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Informational masking and musical training
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The relationship between musical training and informational masking was studied for 24 young
adult listeners with normal hearing. The listeners were divided into two groups based on musical
training. In one group, the listeners had little or no musical training; the other group was comprised
of highly trained, currently active musicians. The hypothesis was that musicians may be less
susceptible to informational masking, which is thought to reflect central, rather than peripheral,
limitations on the processing of sound. Masked thresholds were measured in two conditions, similar
to those used by Kiddet al. @J. Acoust. Soc. Am.95, 3475–3480~1994!#. In both conditions the
signal was comprised of a series of repeated tone bursts at 1 kHz. The masker was comprised of a
series of multitone bursts, gated with the signal. In one condition the frequencies of the masker were
selected randomly for each burst; in the other condition the masker frequencies were selected
randomly for the first burst of each interval and then remained constant throughout the interval. The
difference in thresholds between the two conditions was taken as a measure of informational
masking. Frequency selectivity, using the notched-noise method, was also estimated in the two
groups. The results showed no difference in frequency selectivity between the two groups, but
showed a large and significant difference in the amount of informational masking between musically
trained and untrained listeners. This informational masking task, which requires no knowledge
specific to musical training~such as note or interval names! and is generally not susceptible to
systematic short- or medium-term training effects, may provide a basis for further studies of analytic
listening abilities in different populations. ©2003 Acoustical Society of America.
@DOI: 10.1121/1.1598197#

PACS numbers: 43.66.Dc, 43.75.Cd@MRL#
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I. INTRODUCTION

The ability to distinguish, or ‘‘hear out,’’ a sequence
tones, such as a melodic line, in the presence of other ton
fundamental to the appreciation of most forms of mus
When individual tones are not perceived due to the prese
of other sounds, they are said to be masked. The most c
monly studied form of masking, sometimes referred to
‘‘energetic masking’’~Pollack, 1975; Leeket al., 1991; Kidd
et al., 1994!, is thought to be determined primarily by th
frequency selectivity of the peripheral auditory system: wh
the masker and signal are sufficiently close in frequency,
when the masker is sufficiently intense, the peripheral ne
representation of the masker dominates that of the signa
such an extent that no subsequent cognitive strategies
sufficient to extract the signal.

Masked thresholds can also be influenced by attent
listener expectations, and uncertainty about the signal’s c
acteristics. For instance, if the listener is presented wit
background of white noise and, through experimental m
nipulations or instructions, is expecting a tone of a particu
frequency or duration to be presented, tones differing

a!Electronic mail: oxenham@mit.edu
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bution subject to ASA license or copyright; see http://acousticalsociety.org/c
is
.
ce
m-
s

n
d
al
to
re

n,
r-
a
-
r
n

some way from expectations are often more poorly detec
~Greenberg and Larkin, 1968; Scharfet al., 1987; Hafter
et al., 1993; Wright and Dai, 1994!.

Finally, masked thresholds in situations involvin
maskeruncertainty are often much higher than predicted
energetic masking alone. For instance, if the masker con
of a number of tones having frequencies that are chan
randomly from presentation to presentation, listeners of
have great difficulty in detecting a signal of a fixed a
known frequency, even if the masker frequencies are alw
far removed from that of the signal. Masking that cannot
explained in terms of peripheral frequency selectivity is
ten referred to as ‘‘informational masking’’~Pollack, 1975;
Watson, 1987; Neffet al., 1993!, and is almost certainly me
diated at higher stages of perceptual processing.

Informational masking is often accompanied by lar
differences in performance between listeners~e.g., Lutfi
et al., 2003!. In a comprehensive study using up to 49 liste
ers, Neff and Dethlefs~1995! found individual differences in
masked thresholds as large as 50 dB. For detecting a 1-
signal in a masker comprised of ten random-frequency ton
the standard deviation around the mean was 11 dB. Th
considerably larger than the standard deviations of 2 dB
less often found for the detection of the same signal in bro
1543543/7/$19.00 © 2003 Acoustical Society of America
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 Redistri
band noise. The large effects of, and differences in, inform
tional masking persist even after extended practice~Neff and
Callaghan, 1988; Neff and Dethlefs, 1995!.

