
Level dominance in sound source identification
Robert A. Lutfi, Ching-Ju Liu, and Christophe Stoelinga
Auditory Behavioral Research Lab, Department of Communicative Disorders, University of Wisconsin,
Madison, Wisconsin 53706

�Received 7 February 2008; revised 10 September 2008; accepted 11 September 2008�

Impact sounds were synthesized according to standard textbook equations given for the motion of
simply supported, metal plates. In a two-interval, forced-choice procedure, highly practiced listeners
identified from these sounds a predefined class of target plates based on their particular material and
geometric properties. The effects of two factors on identification were examined: the relative level
of partials comprising the sounds and the relative amount of information �given as the difference in
d�� each partial provided for identification. In different conditions one factor was fixed while the
other either increased or decreased with frequency. The effect on listener identification in each case
was determined from a logistic discriminant analysis of trial-by-trial responses, yielding a vector of
listener decision weights on the frequency and decay of individual partials. The weights increased
proportionally with relative level, but were largely uninfluenced by relative information content—a
result exactly opposite to that expected from a maximum-likelihood observer. The dominant effect
of relative level was replicated for other sound sources �clamped bars and stretched membranes� and
was not diminished by randomizing the relative level of partials across trials. The results are taken
to underscore the importance of relative level in the identification of rudimentary sound sources.
© 2008 Acoustical Society of America. �DOI: 10.1121/1.2998767�
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I. INTRODUCTION

This study reports a new finding pertaining to the audi-
tory identification of rudimentary sound sources. The results
show that the partials governing listener judgments from trial
to trial are not those conveying the most information regard-
ing the source, as one might expect, but simply those having
the highest relative level in the complex. Similar effects of
level have been reported in past studies involving masking
�Neff and Jesteadt, 1996� and judgments of pitch �Moore et
al., 1985�. What makes the present results different, how-
ever, is that the highest level components continue to domi-
nate the listener’s judgments even when the listener has a
compelling reason and presumed ability to ignore them. We
use the term level dominance in this paper to describe this
effect and to distinguish it from the other more general ef-
fects of relative level, alluded to above, which may or may
not be related to the present results.

Level dominance effects of the type described here have
not been widely reported in the literature. Berg �1990� may
have provided the earliest account. Listeners in his study
heard a sequence of seven 50-ms tones alternating in level
between 30 and 85 dB SPL. The frequencies of the tones
were sampled at random on each trial from one of two nor-
mal distributions differing in mean. The listener’s task was to
specify on each trial which of the two distributions the se-
quence was drawn from. Decision weights, indicating the
reliance placed on the individual tones, were computed from
response correlations with the trial-by-trial perturbations in
frequency. In one condition the perturbation was made
greater for the higher-level tones so that the higher-level
tones conveyed less reliable information regarding the differ-
ence to be discriminated. Only two listeners participated in

this condition, but the decision weights of both listeners in-
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dicated greater weight on the higher-level tones conveying
the less reliable information. Berg found the results to be the
same when the tones were separated by silent intervals of 50
and 200 ms. Later, Turner and Berg �2007� replicated these
results with tones separated by as much as 500-ms silent
intervals and differing in level by only 20 dB. This effec-
tively ruled out the possibility that the effect was due to
masking of the lower-level tones by the higher-level tones
�cf. Jesteadt et al., 1982; Massaro, 1975�.

Lutfi and Jesteadt �2006� conducted an extensive
follow-up to Berg’s study. Decision weights were computed
for sequences of tones alternating in level between 40 and
80 dB SPL with a level perturbation of 3 dB. The task was to
detect an increment in level applied to all tones in the se-
quence, rather than a change in frequency as in the Berg
study. The decision weights of four highly practiced listeners
indicated near-exclusive reliance on the higher-level tones in
the sequence, even when the higher-level tones contained a
smaller increment in level �3 vs 6 dB�. The same outcome
was obtained when the tones were replaced by bursts of
broadband Gaussian noise, effectively ruling out explana-
tions based on spread of excitation at high levels. Reversing
the order in which high and low level tones occurred in the
sequence had no effect, and the level dominance only began
to diminish when the tones differed in level by less than
10 dB. The only manipulation, in fact, to have a significant
influence on the level-dominance effect was to alternate the
low-level tones with louder bursts of Gaussian noise; in this
case the effect was entirely reversed. Lutfi and Jesteadt sug-
gest from their results that level dominance may reflect a
tendency for attention to be directed to the higher-salience
elements of a stimulus perceived as a single auditory object.

