Informational masking and musical training

Andrew J. Oxenham®

Research Laboratory of Electronics, Massachusetts Institute of Technology,

Cambridge, Massachusetts 02139, and Harvard-MIT Division of Health Sciences and Technology,
Speech and Hearing Bioscience and Technology Program, Cambridge, Massachusetts 02139

Brian J. Fligor, Christine R. Mason, and Gerald Kidd, Jr.
Hearing Research Center and Programs in Communication Disorders, Boston University,
635 Commonwealth Avenue, Boston, Massachusetts 02215

(Received 27 November 2002; revised 23 May 2003; accepted 16 Jung 2003

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 Kidet al. [J. Acoust. Soc. Am95, 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 trainingsuch as note or interval namesnd 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. @003 Acoustical Society of America.
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I. INTRODUCTION some way from expectations are often more poorly detected

(Greenberg and Larkin, 1968; Schaaf al, 1987; Hafter
The ability to distinguish, or “hear out,” a sequence of et al, 1993; Wright and Dai, 1994

tones, such as a melodic line, in the presence of other tones is  Finally, masked thresholds in situations involving
fundamental to the appreciation of most forms of music.maskeruncertainty are often much higher than predicted by
When individual tones are not perceived due to the presencgnergetic masking alone. For instance, if the masker consists
of other sounds, they are said to be masked. The most congf a number of tones having frequencies that are changed
monly studied form of masking, sometimes referred to agandomly from presentation to presentation, listeners often
“energetic masking“(Pollack, 1975; Leelet al, 1991; Kidd  have great difficulty in detecting a signal of a fixed and
etal, 1994, is thought to be determined primarily by the known frequency, even if the masker frequencies are always
frequency selectivity of the peripheral auditory system: whertar removed from that of the signal. Masking that cannot be
the masker and signal are sufficiently close in frequency, angdxplained in terms of peripheral frequency selectivity is of-
when the masker is sufficiently intense, the peripheral neurakn referred to as “informational maskingPollack, 1975;
representation of the masker dominates that of the signal tgyatson, 1987: Nefét al,, 1993, and is almost certainly me-
such an extent that no subsequent cognitive strategies aggated at higher stages of perceptual processing.
sufficient to extract the signal. Informational masking is often accompanied by large
Masked thresholds can also be influenced by attentionyifferences in performance between listenéesg., Lutfi
listener expectations, and uncertainty about the signal’s chags al, 2003. In a comprehensive study using up to 49 listen-
acteristics. For instance, if the listener is presented with @&rs, Neff and Dethlef61995 found individual differences in
background of white noise and, through experimental mamasked thresholds as large as 50 dB. For detecting a 1-kHz
nipulations or instructions, is expecting a tone of a particularsigna| in a masker comprised of ten random-frequency tones,
frequency or duration to be presented, tones differing inpe standard deviation around the mean was 11 dB. This is
considerably larger than the standard deviations of 2 dB or
dElectronic mail: oxenham@mit.edu less often found for the detection of the same signal in broad-
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band noise. The large effects of, and differences in, informaparison of two successive tones and a more complex task,
tional masking persist even after extended pradiiteff and  where the target tones formed part of a longer sequence of
Callaghan, 1988; Neff and Dethlefs, 1995 tones. The general conclusion was that the musicians’ perfor-
One obvious question is whether listeners at the extremenance was initially better but that, with extended training,
ends of performance in informational masking employ dif-the performance of nonmusicians could be brought up to that
ferent listening strategies. A cursory analysis performed byf musicians. The effects of training are particularly striking
Neff and Dethlefs(1995 showed that this might indeed be in the frequency discrimination and pattern recognition tasks
the case. They found that their “best” listeners had threshemployed by Spiegel and Wats¢h984). In contrast, prac-
olds that seemed to be determined by energetic maskingice effects in informational masking tasks appear to be much
That is, their thresholds were similar to what would haveless robust. The two studies that have examined learning
been expected from an “optimal” single-channel model, effects in informational maskingNeff and Callaghan, 1988;
where only the output of the auditory filter centered on theNeff and Dethlefs, 1995both found little evidence for sys-
signal frequency was analyzed. At the other extreme, theitematic learning effects: although certain individuals did
“worst” listeners had thresholds that could be predictedshow improvements with time, there was generally no sys-
based on the level of the overall stimulus: these listeneréematic trend when examining group data.
