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Masking-level differences in older adults:
The effect of the level of the masking noise
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In Experiment 1, masking-level differences (MLDs) for a 500-Hz tone at five masker levels were ob
tained from younger and older adults, For both age groups, there were no reliable increases in MLD
once the spectrum level of the masker exceeded 27 dB SPL, MLDs were larger for younger than for
older adults over the range of masker levels tested. In Experiment 2, the levels of both the signal and
the masker in one ear were attenuated by either 15or 30dB relative to their level in the other ear, which
was fixed at a spectrum level of 47 dB SPL. MLDs for both age groups declined with increasing lAA and
age-related differences were observed in all conditions. The findings of these experiments indicate that
(1) age-related differences in MLDs exist even when the level of the masker is sufficiently high that
older adults achieve their plateau performance, and (2) older listeners are not disadvantaged more
than younger listeners by interaural differences in the level of the input.

A common complaint of older persons is difficulty in
understanding speech in the noisy situations that are typ
ical of everyday life (Working Group on Speech, 1988;
Willott, 1991). A possible reason for this difficulty is that
they may not be as efficient as younger adults in using in
teraural comparisons to "unmask" signals. For example,
the threshold for detecting a monaural tone (Sm) in di
otic noise (No) is lower than the threshold for detecting
the same tone in monaural noise (Nm). The difference in
threshold between these conditions (SmNm - SmNO)
the masking-level difference (MLD)-may be smaller in
older adults. In addition to these two conditions, several
other conditions have also been compared to measure
MLDs (for a review see Durlach & Colburn, 1978).

In an earlier study (Pichora-Fuller & Schneider, 1991),
we looked for age-related differences in MLDs in four
different dichotic listening situations. The MLDs ofolder
listeners with good hearing were significantly (up to
5 dB) smaller in all conditions. Similar differences were
found by Grose, Poth, and Peters (1994) and Pichora
Fuller and Schneider (1992),

It is possible that the smaller MLDs ofolder adults were
observed because the level of the masker was not suffi-
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ciently intense for them to have achieved maximum per
formance. Numerous studies have shown that the size of
the MLD increases as the level of the masker increases
until a plateau is reached where the size ofthe MLD is con
stant with further increases in masker level (Blodgett, Jef
fress, & Whitworth, 1962; Canahl & Small, 1965; Diercks
& Jeffress, 1962; Dolan, 1968; Dolan & Robinson, 1967;
Hall & Harvey, 1984, 1985; Hall, Tyler, & Fernandes,
1983; Henning & Zwicker, 1984; Hirsh, 1948; McFad
den, 1968; Yost, 1988). For example, for the most com
mon dichotic condition, where the masker is in phase but
the noise is 1800 out ofphase, SirNa,the MLD ofnormal
hearing listeners for a 500-Hz pure-tone signal in con
tinuously presented broadband masking noise reaches a
maximum ofabout 15 dB when the level of the noise ex
ceeds a spectrum level of about 20-30 dB SPL (Hall &
Harvey, 1984). It is possible that older adults may require
a higher spectrum level to achieve maximum perfor
mance. In our earlier studies (Pichora-Fuller & Schneider,
1991, 1992), the spectrum level of the masker was held
constant at 37 dB SPL, so we could not determine whether
older listeners had acheived maximum performance.
Thus, in Experiment 1 of the present study, MLDs were
measured for younger and older adults as a function of
masker level.

In younger listeners, MLDs are also smaller when the
signal and noise presented to one ear are attenuated rel
ative to the other ear (e.g., McFadden, 1968). To deter
mine the relative abilities of younger and older adults to
unmask signals in asymmetrical conditions, in Experi
ment 2, MLDs were measured for both age groups when
interaural intensity differences were introduced for both
signal and masker.
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EXPERIMENT 1
Effect of Level of Interaurally
Symmetrical Masking Noise

Method
Subjects. Twelve younger adults (mean age = 22.5 years, SD =

1.9 years, range = 20-26 years) and 12 older adults (mean age =
68.5 years, SD = 4.3 years, range = 63-74 years) participated in the
present experiment. The older adults were volunteers from a pool
of seniors who had participated in previous experiments. The
younger subjects were university students or staff. All subjects ex
cept 1 younger subject had participated in our first study of age
related differences in binaural unmasking (Pichora-Fuller & Schnei
der, 1991). Pure-tone thresholds were obtained from each subject
using standard audiometric procedures. All subjects had hearing in
the better ear within normal clinical limits (,s25 dB HL) from .25
to 2 kHz, with no conductive component (air-bone gap less than
10 dB at each frequency), and no clinically significant asymmetry
(interaural difference equal to or greater than 15 dB at no more than
two ofthe test frequencies in the range from .25 to 8 kHz).

Stimuli and Apparatus. A 500-Hz pure-tone signal was pre
sented in broadband burst masking noise at each of five spectrum
levels, 17, 27, 37,47, or 52 dB SPL. In the baseline homophasic
(S"N,,) conditions, the signal presented to one ear was phase
shifted by 1800 relative to the signal presented to the other ear, and
the polarity of the masking noise presented to one ear was reversed
relative to that of the masker presented to the other ear. In the com
parison dichotic (S"N" r) conditions, the signal was interaurally
phase-shifted by 1800

, and the masking noise presented to one ear
had reversed polarity and was time-delayed by I msec relative to the
masking noise presented to the other ear. The S"N" and S"N" r con
ditions were chosen because the largest age-related differences
were observed in these conditions in our earlier work (Pichora
Fuller & Schneider, 199 I). There were no interaural differences in
the spectrum level of either the signal or the masker.