The interpretation, in fact, is consistent with the predictions
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of current phenomenological and computational models for
the discrimination of unfamiliar multitone patterns �cf. Kidd
and Watson, 1992; Lutfi, 1993; Oh and Lutfi, 1998�.

Given the seemingly robust nature of the level-
dominance effect, we considered whether the effect would
also impact on the identification of rudimentary sound
sources �struck bars, plates, and membranes�. The prediction
is that it would if the only requirement is that the partials be
perceived as forming a single auditory object. Although one
can often “hear out” individual partials of sounds emitted by
a rudimentary source, the partials are generally perceived as
belonging to a single auditory object by virtue of the fact that
they are emitted from a single source. The partials have si-
multaneous onsets, they decay together systematically, and
they are related to one another by frequency ratios likely to
be familiar to the listener—all factors that would be expected
to promote the perception of a single auditory object �Breg-
man, 1990�, and thus a level-dominance effect. Other consid-
erations, however, lead to a different expected outcome. In
particular, the random tone sequences used in the past studies
lack the familiarity and lawful structure of naturally occur-
ring sounds. Familiarity and structure are factors known to
have a significant impact on a listener’s ability to discrimi-
nate random tone patterns �Watson and Kelly, 1981�. They
are believed to aid the listener by allowing the listener to
“focus in” on differences that are relevant to the discrimina-
tion. If the interpretation is correct, then the expectation is
that level dominance will be reduced or absent for sounds
produced by naturally occurring, familiar sound sources.

In light of these considerations, the present study was
undertaken to address the following questions: �1� Is the
level-dominance effect peculiar to the discrimination of arbi-
trary tone patterns, or is it also obtained in a source identifi-
cation task wherein the elements of the stimulus are similarly
perceived as belonging to a single auditory object? �2� As-
suming the latter outcome, is it possible to rule out trivial
explanations in terms of mutual masking among stimulus
elements or to listener inexperience with the task? and �3� If
such alternative explanations can be ruled out, what impact
might the level-dominance effect be expected have on sound
source identification performance?

II. GENERAL METHODS

A. Stimuli

The stimuli were approximations to the airborne sounds
resulting from the impact of a hard mallet on a circular bar,
rigidly clamped at one end, a simply supported circular plate,
or a stretched circular membrane �respectively, a “tuning-
fork,” “gong,” or “tympani drumhead”�. They were synthe-
sized according to theoretical equations of motion from stan-
dard acoustics texts �Fletcher and Rossing, 1991; Morse and
Ingard, 1968�. The use of synthetic sounds was dictated by
the need to introduce perturbations in stimuli that would al-
low listener decision weights to be estimated and compared
to those of a maximum-likelihood detector, as will be de-
scribed shortly. Specific details of the synthesis are provided
by Lutfi and Oh �1997� and a psychophysical evaluation is

