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Background and Objectives: Detection of auditory signals may be improved when maskers
far from the frequency of the target signal are coherently amplitude-modulated. This improve-
ment of signal detection is called comodulation masking release (CMR). In the CMR experi-
ments, flankers have been usually arranged symmetrically. In practice, we will be confronted
with a problem by using symmetric flankers due to the limited output of clinical audiometers,
especially at high-frequency. We aimed to check whether flanker arrangement has any effect
on the amount of CMR, especially when there is no flankers with a frequency higher than the
signal. Subjects and Methods: Eighteen normal hearing listeners ranging in age from 20 to
46 years old participated. Symmetric (2-2) and asymmetric (3-1 and 4-0) flankers were used
and then the amount of CMR compared among them. Results: Our results showed in the
same numbers of flankers, there were no statistically CMR differences between symmetric
and asymmetric arrangement. Also when we did not have a flanker at a frequency higher
than the signal and all flankers were placed below the signal, there was no statistically differ-
ence with the symmetric arrangement. Conclusions: The asymmetry of the flankers and
also omitting the flankers with a frequency higher than the signal, have no effect on CMR re-
sults. We concluded that CMR can be considered by using clinical audiometer.
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Introduction

A target signal that setting in another masking sound can be
better detected by adding energy that is remote in frequency
from both the masker and target signal [1]. This effect is known
as comodulation masking release (CMR) and is observed when
the remote sound and the masker share coherent patterns of
amplitude modulations [1-6]. CMR is measured in two ways.
The first (earlier method) often referred to as the “band-wid-
ening experiment,” is to use a single band of noise, centered
around the signal frequency, as a masker, and to compare
thresholds for modulated and unmodulated noise maskers as
a function of the masker bandwidth. The second method
(preferential method) is to use a masker consisting of several
narrow masker bands of noises, typically with bandwidths
between 20 and 50 Hz, which have relatively slow inherent
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amplitude modulation; one band is centered at the signal fre-
quency (on-frequency masker) and one or more other bands
(flanking bands or off-frequency maskers) are spectrally sep-
arated from the signal frequency [2].

CMR has been investigated in many studies and most of
them used the second method. In most of them, the arrange-
ment of the flankers is considered symmetric and asymmet-
ric arrangement of flankers is less used. Two reviews that were
somewhat similar to ours, related to Yasin, et al. [7] and Dau,
etal. [1]. Yasin, et al. [7] examined CMR in two arrangement;
with and without flankers. Their results showed no significant
difference in masking release results between in two situa-
tion, existence or absence of flankers (there was on-frequency
masker). In the review of Dau, et al. [1], after the high-frequency
flankers, a multi-flanker was added as postcursor and CMR
measured in two arrangements. Their results also showed no
significant difference in two arrangements. In Dau, et al’s
study [1] which was an interesting study, the symmetrical ar-
rangement of flankers was also used and examined the effect
of perceptual grouping mechanisms on CMR. The results are
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consistent with the idea that modulation analysis occurs with-
in, not across, auditory objects, and that across-frequency
CMR only occurs if the on-frequency and flanking bands fall
within the same auditory object or stream [7-11]. In the evalua-
tion of CMR with symmetric flankers at a high-frequency sig-
nal, there is a limitation in output of clinical audiometers for
the high-frequency flankers. Because most audiometers are
not capable to have frequency >12,000 Hz, therefore CMR
evaluation at higher frequencies is not available and this ex-
plain why CMR has not been tested at the frequencies higher
than 8—10 kHz. In the CMR usually the flankers are sym-
metrically in the up and down to the signal. For example in
the CMR review at 3,000 Hz (as signal), the low-frequency
flankers are 2,000 Hz and 1,000 Hz. While high-frequency
flankers include 4,000 Hz and 6,000 Hz. There will be no
problem in this regard. Now if we want to check the CMR at
8,000 Hz (as signal), there will be no problem in generation of
low-frequency flankers (i.e., 4,000 Hz and 2,000 Hz or 6,000
Hz and 12,000 Hz). But the high-frequency flankers in this
case will be 16,000 Hz and 32,000 Hz, which clinical audi-
ometers can not product them. Considering the asymmetry
of traveling wave in the cochlea at the higher frequencies (in
the base of cochlea) and the lack of effect of them on the
lower frequencies (in the apex of cochlea), the question is
whether limiting the number of high-frequency flankers has
any effect on CMR results or not? According to Fletcher the-
ory, there are many filters in cochlea that each one had a
shape. Considering to the shape of auditory filters and their
position of them in cochlea (high in base and low in apex of the
cochlea), we assumed that the symmetry or asymmetry of the
flankers is not affected CMR results. In fact due to location
and the asymmetric shape of auditory filters at high-frequency
(base of cochlea) it seems that the high-frequency tone not af-
fected the low-frequency tone (apex of cochlea) that is present
at the same time. Critical band of filters specified with equiva-
lent rectangular bandwidth (ERB) and ERB in low and high-
frequency is completely difference. Therefore a high-fre-
quency tone did not marked effect on low-frequency tone,
because ERB in both of them did not has any overlapping
[12-14]. Our main assumption in this study was that symme-
try or asymmetry of flankers have no effect on CMR results.
For that, we aimed in this study to measure CMR by using
asymmetric flankers and comparing the results to the sym-
metric-flankers measured CMR.

