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ABSTRACT 

Music is often composed of many different interleaved melodies 
(or streams) played by one or many instruments. In order to 
appreciate music, listeners must be able to hear each of these 
streams and separate them from one another. Stream segregation 
(also known as auditory scene analysis) is mainly based on our 
ability to group sounds into streams according to their timbre or 
pitch. This study tests the ability of listeners to segregate a 
melody based on the temporal envelope of its notes. A 
psychoacoustics experiment was run on 26 listeners to test 
whether they could segregate a 4-note repeating melody from an 
interleaved distracter composed of pseudo-random notes. The 
spectral and temporal envelope of the melody was constant. The 
distracter shared the same spectral envelope with the melody, but 
its temporal envelope was varied throughout the experiment. 
Results showed that listeners could segregate a melody based 
only on the temporal cues. However, the dependence of the result 
on the task and inter-listener variability might help to explain the 
discrepancies between the results found in studies previously 
published in the literature.  

1. INTRODUCTION 
One of the main interests of music is the relationship between the 
different melodic lines (melody vs. counterpoint vs. harmony). 
The ability to hear these relationships is commonly known as 
auditory streaming, which also refers to the process by which the 
human auditory system organises sounds from different sources 
into perceptually meaningful elements [1].  

Salient perceptual changes can influence auditory streaming. 
Pitch is known to be a useful cue to segregate two melodic lines 
composed of single-timbre notes [2]. For example, a pianist can 
produce two or more melodies out of one instrument by playing 
each melodic line in a different note range. Localisation in space 
is another cue used to enhance segregation of two instruments 
with similar timbre and playing a similar note range in a live 
performance or stereo mix. Tempo can also influence the 
perception of two interleaved melodies [3]. For example, if a 
melody is composed of two alternative tones separated by a fifth, 
the faster the tempo, the more likely the listener will perceive 
two interleaved melodies of one repeating note [1]. Timbre cues 
are also known to facilitate melody segregation between two 
different instruments playing in the same note range, as in a duo 
for piano and violin [4]. Timbre is a multidimensional perceptual 

quality that can be decomposed in spectral, temporal and spectro-
temporal dimensions. The effect of each dimension has been 
studied separately [for a review see 1] or collectively [4, 5]. 
Although most studies show that the spectral dimension can 
affect segregation, there is still some controversy about the 
temporal dimension.  

 
Figure 1: Musical sequence presented. The measure A] 
represents the target 4-note melody; B] shows a 
possible sequence when the distracter FDHM is similar 
to the melody (no segregation is expected); C] shows a 
possible sequence when the distracter FDHM is 
different to the melody (some segregation is expected). 

Wessel [4] has studied melody segregation by using 16 synthetic 
orchestral instrument tones. The timbre relationship between 
each tone was first derived from a similarity task, and evaluated 
through multidimensional scaling (MDS). The relationship 
between similarity judgments and streaming was then tested with 
a sequence composed of alternating notes varying in pitch and 
timbre (through the temporal and spectral envelope). Results 
showed that a difference in spectral envelope could influence 
streaming (i.e. stimuli that were close together on the spectral 
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dimension tended to be grouped together) but differences in 
temporal envelope did not influence streaming in this 
experiment. Hartman and Johnson [6] have also studied the 
influence of different acoustic parameters on melody segregation. 
Results showed no significant contribution to stream segregation 
of the amplitude-envelope shape. Iverson [5] adapted the 
similarity task traditionally used to study timbre to stream 
segregation. His results suggested that auditory stream 
segregation is influenced by differences in static spectra and by 
dynamic attributes, including attack duration and spectral flux.  

Given the controversy on temporal factors, the current 
experiment was designed to study the effect of the shape of the 
temporal envelope of sounds in melody segregation. The 
experiment is different from traditional streaming experiments in 
that it tested this factor in a relevant musical context [for a review 
see 1].  

2. METHODS 

Stimuli  
The experiment was composed of two types of stimuli: melody 
notes and distracters presented alternately every 200 ms. Both 
types were complex tones having ten harmonics with each 
successive harmonic attenuated by 3dB. The melody was made 
up of four repeated notes with fundamental frequency (F0) of G4, 
C5, A4, D5 (392, 523, 440, 587 Hz, respectively, see Fig 1.A). 
After each presentation of a melody note, a distracter note was 
presented with F0 selected randomly from 12 semi-tones ranging 
from F4 to E5. This range was selected to fully overlap the 
melody note range in order to avoid any effect of pitch cue on 
streaming. It is worth noting that the distracter notes were not 
necessary in the same tonality (key) as the melody. However, 
based on an early study [7] no effect of the tonality differences 
between the two interleaved melodies was expected.  