Pure-tone signals were produced by a Hewlett-Packard Model
3325 programmable function generator. The frequency and ampli
tude of the pure-tone signals were under software control. Band
limited white noise (.1-5 kHz) was produced by filtering (Wavetek
System 716 Brickwall Filter, rolloff= 115 dB/octave) the output of
a noise generator (General Radio 1381). To allow for-the possibil
ity of time-delaying the noise, it was then digitized at a rate of
40 kHz and stored in a buffer that was continually updated. This
digital noise was sent to two I6-bit digital-to-analog converters.
The noise sent to one of the digital-to-analog converters could be
delayed by multiples of .025 msec relative to the noise sent to the
other converter by accessing different points in the buffer. When the
noise was time-delayed, the delay, r, in the masking noise was equal
to I msec, half of the period of the pure-tone signal [1/(2 r) =
500 Hz].I The noise output from one of the converters was added
to the pure tone going to the left ear, and the noise output from the
other converter was added to the pure tone going to the right ear. By
reversing the polarity of one earphone relative to the other earphone,
the signal and masker presented to one ear were phase-reversed rel
ative to the signal and masker presented to the other ear. The mask
ing noise and the tone, when present, were gated on and offsimul
taneously (200-msec duration with 10-msec rise-decay time).
Stimuli were presented over matched TDH-49 earphones in a single
wall sound-attenuating booth. The presentation and timing of events
were managed by a computer.

Procedure. A two-interval, two-alternative, forced-choice (212
AFCj procedure was employed. Each trial consisted of two obser
vation intervals, one of which contained the signal. Four signal levels
spaced 6 dB apart were employed. The range of the psychometric
function for an experienced subject in these conditions is around

10-12 dB (Green, 1966). Because our subjects were relatively inex
perienced, we decided to employ a range that was 50% larger. Fur
thermore, by mixing signal levels within a condition, the coopera
tion ofthe subjects was readily obtained, whereas ifthe signal levels
had been blocked, some subjects would have been reluctant to com
plete blocks in which all the signals were below threshold. The ac
tual signal levels employed depended on the subject and on the con
dition and were selected so that values on the psychometric function
between chance and perfect performance were obtained.

The signal interval was randomly selected on each trial. Subjects
initiated a trial by pressing a button and then, 500 msec later, the
first of the two observation intervals was presented, followed by a
500-msec separation between intervals. Subjects indicated which
interval they thought contained the signal by pressing one of two
buttons corresponding to the two intervals. Signal lights inside the
booth marked the beginning of the trial and each interval and also
provided immediate feedback to the subjects as to whether each re
sponse had been correct or incorrect.

Each of the 10 conditions (2 types of presentation [S"N" and
S"NrrrJ X five masker spectrum levels) consisted of 320 trials.
Thus, in each condition, each ofthe four signal levels was presented
80 times. Each condition took about 25 min to complete. Subjects
were tested individually, and at each session they usually completed
two conditions with a break between conditions. In the event that
the signal levels tested did not yield values covering the range ofthe
psychometric function between chance and perfect performance, the
condition was repeated with a different set of four signal levels that
were then used in the analysis. All subjects completed all conditions.
Prior to the 320 test trials in each condition, each subject experienced
32 practice trials with two signal intensities well above threshold (in
all cases, the percentage of correct responses exceeded 90% on prac
tice trials).

Results
Logistic functions, fit to the data points using the non

linear least squares routine in Mathematica (Wolfram,
1991), were used to describe how percent correct detec
tion changed as a function of stimulus intensity for each
subject in each condition. Threshold was defined as the
stimulus level corresponding to 75% correct. Figure 1 (top
panel) plots average detection thresholds for the younger
and older adults in the SJrNJr and SJrNJrr conditions as a
function of the spectrum level of the noise masker. The
corresponding data for individual subjects are presented
in Table I.

Figure I shows that the average SJrNJr and SJrNJrT
thresholds for the younger adults were better than those
for the older adults in all conditions. The thresholds ob
tained in the SJrNJrT conditions were subtracted from the
corresponding thresholds obtained in the SJrNJr condi
tions to obtain the MLDs shown in the lower panel of
Figure I. The average MLDs for the younger group ex
ceeded the average MLDs for the older group. An analy
sis of variance (ANOVA) for MLD confirmed this de
scription with significant effects of both age [F(l,22) =

24.89, P < .001] and masker level [F(4,88) = 10.46, P <
.00 I], but with no significant age X masker level inter
action [F(4,88) = 1.47, P > .05]. A Student-Newman
Keuls test confirmed that the mean MLD obtained when
the masking noise was presented at a spectrum level of
17 dB SPL was significantly smaller (p < .0 I) than the
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Figure I. Top: Average S"N" and S"N" T thresholds for the younger group (filled and unfilled trian
gles, respectively) and for the older group (filled and unfilled squares, respectively) as a function of the
spectrum level of the masking noise. Vertical bars show ± 1 SE. Bottom: Average masking-level differ
ences (MLDs) as a function of the spectrum level of the masker for younger (triangles) and older
(squares) listeners. Vertical bars show ± 1 SE.

mean MLDs obtained when the masking noise was pre
sented at the four higher spectrum levels, which did not
differ significantly from each other.