provided by Lutfi et al. �2005� and McAdams et al. �2004�.
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The resulting sounds were a sum of exponentially decaying
sinusoids whose individual frequencies, �, amplitudes, A,
and decay moduli, �, were determined by the specific mate-
rial and geometric properties of the source, and the manner
in which the source was suspended and struck. For the bar
the ratios of modal frequencies k=�n /�1 were 1.00, 6.26,
17.54; for the plate they were 1.00, 2.80, 5.15, 5.98, 9.75,
14.09, and for the membrane they were 1.00, 1.594, 2.136,
2.296, 2.653, 2.918. In different conditions, the amplitudes
and the decay moduli of modes were equated across fre-
quency, varied in direct or inverse proportion to modal fre-
quency or varied pseudorandomly. The different cases are
described as they are considered in Sec. III. Note that such
variation in the amplitude and decay would be associated
with differences in the way the source is struck or the way
that it is damped by the manner in which it is held �cf. Morse
and Ingard, 1968; Hall, 1991; Lutfi, 2008�. For example, a
bar rigidly clamped at one end �tuning fork� will produce a
sound having a high-pass characteristic if struck near the
clamped end, and a low-pass characteristic if struck near the
free end; a plate struck squarely in the center will tend pre-
dominantly to excite modes 1, 4, and 9. Generally speaking,
each natural mode of vibration will be excited �or damped�
to the degree that the region of contact participates in that
mode of vibration.

For each presentation of a sound a random perturbation
was also imposed on the frequency and decay of each partial.
The perturbations were imposed independently for frequency
and decay, and independently for each partial. Again, such
perturbations would be expected to occur naturally since real
bars, plates, and membrane tend to have small geometric and
material imperfections that would result in such perturba-
tions. To roughly equate their perceptual salience, the pertur-
bations were normally distributed in log � and log � units
with standard deviation in every case equal to 5 just-
noticeable differences �jnd’s�; one jnd corresponding to a
value of log�1.002� for frequency and log�1.1� for decay �cf.
Wier et al., 1977; Schlauch et al., 2001�.

Sounds were played at a 44 100-Hz sampling rate with
16-bit resolution and were terminated after 1 s by a 5-ms
cosine-squared offset ramp. They were delivered to the right
ear over headphones �Beyerdynamic DT 990� to listeners
seated individually in a double-walled, IAC sound-
attenuating chamber. The levels of partials were computed
numerically before analog conversion. The transfer function
of the Beyerdynamic headphone was estimated using a bin-
aural loudness balancing procedure. For octave frequencies
from 250–8000 Hz listeners adjusted the level of pure tone
delivered to the headphone so that it would produce a cen-
tered intracranial image when the same tone was played over
a TDH-50 earphone with a known transfer function �previ-
ously measured through a 6-cc coupler�. Using this proce-
dure the average total sound power at the eardrum was esti-
mated to be 65 dB SPL.

B. Procedure

For each sound source �bar, plate, and membrane� a tar-

get and nontarget was identified, the target being nominally
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smaller than the nontarget and made of a more dense mate-
rial �cf. Morse and Ingard, 1968, pp. 175–191�. Note that
these are nominal differences, as other combinations of
physical parameters could have been chosen to produce the
same acoustic differences between target and nontarget. For
the bar the partials of the target were 5 jnd’s higher in fre-
quency and 5 jnd’s longer in decay; for the plate and mem-
brane the differences were 4 jnd’s in each case. The magni-
tude of the differences was selected to achieve performance
levels in the range of 70–90% correct and the direction of the
differences was chosen to reflect the geometric and material
differences between target and nontarget plates. For the non-
target the frequency of the first partial was �1=250, 250, and
500 Hz, respectively, for the bar, plate, and membrane. The
decay modulus for the first partial was, respectively, �1=2.0,
0.4, and 0.2 s. On each trial the listener heard an exemplar of
the target and nontarget separated by 400 ms. The listener
was instructed to select the sound corresponding to the tar-
get, which was the first or second sound with equal probabil-
ity. Listeners were instructed beforehand as to the acoustic
differences between target and nontarget and were given cor-
rect feedback after each trial. The data were collected in 1-h
sessions, including breaks, conducted on different days. A
total of at least 400 experimental trials was run for each
listener for each condition.