The melody and the distracter had the same general temporal 
envelope shape composed of a raised-cosine onset, a sustained 
part and a raised-cosine offset. However, they varied in 
“impulsiveness”, defined as the full duration of the sound at half 
of the maximum amplitude (FDHM). This descriptor has shown 
good correlation with the first dimension of a perceptual timbre 
space [8]. The melody note had a FDHM of 160 ms, with a 30-
ms raised-cosine onset, a 140-ms sustained part and a 10-ms 
raised-cosine offset (see Fig. 2). Twenty levels of distracter 
FDHM were tested, logarithmically spaced between 60 ms, with 
5-ms onset, 45-ms sustain and 25-ms offset, to 160 ms, with the 
same temporal characteristics as the melody. All the notes were 
presented at a loudness level of 65 Phons (as loud as a 1-kHz 
tone at 65 dB SPL). As the impulsiveness was increased, the 

intensity was also increased to maintain the same loudness as the 
melody notes based on a loudness model [9] (see Fig 2.) 

 
Figure 3: Individual data. Difficulty rating as function of 
FDHM (ms). Each panel represents one listener. Blocks with 
increasing (INC) and decreasing (DEC) difficulty are shown 
in black and red respectively.  

 
Figure 2 Different temporal envelopes that vary in 
FDHM: black 160 ms, green 119 ms, blue 90 ms and 
red 70 ms.  

The sounds were constructed using Matlab 7.5. The notes were 
played from a loudspeaker (Genelec 8020APM) positioned on a 
stand at the listener’s ear height, 1m from the listener’s head. 

Procedure 
The experiment consisted of blocks of trials in which the melody 
was presented continuously with the temporal envelope of the 
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interleaved distracter notes gradually changing over about five 
minutes. Blocks were run with the distracter FDHM level either 
increasing towards the melody (INC blocks) or decreasing away 
from the melody (DEC blocks). In the DEC direction, the 
distracter FDHM started at 60 ms and ended at 160 ms. After 10 
presentations of the 4-note melody (16 seconds), the FDHM of 
the distracter was set to the next level. The block ended when the 
FDHM reached 160 ms. At this level, the temporal envelope of 
the melody and the distracter were identical, and therefore no 
segregation of the melody from the distracters was expected. In 
the DEC blocks, the distracter FDHM started at 160 ms, 
decreased by one level every 10 presentations of the melody and 
ended when the FDHM reached 60 ms. 

The melody alone is shown in Fig 1.A, the melody with example 
distracter notes played at the same FDHM in Fig 1.B and the 
melody with example distracter notes played at a shorter FDHM 
in Fig 1.C. An INC block was always run first as a practice 
session, with the data from this block discarded. Following the 
practice, each increasing/decreasing block was run twice, with A-
B-B-A/B-A-A-B counterbalancing across participants. In the 
session, listeners participated in another similar experiment on 
streaming (see companion paper [10]) 

The listeners continuously rated the difficulty of perceiving the 
four-note melody using a variable slider on a midi controller 
(EDIROL U33). The slider was labelled from 0 (no difficulty 
hearing melody) to 10 (impossible to hear melody). They were 
instructed to move the slider to the “10” position if the melody 
was impossible to perceive, and to the “0” position if the melody 
could be easily perceived. The slider position was encoded in 128 
steps every time a note of the melody was played on a personal 
computer using a MAX/MSP 5 environment. The rating scale (0 
to 10) was scaled down to 0 to1 for convenience prior to analysis. 

Listeners 
Twenty-six listeners (15 females, 11 males) participated, with 
ages ranging from 18 to 45 years of age (average 32.2, std 7.1). 
No one was paid for their participation but travel expenses were 
reimbursed. Every listener reported normal hearing. The 
experimental protocol was approved by the Human Research 
Ethics Committee of the Royal Victorian Eye & Ear Hospital. 

3. RESULTS 

Individual data 
Figure 3 shows the data for the individual listeners. As expected, 
when the distracter had the same FDHM as the melody, the 
difficulty was rated as high; i.e., the melody was not perceived as 
segregated. As the distracter FDHM decreased, the difficulty 
rating decreased; i.e., the melody could be segregated easily. The 
average intra-listener standard deviation was idiosyncratic and 
varied from 0.05 for listener L13 to 0.35 for listener L28, with a 
mean of 0.14.  