The finding that the mean size of the MLD was sig
nificantly smaller when the masking noise was presented
at the lowest spectrum level raises the question ofwhether
or not there was a floor effect for some listeners. As the
spectrum level of the masker decreases, both the SJrNrrr
and SJrNJr thresholds are, in effect, limited by the SJr
threshold (the threshold in quiet for a pure tone pre
sented with an interaural phase difference of 180°) since
both SJrNJrr and SJrNJr become SJr as noise power goes to
zero. The same 212AFC procedure that had been used to
measure masked binaural thresholds was used to deter
mine SJr threshold for each listener (see Table 2). A com
parison of Tables I and 2 indicates that for 2 of the older
adults (A.B. and lY.), the SJrNJrrthresholds in the 27 dB
SPL masker condition were less than 10 dB above their
corresponding SJr thresholds. For these two listeners,
then, it is unlikely that a 10-dB decrease in the masker
level from 27 to 17 dB SPL could produce a 10-dB de
crease in SJrNJrr thresholds. Such a limitation could lead
to a correlation between SJrNJrrand SJr thresholds at the
lower masker levels but not necessarily at the higher
masker levels. Correlation coefficients between S"N",
and SJr were determined for each level of the masker for
younger and older adults. A significant correlation (a =

.05, Bonferonni corrected, see Table 3) was observed for
the older adults at a masker spectrum level of 17 dB SPL.
None of the other correlation coefficients were signifi
cant. These results suggest that the size of the MLDs of
older adults at the lowest spectrum level may be limited
by their SJr thresholds.

We also investigated whether the MLDs of either
younger or older adults were related to their audiometric
status. To obtain threshold estimates at 500 Hz that were
more accurate than those obtained using clinical audiom
etry, the 500-Hz thresholds in quiet were remeasured
using the 212AFC procedure (Table 2). Left- and right
ear thresholds were then averaged to obtain an index of
audiometric status at 500 Hz. Correlations between audio
metric status at 500 Hz and MLDs are presented in Table 3.
Clearly, there is no indication of a correlation between
audiometric status and the size ofMLD in any of the mask
ing conditions for the younger adults. The correlation co
efficients for the older adults were all negative and they
were fairly high in the 17, 27, and 47 dB SPL masker
conditions, but they did not reach significance once the
Bonferonni correction for multiple tests was applied.

To determine whether MLDs were correlated with high
frequency hearing loss, audiometric thresholds at 3, 4,
and 8 kHz in the left and right ears were averaged to ob
tain an index of high-frequency hearing loss for each lis
tener. Correlations between these pure-tone averages and
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Table I
Individual S"N" and S"N"T Thresholds (dB SPL) x Masking Level Condition for Subjects in Experiment I

Condition

17 dB SPL 27 dB SPL 37 dB SPL 47 dB SPL 52 dB SPL

Group Subject S"N" S"N"T S"N" S~lfT S"N" S"NlfT S"N" S"N"T S"N" S"N"T
Older P.F. 34.8 27.9 43.7 36.2 54.5 45.2 64.4 54.3 68.4 61.1

H.H. 34.6 33.9 46.4 37.7 58.1 49.6 65.7 58.6 72.9 63.3
A.B. 40.1 34.9 44.7 38.1 53.0 45.9 62.9 54.5 68.2 58.9
P.P. 35.9 29.6 44.6 40.7 60.2 55.1 66.0 58.5 70.2 65.3
C.D. 35.3 30.8 46.0 37.8 57.5 47.2 66.1 55.2 71.9 63.1
Vw. 35.8 26.0 45.5 34.2 57.1 45.0 65.5 53.8 68.2 58.9
R.L. 37.6 31.5 48.9 35.6 58.8 49.7 66.1 55.7 69.7 61.2
C.M. 37.3 32.9 48.2 42.9 56.9 50.1 67.4 62.2 71.1 65.4
L.D. 34.5 23.3 46.0 36.4 56.3 45.1 66.9 55.0 72.6 63.0
J.L. 35.9 29.2 44.7 39.8 54.4 45.1 65.0 53.1 69.4 60.0
D.F. 32.1 29.4 44.2 36.5 51.8 45.4 62.0 54.3 67.4 58.6
J.y. 35.9 34.5 46.2 38.7 56.2 45.6 64.3 56.9 68.1 64.0

Mean 35.8 30.3 45.8 37.9 56.2 47.4 65.2 56.0 69.8 61.9

Younger R.R. 33.2 20.3 41.8 29.0 52.1 38.6 61.8 48.7 68.3 55.8
H. 31.5 24.9 43.1 34.9 54.6 46.2 62.9 54.6 69.5 59.4
M.M. 35.0 24.4 46.3 34.6 54.3 43.4 64.3 52.2 69.2 58.8
M.S. 32.5 20.5 41.1 31.4 53.3 41.9 60.9 51.3 67.8 55.8
S.K. 37.7 27.8 42.4 33.3 53.5 42.4 60.9 51.6 70.6 59.2
N.M. 33.4 23.6 44.0 32.3 54.0 44.8 63.6 55.3 66.6 58.9
A.L. 35.0 27.1 45.2 34.5 51.2 39.5 63.5 50.3 69.0 55.5
B.L. 40.3 29.0 45.9 34.8 53.8 41.5 64.8 51.5 70.6 59.1
G.H. 32.5 22.8 42.3 31.8 52.2 38.8 63.8 49.5 66.4 58.0
G.K. 33.9 23.9 44.7 32.3 55.1 40.5 64.2 51.2 70.2 60.0
C.S. 35.3 25.2 45.2 32.2 53.2 38.5 63.1 50.3 69.8 58.1
D.C. 32.5 22.5 43.6 31.0 52.9 40.3 62.9 50.7 68.0 58.4