seemed unable to “hear out” the signal and instead may have The assumption that good performance requires analytic
based their judgments on an impression of the overall loudlistening, together with the finding that practice effects tend
ness of the total tone complex. In summary, a distinctionnot to be particularly large or systematic, makes informa-
could be made between “analytic” and “holistic” listeners, tional masking an attractive task for testing analytic listening
although the population formed a continuum rather than twabilities. The aim of this study was to establish whether mu-
distinct groups. sicians do in fact exhibit less informational masking than do
So far, it has proved challenging to identify predictors of Nonmusicians, as might be expected if musicians are able to
how listeners will perform in an informational masking task. listen more analytica”y. Detection thresholds were measured
Neff et al. (1996 found a significant effect of sex in their in an informational masking task, similar to that used by
group of 49 listeners, with females tending to have someKidd et al. (1994, in two groups comprising musicians and
what higher thresholds than males. Other measures of audionmusicians, with equal numbers of males and females in
tory performance, such as absolute thresholds or threshol@ch group. In the same group of listeners, frequency selec-
for a tone in broadband noise, have yielded no significanfivity was measured using a version of the notched-noise
correlations with thresholds in informational masking situa-Mmethod(Stoneet al, 1992; Glasberg and Moore, 2000 his
tions (Neff et al, 1993; Neff and Dethlefs, 1995 enabled us to test for any differences in peripheral frequency
Musicianship, both active and passive, relies in part orselectivity in our two groups. Based on the data of Fine and
an ability to listen analytically. Thus, a reasonable hypothesidloore (1993, none was expected.
is that listeners with a high level of musical training and
ability (musiciang should be able to listen more analytically, || METHODS
and hence perform better in informational masking tasks, o
than listeners with no formal musical trainingonmusi- A Stimuli
ciang. No study has yet directly tested this hypothesis. How-  All sounds were computer generated at a rate of 20 kHz,
ever, other studies have indicated that nonmusicians mayere played through 16-bit digital-to-analog converters
have more difficulty in tasks requiring analytic listening. (Tucker-Davis Technology and were then low-pass filtered
Soderquis{1970 found that nonmusicians were less able toat 7500 Hz. The signal was a single 200-(tetal duration
identify individual partials within a harmonic tone complex burst of a 1000-Hz tone for the noise-masker conditions, or a
than were musicians. He described this difference in terms afequence of 60-motal duration 1000-Hz tone bursts for
poorer frequency selectivity on the part of nonmusiciansthe multitone masking conditions. In both cases, the signals
Fine and Mooreg(1993 confirmed Soderquist’s finding that were gated on and off with 10-ms raised-cosine ramps. In all
nonmusicians had more difficulty than musicians in identify-masking conditions, the signal was presented at a fixed level
ing individual tones within a complex. However, they also of 20 dB above absolute threshold, adjusted for each subject
measured auditory filter shapes, using the notched-noisedividually.
method, whereby masked thresholds for a tone are measured The tonal maskers were comprised of a series of
in the presence of noise with a spectral notétatterson, random-frequency multitone complexes. The multitone com-
1976; Glasberg and Moore, 2000rhey found no relation- plexes were played in a sequence of eight contiguous bursts
ship between the bandwidth of the auditory filters and levehaving rise/steady-state/decay times of 10/40/10 ms, for a
of musical training. In short, while the ability to identify total duration of 480 ms. The signal, when present, was gated
tones in a background of other tones might be poorer iron and off synchronously with the masker bursts. There were
nonmusicians, there is no evidence for poorer peripheral frekwo versions of the multitone masker that differed in the way
guency selectivity, as originally implied by Soderquistthe frequencies of the tones were randomized. For one
(1970. masker, referred to as “multiple-bursts sam@BS), the
Another study comparing the performance of musiciandrequencies of the eight masker tones in the first burst were
and nonmusiciangSpiegel and Watson, 1984nvestigated randomly drawn from a uniform distribution of frequencies,
frequency discrimination. The tasks included a simple comen a logarithmic scale, ranging from 200—5000 Hz excluding
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Nonsigral knterval - Signal kterval widths were given by: 0.0 and 0@o notch); 0.2 and 0.2;
0.4 and 0.4; 0.2 and 0.4; and 0.4 and 0.2, expressed as the
difference between signal frequency and notch edge fre-
o quency, divided by signal frequency. This abbreviated ver-
sion of the notched-noise test has been found in the past to
provide reliable results when deriving auditory filter shapes
(Stoneet al, 1992. The noise had a bandwidth of 400 Hz on
= either side of the notch.
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| | Atotal of 24 adult subjects with normal heariftiresh-