Decision weights for individual listeners were computed
as a vector of regression weights, b, using the generalized
linear model,

logit�P�R = 2�� = b0 + �
i=1

n

b�i
�log �i2 − log �i1�

+ b�i
�log �i2 − log �i1� + e , �1�

where logit�P�R=2�� is the log-likelihood of a second inter-
val response, i1 and i2 index the parameters of the ith partial
in the first and second interval, and e is a residual term �cf.
Berg, 1990; Anderson, 1971�. The data were analyzed sepa-
rately for the target in the first and second interval so as to
obtain two independent estimates of b for each listener. The
estimates and their associated error were computed using the
GLMFIT routine of the software application MATLAB v.6.5
using a logit link function. They were then compared to
those of a theoretical decision maker that maximizes the like-
lihood of a correct response on each trial. The performance
of the maximum-likelihood �ML� decision maker was ana-
lyzed from the equations of motion, taking into consideration
the actual perturbations in acoustic parameters that occurred
from trial to trial.

C. Subjects

Nine normal-hearing female adults �ANSI, 1989�, ages
21–30 years, were paid at an hourly rate for their participa-
tion. Not all listeners participated in all experiments. The
listeners were students in the Department of Communicative
Disorders at the University of Wisconsin-Madison. All had
extensive previous experience with the two-interval, forced-

choice task and all received at least 400 trials of practice
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prior to data collection for each condition in which they par-
ticipated.

III. RESULTS

A. Experiment 1: Effect of relative level vs relative
information content

Figure 1 gives as open symbols the obtained estimates of
b�i

and b�i
�panel columns� for each of six listeners �panel

rows� for the condition in which the resonant source is the
plate, and in which the amplitude and decay moduli of the
partials decrease proportionally with frequency �low-pass
condition�.1 The two estimates shown in each case were
computed separately from trials in which the target occurred
in the first and second intervals of the forced-choice trial. As
is common practice, the values have been normalized so that
their unsigned magnitudes sum to unity �cf. Berg, 1990�.
This is done to allow comparisons of the pattern of weights
across listeners free from differences in the effect of overall
performance on the raw regression weights. Error bars on
estimates have been scaled accordingly to permit identifica-
tion of those values significantly greater than zero. Overall
percent correct identification performance and corresponding
d� for each listener are also given. The differences in perfor-
mance across listeners are small.

In many cases the listener decision weights deviate sig-
nificantly from the ML weights, given by the dotted lines.
Consider that there are 12 independent sources of informa-
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FIG. 1. Obtained decision weights for two-interval, forced-choice identifi-
cation of target plates are given for each listener �panel rows� for the low-
pass condition of experiment 1. Error bars give the standard error of esti-
mate in each case. Dotted lines give the ML weights. The two panel columns
give the decision weights separately for the change in frequency and change
in decay of each partial. Performance levels �PC and d�� are also indicated
for each listener.
tion that can potentially inform decisions in this task, the
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values of two acoustic parameters for each of six partials.
The short-dashed line shows ML decisions to be influenced
equally by each source, whereas the estimates of listener
weights show listener decisions to be dominated by only 2–3
sources. Note, here we define a dominant weight to be a
mean value of at least two standard errors above the ML
weight. There are clear differences among listeners regarding
which of the 2–3 sources dominates judgments �compare for
example listeners S1 and S6�; these differences have been
considered at length in a separate publication and have little
bearing on the present analysis �see Lutfi and Liu, 2007�. For
present purposes, it is only important to note that, with only
one exception, the 2–3 sources given dominant weight are
those associated with the two highest-level partials in the
complex, partials one and two. The exception is for S1,
where there is a dominant weight on the decay of the fourth
partial, which has an intermediate level. Figure 2 shows the
listener decision weights for the high-pass condition �ampli-
tude and decay modulus increasing proportionally with fre-
quency�. Here again we see a tendency, with few exceptions,
for the judgments to be dominated by the two highest-level
partials, which are now partials five and six. This shows that
the relative level of partials, not their frequency, is the factor
dictating which partials receive the greatest decision weight.