Mean 34.4 24.3 43.8 32.7 53.4 41.4 63.1 51.4 68.8 58.1

MLDs are also presented in Table 3 for both younger and
older adults. For the younger adults, the correlations be
tween the high-frequency pure-tone average and the
MLD were small and more often positive than negative.
For older adults, there was a significant correlation when
the spectrum level of the noise was 27 dB SPL; correla
tions at the other frequencies, although they were mod
erately high and negative, were not significant.

Discussion
For all spectrum levels of the broadband burst masker

there was a significant (between 2.8 and 4.6 dB) age ef
fect on MLD. For both age groups, the average size of the
MLDs obtained when the masking noise was presented
at a spectrum level of 17dB SPL was smaller than the size
of the MLDs obtained at higher masker levels; however,
MLDs reached a plateau value when the masking noise
was presented at a spectrum level of at least 27 dB SPL.
Thus, consistent with previous studies of the effect of
masker level on the size of the MLD, both younger and
older adults reached a plateau beyond which further in
creases in masking level produced no further increases in
MLD. Clearly, age-related differences in MLDs were ob
served even in masking conditions where there is no
doubt that older adults achieved their plateau level of
performance.

At very low levels of the masker, the performance of
subjects in dichotic conditions is ultimately limited by
their SJl' thresholds in the sense that their SJl'NJl'r thresh-

olds cannot be less than their SJl' thresholds when there is
no external noise. Therefore, for sufficiently low levels
of the masker (levels near the absolute threshold for de
tection of the masker), we might expect to find correla
tions between SJl' and SJl'NJl'r thresholds. A statistically
significant correlation was found for older (but not
younger) subjects at a masker spectrum level of 17 dB
SPL, supporting the hypothesis that the performance of
older adults at the lowest masker level was limited by SJl'
threshold.

A consistent pattern of negative correlations between
MLDs and high-frequency thresholds for older adults
would suggest that the same factors responsible for their
high-frequency hearing loss might also be responsible
for reduced MLDs at 500 Hz. A significant Bonferonni
adjusted correlation was found between their average high
frequency pure-tone average thresholds and MLDs at a
masker spectrum level of 27 dB SPL, and moderate al
though not significant correlations were found at other
spectrum levels. Thus the overall pattern of correlations
provides weak evidence for the possibility that the same
factors contributing to high-frequency hearing loss may
also be responsible for reduced MLDs at 500 Hz. It is also
possible that high-frequency hearing loss may simply be
an indicator ofa general deterioration in auditory process
ing and the specific anatomical and/or physiological fac
tors responsible for high-frequency hearing loss could
differ from those responsible for reduced MLDs at low
frequencies.



Table 2
Sit' and Right- and Left-Ear Monaural Thresholds
(dB SPL), Obtained at 500-Hz for Each Subject in

Quiet Using a 212AFC Procedure

Subject Sit Right Left

Older Group

P.F. 17.0 20.7 25.9
H.H. 21.4 28.4 29.0
A.B. 35.0 38.6 44.7
P.P. 20.2 25.3 19.0
C.D. 24.0 30.3 26.4
vw. 12.5 14.4 13.6
R.L. 9.2 12.5 13.5
C.M. 29.6 26.7 44.8
L.D. 13.2 14.5 18.2
r.t, 21.3 23.8 25.5
D.F. 22.6 26.8 26.4
r.v. 29.7 33.5 26.7

Mean 21.3 24.6 26.1

Younger Group
R.R. 4.0 6.3 5.0
IF. 7.2 7.0 10.4
M.M. 14.3 20.4 15.3
M.S. 17.5 18.0 15.8
S.K. 7.6 13.6 9.5
N.M. 12.3 8.1 14.6
A.L. 22.0 21.1 28.7
B.L. 8.7 17.6 11.0
G.H. 18.4 21.8 20.1
G.K. 19.4 17.6 17.3
C.S. 6.5 9.1 8.1
D.C. 5.6 14.0 9.3

Mean 11.9 14.5 13.8

EXPERIMENT 2
Effect of Interaural Level
Differences on the MLD

Asymmetries in the level of presentation of masker
and signal result in a reduction in the size of the MLD in
normal-hearing younger adults (McFadden, 1968). In Ex
periment 2, we compared the effect of interaural attenu
ation (IAA) on the MLDs of younger and older adults.

Method
The same subjects served in Experiment 2 as in Experiment I.