One obvious question is whether listeners at the extre
ends of performance in informational masking employ d
ferent listening strategies. A cursory analysis performed
Neff and Dethlefs~1995! showed that this might indeed b
the case. They found that their ‘‘best’’ listeners had thre
olds that seemed to be determined by energetic mask
That is, their thresholds were similar to what would ha
been expected from an ‘‘optimal’’ single-channel mod
where only the output of the auditory filter centered on
signal frequency was analyzed. At the other extreme, t
‘‘worst’’ listeners had thresholds that could be predict
based on the level of the overall stimulus: these listen
seemed unable to ‘‘hear out’’ the signal and instead may h
based their judgments on an impression of the overall lo
ness of the total tone complex. In summary, a distinct
could be made between ‘‘analytic’’ and ‘‘holistic’’ listeners
although the population formed a continuum rather than
distinct groups.

So far, it has proved challenging to identify predictors
how listeners will perform in an informational masking tas
Neff et al. ~1996! found a significant effect of sex in the
group of 49 listeners, with females tending to have som
what higher thresholds than males. Other measures of a
tory performance, such as absolute thresholds or thresh
for a tone in broadband noise, have yielded no signific
correlations with thresholds in informational masking situ
tions ~Neff et al., 1993; Neff and Dethlefs, 1995!.

Musicianship, both active and passive, relies in part
an ability to listen analytically. Thus, a reasonable hypothe
is that listeners with a high level of musical training a
ability ~musicians! should be able to listen more analyticall
and hence perform better in informational masking tas
than listeners with no formal musical training~nonmusi-
cians!. No study has yet directly tested this hypothesis. Ho
ever, other studies have indicated that nonmusicians
have more difficulty in tasks requiring analytic listenin
Soderquist~1970! found that nonmusicians were less able
identify individual partials within a harmonic tone comple
than were musicians. He described this difference in term
poorer frequency selectivity on the part of nonmusicia
Fine and Moore~1993! confirmed Soderquist’s finding tha
nonmusicians had more difficulty than musicians in identi
ing individual tones within a complex. However, they al
measured auditory filter shapes, using the notched-n
method, whereby masked thresholds for a tone are meas
in the presence of noise with a spectral notch~Patterson,
1976; Glasberg and Moore, 2000!. They found no relation-
ship between the bandwidth of the auditory filters and le
of musical training. In short, while the ability to identif
tones in a background of other tones might be poorer
nonmusicians, there is no evidence for poorer peripheral
quency selectivity, as originally implied by Soderqu
~1970!.

Another study comparing the performance of musicia
and nonmusicians~Spiegel and Watson, 1984! investigated
frequency discrimination. The tasks included a simple co
1544 J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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parison of two successive tones and a more complex t
where the target tones formed part of a longer sequenc
tones. The general conclusion was that the musicians’ pe
mance was initially better but that, with extended trainin
the performance of nonmusicians could be brought up to
of musicians. The effects of training are particularly strikin
in the frequency discrimination and pattern recognition ta
employed by Spiegel and Watson~1984!. In contrast, prac-
tice effects in informational masking tasks appear to be m
less robust. The two studies that have examined learn
effects in informational masking~Neff and Callaghan, 1988
Neff and Dethlefs, 1995! both found little evidence for sys
tematic learning effects: although certain individuals d
show improvements with time, there was generally no s
tematic trend when examining group data.

The assumption that good performance requires ana
listening, together with the finding that practice effects te
not to be particularly large or systematic, makes inform
tional masking an attractive task for testing analytic listen
abilities. The aim of this study was to establish whether m
sicians do in fact exhibit less informational masking than
nonmusicians, as might be expected if musicians are abl
listen more analytically. Detection thresholds were measu
in an informational masking task, similar to that used
Kidd et al. ~1994!, in two groups comprising musicians an
nonmusicians, with equal numbers of males and female
each group. In the same group of listeners, frequency se
tivity was measured using a version of the notched-no
method~Stoneet al., 1992; Glasberg and Moore, 2000!. This
enabled us to test for any differences in peripheral freque
selectivity in our two groups. Based on the data of Fine a
Moore ~1993!, none was expected.

II. METHODS

A. Stimuli

All sounds were computer generated at a rate of 20 k
were played through 16-bit digital-to-analog converte
~Tucker-Davis Technology!, and were then low-pass filtere
at 7500 Hz. The signal was a single 200-ms~total duration!
burst of a 1000-Hz tone for the noise-masker conditions, o
sequence of 60-ms~total duration! 1000-Hz tone bursts for
the multitone masking conditions. In both cases, the sign
were gated on and off with 10-ms raised-cosine ramps. In
masking conditions, the signal was presented at a fixed le
of 20 dB above absolute threshold, adjusted for each sub
individually.