0 120 200 30 a0 0 i asnamo olds of 15 dB HL or less at octave frequencies between 250
Time (msec) and 8000 Hg served as listeners in these experiments. Their
FIG. 1. Schematic diagram of the stimuli used in the random-frequenc ages ranged from 19 to 47 yeaimean age 24.7; median
mult'itolne masker condgi]tions. The left panels show typical maskeqr-alony_ 2.3..Twellv.e subjects were trained m,US,ICIanS and 12 sub-
samples that might occur in the nonsignal interval of a trial, while the right)€Cts identified themselves as nonmusicians. In both groups
panels show typical signal-plus-masker samples that might occur in thenales and females were equally represented. The mean age
signa}l interval of a trial._The signal is shown with heavy Ii.nes. The uppPerof the musicians was 28.3 yea(rsad. 8.3 and mean age of
row !Ilustrates the :mult;ple-bursts s_ame(MB"S) masker while the lower the nonmusicians was 21.1 yeﬁssd. 2.2. The mean abso-
row illustrates the “multiple-bursts differenttMBD) masker(see the text : ;
for detalils. lute threshold for the multiple-burst signal was 3.2 dB SPL
(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 no
a “protected region” with a bandwidth of 400 Hz centered significant differences in mean absolute threshold between
geometrically around the 1000-Hz signal frequency. Thisghe musician and nonmusician groups for either signal
protected region is designed to reduce the amount of enef}t(22)|<1.6; p>0.1].
getic masking produced when the masker and signal frequen- The selection criteria for inclusion in the musician group
cies are close together. For the MBS masker, the frequenciagere as follows: first, all subjects had musical training at the
chosen in the first burst in a sequence were repeated in thellege level in addition to 2 or more years of private lessons
seven subsequent masker bursts for that sequence. A diffewirtually all reported beginning their musical training for-
ent set of random frequencies was chosen for each sequeneeally or informally as children Nine were currently stu-
The other multitone masker is referred to as “multiple-burstsdents in college-level music programs and two were gradu-
different” (MBD). For the MBD masker, the frequencies for ates of music programs. Two reported holding graduate
every burst in a sequence were drawn randomly in exactlglegrees in music. One other subject studied at the college
the same way as for the first burst of MBS. Thus, each selevel for 3 years and then becan@nd remainsa profes-
guence of MBD contained eight bursts that were differentsional musician engaged in recording and performing. All
random frequency draws. The stimulus configuration wagurrently play musical instruments regularly and had at least
similar to that used in earlier studig&idd et al, 1994; 2 semesters of formal ear training or, in one case, the subject
2002bh and has been shown to provide a robust informationatested out of the college ear-training requirement. In addi-
masking effect in the MBS condition, as well as a largetion, all subjects were able to achieve 90% or higher accu-
masking difference between the MBS and MBD conditions.racy on a relative pitch test. In the relative pitch test, the
Figure 1 illustrates these two multitone maskers schematiistener was given a pure tone of a frequency corresponding
cally in sound spectrogram form. to the musical note “A’(440 H2. Following that tone, an-
The figure shows typical draws of both MBS and MBD other tone was presented having a frequency equaling that of
maskers with the right column indicating a masker plus sig-one of the 12 notes on the semitone scale beginning with and
nal and the left column illustrating the masker alone. Alsoextending above middle “C7261.63 to 493.88 Hzand the
shown is the protected region around the signal frequenciistener was asked to name the musical interval. The listener
where masker tones were not permitted to fall. The levels ofmade 20 such judgments. For the nonmusicians, nine of the
the tones within a masker draw were equal. subjects reported that they had never had any musical train-
A Gaussian noise was used to estimate peripheral freng whatsoever. The other three subjects reported minimal
guency selectivity. The noise had a flat spectrum within theexperience attempting to learn to play musical instruments as
bandpass region and was filtered in many conditions to inehildren—including some private lessons or lessons in el-
troduce a spectral notch. These conditions were used to estmentary school—but did not continue to play the instru-
mate the characteristics of the auditory filter containing thement or take further lessons past the age of 10 years. None of
signal and the processing efficiency of the listener for thehe nonmusicians currently played any musical instrument
tone-in-noise detection tagPatterson, 1976; Glasberg and and only one(not one who had taken lessons as a o¢hild
Moore, 2000. The noise was presented as a single continuindicated some knowledge of how to read musie subject
ous burst having a duration of 300 ms. The 200-ms, 1000-Hgained some experience following written music as a
signal was temporally centered in the noise. The five notcldancey.
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Musicians