Subjects and Methods

Participants
Eighteen normal hearing listeners ranging in age from 20
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to 46 years old participated in this study. They were random-
ly selected among students and staff of audiology clinic of the
School of Rehabilitation Sciences of Iran University of Medical
Sciences. The behavioral pure-tone audiometry thresholds lev-
els were measured to be than 20 dB HL in octave frequencies
of 250—8,000 Hz. Also, impedance tests (tympanometry and
refletometry) were done for all case. All of persons were
considered to have normal levels of memory and cognitive
functions according to the Wechsler test and Mini-Mental State
Examination test, which is a critical assumption for perform-
ing the CMR experiment.

The subjects signed an informed consent form before the
experimental process began. All procedures were approved by
the Institutional Review Board of Iran University of Medical
Sciences (#IR.ITUMS.REC1396.0457).

Equipments and stimuli

In this study, we used Orbiter922 Audiometer (Madsen,
Taastrup, Denmark), Clarinet plus printer Inventis tympanom-
eter (Inventis, Padova, Italy) for assessment of hearing and
middle ear function. The listeners were in a soundproof booth
and stimuli were presented diotically via Sennheiser HDA200
headphone (Sennheiser, Old Lyme, CT, USA). The signal
(and maskers) generation and presentation during the experi-
ments were controlled by laptop and audiometer using the
software package for MATLAB (2013a, Mathworks, Inc.,
Natick, MA, USA). In this experiment, stimuli consisted of a
warble tone (as a target) and narrowband noises (as maskers).
In this study, we used a 6,000 Hz as signal because CMR is
high in high frequency signal [1,2,7]. The carrier frequency of
the warble tone was 5 kHz with a frequency deviation of 15%.
The intensity of the signal was 60 dB with duration of 250 ms.
There were one on-frequency masker and four narrow band
noise maskers as flankers (or off-frequency maskers), typically
with bandwidths 50 Hz. The spacing of flankers toward the
target, on-frequency masker and to each other was half an oc-
tave. The CMR is high when: 1) the total masker’s bandwidth
is large, 2) the modulation frequency is low, 3) the modula-
tion depth is high, 4) the envelope is regular, and 5) the mask-
er’s spectrum level is high [1-3,7]. Therefore the modulation
frequency was 40 Hz with a modulation depth of 0.8%. The
intensity of the on-frequency masker and flankers was 60 dB
with duration of 300 ms. Duration of maskers was considered
to be longer than the signal, in order to prevent the occurrence
of overshoot [15]. These feature of signal and maskers were ac-
cording to previous studies [7-10]. The arrangement of flank-
ers has been shown in Fig. 1.
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Fig. 1. Aflow chart for the experimen-
tal conditions of three flankers.
BOX 1 BOX 2 BOX 3
CM-on/off UM-on/off CM-on/off
frequency 500 ms frequency 500 ms frequency
masker masker+signal masker
BOX 1 BOX 2 BOX 3
CM-on/off UM-on/off UM-on/off
. . . . frequency frequency frequency
Fig. 2. Detection of signal in CM (top) masker masker-+signal masker