The tonal maskers were comprised of a series
random-frequency multitone complexes. The multitone co
plexes were played in a sequence of eight contiguous bu
having rise/steady-state/decay times of 10/40/10 ms, fo
total duration of 480 ms. The signal, when present, was ga
on and off synchronously with the masker bursts. There w
two versions of the multitone masker that differed in the w
the frequencies of the tones were randomized. For
masker, referred to as ‘‘multiple-bursts same’’~MBS!, the
frequencies of the eight masker tones in the first burst w
randomly drawn from a uniform distribution of frequencie
on a logarithmic scale, ranging from 200–5000 Hz exclud
Oxenham et al.: Informational masking and musical training
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a ‘‘protected region’’ with a bandwidth of 400 Hz centere
geometrically around the 1000-Hz signal frequency. T
protected region is designed to reduce the amount of e
getic masking produced when the masker and signal freq
cies are close together. For the MBS masker, the frequen
chosen in the first burst in a sequence were repeated in
seven subsequent masker bursts for that sequence. A d
ent set of random frequencies was chosen for each sequ
The other multitone masker is referred to as ‘‘multiple-bur
different’’ ~MBD!. For the MBD masker, the frequencies f
every burst in a sequence were drawn randomly in exa
the same way as for the first burst of MBS. Thus, each
quence of MBD contained eight bursts that were differ
random frequency draws. The stimulus configuration w
similar to that used in earlier studies~Kidd et al., 1994;
2002b! and has been shown to provide a robust informatio
masking effect in the MBS condition, as well as a lar
masking difference between the MBS and MBD conditio
Figure 1 illustrates these two multitone maskers schem
cally in sound spectrogram form.

The figure shows typical draws of both MBS and MB
maskers with the right column indicating a masker plus s
nal and the left column illustrating the masker alone. A
shown is the protected region around the signal freque
where masker tones were not permitted to fall. The levels
the tones within a masker draw were equal.

A Gaussian noise was used to estimate peripheral
quency selectivity. The noise had a flat spectrum within
bandpass region and was filtered in many conditions to
troduce a spectral notch. These conditions were used to
mate the characteristics of the auditory filter containing
signal and the processing efficiency of the listener for
tone-in-noise detection task~Patterson, 1976; Glasberg an
Moore, 2000!. The noise was presented as a single conti
ous burst having a duration of 300 ms. The 200-ms, 1000
signal was temporally centered in the noise. The five no

FIG. 1. Schematic diagram of the stimuli used in the random-freque
multitone masker conditions. The left panels show typical masker-a
samples that might occur in the nonsignal interval of a trial, while the ri
panels show typical signal-plus-masker samples that might occur in
signal interval of a trial. The signal is shown with heavy lines. The up
row illustrates the ‘‘multiple-bursts same’’~MBS! masker while the lower
row illustrates the ‘‘multiple-bursts different’’~MBD! masker~see the text
for details!.
J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003

bution subject to ASA license or copyright; see http://acousticalsociety.org/c
s
r-
n-

ies
he
er-
ce.
s

ly
e-
t
s

l

.
ti-

-

y
f

e-
e
-
ti-

e
e

-
z
h

widths were given by: 0.0 and 0.0~no notch!; 0.2 and 0.2;
0.4 and 0.4; 0.2 and 0.4; and 0.4 and 0.2, expressed a
difference between signal frequency and notch edge
quency, divided by signal frequency. This abbreviated v
sion of the notched-noise test has been found in the pas
provide reliable results when deriving auditory filter shap
~Stoneet al., 1992!. The noise had a bandwidth of 400 Hz o
either side of the notch.

B. Subjects

A total of 24 adult subjects with normal hearing~thresh-
olds of 15 dB HL or less at octave frequencies between
and 8000 Hz! served as listeners in these experiments. Th
ages ranged from 19 to 47 years~mean age 24.7; media
22.5!. Twelve subjects were trained musicians and 12 s
jects identified themselves as nonmusicians. In both gro
males and females were equally represented. The mean
of the musicians was 28.3 years~s.d. 8.3! and mean age o
the nonmusicians was 21.1 years~s.d. 2.2!. The mean abso-
lute threshold for the multiple-burst signal was 3.2 dB S
~s.d. 5.2 dB! and 3.3 dB SPL~s.d. 5.7 dB! for the 200-ms
signal used in the noise-masking conditions. There were
significant differences in mean absolute threshold betw
the musician and nonmusician groups for either sig
@ ut(22)u,1.6; p.0.1].