A better sense of the relation between the relative level
of partials and the listeners’ decision weights is obtained
from Fig. 3. The figure is a scatterplot of one variable against
the other, where the separate decision weights on frequency
and decay have been averaged and rescaled to obtain a single
overall weight for each partial. Also, to permit direct com-
parisons between the two variables, the relative amplitudes,
like the decision weights, have been scaled to sum to unity.2
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FIG. 2. Same as Fig. 1, except that the data are for the high-pass condition
of experiment 1.
The data plotted in this way roughly fall along the diagonal,
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though the strength of the relation is stronger for some lis-
teners than others �symbol type�. Across all listeners the
Pearson product-moment correlation is r=0.81; hence, 66%
of the variance in the listeners’ decision weights is accounted
for by their linear relation to the relative amplitude of the
partials. In comparison, no correlation with amplitude is ex-
pected for the decision weights of the ML observer, which in
this plot would fall on a horizontal line.

The data in Figs. 1–3 clearly show a strong relation be-
tween the relative level of partials and the listeners’ decision
weights. We would like, however, a means to evaluate the
relative importance of this effect. We achieved this in a
follow-up experiment by comparing it to a factor that, for the
maximum-likelihood observer, would be expected to have an
even stronger influence on the decision weights, namely the
relative amount of information for identification provided by
the different partials. The listeners’ goal, as instructed, was to
maximize the number of correct identifications. If listeners
are only capable of giving a significant nonzero weight to
1–3 information-bearing partials at any one time, then we
should expect these 1–3 partials to be those conveying the
most diagnostic information regarding the source �i.e., hav-
ing the highest d��. We repeated the experimental task with
the same listeners, this time equating the relative amplitude
and decay of partials ��=0.2 s� and increasing or decreasing
with partial number, i, the number of jnd’s distinguishing
target and nontarget. When increasing with partial number,
the number of jnd’s for both frequency and decay equaled i;
when decreasing, the number of jnd’s equaled 6 / i.

Figures 4 and 5 show, respectively, the estimates of de-
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FIG. 3. Scatterplot of the relation between the relative weights of listeners
and the relative amplitude of partials for two-interval, forced-choice identi-
fication of target plates. Weights on the change in frequency and decay have
been averaged for each listener to obtain a single weight for each partial �see
the text for details�. Symbols denote data from different listeners �S1
=circle, S2=upright triangle, S3=square, S4=inverted triangle, S5=star,
S6=diamond�.
cision weights obtained for jnd’s increasing and decreasing
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with partial number. The data are plotted as in Figs. 1 and 2
with the short-dashed line in each case giving the decision
weights of the maximum-likelihood observer. We see in Fig.
4, for all six listeners, a dominant weight on the decay of the
sixth partial which, consistent with expectations, is the high-
est information-bearing partial in the complex. Complicating
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FIG. 4. Same as Fig. 1, except that the data are for the variable jnd condition
of experiment 1, jnd increasing with partial number.
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FIG. 5. Same as Fig. 1, except that the data are for the variable jnd condition

of experiment 1, jnd decreasing with partial number.
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the picture, however, is the fact that a dominant weight con-
tinues to be obtained for at least three of the listeners �S1,
S2, and S4� on the frequency of the first partial, which is the
lowest information-bearing partial. Moreover, in Fig. 5 we
see for three listeners �S2, S5, and S6� the same dominant
weight on the decay of the sixth partial, when this partial is
the lowest information-bearing partial. A likely explanation
of these results is that they reflect to some extent the differ-
ence in the relative level of partials across the two experi-
ments. Note that, even though the levels of partials were
equated in the present experiment, the sixth partial had a
higher relative level than for the low-pass condition of Fig.
1, where it was the lowest level partial. The sixth partial in
the present experiment may have thus received greater
weight than in the previous low-pass condition for this rea-
son.