The same equipment and procedures were used. The spectrum level
of the masking noise was fixed at 47 dB SPL in the right ear. How
ever, the sound pressure level of both masker and signal in the left
ear were reduced by either 15 or 30 dB to produce an IAA differ
ence. The two conditions in which there was IAA in both the signal
and the masker are analogous, respectively, to the subject having a
15- or 30-dB asymmetrical conductive hearing loss, with the left
ear being less sensitive than the right ear. There were a total of six
conditions (two types of masker presentation [S"N" or S"N Itt] X
three levels ofIAA [0, 15, and 30 dB]).2 The data for the O-dB in
teraural condition (symmetrical masking at a spectrum level of
47 dB SPL) were those obtained in Experiment 1.

Results
In Figure 2 (top panel), the average thresholds of the

signals presented to the unattenuated ear are plotted as
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a function of IAA for both groups in the Sn Ntt and
SJrNJrf conditions. Individual thresholds are presented in
Table 4.

In all IAA conditions, SJrNJr and SJrNzrr thresholds
were lower for the younger adults than for the older
adults. For both groups, the diotic thresholds remained
constant, whereas dichotic thresholds increased as IAA
increased. As shown in the bottom panel ofFigure 2, for
both age groups, MLDs decreased with increased IAA.
The MLDs of the older subjects appear to be smaller
than the MLDs of the younger subjects in the 0- and 30
dB IAA conditions and nearly equivalent in the 15-dB
IAA condition. However, an ANOVA failed to reveal a
significant age X IAA condition interaction [F(2,44) =
2.15,p> .1]. There was, however, a significant main ef
fect ofIAA [F(2,44) = 65.9,p < .0001] and a significant
main effect of age [F(l,22) = 5.95,p < .05].

It is possible that some subjects may have had 500-Hz
threshold asymmetries that compounded or offset the
experimentally introduced attenuation. To investigate this
possibility, for each age group, correlations were com
puted between the size of the right-left ear difference in
500-Hz quiet threshold and the size of the MLD in the
three IAA conditions. Of the six correlations that were
measured (0.28, -0.07, and 0.42 for younger adults and
0.26, -0.07, and 0.30 for older adults in the 0-, 15-, and
30-dB IAA conditions, respectively), none were signifi
cant. Therefore, it seems that degree of threshold asym
metry did not account for the individual differences in
MLDs in these subjects.

Discussion
An interaural level difference of 15 or 30 dB in both

the signal and the masker, which preserved the same ex
ternal signal-to-noise ratio in both the unattenuated pre
sentation to one ear and the attenuated presentation to the
other ear, had no effect on the mean SJrNn threshold of
either age group. In contrast, SJrNJrf threshold increased
significantly as IAA increased from 0 to 15 dB and from
15 to 30 dB. For the younger subjects, the extent of the
increase in SJrNJrf threshold with increasing IAA was
virtually identical to that observed by Colburn and La
timer (1978), for the condition in their experiment that
most closely matches our SJrNJrf condition.' The decibel
increases in dichotic threshold produced by attenuating
the input to one ear for the younger and older adults in
this experiment, and for the equivalent condition for sub
jects in the experiment ofColburn and Latimer, are shown
in Figure 3. The decibel increase for the older adults ap
pears to be slightly smaller than that for the younger adults
but follows the same basic pattern.

GENERAL DISCUSSION
AND CONCLUSIONS

In Experiment I, the MLDs of older adults were consis
tently smaller than those ofyounger adults for noise spec-
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Younger Older

500-Hz Threshold and MLD

Younger OlderYounger Older

Table 3
Correlations Between S" and S~lIT Thresholds, and Between the Average of the Left- and Right-Ear

SOO-Hzand High-Frequency Average Thresholds and MLDs x Masking Level for Younger and Older Adults

High-Frequency Pure-Tone
Average and MLDSpectrum Level of

Masker (dB SPL)

17
27
37
47
52

0.00 0.71*
0.24 0.62

-0.10 -0.01
-0.05 0.32
-0.20 0.15

-0.22 -0.60
-0.16 -0.61

0.08 -0.46
0.37 -0.63
0.07 -0.20

-0.37 -0.40
0.01 -0.85*

-0.06 -0.55
0.14 -0.42
0.15 -0.43

*For each group in each masking-level condition, S" thresholds were correlated with S"Nn thresholds, and 500-Hz thresh
olds (left- and right-ear average) and the high-frequency pure-tone averages (average of3-, 4-, and 8-kHz thresholds in the
left and right ears) were correlated with masking-level difference (MLD). Applying the Bonferonni correction for five in
dependent tests, Ir Imust be at least.71 to reach significance (IX= .05, df= 10, two-tailed).

trum levels ranging from 17 to 52 dB SPL, ruling out the
possibility that the MLDs of older listeners were smaller
than those of younger listeners because the masker was
presented at a level that was insufficient for the older adults
to achieve their plateau level of performance. No signif
icant correlations (using the Bonferonni correction) were
observed between MLDs and the average monaural thresh
olds at 500 Hz for any ofthe five levels of the masker for
either group. However, a significant correlation between
MLD and average high-frequency audiometric threshold
was observed for the older group when the masker spec
trum level was 27 dB SPL. Thus, there is some indica-

tion of an association between the size of the MLD and
the degree ofhigh-frequency hearing loss for older adults
in the earliest stages of presbycusis.