Nonmusicians

A MBS
Vv MBD

Signal-to-masker ratio (dB)

FIG. 2. Individual results from the random-frequency
multitone masker conditions. The left panels show data
from the musician group and the right panels show data
from the nonmusician group. The upper panels show
the signal-to-masker ratios at threshold in the multiple-
burst saméMBS; upward-pointing open trianglpand

the multiple-burst differenfMBD; downward-pointing
filled triangles conditions. The symbol in a circle rep-
resents a point that could not be measured. Error bars
denote* 1 s.d. of the mean. The lower panels show the
difference in masking between the two conditions. The
subjects are arbitrarily ordered according to the magni-
tude of the difference in masked threshold between
MBS and MBD masking conditions. Shaded and un-
shaded bars in the lower panels denote male and female
listeners, respectively.

MBS-MBD difference (dB)

C. Procedures also conducted at some point during the testing sessions.

Thresholds were measured using an adaptive 2-interval,
2-alternative forced-choice procedure that estimates thg|. RESULTS
70.7%-correct point on the psychometric functidrevitt,
1971). The level of the adaptively changing stimulus was
varied initially in 6-dB steps, which was reduced to 3-dB For each listener in each condition, the signal-to-masker
steps after the first four reversals. There were 50 trials imatio at threshold was calculated by subtracting the overall
each block of trials, and a threshold estimate was counted asasker level at threshold from the signal leyiebth in dB
valid only if at least nine reversals were obtained. The averSPL), which was fixed at 20 dB SL individually for each
age of the reversals after discarding the first three or foulistener, with a mean presentation level of about 23 dB SPL.
reversals(whichever resulted in an even numperas then Because signal thresholds in quiet varied somewhat across
computed. Response feedback was provided after every tridlsteners, expressing thresholds in terms of signal-to-masker
Initially, in each session, threshold was measured twice foratio provided a way of comparing performance across lis-
the signal presented in qui¢bo masker. If the two esti- teners more directly. The data were first analyzed to test for
mates differed by more than 3 dB a third estimate was oblearning effects across the eight runs completed by each lis-
tained. After that the signal level was fixed at a level 20 dBtener in every condition. This was done by performing a
above the average of the quiet threshold estimé&@@sdB  within-subjects linear regression of threshold as a function of
SL) for subsequent masking conditions. repetition number separately for the musicians and nonmusi-