and UM (down) maskers. CM: co-
modulation, UM: unmodulation.

Experimental procedures

After performing audiometry and impedance tests, as well
as memory and cognitive tests, the CMR was assessed. To
obtain CMR (for each arrangement of flankers), first we ob-
tained the threshold of signal in presence of maskers without
amplitude modulation (unmodulation, UM). Then we deter-
mined the threshold of signal in presence of maskers with am-
plitude modulation (comodulation, CM). After that, the CMR
was calculated by subtracting the signal threshold in presence
of the maskers without amplitude modulation (UM) from sig-
nal threshold in presence of the maskers with amplitude mod-
ulation (CM). That is CMR=UM-CM.

At this study, there were three box (or three group of mask-
ers) with 500 ms between each others [7-10]. In unmodula-
tion situation (UM), content of three boxes include of two
unmodulation of maskers and one comodulation of maskers
and signal was randomly placed in the box that was included
of unmodulation of maskers. In comodulation situation
(CM), content of three boxes include of two comodulation of
maskers and one unmodulation of maskers and signal was
randomly placed in the box that was included of comodula-
tion of maskers (Fig. 2). All signal detections and thresholds

were performed using a three-alternative forced choice pro-
cedure with adaptive signal level adjustment. Each trial was
contained three intervals with a spacing of 500 ms [16-19].
The signal was randomly placed to an interval, and the per-
son should said which of the intervals contained the signal.
The signal intensity was adjusted according to the two-down,
one-up procedure to estimate 70.7% of the psychometric point.
The initial step size of the target level was 4 dB, which was
reduced to 2 dB and 1 dB after the second and third reversals,
respectively. When we arrived at step size 1 dB, the trend con-
tinued up to six reversals and then the average of last six re-
versals was calculated and considered as threshold estimate.
Three threshold estimates were obtained and an average of
them was considered as a real threshold. In unmodulation
position, the content of three intervals were of two unmodu-
lated and one comodulated maskers and signal was randomly
placed on unmodulated maskers. In the comodulated situa-
tion, the content of three intervals were of two comodulated
and one unmodulated maskers and signal was randomly
placed on comodulated maskers.

In each trial, there were three intervals and subjects asked to
detect the interval containing the signal (warble tone). The lis-
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teners responded verbally and the true answer was confirmed
while the listener was informed when giving false answer.

In the statistical analysis, Kolmogorov-Smirnov test was uti-
lized for normal distribution of CMR findings and then paired
t-test was used to compare the CMR means in each pair of
flankers (2-2, 3-1, and 4-0 flankers).

Results

Statistical analysis was conducted in SPSS software ver. 20
(IBM Corp., Armonk, NY, USA). The Kolmogorov-Smirnov
test indicated that all data followed a normal distribution (p>
0.05). We evaluated eighteen (male: 9, female: 9) participants
from 20 to 46 years old (mean: 31.83, SD: 7.77). All partici-
pants had normal cognition, memory and impedance tests
(normal type of tympanometry & reflectometry). The behav-
ioral pure-tone audiometry thresholds levels in all persons in
6,000 Hz were less than 15 dB (mean: 5, SD: 3.24). The as-
sessments of CMR were done on the right ear. Mean of UM
thresholds in 2-2 flankers was 67.13 dB (SD: 4.12). While
mean of CM thresholds in 2-2 flankers was 55.47 dB (SD:
3.62). In asymmetric 3-1 flankers, mean of UM thresholds