When the input to the two ears was asymmetrical, age
related differences were also observed. These age-related
differences could not be attributed to threshold asymme
tries in quiet because there were no significant correla
tions between threshold asymmetries and MLDs. These
results suggest that binaural unmasking by older adults
would not necessarily be any more compromised by au
diometric asymmetries than would be the case for younger
adults.
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Figure 2. Top: Average S"N" and S"N" r thresholds (sound pressure level for 7S% correct detec
tion) for the younger group (filled and unfilled triangles, respectively) and for the older group (filled
and unfilled squares, respectively) as a function of the amount of interaural attenuation. Vertical
bars show f 1 SE. Bottom: Average masking-level differences (MLDs) as a function of interaural
attenuation for younger (triangles) and older (squares) listeners. Vertical bars show z 1 SE.



Table 4
Individual Thresholds (Unattenuated Ear) in dB SPL

by Attenuation Condition for the Subjects in Experiment 2

O-dB IAA 15-dB IAA 30-dB IAA

Subject SrrNrr SrrNrrr s,», SrrNrrr s,», SrrNrrr

Older Group

PF. 64.4 54.3 65.0 55.8 64.5 59.9
H.H. 65.7 58.6 67.1 57.8 67.6 61.9
A.S. 62.9 54.5 66.2 61.1 64.7 65.3
PP. 66.0 58.5 62.2 57.8 64.5 61.4
C.D. 66.1 55.2 66.4 56.8 67.0 61.8
vw. 65.5 53.8 64.9 54.3 62.4 58.1
R.L. 66.2 55.7 65.5 57.3 67.2 63.6
C.M. 67.4 62.2 67.1 59.9 64.9 63.3
L.D. 67.0 55.0 65.7 53.7 66.0 58.6
J.L. 65.2 53.1 64.6 55.3 66.4 64.4
D.F. 62.0 54.3 61.9 58.0 62.8 60.8
J.y. 64.3 56.9 63.8 56.5 65.2 61.4

Mean 65.2 56.0 65.0 57.0 65.3 61.7

Younger Group

R.R. 61.8 48.7 61.5 51.4 62.5 56.4
J.F. 62.9 54.7 64.0 54.2 63.9 57.9
M.M. 64.3 52.2 64.2 53.3 66.4 59.5
M.S. 60.9 5\.3 59.6 52.2 61.5 54.7
S.K. 60.9 51.7 65.6 56.5 65.2 58.0
N.M. 63.7 55.3 62.1 53.7 64.3 59.6
A.L. 63.5 50.3 64.4 56.6 64.1 62.0
B.L. 64.8 51.5 64.4 56.0 68.0 62.7
G.H. 63.8 49.5 61.0 52.7 63.2 54.5
G.K. 64.2 51.2 63.6 55.8 62.0 60.5
C.S. 63.1 50.3 64.7 54.4 64.7 56.0
D.C. 62.9 50.7 53.3 49.8 61.5 57.0

Mean 63.1 51.4 62.4 53.9 63.9 58.2

Note-IAA, interaural attenuation.

In prior studies comparing older listeners with clini
cally significant degrees of presbycusis to younger listen
ers with normal audiograms, small but significant effects
of group on the size of the MLD were found (Jerger,
Brown, & Smith, 1984; Novak & Anderson, 1982; Ol
sen, Noffsinger, & Carhart, 1976; Stubblefield & Gold
stein, 1977;but see Kelly-Ballweber & Dobie, 1984, whose
younger and older subjects were matched for hearing
loss). However, the size of the group effect on MLDs ob
served here and in the experiment of Grose et al. (1994)
is somewhat larger than what has been previously reported
in other studies of older listeners with relatively good au
diometric thresholds (Jerger et al., 1984; Novak & An
derson, 1982). A possible explanation for this apparent
discrepancy is that the subjects who participated in our
experiments were actually in the early stages of presby
cusis, with pure-tone thresholds that did not meet strict
criteria for normal hearing at the high frequencies. The
criterion for normal hearing used by Jerger and his col
leagues was that pure-tone air-conducted thresholds from
.25 to 8 kHz had to be less than or equal to 20 dB HL,
and the criterion employed by Novak and Anderson was
that pure-tone air-conducted thresholds from .25 to 3 kHz
had to be less than or equal to 20 dB HL. The criterion
in the present study was that pure-tone air-conducted
thresholds in the better ear had to be less than or equal to
25 dBHL from .25 to 2 kHz, and some subjects had ele-
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vated thresholds at higher frequencies (Pichora-Fuller &
Schneider, 1991). In addition, it is worth noting that the
subjects in the present study were older than those in the
study of Jerger and his colleagues, in which the oldest
subject was only 69 years old, and that Novak and An
derson had half as many subjects in their older normal
hearing group as we did in our experiments. As in our
study, the subjects of Grose et al. had hearing loss above
2 kHz, and their average age was slightly higher than the
average age ofour subjects. Our results and those ofGrose
et al. should be taken as characteristic of older individu
als in the very early stages of presbycusis, even though
this degree of hearing loss may not be considered to be
clinically significant and would certainly not warrant
recommendation of a hearing aid.

It also seems unlikely that procedural differences can
account for the differences between our studies and pre
vious studies. There is no reason to expect that response
biases would account for the larger age effect on MLD in
our studies because, unlike most of the other researchers
(e.g., Jerger et al., 1984; Olsen et al., 1976; Stubblefield
& Goldstein, 1977), who used a Bekesy tracking method,
we used the 2I2-AFC procedure, which controls for re
sponse biases. Moreover, Novak and Anderson used a
2I2AFC procedure similar to ours, but still did not find a
significant effect of age on MLD.