In the masked conditions, the masker was varied usingians in the MBD and MBS conditions. For the musicians in
the same procedures as for the signal in quiet, except that titee MBD condition, there was a significant trend for thresh-
signal level was fixed and masker level was varied adapelds to improve with repetition numbgiF(1,11)=63.6, p
tively. The listeners were tested first on the Gaussian<0.001]. However, the overall improvement was rather
notched-noise masking tagxcept for one listener who was small, with a mean improvement of 0.5 dB per repetition.
tested on the informational masking task first due to experiNone of the other conditions showed a significant trend for
menter erroywith a minimum of four estimates obtained for threshold changes across the eight repetitiops @.05).
each notch width. After collection of those data was com-Given that only eight runs were made, our data do not ad-
plete, the listeners were tested on the multitone masking cordress the question of longer-term learning. However, they are
ditions with the two types of maskers alternated in sets ofyenerally consistent with earlier findings of rather weak
two with at least eight estimates obtained for each type ofearning effects in random-frequency multitone masking ex-
multitone masker. periments(Neff and Callaghan, 1988; Neff and Dethlefs,

The stimuli were presented to one ear using a calibrated995.

TDH-50 earphone in a double-walled IAC booth. The listen- The individual mean signal-to-masker ratios at threshold
ers were tested individually for two sessions lasting approxiare plotted in the top two panels of Fig. 2. The left panel
mately 2 h each, except for one listener who required a brieshows data from the musicians, while the right panel shows
third session to finish data collection. During the first ses-data from the nonmusicians. The sex of individual subjects is
sion, the listeners’ hearing was tested using standard puréadicated by the shading of the bars in the lower panels.
tone air-conduction audiometry and a questionnaire was addpen upward-pointing triangles denote thresholds from the
ministered on musical training and background. For theMBS condition; filled downward-pointing triangles denote

listeners in the musician group, the relative pitch test washresholds from the MBD condition. The error bars represent

A. Random-frequency multitone masking
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40 were selected so that both sexes were equally and evenly
represented. This enabled us to test both for effects of musi-
cal training and for sex. An examination of the distribution of
30 R males and females in the lower half of Fig. 2 suggests no
T clear effect of sex for either musicians or nonmusicians. A
two-factors (musical training and sex between-subject
analysis of varianc ANOVA) was performed, with the
20 i MBS—-MBD difference as the dependent variable. The results
were clear: there was a significant effect of musical training
[F(1,20)=18.56; p<0.001], confirming our earlier analy-
104 T L sis, while neither the effect of sé¥(1,20)<1] nor the in-
teraction between musical training and ggx(1,20)<1]
was significant. Sex remained a nonsignificant effect when
the analysis was carried out using only the MBS or MBD
signal-to-masker ratios.

Our results are not consistent with the findings of Neff
FIG. 3. Mean_ masking differences between the two types of ra_ndom-et al. (1996, in that we find no effect of sex on performance.
gresc.‘u;?gfg; l:lst'ff::otrgalsﬁg’dgﬁse?rzc:gﬁi’ :2;;?1? two groups of listen- is not clear what accounts _for this diff_erence. While we

used a smaller number of subjects than did Nefal. (24 vs

49), it is unlikely that simply adding more subjects would
+1s.d. of the mean. Consider first the MBD condition produce a significant result in our case, given thqt the effect
(filled symbolg. The results are reasonably similar both of sex did not even _approach significance. In light of the
within and across the two groups. This impression was conPresent study, one might speculate that there were more mu-

firmed by at-test, showing no significant difference in the sicians among Nefét al's male listeners than among their

mean signal-to-masker ratio for the MBD condition betweenicmale listeners. In any case, no hint of an effect of sex was

the two groupgt(22)=1.54; p>0.1]. The generally good found here, when listeners were balanced for musical train-
and relatively uniform perfo’rmance in the MBD condition is "9+ Suggesting that men are not necessarily better listeners
than women.

consistent with the view that thresholds in this condition de- As mentioned in the Methods section, the mean age of
end largely on energetic maskirigidd et al, 1994: the o S
P gely 9 L 4 the musician group was somewhat higher than that of the

constant frequency of the signal repetitions assists the lis- - To test f foct of betw
tener in perceptually segregating the signal from thg'onmusician group. o testfor any etiect ot age, a between-

maskers, thereby avoidinfpr at least reducinginforma- SL_ijeCts analysis of cqvariantceNCOVA) was performgd
tional masking y ® ng with the MBS—MBD difference as the dependent variable,