was 69.12 dB (SD: 5.31) and mean of CM thresholds was
57.10 dB (SD: 4.68). Mean of UM thresholds in 4-0 flankers
was 65.27 dB (SD: 3.16) while mean of CM thresholds was
53.67 dB (SD: 3.38) (Fig. 3). When UM thresholds were
compared with CM thresholds in each arrangement flankers,
the paired t-test results revealed no significant differences be-
tween means of UM (p=0.63) and CM (p=0.51) for the 3-1
flankers (asymmetric flankers) with 2-2 flankers (symmetric
flankers). Also, comparison of means of UM (p=0.46) and
CM (p=0.58) thresholds for the 4-0 flankers with 2-2 flank-
ers, did not show any significant difference. The compari-
sons of the means of UM and CM thresholds between 3-1
and 4-0 flankers, did not show significant difference (p=0.43
p=0.61, respectively).

CMR for each of the eighteen listeners was calculated sep-
arately for each the flanker arrangement in 6,000 Hz. The
CMR mean with 2-2 flankers was 11.97 dB (SD: 3.27),
while in the 3-1 and 4-0 flankers, was respectively 12.05 dB
and 11.60 dB (SD: 3.28 and SD: 2.96) (Table 1). The paired
t-test results revealed no significant differences between the
flankers arrangement. In comparison of 2-2 and 3-1 flankers
CMR, the p-value and degree of freedom (df) were 0.87 and

80

‘ [] 2-2 flanker [] 3-1 flanker [ 4-0 flanker

60 +

50 +

40 |

30 +

20 +

Psychoacoustic thresholds (dB nHL)

Fig. 3. Comparison of average psy-
choacoustic thresholds of signal for
unmodulated (UM) and comodulat-
ed (CM) maskers and comodulation

UM CM

masking release (CMR) value in par-
ticipants. Y-axis is measured by dB
nHL.

miw

Table 1. Average of CMR (dB nHL) in three arrangement of flankers

CMR: symmetric flankers (2-2)

CMR: asymmetric flankers (3-1)

CMR: asymmetric flankers (4-0)

Mean 11.97 12.05 11.60
SD 3.27 3.28 2.96
SD: standard deviation, CMR: comodulaton masking release
Table 2. Paired sample test results for the three arrangement of flankers
Paired difference .
veon s . 95% Cl of the difference bvalue  df (Q—f;iéd)
Lower Upper
2-2 vs. 3-1 flankers CMR -0.08389  2.1795 0.5137 -1.1677 0.9999 -0.163 17 0.872
2-2 vs. 4-0 flankers CMR 0.37111 1.4874 0.3505 -0.3685 1.1109 1.059 17 0.305
3-1 vs. 4-0 flankers CMR 0.45500  1.6931 0.3990 -0.3869 1.2969 1.140 17 0.270

CMR: comodulaton masking release, SD: standard deviation, Cl:

gree of freedom
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confidence interval, SEM: standard error of the mean, df: de-



17, respectively. The p-value and df were 0.30 and 17 when
we compared of 2-2 and 4-0 flankers CMR mean. In compari-
son of means CMR between the 3-1 flankers and 4-0 flankers,
were not seen significant differences (p=0.27, df: 17) (Table 2).