A stimulus factor that might account, in part, for the
apparent discrepancy between studies is the temporal re
lation between the target and the masker. Previous studies
(Jerger et al., 1984; Novak & Anderson, 1982) employed
continuously presented maskers. It was demonstrated in
our first study (Pichora-Fuller & Schneider, 1991) that
the age effect on MLD is diminished although not elim
inated when continuous rather than burst masking noise
is used. Consequently, we might expect the age effect ob
served by other investigators to be smaller than the one
observed in the present experiments because other inves
tigators used continuously presented masking noise. How
ever, like us (Pichora-Fuller & Schneider, 1991), Grose
et al. (1994) found a significant age effect on MLD using
a continuous masker, so the failure to find significant age
effects cannot be due solely to whether the masker is pre
sented continuously or in a burst.

The present data and a review ofprevious studies sug
gest that a reduction in the size of the MLD in the over
60 age group may be related to the degree of hearing loss
in older adults. However, studies of individuals with a
significant degree of sensorineural hearing loss indicate
that although reduced MLDs tend to be associated with
sensorineural hearing loss, they are not an inevitable con
sequence of such hearing losses. Koehnke, Culotta, Haw
ley,and Colburn (1995), who studied II listeners with sen
sorineural hearing loss, noted that most, but not all, of
these listeners had smaller MLDs at 500 Hz. Gabriel,
Koehnke, and Colburn (1992) found normal MLDs in 2
individuals with bilaterally symmetrical, high-frequency
noise-induced sensorineural hearing loss. Thus, reduced
MLDs are not an inevitable consequence of sensorineural
hearing loss. Overall, the results suggests that there need
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Figure 3. Decibel increase in dichotic threshold as a function of the amount
ofIAA for the younger and older subjects in the present study, and for the sub
jects in the study of Colburn and Latimer (1978), who were tested in dichotic
conditions nearly identical to ours (see note 3). The filled circle represents the
reference level for the increase in dichotic threshold.

not be a strong linkage between binaural performance
and threshold elevation, leaving open the possibility that
deficits in binaural processes may result from underlying
abnormalities other than those responsible for threshold
elevation.

Schneider (1997), in a recent review of the aging au
ditory system, presented both physiological and psy
chophysical evidence suggesting a loss of neural syn
chrony with age that may occur independently ofthreshold
hearing loss. As Pichora-Fuller and Schneider (1991,
1992) noted, such age-related reductions in neural syn
chrony could account for the reduced MLDs in older lis
teners. To see why this is the case, recall that in order for
binaural unmasking to occur, the signal plus noise in the
right ear must be compared to the signal plus noise in the
left ear. If the temporal alignment of the left- and right
ear responses is disturbed, as it would be if there was a
reduction in neural synchrony, then the ability of the au
ditory system to unmask the signal would necessarily be
reduced. Thus, one of the factors that may be contribut
ing to poorer binaural performance in older adults may
be a loss of neural synchrony with age.

REFERENCES

BLODGETT, H. c..JEFFRESS, L. A., & WHITWORTH, R. H. (1962). Effect
ofnoise at one ear on the masked threshold for tone at the other. Jour
nal ofthe Acoustical Society ofAmerica, 34, 979-981.

CANAHL, J. A., & SMALL, A. M. (1965). Masking-level differences as a

function of masker level. Journal ofthe Acoustical Society ofAmer
ica, 38, 928.

COLBURN, H. S., & LATIMER, J. S. (1978). Theory of binaural inter
action based on auditory-nerve data: III. Joint dependence on inter
aural time and amplitude differences in discrimination and detection.
Journal ofthe Acoustical Society ofAmerica, 64, 95-106.

DIERCKS, K. J., & JEFFRESS, L. A. (1962). Interaural phase and the ab
solute threshold for tone. Journal ofthe Acoustical Society ofAmer
ica, 34, 981-984.

DOLAN, T. R. (1968). Effect ofmasker spectrum level on masking-level
differences at low signal frequencies. Journal ofthe Acoustical Soci
ety ofAmerica, 44, 1507-1512.

DOLAN, T. R., & ROBINSON D. E. (1967). Explanation ofmasking-level
differences that result from interaural intensive disparities of noise.
Journal ofthe Acoustical Society ofAmerica, 42, 977-981.

DURLACH, N. I., & COLBURN, H. S. (1978). Binaural phenomena. In
E. C. Carterette & M. P. Friedman (Eds.), Handbook ofperception:
Hearing (Vol. 4, pp. 365-466). London: Academic Press.

GABRIEL, K. J., KOEHNKE, J., & COLBURN, H. S. (1992). Frequency de
pendence ofbinaural performance in listeners with impaired binaural
hearing. Journal ofthe Acoustical Society ofAmerica, 91, 336-347.

GREEN, D. M. (1966). Interaural phase effects in the masking of signals
of different durations. Journal ofthe Acoustical Society ofAmerica,
39, 720-724.

GROSE, J. H., POTH, E. A., & PETERS, R. W. (1994). Masking level dif
ferences for tones and speech in elderly listeners with relatively nor
mal audiograms. Journal ofSpeech & Hearing Research, 37, 422-428.

