulate”

13 4.0

14 4.5

15 5.0

“extreme”

The stimuli scores were automatically generated in Director
Musices using the different combinations of scales and leaps
described above. The different timing variations in Table 1
were applied and each performance was saved as a MIDI file.
These files were converted into audio files using high quality
recordings of a Steinway grand piano provided in the Kontakt
2 sampler (Native Instruments). The piano sampling was
manually controlled and further adjusted so that the dynamic
level over the pitch range was constant.

D. Procedure
The experiment comprised two successive short sessions

consisting of eight blocks each in which the participant either
performed a cognitive or an evaluative task. The cognitive task
was to determine whether the melody consisted of one part or
two parts. The participants were instructed to give their
response as fast as possible already while listening to the
melody by pressing one of two buttons of a response device.
The detection speed was quantified using reaction times which
were determined by measuring the time interval between the
onset of the pitch leap in those melodies consisting of two parts
and the response. For the evaluative task, the participants were

http://www.speech.kth.se/music/performance/download/


asked to indicate how pleasant they found the melody just
heard on a 7-point Likert-type scale with the endpoints 1 (= not
pleasant at all) and 7 (= extremely pleasant). To this end, a
visual cue appeared on a screen in front of the participants at
the end of each melody indicating that they should now give
their answer by pressing a number button on a common
computer keyboard.

The order of the two sessions (cognitive vs. evaluative task)
was counterbalanced. Half of the subjects first performed the
cognitive task and then the evaluative task and half of the
subjects performed the evaluative task first. In each session, all
participants listened to a total of 240 melodies (48 melodies per
timing category) which were presented in eight short blocks.

To balance practice effects, the melodies were randomly
assigned to the different blocks assuring that the amount of
melodies with and without phrase boundaries was equal. The
order of the melodies within one block as well as the order of
the blocks was randomized for each subject.

The tasks were thoroughly explained to the participants
before starting the experiment. Moreover, five practice trials
were accomplished before the actual experiment began to
familiarize the subject with the procedure. After each block,
participants were given a short feedback on their performance.

E. Analysis
The reaction times for correct answers, hit rates, and

pleasantness ratings were analyzed for the melodies consisting
of two groups only. We used one-way within-subjects ANOVA
to determine the effects of both the timing conditions and the
timing categories on the detection speed and the detection
accuracy quantified by reaction times and hit rates respectively.
In addition, one-way within-subjects ANOVA was used to
determine the effects of timing conditions and categories on
pleasantness ratings. Greenhouse-Geisser epsilon was used to
correct the p-values. Adjusted pairwise comparisons
(Bonferroni) were calculated based on the estimated marginal
means. All statistical analyses were performed with SPSS
15.00 (SPSS Inc., Illinois, USA). For the sake of brevity, in the
following only the results for the timing categories will be
reported.

IV. RESULTS
Figure 2, Figure 3, and Figure 4 show the mean reaction

times, mean hit rates, and mean pleasantness ratings
respectively. On reaction times, there were significant effects
of timing category (F(2.7, 67.0 ) = 4.1, p < .05). These effects were
also observed for hit rates (F(2.4, 62.8) = 42.2, p < .001). In
addition, also for the pleasantness ratings main effects of
timing category (F(3.0, 78.1 ) = 4.5, p <.05) were found.

Post-hoc comparisons for reaction times according to timing
category revealed significant differences between the
categories “deadpan” and “moderate” (p < .05) and between
“moderate” and “articulate” (p < .05). For hit rates, significant
differences were found between all other comparisons (p
< .05- .001), but not between the conditions “inverted” and
“articulate”, “inverted” and “extreme”, as well as between
“articulate” and “extreme”.

Figure 2.  Mean reaction times (+SEM) for each expressive
timing category.

Figure 3.  Mean hit rates (+SEM) plotted for each expressive
timing category.

The post-hoc comparisons for the pleasantness ratings
revealed differences between the following timing categories:
“inverted” and “moderate” (p < .05), “inverted” and
“articulate” (p < .05), and “inverted” and “extreme” (p < .05).

Figure 4.  Mean pleasantness ratings (+SEM) plotted for each
expressive timing category.



V. DISCUSSION
The aim of our study was to determine whether variations in

expressive timing patterns influence the detection of musical
phrase boundaries and whether the same timing variations also
influence pleasantness ratings. Based on the processing
fluency account which says that a more fluent processing of
stimulus material leads to aesthetic pleasure, we assumed that
a more pronounced grouping structure of the musical material
would be evaluated more positively by our participants.

 The results of the analysis revealed that expressive timing
supports and facilitates the detection of phrase boundaries.
Expressive timing variations influenced both the detection
speed as well as the accuracy with which boundaries were
detected.

Not taking the “inverted” timing category into account,
because it differed substantially from the others in that the
timing was reversed, we were able to show that the reaction
times significantly increased with more pronounced timing
deviations. No difference, however, was found between the
conditions “articulate” and “extreme” which seems to be due to
a ceiling effect. It might be assumed that with regard to the
detection of the temporal structure of a musical piece, an
optimal level for expressive timing does exist. Beyond this
level, no further improvement or facilitation of the perception
of the temporal structure might be achieved.

In line with the results for the detection speed, the analysis
of the hit rates revealed an increase in phrase detection
accuracy. Also here, accuracy increased stepwise from the
conditions “deadpan” to “articulate”. The same ceiling effect
between “articulate” and “extreme” which occurred in the
detection speed, was also visible in the mean hit rates.

The analysis of the pleasantness ratings revealed less
clear-cut results. Timing variations did modulate the direction
of pleasantness ratings. Melodies played with inverted
phrasing patterns were rated less pleasant than deadpan
melodies or melodies with expressive timing patterns. This
finding is less surprising given that inverted phrasing simply
sounds wrong, because it does not conform to musical
performance rules. No differences were found between the
conditions “deadpan”, “moderate”, “articulate”, and
“extreme”. This result suggests that timing cues alone mainly
contribute to the temporal structuring of the melodic material
without affecting its positive or negative evaluation. Music
performers generally vary more than one acoustic parameter at
the same time. It can therefore be assumed that the separate
variation of timing alone confronts the listener with a rather
unexpected listening experience, which in turn might obscure
basic evaluative mechanisms.

It has been shown that musicians differ from non-musicians
in several aspects of musical sound processing (Tervaniemi,
Just, Koelsch, Widmann, & Schröger, 2005). Differences in
the detection of small deviations in tempo were shown between
non-musicians, instrumentalists, and percussionists with the
latter group showing the highest sensitivity to temporal shifts
(Ehrlé & Samson, 2005). However, Rammsayer & Altenmüller
(2006) found that the more advanced processing of temporal
information in musicians is task-dependent.

The participants in our study were either non-musicians or
had some musical training on an amateur or beginner level. In
future, it would be important to look also for an effect of
musical background on the detection speed and accuracy of
group boundaries.

VI. CONCLUSION
Expressive timing variations following typical phrasing

patterns were shown to increase the speed and the accuracy
with which musical groups were detected. These results
suggest that phrasing in music performance indeed supports
and facilitates the temporal structural analysis of the musical
material. According to the theory of processing fluency,
melodies with more pronounced phrasing patterns should have
been evaluated more pleasant than the melodies played
deadpan or with little systematic expressive variation only.
Because we did not find this effect, it leads us to assume that
timing variations in musical performance alone are not
sufficient to exceed the threshold of an expressive musical
performance to become more pleasant than its deadpan
counterpart. Presumably, a more positive evaluation of the
musical material could only be achieved by the covariance of
several different acoustic features, such as for instance timing
and intensity.
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