The data of Figs. 4 and 5 indicate a much weaker rela-
tion of listener decision weights to the relative information
content of partials than to relative level. This is confirmed in
Fig. 6, where the decision weights have been averaged as in
Fig. 3 and plotted against relative information scaled to sum
to unity. Across all listeners the Pearson product-moment
correlation between the two variables is r=0.12 Relative in-
formation thus accounts for only 1% of the variance in the
listeners’ decision weights, compared to 66% of the variance
accounted for by relative level for the same highly practiced
listeners. This result reinforces the importance of the level-
dominance effect. It shows that a variable clearly relevant to
identification actually has less influence on listener decision
weights than one, which provides absolutely no information
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FIG. 6. Scatterplot of the relation between the relative weights of listeners
and the relative information content of partials �relative delta�. Weights on
the change in frequency and decay have been averaged for each listener to
obtain a single weight for each partial �see the text for details�. Symbols
denote data from different listeners as in Fig. 3.
for identification.
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B. Experiment 2: Effect of partial number and
resonant source

The foregoing results, while intriguing, do potentially
admit to certain trivial interpretations given the manner in
which they were obtained. One possibility is that the results
simply reflect mutual masking among partials. That is,
greater weight would be expected on higher-level partials if,
by virtue of their higher level, these partials to some degree
mask or make inaudible lower-level partials in the complex.
Masking, in fact, provides a simple account of why partials
one and six, the least information-bearing partials in Figs. 4
and 5, should receive a dominant weight for some listeners.
Being on the spectral edges of the complex, these partials are
expected to be subject to less masking and so more easily
“heard out” �cf. Moore and Ohgushi, 1993�.

We evaluated the effect of masking by using two addi-
tional sound sources, one for which masking should be much
less of a factor than for the plate, and one for which it should
be much more of a factor. The two sources were the struck
bar and membrane described in Sec. I A. There should be no
masking of consequence among partials of the bar, as there
are only three partials extending over a frequency range of
250–4385 Hz. There should be much more masking for the
membrane than the plate since the six partials of the mem-
brane extend over a much smaller frequency range,
500–1459 Hz for the membrane, 250–3523 Hz for the plate.
If mutual masking among partials was responsible for the
level-dominance effect obtained earlier, then we should ex-
pect the effect to be absent in the case of the bar and even
more pronounced in the case of the membrane.

Another factor that might have contributed to the level-
dominance effect was the practice of providing information
for identification in the differences in decay. Decay is a pa-
rameter that determines the relative energy of partials. Thus,
it is possible that, by making decay relevant to the task, we
may have inadvertently caused the relative level of partials to
have a more significant effect on listener decision weights
than they otherwise would have had if decay was irrelevant
for identification.3 To test this possibility, we changed the
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of target plates �circles�, membranes �squares�, and bars �triangles� for the r
task so that the only information for identification was the
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difference in the frequencies of partials �5 jnd’s in frequency
for each partial for the bar, 4 jnd’s for the membrane and
plate�. This, parenthetically, provides a more sensitive mea-
sure of level dominance by eliminating the need to average
weights, as in Figs. 3 and 6.

Finally, we incorporated a change to address a peculiar
feature of the previous experimental design. In the previous
experiments, partials 1 and 6 had special status in determin-
ing level dominance in that one or the other was always the
highest-level partial in the complex. We wished to determine
whether level dominance would be of the same magnitude
when each partial was equally likely to be the highest-level
partial in the complex. This was done by using the same
levels as in the previous experiments, but shuffling the levels
of partials �and corresponding decay� at random from trial to
trial. For example, previously for the bar the levels of par-
tials 1–3 were, respectively, 65, 49, and 41 dB SPL. In the
present experiment they could be, respectively, 49, 65, 41 dB
SPL, 41, 49, 65 dB SPL, or any other combination of these
levels. Each listener received at least 400 trials of practice in
the task before data collection. Average performance levels
across listeners and conditions ranged from 68–73% correct
�compared to the near-perfect performance of the ML ob-
server�.

