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Objectives: To examine the impact of hearing impairment on a listener’s
ability to process simultaneous spoken messages.



aid wearers, but participated in the experiment with their aids
removed. Mean audiograms for both groups are shown in
Figure 1. All listeners were paid for their participation. The



Trials were organized into blocks of 80, with the task fixed
within a block. Noise was added on a trial-by-trial basis such
that each block contained 20 repetitions at each of the four
predefined SNRs (see above). One block of each task (in the
order control, single, dual) comprised a session and took
approximately 30 min. Four sessions were completed by each
listener.

In addition to being tested over the range of SNRs described
above, the HL group and five of the NH group were also tested
in quiet. One 40-trial block of each task in quiet (in the order
control, single, dual) was completed before the main experi-
mental sessions.

RESULTS

Mean Performance as a Function of SNR
Mean performance across listeners in each listener group is

plotted in Figure 2 as a function of SNR for the control task, the
single task, and for the messages reported first (M1) and
second (M2) in the dual task. Note that the range of SNRs
tested was different for the two listener groups. Scores are
averaged across trials in which the Charlie message was
presented to the left ear and trials in which it was presented to
the right ear. A small effect of ear of presentation was
observed, consistent with previous reports of “right-ear domi-
nance.” Specifically, when the Charlie message was presented
to the right ear, performance was slightly better in the single
task and for M1 in the dual task compared to when Charlie was
presented to the left ear. Similarly, performance for M2 in the
dual task was slightly better when Baron was presented to the
right ear. This effect of ear of presentation was not statistically



call sign (Gallun et al. 2007). The added noise also influenced
confusion errors, as shown by the tendency of these errors to
decrease with increasing SNR. The bottom row of Figure 3
shows the rate of “random” errors in which one or both of the
reported keywords were not from either message. In the above
example, a response such as “red three” or “green three” would
fall in this category. Random errors dropped off with increas-
ing SNR and occurred with similar frequency in the control and
single tasks, as well as for M1 in the dual task. In the case of
M2, random errors were far more frequent and more sensitive
to SNR (compare slopes in bottom panels of Fig. 3).

Comparison of Dual-Task Errors for NH and HL
Groups

For those listeners who completed the initial “quiet” session
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significant (F[2,32] � 9.1, p � 0.005), indicating that random
errors in M2 were more sensitive to the SNR than those in M1.
The two-way interaction between message and listener group
was also significant (F[1,16] � 5.9, p � 0.05), consistent with
the observation that the HL group showed a greater deficit for
M2. No other interactions were significant.

Listeners with hearing loss often perform as well as listeners
with normal hearing on speech intelligibility tasks when given
a more favorable SNR. Because performance was examined at
a range of SNRs in the current experiment, it was possible to
examine whether a simple SNR increase would also eliminate
differences in performance between groups on a dual task. A
calculation was done to determine the shift (in decibels) that
best aligned the error functions for the two groups on the single
task (minimized the absolute error between groups across the
two error types‡) and this shift was then applied to the error
patterns for the dual task. The right column of Figure 4 shows
error data identical to that in the left column but with the HL
data shifted along the SNR axis by this optimal shift (5 dB).

The shifted error functions line up well for the two groups.
In fact, the 5-dB shift, which minimized the mean absolute
error between groups for the single task (mean absolute error
across the two error types of 1.3 percentage points) also
minimized the error between groups for the dual task (mean
absolute error across the two error types and two messages of
1.6 percentage points). Note that this shift not only aligned
error functions that were fairly similar between groups (all
confusion errors and M1 random errors) but also the error
functions that differed greatly between groups (M2 random
errors). The fact that M2 random errors are more sensitive to
SNR means that a given improvement in SNR gives rise to a
larger reduction in errors. In other words, the effective drop in



previously to explain the effect of noise on the ability to store
part of a single-attended message for later recall (Rabbitt 1968;
Pichora-Fuller et al. 1995).

The Effect of Hearing Loss on the Processing of
Simultaneous Messages

The primary goal of this study was to assess the effect of
sensorineural hearing loss on the processing of simultaneous
messages. Given previous reports that situations involving
divided or rapidly switching attention are difficult for listeners
with hearing loss, we expected to find a larger deficit in
responses to a secondary message than to a primary message
(relative to listeners with normal hearing). To focus on the task
of processing simultaneous messages without confounding
factors related to peripheral resolvability of the messages, we
used dichotic presentation and an increased overall presenta-
tion level in the hearing-impaired group.

Dual-task error rates in the quiet condition did not differ
significantly between the two groups of listeners. Thus, it
seems that hearing impairment in the absence of noise does not
necessarily mimic the effects of added noise in normally-
hearing listeners. Note that this may be a ceiling effect, as error



suggests that technology, behavioral changes, or environmental
modifications focused on improving the SNR should be very
effective in aiding communication in complex environments for
hearing-impaired listeners.

Our finding that improving the SNR has a larger impact on
the processing of secondary talkers than on the processing of a
primary talker may prove to be important in understanding the
full extent of benefits available from bilateral hearing aids and
bilateral cochlear implants. Until now, bilateral systems have
been compared with unilateral configurations using a variety of
selective listening and sound localization tasks. In these mea-
sures, the size of the “bilateral benefits” reported has varied
substantially across listeners and studies (Brown & Balkany
2007; Ching et al. 2007; Boymans et al. 2008; Marrone et al.
2008). If bilateral systems were tested using a listening task in
which listeners were required to extract information from two
simultaneous messages, even larger benefits might be observed
(see also Noble & Gatehouse 2006). Although the case tested
in this study represented an extreme example (in which one
message was delivered to each ear), there are many natural
situations in which different sounds in the environment are
spatially distributed such that they have different “better ears.”
In such cases, although good reception of a single sound
requires a good SNR at one ear, the successful reception of
multiple sounds may require a good SNR at both ears.

As a final note, it is possible that the task used in this study
may underestimate the difficulty of simultaneous processing
for listeners with hearing loss in more realistic situations. First,
presenting the two simultaneous messages to separate ears
alleviated the known difficulties that hearing-impaired listeners
have with segregating simultaneous voices; this is evidenced
by the fact that the drop in performance from the monaural
control task to the dichotic single task was similar in the two
listener groups. Second, the trial-based structure of the speech
task meant that stimuli were always followed by a silent period
in which listeners could make optimal use of temporarily
“stored” sensory information. In more realistic situations,
where conversations flow rapidly and continuously, such a
catch-up strategy would be impossible and this may exacerbate
the effects of a degraded sensory representation. Finally, the
speech materials used in this study (where each sentence had
only two keywords from a closed set) gave rise to primary and
secondary tasks with modest cognitive demands. The effects
we observed might be greater/exaggerated for tasks involving
longer, open-set sentences; in such conditions, the primary
speech task would require more sustained attention and the
memory demands of the secondary task would be increased.
This might be expected to increase overall difficulty, particu-
larly for older listeners with hearing loss, as there seems to be
an interaction between the effects of memory load and age
(Gordon-Salant & Fitzgibbons 1997; Wingfield et al. 2005).

ACKNOWLEDGMENTS



Gordon-Salant, S., & Fitzgibbons, P. J. (1997). Selected cognitive factors
and speech recognition performance among young and elderly listeners.
J Speech Lang Hear Res, 40, 423–431.

Hugdahl, K. (2003). Dichotic Listening in the Study of Auditory Laterality.
In K. Hugdahl, R. J. Davidson (Eds).