Consider next the MBS conditiofopen symbols musicianship as a factor, and age as a covariate. As expected

. : . P from the previous analyses, the effect of musicianship was
Thresholds are considerably higher in this condifiionlicat- . S
ing poorer performangeas expected based on previous re-hlglhly significant F(1,21)= 12.99,p<_0.002], bL.Jt the effect
sults(e.g., Kiddet al,, 1994. While there are some subjects of age was notg<1). Thus, the difference in mean age
in the nonmusician group whose performance is comparablBetween_ the two groups cannot account for the differences in
to those in the musician group, the overall performance O*nformatmnal masking. .
the nonmusician group is considerably poorer. This impres- Fmall_y, some recent \(vork hag exammed_the_effects of
sion was confirmed by &test showing a highly significant hearing impairment ‘on _informational maskin@icheyl

difference between the two group means for the MBS Signalgt gl., 2000; Kildget 6.“" 20023.dWhiIe a:h?urglgstenersdqudali—
to-masker ratiot(22)=4.44; p<0.001]. ied as normal-hearing according to AN@I969 standards,

If the interpretation that the MBD condition reflects pri- there were substantial variations in absolute threshold for the
marily energetic masking is correct, then ttiéferencebe- signal, ranging from-9 dB to 15 dB SPL. However, abso-

tween thresholds in the two conditions should provideagooJthe thresholds seemed to play no role in

measure of the amount of additional informational maskingths C?)T/f\unf{th()f blnf?r{ne}[tr:onarl] ?;aSkThg obser_v?d;f an(()jther
produced by the MBS condition. These results are shown i with absolute thresnhold as the covariate found no

the lower panels of Fig. 2. Overall, the smaller differencess"gnmc"Jlnt effect. O.f absolute thres_h_oldz{:l). Separate
observed in the musician group are consistent with the h analyses of musician and nonmusician data confirmed the

pothesis, outlined in the Introduction, that musicians shouldat::k IOft C?Lrela;[]loln between thed M?S_MBDt dlfferlentpe an(:
exhibit less informational masking than nonmusicians. ThPsolute thres ol@Pearson product-moment correlations o

mean differences for the two groups are shown in Fig. 3. 0.03 and—0.23, respectivelyp>0.2 for botb).
As mentioned in the Introduction, Neéft al. (1996 re-
ported a sex effect in informational masking, with female
listeners as a group exhibiting significantly higher thresholds  The individual masker thresholds from the notched-
(poorer performangethan male listeners. However, Neff noise conditions, using the fixed 1000-Hz 200-ms signal with
et al. (1996 did not report on the musical abilities of their the level set 20 dB above individual thresholds in quiet
listeners. Our two groupgmusicians and nonmusicigns (mean presentation level of about 23 dB $Pwere ana-

Mean difference (MBS-MBD) in dB

Musicians Nonmusicians

B. Notched-noise masking: Auditory filter shapes
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_ FIG. 4. Results from fitting auditory
filters to the individual data from the
notched-noise conditions. The data are
plotted in the form of histograms, with
the values on the abscissa representing
the midpoint of each bin. The left
panel shows estimates of the equiva-
lent rectangular bandwidtlERB) of
the individual auditory filters, and the
s right panel shows estimates of detec-
] <109 7 5 3 -1 1 38 >=4 tion efficiency,K.
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lyzed and used to derive auditory filter shapes and detectiorespectively, and is also consistent with the findings of Fine
efficiency values using the rogx¢) model of auditory filter and Moore(1993. However, in contrast to that earlier study,
shape (Patterson and Moore, 1986The filter weighting the trend observed in our data was not statistically signifi-

function (W) is assumed to be of the form cant. In a two-way between-subjects ANOVA, neither the
~olg| effect of sex nor musical trainingor their interaction
W(g)=(1+plghe P9 +r, (1) reached significancept0.1 in all cases When sex was

ignored(as in the Fine and Moore stugya simple pooled
t-test comparing the two groups of musicians and nonmusi-
cians still revealed no significant differen§g(22)=1.49;
>0.1].