Figure 7 shows the relation between the obtained deci-
sion weights and the relative level of partials for three new
listeners �panels�. Data for the different sound sources are
indicated by different symbol types �bar=triangles,
membrane=squares, plate=circles�. We conclude that mask-
ing is not a significant factor in these experiments as there
are not the predicted differences in the relation between the
decision weights and relative level across the different sound
sources. The weights for the membrane do appear to increase
at a slightly more rapid rate with relative level, as predicted
by masking, but the effect, if real, is very small. Moreover,
the weights for the bar, where no masking is expected, show
the same strong relation to relative level as the weights for
the plate. We also conclude that having information in decay
did not previously bias the results as there is no significant
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weights and relative level from experiment 1. Across all lis-
teners the Pearson product-moment correlation is r=0.90,
compared to 0.81 overall for the data in Fig. 3. The weaker
correlation for the data of Fig. 3 likely reflects the effect of
averaging over the weights for the change in decay and fre-
quency for each partial, where in many cases only one of
these weights was dominant. Finally, the fact that the
strength of the relation is greater in this condition indicates
that level dominance is not peculiar to partials one and six,
but occurs for all partials in the complex.

Figure 8 shows, for comparison to Fig. 7, the effect of
the relative information content of partials. In this condition,
the relative levels of partials were fixed �−6 dB /oct� as in the
low-pass condition of experiment 1; however, the difference
in frequency for each partial varied at random from trial to
trial �random-delta condition�. Overall performance of the
ML observer was equated to that of the random-level condi-
tion of Fig. 7 by selecting the component d�s so that the
square-root of the sum of their squares equaled that of the
earlier condition. Comparison of the data across these two
conditions shows as before a much weaker relation of lis-
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tener decision weights to the information content of partials
than to the relative level of partials. This result is further
confirmed by Fig. 9. This figure shows the relation of listener
decision weights to the relative level of partials within the
random-delta condition. There is somewhat more scatter in
these data, as to be expected given the variation in delta;
however, the data still show a stronger relation to relative
level than to delta. Thus, even when the listener is given the
option within a condition to base judgments on higher
information-bearing partials they tend instead to base judg-
ments on the higher-level partials.

IV. DISCUSSION

In answer to the three questions posed in the Introduc-
tion, we can now say with reasonable confidence that: �1� the
level-dominance effect is not a phenomenon peculiar to the
discrimination of arbitrary tone patterns, but is also obtained
in a rudimentary sound source identification task; �2� the
effect is not due to mutual masking among partials or to
listener inexperience with the task; and �3� the relative level
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of partials has a stronger influence on listeners’ decision
weights than does the relative information content of partials.
Level dominance can thus be expected to have a detrimental
impact on source identification performance when the
highest-level partials in the sound are not the most informa-
tive regarding the source.

Given the last outcome, it seems difficult to justify from
an ecological perspective why the auditory system would
manifest a level-dominance effect. In everyday listening, the
information in the highest-amplitude spectral components is
not always the most diagnostic regarding the source, yet
level dominance would suggest that this is the information
which has the greatest influence on our perception. So, what
possible advantage could level dominance have in everyday
listening?

One can speculate by noting certain parallels to a better-
known phenomenon in hearing; the precedence effect. The
precedence effect refers to the observation that the perceived
location of a sound source in a reverberant environment is
dominated by the wavefront arriving first at the listener’s
ears �Wallach et al., 1949; Blauert, 1971; Litovsky et al.,
1999�. This makes sense from an ecological standpoint since
the first-arriving wavefront provides the most veridical infor-
mation about the location of the sound source. Studies have
shown, however, that the precedence effect depends not only
on the first-arriving wavefront being first, but also on its
level relative to later arriving wavefronts. Yost �2007�, for
example, reports that the lagging click in a click pair will
begin to be heard as having its own localized image as its
level is made more nearly equal to that of the leading click in
the pair �a type of level-dominance effect�. Similar results
have been reported by Hafter et al. �2000� using more natu-
ralistic piano tones as stimuli. These results also make sense
from an ecological perspective, as in the real world the first-
arriving wavefront is nearly always the most intense; rare
exceptions occur when an obstacle blocks the direct path of
the sound. Still another way level dominance might serve to
benefit the listener is as an alerting mechanism. The fire
alarm is made loud so that it will be heard, but also to attract
our attention. Also, the most intense sound in our environ-
ment is typically emitted from the closest source, which is
the source most likely to require our immediate attention and
action. Could level dominance have evolved to alert us to
imminent sources? While it seems interesting to speculate,
this idea is likely impossible to test.