Effect of direction 
Figure 3 also shows the effect of the direction on segregation 
(INC blocks in black, DEC blocks in red). This effect varied 
widely between listeners. Listeners L3, L4, L16 and L23 showed 
a clear difference in difficulty ratings between the INC and DEC 
conditions. At the beginning of the INC condition, when the 
FDHM of the distracter was 60 ms, this group of listeners could 
easily perceive the melody; as the FDHM increased, the melody 
was perceived with more difficulty. On the other hand, in the 
DEC condition, when the FDHM was 160 ms, these listeners 
could not perceive the melody and did not show much 
improvement as the FDHM decreased. It is worth noting also that 
for one DEC block of L16, the temporal envelope showed the 
opposite effect than expected. In a post experiment interview, the 
listener confirmed that the more the quality between notes 
differed, the more he found it difficult to hear the melody. He 
explained that when the distracter notes were short his attention 
was drawn into a new rhythm that made it more difficult to hear 
the longer melody notes.  

 
Figure 4: The means and standard errors of the 
maximum amplitude, knee point, slope and area under 
the raw data. Values for DEC and INC blocks are 
plotted separately.

In order to test for statistically significant effects overall, the data 
were fitted with a sigmoid function with three degrees of 
freedom: the amplitude (a), the slope (s), and the knee point (k), 

[ ]{ }/ 1 exp ( )fitR a s k= + − L ,
 

where Rfit is the estimated response and L the level. The two INC 
and DEC blocks were averaged, and a single fit for each 
condition (INC and DEC) and listener was extracted from the 
raw data. Figure 4 shows the results averaged across listeners. A 
two-tailed Student’s t-test was performed to test whether any of 
the parameters were significantly affected by the direction. 
Analysis revealed a significant effect for the slope (t(25) = 2.25, 
p = 0.03) but no significant effect was found for the amplitude 
(t(25) = 0.86, p = 0.39) nor the knee point (t(25) = 1.09, p = 
0.28). Furthermore, the area under the average was calculated, to 
test whether the overall amount of segregation was dependent on 
the direction. Results showed no significant difference (t(25) = 
0.92, p = 0.36).  
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Average data 
Figure 5 shows the sigmoid function fit to the data for the DEC 
and INC conditions. As indicated by the t-test both functions are 
quite similar: they have the same maximum amplitude, knee-

point, and overall-area, but different slopes. Therefore, it seems 
reasonable to assume that the average reflects the segregation 
likelihood. In order to interpret the result in terms of the amount 
of segregation, the difficulty can be assumed to approximate the 
inverse of the segregation likelihood: if the listener judged the 
melody as easily perceived, then the melody segregation 
likelihood should be high; if the listener rated the melody as 
difficult to perceive, the melody segregation should be low. 
Therefore, according to the fit: the likelihood of hearing the 
melody was 75% when the distracter had an FDHM of 65 ms; 
50% for an FDHM of 85 ms; and 25% or below for FDHMs of 
108 ms or above. 

4. CONCLUSIONS 
Three main conclusions were drawn from the study. It was 
shown that the “impulsiveness” of the temporal envelope 
influenced melody segregation, although the results were much 
more variable than in a similar task with the same listeners, 
where the pitch of the distracter notes was used instead of 
temporal envelope [10].   

When a melody had an impulsiveness defined as 160-ms of the 
full duration of the sound at half of the maximum amplitude 
(FDHM), a concurrent distracter needed to have an 
impulsiveness of 85 ms (nearly half the duration), for the melody 
to be perceived half of the time on average. This observation is 
consistent with the fact that musical notes have durations that 
typically differ by a factor of two: semibreve, minim, crotchet, 
quaver, semiquaver, demisemiquaver, and hemidemisemiquaver. 

The effect of the temporal envelope seemed to depend quite 
strongly on individual differences and the task variables (INC 
and DEC). This variability might explain the discrepancy 
between the results found in the literature for streaming tasks 
based on temporal differences. The musical context is one where 

rhythm is particularly important and listeners may have been 
confused or aided by rhythmic cues to a greater extent than they 
may have been in other contexts. It is worth observing that 
sounds arising from different sources in non-musical contexts 
would not normally be precisely interleaved in time, in the 
manner of the melody and distracter notes in the experiment 
reported here. Examples such as a galloping horse or regular 
wood chopping with an echo provide rhythmic temporal cues that 
allow listeners to group these sounds together rather than 
separate them. Thus, the temporal cues to segregation are 
somewhat ambiguous in the current experiment. It may be 
misleading to expect “temporal” factors to depend on a single 
parameter such as FDHM when they also play an obvious role in 
rhythm perception as well as the perception of timbre, both of 
which are important in understanding auditory streaming.  

 
Figure 5: Average Data. Difficulty rate as function of 
FDHM (ms).  
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