Discussion

Due to the crucial role of flankers in producing CMR, one
important question is proposed; “Is arrangement of flankers
has any effect on CMR results? Or, do flankers with more
high-frequency (toward the target) have any effect on the de-
tection of the target? To answer this question we used three
arrangements of the flankers (one symmetric & two asym-
metric) to investigate the probable effect of higher frequency
flankers on CMR results. Our main assumption in this study
was that symmetry or asymmetry of flankers have no effect
on CMR results. There has not been a study about the role of
symmetric or asymmetric of flankers, which in fact was the
innovation of our research. The only two studies that were
someone similar to our study, related to Yasin, et al. [7] and
Dau, et al. [1]. Yasin, et al. [7] investigated masking release in
two conditions with and without flankers (there was on-fre-
quency masker in both conditions). Their results showed that
there was not significant difference between the results of
masking release in two conditions. Dau, et al. [1] added a multi-
flanker after the high-frequency flankers, as postcursors, and
CMR measured in two arrangements (with and without post-
cursors after high-frequency flankers). Their results also showed
no significant difference in two arrangements in CMR results.
In fact, their results are consistent with the idea CMR function
is a within-channel processing. The CMR experiments using
flanking bands pointed out that it is imprecise to assume that
one channel is receiving only the on-frequency band plus sig-
nal and another channels is receiving only the flanking bands
[1,2]. Often, the bands will be incompletely resolved. When
this happens, the resulting waveform may contain envelope
fluctuations resulting from beats between the carrier frequen-
cies of the on-frequency and the flanker bands. These beats
can facilitate signal detection without across-channel compari-
sons being involved. Thus, the CMR in many situations can be
explained in terms of the use of within-channel rather than
across-channel cues [2]. Therefore, the general content of fre-
quency is important. The results of present study also showed
that the use of flankers with higher frequency than to signal
did not affect the CMR results and CMR results in three ar-
rangements have not significant differences.

On the other, the traveling wave is most important stage in
the analysis of sound in the auditory system. The patterns and
positions of the wave depend on the frequency of the stimu-
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lus and create a peak that is limited to narrow region of the
basilar membrane in the cochlea which is defined as critical
band or ERB. In the cochlea, there are several filters, each of
which has a certain bandwidth that is specified with ERB.
ERBs in high-frequencies are also lower than low-frequency.
For example, ERB (or critical band) in 100 Hz is 35% of the
frequency but at 10,000 Hz is 11% of the frequency [6,13].
Traveling wave in low and high-frequency regions does not
have the same shape. The shape of traveling wave around the
characteristic frequency in low and high-frequency are sym-
metric and asymmetric, respectively [6,13]. The peak of stim-
uli with low-frequency is in the apex and peak of stimuli with
high frequency is at the base of the cochlea. Then, low-fre-
quency sounds propagate a long way along the membrane, and
high-frequency sounds travel only a short way along. In fact,
due to the location of higher frequencies in the cochlea (base),
the short distance they travel in the cochlea as well as small
ERB (compared with low frequency), they have a negligible
effect (or even no effect) on the masking of low-frequencies
[15,20,21]. Just as seen in the results, there were not signifi-
cant differences in the three flankers’ arrangements in CMR
values. This means that the high-frequency flankers did not
have any effect on the target detection since auditory filters in
the high-frequency do not significant effect on the low-fre-
quency tracing and waveform of signal and maskers incom-
pletely resolved. This resulting waveform contain envelope
fluctuations resulting from beats between the carrier frequen-
cies of the on-frequency and the flanker bands. These beats
can facilitate signal detection, which does not correlate with the
frequency details of the resulting waveform. The overall con-
tent of the frequency relevant to signal and surrounding areas
is important [2,8,10].

According to the results of the present study, in the evalu-
ation of CMR in high-frequency signal, the use of high-fre-
quency flankers than signal can be limited or even eliminated.
This result are very important and has a practical application
when we conduct CMR by using a clinical audiometer which
is limited in the high-frequencies output. Because most clini-
cal audiometer are capable of producing high-frequencies up
to 12,000 Hz (maximum). Therefore, CMR measurement in
8,000 Hz is impossible, because high-frequency flankers will
be 16,000 Hz and 32,000 Hz.

There were limitations to this study. Our limitations were
the lack of evaluations in higher-frequencies (due to our au-
diometer was limit in higher-frequencies output) and lower
frequencies (time limitation) than 6,000 Hz. It is recommend-
ed CMR evaluation be done in higher and lower signals to
compared results.
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