The selection criteria for inclusion in the musician gro
were as follows: first, all subjects had musical training at
college level in addition to 2 or more years of private lesso
~virtually all reported beginning their musical training fo
mally or informally as children!. Nine were currently stu-
dents in college-level music programs and two were gra
ates of music programs. Two reported holding gradu
degrees in music. One other subject studied at the col
level for 3 years and then became~and remains! a profes-
sional musician engaged in recording and performing.
currently play musical instruments regularly and had at le
2 semesters of formal ear training or, in one case, the sub
tested out of the college ear-training requirement. In ad
tion, all subjects were able to achieve 90% or higher ac
racy on a relative pitch test. In the relative pitch test, t
listener was given a pure tone of a frequency correspond
to the musical note ‘‘A’’~440 Hz!. Following that tone, an-
other tone was presented having a frequency equaling th
one of the 12 notes on the semitone scale beginning with
extending above middle ‘‘C’’~261.63 to 493.88 Hz! and the
listener was asked to name the musical interval. The liste
made 20 such judgments. For the nonmusicians, nine of
subjects reported that they had never had any musical tr
ing whatsoever. The other three subjects reported mini
experience attempting to learn to play musical instrument
children—including some private lessons or lessons in
ementary school—but did not continue to play the inst
ment or take further lessons past the age of 10 years. Non
the nonmusicians currently played any musical instrum
and only one~not one who had taken lessons as a chi!
indicated some knowledge of how to read music~the subject
gained some experience following written music as
dancer!.
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FIG. 2. Individual results from the random-frequenc
multitone masker conditions. The left panels show da
from the musician group and the right panels show d
from the nonmusician group. The upper panels sh
the signal-to-masker ratios at threshold in the multip
burst same~MBS; upward-pointing open triangles! and
the multiple-burst different~MBD; downward-pointing
filled triangles! conditions. The symbol in a circle rep
resents a point that could not be measured. Error b
denote61 s.d. of the mean. The lower panels show t
difference in masking between the two conditions. T
subjects are arbitrarily ordered according to the mag
tude of the difference in masked threshold betwe
MBS and MBD masking conditions. Shaded and u
shaded bars in the lower panels denote male and fem
listeners, respectively.
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C. Procedures

Thresholds were measured using an adaptive 2-inter
2-alternative forced-choice procedure that estimates
70.7%-correct point on the psychometric function~Levitt,
1971!. The level of the adaptively changing stimulus w
varied initially in 6-dB steps, which was reduced to 3-d
steps after the first four reversals. There were 50 trials
each block of trials, and a threshold estimate was counte
valid only if at least nine reversals were obtained. The av
age of the reversals after discarding the first three or f
reversals~whichever resulted in an even number! was then
computed. Response feedback was provided after every
Initially, in each session, threshold was measured twice
the signal presented in quiet~no masker!. If the two esti-
mates differed by more than 3 dB a third estimate was
tained. After that the signal level was fixed at a level 20
above the average of the quiet threshold estimates~20 dB
SL! for subsequent masking conditions.

In the masked conditions, the masker was varied us
the same procedures as for the signal in quiet, except tha
signal level was fixed and masker level was varied ad
tively. The listeners were tested first on the Gauss
notched-noise masking task~except for one listener who wa
tested on the informational masking task first due to exp
menter error! with a minimum of four estimates obtained fo
each notch width. After collection of those data was co
plete, the listeners were tested on the multitone masking c
ditions with the two types of maskers alternated in sets
two with at least eight estimates obtained for each type
multitone masker.

The stimuli were presented to one ear using a calibra
TDH-50 earphone in a double-walled IAC booth. The liste
ers were tested individually for two sessions lasting appro
mately 2 h each, except for one listener who required a b
third session to finish data collection. During the first s
sion, the listeners’ hearing was tested using standard p
tone air-conduction audiometry and a questionnaire was
ministered on musical training and background. For
listeners in the musician group, the relative pitch test w
1546 J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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also conducted at some point during the testing sessions

III. RESULTS

A. Random-frequency multitone masking

For each listener in each condition, the signal-to-mas
ratio at threshold was calculated by subtracting the ove
masker level at threshold from the signal level~both in dB
SPL!, which was fixed at 20 dB SL individually for eac
listener, with a mean presentation level of about 23 dB SP1