HALL, J. w., & HARVEY, A. D. G. (1984). NoSoand NOS rrthresholds as
a function of masker level for narrow-band and wide band masking
noise. Journal ofthe Acoustical Society ofAmerica, 76, 1699-1703.

HALL,J. w., & HARVEY, A. D. G. (1985). The binaural masking level
difference as a function of frequency, masker level and masking
bandwidth in normal-hearing and hearing-impaired listeners. Audi
ology, 24, 25-31.



HALL,J. W., TYLER, R. S., & FERNANDES, M. A. (1983). Monaural and
binaural auditory frequency resolution measured using bandlimited
noise and notched-noise masking. Journal ofthe Acoustical Society
ofAmerica, 73, 894-898.

HENNING, G. B., & ZWICKER, E. (1984). Effects of the bandwidth and
level of noise and of the duration of the signal on binaural masking
level differences. Hearing Research, 14, 175-178.

HIRSH, I. (1948). The influence of interaural phase on interaural sum
mation and inhibition. Journal ofthe Acoustical Society ofAmerica,
20, 536-544.

JERGER, J., BROWN, D., & SMITH,S. (1984). Effect of peripheral hear
ing loss on the masking level difference. Archives ofOtolaryngology,
110, 290-296.

KELLY-BALLWEBER, D., & DOBIE,R. A. (1984). Binaural interaction
measured behaviorally and electrophysiologically in younger and
older adults. Audiology, 23, 181-194.

KOEHNKE, J., CULOTTA, C. P., HAWLEY, M. L., & COLBURN, H. S.
(1995). Effect of reference interaural time and intensity differences
on binaural performance in listeners with normal and impaired hear
ing. Ear & Hearing, 16, 331-353.

LANGFORD, T. L., & JEFFRESS, L. A. (1964). Effect of noise crosscorre
lation on binaural signal detection. Journal ofthe Acoustical Society
ofAmerica, 36, 1455-1458.

McFADDEN, D. (1968). Masking-level differences determined with and
without interaural disparities in masker intensity. Journal of the
Acoustical Society ofAmerica, 44, 212-223.

NOVAK, R. E., & ANDERSON, C. V. (1982). Differentiation of types of
presbycusis using the masking-level difference. Journal ofSpeech &
Hearing Research, 25, 504-508.

OLSEN, W.0., NOFFSINGER, D., & CARHART, R. (1976). Masking level dif
ferences encountered in clinical populations. Audiology, 15,287-301.

PICHORA-FuLLER, M. K., & SCHNEIDER, B. A. (1991). Masking-level
differences in the elderly: A comparison ofanti phasic and time-delay
dichotic conditions. Journal ofSpeech & Hearing Research, 34, 1410
1422.

PICHORA-FuLLER, M. K., & SCHNEIDER, B. A. (1992). The effect of in
teraural delay of the masker on masking-level differences in younger
and older adults. Journal of the Acoustical Society ofAmerica, 91,
2129-2135.

SCHNEIDER, B. (1997). Psychoacoustics and aging: Implications for

MLD LEVEL EFFECT IN OLDER ADULTS 1205

everyday listening. Journal ofSpeech-Language Pathology & Audi
ology, 21,111-124.

STUBBLEFIELD, J. H., & GOLDSTEIN, D. P. (1977). A test-retest reliabil
ity study on clinical measurement of masking level differences. Au
diology, 16,419-431.

WILLOTT, J. F. (1991). Aging and the auditory system: Anatomy. phys
iology, and psychophysics. San Diego: Singular.

WOLFRAM, S. (1991). Mathematica: A system for doing mathematics by
computer. Redwood City, CA: Addison-Wesley.

WORKING GROUP ON SPEECH UNDERSTANDING & AGING & COMMIT
TEE ON HEARING, BIOACOUSTICS, & BIOMECHANICS (1988). Speech
understanding and aging. Journal ofthe Acoustical Society ofAmer
ica, 83, 859-895.

YOST, W. A. (1988). The masking-level difference and overall masker
level: Restating the internal noise hypothesis. Journal ofthe Acousti
cal Society ofAmerica, 83,1517-1521.

NOTES

I. MLDs are largest when the interaural time delay in the noise is
equal to half the period of the tonal signal (Langford & Jeffress, 1964).

2. We use subscripts to designate the interaural phase and time dif
ferences in the SnNn and SnNnr conditions, but we have not added a
subscript that specifies the degree of interaural attenuation.

3. Colburn and Latimer (1978) intended to determine dichotic thresh
olds in SIITNr(see their Equation 2). However, they inadvertently pro
duced the time delay by a combination ofa phase shift (z radians) and
a pure time delay. Note that a phase shift of 1800 in both signal and noise
produces SrNnr' Finally, note that when t = I msec, Sr= IN n.F I is
equivalent to SnNn r~1 when S is a 500-Hz pure tone, which is exactly
the condition that ~e used. The closest value of r to I msec that they
used was 0.8 msec. A pure time delay of -0.8 msec and a phase shift
of 1800 corresponds to the condition that they showed as 0.2 msec in
their Table I. Therefore, the subset of data collected by Colburn and
Latimer that comes closest to our condition is the ::t: 0.2-msec condition
in their Table I. We averaged these data over subjects to produce the
data shown in Figure 3.
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