Notwithstanding our failure to offer a simple explana-
tion of the effect, level dominance does appear real. Recent
studies reporting the effect for the discrimination of multi-
tone sequences have, as in the present study, ruled out trivial
explanations in terms of mutual masking among stimulus
components or listener inexperience with the task �Berg,
1990; Turner and Berg, 2007; Lutfi and Jesteadt, 2006�. Lutfi
and Jesteadt, moreover, have ruled out an explanation in
terms of greater sensitivity to changes in the frequency or
level of tones resulting from spread of excitation at high
levels �cf. Jesteadt et al., 1977; Viemeister, 1972�. They
showed the level-dominance effect to be undiminished when
the tones in the sequence are replaced by bursts of broadband

Gaussian noise. Kidd and Watson �1992� also have reported
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what appears to be a related effect in which the detectability
of a change in a single tone in a sequence is seen to improve
as the tone occupies a greater proportion of the total duration
of the sequence. The CoRE model, which has been success-
ful in accounting for many results from multitone pattern
discrimination studies, attributes both proportional-duration
and level-dominance effects to a common mechanism in-
volving the pooling of variance in patterns across frequency
and time, with individual components contributing in propor-
tion to their power �Lutfi, 1993; Oh and Lutfi, 1998�. The
pooling of variance is assumed to occur under conditions of
high stimulus uncertainty in which the tone patterns vary
widely from trial to trial with few statistical constraints. In a
typical study, for example, the tone frequencies may vary at
random over a range of 300–3000 Hz �Watson and Kelly,
1981; Neff and Dethlefs, 1995�. The results of the present
study suggest that this assumption might be relaxed some-
what. The equations of motion largely constrain the set of
possible stimuli so the degree of variation is considerably
less; by comparison to the above, just a few jnd’s in fre-
quency.

To date, research on the perception of sound sources has
been largely driven by prominent theories regarding how we
perceive and act in the real world �cf. Bregman, 1990; Gib-
son, 1966; Helmholtz, 1877�. The present study is an excep-
tion in that it was inspired by what seemed a provocative
result in the literature on the discrimination of arbitrary mul-
titone patterns. This too was the motivation of a study of
sound source identification by Lutfi and Liu �2007�. These
authors found that listeners differ greatly in the reliance they
place on different acoustic features when performing basic
sound source identification tasks. Individual differences have
not been widely reported in the literature on sound source
identification, largely because of the practice of averaging
over listener data. They have, however, been well docu-
mented in research on the discrimination of multitone pat-
terns �Neff and Dethlefs, 1995; Lutfi, 1990; Lutfi et al.,
2003; Watson and Kelly, 1981�. In the multitone pattern stud-
ies the individual differences have been widely attributed to
the unfamiliar and arbitrary nature of the stimuli used �Wat-
son and Kelly, 1981; Lutfi, 1993�. The results of Lutfi and
Liu using naturalistic stimuli have since cast doubt on this
idea. There currently exists a rich and growing literature on
the discrimination of multitone patterns and, though the
stimuli used in these studies are a far cry from real-world
sounds, it would seem unwise to assume that the results have
no bearing on the perception of real-world sounds. Future
studies of sound source identification may indeed find this
literature to be a useful resource.
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1These data were previously published as a subset of the data from another

study by the present authors, having to do with individual differences in
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sound source identification �Lutfi and Lu, 2007�. See Fig. 3 of that paper.
They provided, in part, the impetus for the present study.

2Note that the multiplicative scaling of these variables does not affect the
strength of their linear relation.

3Note that the conditions of this study are not adequate to distinguish the
effects of energy, level, and decay. We use the term level dominance in the
generic sense that it has been used in past studies.
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