Because signal thresholds in quiet varied somewhat ac
listeners, expressing thresholds in terms of signal-to-mas
ratio provided a way of comparing performance across
teners more directly. The data were first analyzed to test
learning effects across the eight runs completed by each
tener in every condition. This was done by performing
within-subjects linear regression of threshold as a function
repetition number separately for the musicians and nonm
cians in the MBD and MBS conditions. For the musicians
the MBD condition, there was a significant trend for thres
olds to improve with repetition number@F(1,11)563.6, p
,0.001]. However, the overall improvement was rath
small, with a mean improvement of 0.5 dB per repetitio
None of the other conditions showed a significant trend
threshold changes across the eight repetitions (p.0.05).
Given that only eight runs were made, our data do not
dress the question of longer-term learning. However, they
generally consistent with earlier findings of rather we
learning effects in random-frequency multitone masking
periments~Neff and Callaghan, 1988; Neff and Dethlef
1995!.

The individual mean signal-to-masker ratios at thresh
are plotted in the top two panels of Fig. 2. The left pan
shows data from the musicians, while the right panel sho
data from the nonmusicians. The sex of individual subject
indicated by the shading of the bars in the lower pane
Open upward-pointing triangles denote thresholds from
MBS condition; filled downward-pointing triangles deno
thresholds from the MBD condition. The error bars repres
Oxenham et al.: Informational masking and musical training
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61 s.d. of the mean. Consider first the MBD conditio
~filled symbols!. The results are reasonably similar bo
within and across the two groups. This impression was c
firmed by at-test, showing no significant difference in th
mean signal-to-masker ratio for the MBD condition betwe
the two groups@ t(22)51.54; p.0.1]. The generally good
and relatively uniform performance in the MBD condition
consistent with the view that thresholds in this condition d
pend largely on energetic masking~Kidd et al., 1994!: the
constant frequency of the signal repetitions assists the
tener in perceptually segregating the signal from
maskers, thereby avoiding~or at least reducing! informa-
tional masking.

Consider next the MBS condition~open symbols!.
Thresholds are considerably higher in this condition~indicat-
ing poorer performance!, as expected based on previous
sults~e.g., Kiddet al., 1994!. While there are some subjec
in the nonmusician group whose performance is compar
to those in the musician group, the overall performance
the nonmusician group is considerably poorer. This impr
sion was confirmed by at-test showing a highly significan
difference between the two group means for the MBS sign
to-masker ratios@ t(22)54.44; p,0.001].

If the interpretation that the MBD condition reflects pr
marily energetic masking is correct, then thedifferencebe-
tween thresholds in the two conditions should provide a g
measure of the amount of additional informational mask
produced by the MBS condition. These results are show
the lower panels of Fig. 2. Overall, the smaller differenc
observed in the musician group are consistent with the
pothesis, outlined in the Introduction, that musicians sho
exhibit less informational masking than nonmusicians. T
mean differences for the two groups are shown in Fig. 3

As mentioned in the Introduction, Neffet al. ~1996! re-
ported a sex effect in informational masking, with fema
listeners as a group exhibiting significantly higher thresho
~poorer performance! than male listeners. However, Ne
et al. ~1996! did not report on the musical abilities of the
listeners. Our two groups~musicians and nonmusicians!

FIG. 3. Mean masking differences between the two types of rand
frequency multitone maskers, MBS and MBD, for the two groups of list
ers. Error bars denote11 standard error of the mean.
J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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were selected so that both sexes were equally and ev
represented. This enabled us to test both for effects of m
cal training and for sex. An examination of the distribution
males and females in the lower half of Fig. 2 suggests
clear effect of sex for either musicians or nonmusicians
two-factors ~musical training and sex! between-subject
analysis of variance~ANOVA ! was performed, with the
MBS–MBD difference as the dependent variable. The res
were clear: there was a significant effect of musical train
@F(1,20)518.56; p,0.001], confirming our earlier analy
sis, while neither the effect of sex@F(1,20),1# nor the in-
teraction between musical training and sex@F(1,20),1#
was significant. Sex remained a nonsignificant effect wh
the analysis was carried out using only the MBS or MB
signal-to-masker ratios.