The distribution ofK values appears somewhat skewed
towards positive values. For this reason, the analyses were
repeated using the nonparametric Mann—Whitney U-test and
éhe Kolmogorov—Smirnov Z-tegtvhich do not assume nor-
mal distribution. Both tests also failed to show significant
differences in either ERB dK between musicians and non-
usicians. A comparison of our listener groups with those of
ne and Moorg1993 shows that the two musician groups

whereg is the normalized frequency distance from the fil-
ter's center frequencidistance divided by center frequency
p is a parameter defining the sharpness of filter tuning,rand
is a constant, designed to limit the dynamic range of the’
filter. The value ofp is allowed to be different belowp()
and above §,) the filter's center frequency, thereby allow-
ing asymmetry in the filter shape. The best-fitting valuep of
were determined using a least-squares minimization routin
The detection efficiencyK, in dB is the mean signal-to-
noise ratio(in dB) across all conditions for the best-fitting
filter shape. For further details see, e.g., Glasberg and Moo@]i

1990. o -
(1990 performed similarly, whereas our nonmusician group showed

The resulting filter shapes were reasonably uniform hat | ticient K val than did th f
across listeners, both in terms of their asymmetry and theif:(_)meW at lowefmore efficient K values than did those o

bandwidths. Because of this, only the equivalent rectangular'r?e_ and Moore. In summary, filter bandwidth "’P“d det_e(_:tlon
bandwidthg ERBS9 of the filters are discussed. The values of eff|C|enc_y were not S|gn|f|c§ntly related to musical training,
the ERBs andKs derived from the individual data from & least in our group of 24 listeners.
notched-noise experiment are shown in Fig. 4 in the form oﬁ
histograms. Bin widths of 10 Hz and 2 dB were used for the
ERB andK values, respectively. Higher ERB values imply This study investigated the effects of musical training on
poorer frequency selectivity; highét values imply poorer informational and energetic masking using random-
detection efficiency. Data from musicians are shown as opefrequency multitone and noise maskers. In the random-
bars; data from the nonmusicians are shown as filled bar$tequency multitone masking condition thought to involve
Consider first the ERB values. The distributions of the twoinformational maskindMBS conditior), a large and statisti-
groups are rather similar, as are the mean ERB values of 13zlly significant difference in performance was found be-
Hz for the musicians and 126 Hz for the nonmusiciansiween a group of musically trained listenémsusician$ and
These values are also in very good agreement with the valug group of listeners with no musical trainifigonmusiciang
of 132 Hz at a center frequency of 1 kHz, given by theln the random-frequency multitone condition, thought to rely
formula of Glasberg and Moord 990, which was based on more on energetic maskin@IBD condition), no significant
data from a number of earlier studies. A two-way ANOVA difference between musicians and nonmusicians was found.
showed that neither the effect of sex nor musical traiforg  The reduced susceptibility to informational masking found in
their interaction was significant p>0.1 in all cases This  musicians may reflect superior analytic listening abilities in
confirms Fine and Moore’61993 finding that musical train- trained musicians. Here, “analytic listening” refers specifi-
ing has no effect on peripheral frequency selectivity. cally to the ability to discern or “hear out” a predefined
Consider next the values of detection efficieni€y(Fig.  partial of a complex sound. In some ways this can be con-
4, right panel. There seems to be a slight trend fowvalues  sidered analogous to situations in which musicians must fol-
to be lower in musicians, indicating somewhat greater detedow individual musical “voices” in unfamiliar pieces, al-
tion efficiency. This is reflected in the med& values of though of course the stimuli used here do not resemble any
—3.43 and—1.97 dB for the musicians and nonmusicians,traditional musical forms, nor do the tongsure sinusoids

V. DISCUSSION
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with no amplitude fluctuationgesemble any physical instru- listener’s threshold was set to the maximum allowable level, as shown by
ments. In contrast to a previous studyeff et al, 1996, no  the position of the symbol.
effect of sex was found in any condition.
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