Our results are not consistent with the findings of N
et al. ~1996!, in that we find no effect of sex on performanc
It is not clear what accounts for this difference. While w
used a smaller number of subjects than did Neffet al. ~24 vs
49!, it is unlikely that simply adding more subjects wou
produce a significant result in our case, given that the ef
of sex did not even approach significance. In light of t
present study, one might speculate that there were more
sicians among Neffet al.’s male listeners than among the
female listeners. In any case, no hint of an effect of sex w
found here, when listeners were balanced for musical tra
ing, suggesting that men are not necessarily better liste
than women.

As mentioned in the Methods section, the mean age
the musician group was somewhat higher than that of
nonmusician group. To test for any effect of age, a betwe
subjects analysis of covariance~ANCOVA! was performed
with the MBS–MBD difference as the dependent variab
musicianship as a factor, and age as a covariate. As expe
from the previous analyses, the effect of musicianship w
highly significant@F(1,21)512.99,p,0.002], but the effect
of age was not (F,1). Thus, the difference in mean ag
between the two groups cannot account for the difference
informational masking.

Finally, some recent work has examined the effects
hearing impairment on informational masking~Micheyl
et al., 2000; Kiddet al., 2002a!. While all our listeners quali-
fied as normal-hearing according to ANSI~1969! standards,
there were substantial variations in absolute threshold for
signal, ranging from29 dB to 15 dB SPL. However, abso
lute thresholds seemed to play no role
the amount of informational masking observed; anot
ANCOVA with absolute threshold as the covariate found
significant effect of absolute threshold (F,1). Separate
analyses of musician and nonmusician data confirmed
lack of correlation between the MBS–MBD difference a
absolute threshold~Pearson product-moment correlations
0.03 and20.23, respectively;p.0.2 for both!.

B. Notched-noise masking: Auditory filter shapes

The individual masker thresholds from the notche
noise conditions, using the fixed 1000-Hz 200-ms signal w
the level set 20 dB above individual thresholds in qu
~mean presentation level of about 23 dB SPL!, were ana-

-
-
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FIG. 4. Results from fitting auditory
filters to the individual data from the
notched-noise conditions. The data a
plotted in the form of histograms, with
the values on the abscissa representi
the midpoint of each bin. The left
panel shows estimates of the equiv
lent rectangular bandwidth~ERB! of
the individual auditory filters, and the
right panel shows estimates of dete
tion efficiency,K.
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lyzed and used to derive auditory filter shapes and detec
efficiency values using the roex~pr! model of auditory filter
shape ~Patterson and Moore, 1986!. The filter weighting
function (W) is assumed to be of the form

W~g!5~11pugu!e2pugu1r , ~1!

whereg is the normalized frequency distance from the
ter’s center frequency~distance divided by center frequency!,
p is a parameter defining the sharpness of filter tuning, anr
is a constant, designed to limit the dynamic range of
filter. The value ofp is allowed to be different below (pl)
and above (pu) the filter’s center frequency, thereby allow
ing asymmetry in the filter shape. The best-fitting values op
were determined using a least-squares minimization rout
The detection efficiency,K, in dB is the mean signal-to
noise ratio~in dB! across all conditions for the best-fittin
filter shape. For further details see, e.g., Glasberg and Mo
~1990!.

The resulting filter shapes were reasonably unifo
across listeners, both in terms of their asymmetry and t
bandwidths. Because of this, only the equivalent rectang
bandwidths~ERBs! of the filters are discussed. The values
the ERBs andKs derived from the individual data from
notched-noise experiment are shown in Fig. 4 in the form
histograms. Bin widths of 10 Hz and 2 dB were used for
ERB andK values, respectively. Higher ERB values imp
poorer frequency selectivity; higherK values imply poorer
detection efficiency. Data from musicians are shown as o
bars; data from the nonmusicians are shown as filled b
Consider first the ERB values. The distributions of the t
groups are rather similar, as are the mean ERB values of
Hz for the musicians and 126 Hz for the nonmusicia
These values are also in very good agreement with the v
of 132 Hz at a center frequency of 1 kHz, given by t
formula of Glasberg and Moore~1990!, which was based on
data from a number of earlier studies. A two-way ANOV
showed that neither the effect of sex nor musical training~or
their interaction! was significant (p.0.1 in all cases!. This
confirms Fine and Moore’s~1993! finding that musical train-
ing has no effect on peripheral frequency selectivity.

Consider next the values of detection efficiency,K ~Fig.
4, right panel!. There seems to be a slight trend forK values
to be lower in musicians, indicating somewhat greater de
tion efficiency. This is reflected in the meanK values of
23.43 and21.97 dB for the musicians and nonmusician
1548 J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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respectively, and is also consistent with the findings of F
and Moore~1993!. However, in contrast to that earlier stud
the trend observed in our data was not statistically sign
cant. In a two-way between-subjects ANOVA, neither t
effect of sex nor musical training~or their interaction!
reached significance (p.0.1 in all cases!. When sex was
ignored ~as in the Fine and Moore study!, a simple pooled
t-test comparing the two groups of musicians and nonm
cians still revealed no significant difference@ t(22)51.49;
p.0.1].

The distribution ofK values appears somewhat skew
towards positive values. For this reason, the analyses w
repeated using the nonparametric Mann–Whitney U-test
the Kolmogorov–Smirnov Z-test~which do not assume nor
mal distribution!. Both tests also failed to show significan
differences in either ERB orK between musicians and non
musicians. A comparison of our listener groups with those
Fine and Moore~1993! shows that the two musician group
performed similarly, whereas our nonmusician group show
somewhat lower~more efficient! K values than did those o
Fine and Moore. In summary, filter bandwidth and detect
efficiency were not significantly related to musical trainin
at least in our group of 24 listeners.

IV. DISCUSSION

This study investigated the effects of musical training
informational and energetic masking using rando
frequency multitone and noise maskers. In the rando
frequency multitone masking condition thought to invol
informational masking~MBS condition!, a large and statisti-
cally significant difference in performance was found b
tween a group of musically trained listeners~musicians! and
a group of listeners with no musical training~nonmusicians!.
In the random-frequency multitone condition, thought to re
more on energetic masking~MBD condition!, no significant
difference between musicians and nonmusicians was fou
The reduced susceptibility to informational masking found
musicians may reflect superior analytic listening abilities
trained musicians. Here, ‘‘analytic listening’’ refers speci
cally to the ability to discern or ‘‘hear out’’ a predefine
partial of a complex sound. In some ways this can be c
sidered analogous to situations in which musicians must
low individual musical ‘‘voices’’ in unfamiliar pieces, al-
though of course the stimuli used here do not resemble
traditional musical forms, nor do the tones~pure sinusoids
Oxenham et al.: Informational masking and musical training
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with no amplitude fluctuations! resemble any physical instru
ments. In contrast to a previous study~Neff et al., 1996!, no
effect of sex was found in any condition.

Peripheral frequency selectivity and detection efficien
were estimated using a version of the notched-noise te
nique. The data, as summarized using the ERB and dete
ratio K, revealed no significant differences in performan
between musicians and nonmusicians. This finding is con
tent in part with the findings of an earlier study~Fine and
Moore, 1993!, although in that study detection efficienc
was found to be significantly better in musicians than
nonmusicians.

The informational masking paradigm used in this stu
seems to tap into a genuine difference in listening abilit
between people with and without a high degree of mus
training. Considering the difference in thresholds betwe
the MBS and MBD conditions~lower panels of Fig. 2 and
Fig. 3!, it can be seen that there is surprisingly little overl
in performance between the two groups. For instance,
attempt to discriminate musicians from nonmusicians so
by their MBS–MBD threshold difference by setting an arb
trary criterion of 10.5 dB leads to only two misidentifie
musicians and one misidentified nonmusician out of a to
of 24. The finding of a robust difference between the grou
is interesting because the task is not one in which music
are specifically trained: the stimuli, comprising repea
bursts of random-frequency sinusoids gated in precise
chrony, are extremely unnatural. Furthermore, the task is
one that requires any explicit musical training, such as
ability to name notes or musical intervals.

In summary, we have shown a link between musi
training and performance in an informational-masking ta
Our study is by its nature correlational. Because of this, th
is no way of telling whether it is musical training, a natur
inclination towards pursuing music, or some other comm
factor that results in better performance in the music
group. However, the informational-masking task seems
provide a quantitative measure of analytic listening abil
without requiring knowledge specific to Western music, su
as note names or music notation, or any high cognitive lo
such as remembering a melodic line. The task may there
prove to be a useful tool in future studies of analytic listen
and musical ability in general.
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1For one nonmusician it was not possible to measure a threshold in the M
condition, as he could still detect the signal when the masker was a
highest permitted level of 90 dB SPL. This is shown in the upper-ri
panel of Fig. 2 by the symbol in a circle. For the purposes of analysis,
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