I ntroduction

Listenerswith hearing loss often complain of difficulty under standing speech
in complex and noisy environments. This processrequiresthe ability to segregate a
meaningful signal from an unwanted background. In addition to a distorted
representation of the acoustic signal, poor sound segr egation abilities could also lead
to difficulty under standing speech in the presence of interfering sounds. The
mechanismswhich underlie the ability to segregate one sound from another
currently arenot well understood, but peripheral and central processesare
probably involved (Bregman, 1990; Darwin and Carlyon, 1995). Listenerswith
hearing loss have been shown to have changes to both peripheral and central
auditory processing, and ther efore might also experience difficulties with stream
segregation (Arehart et al., 1997; Mackersieet al., 2001, Kidd et al., 2001). The goal
of thefollowing study isto evaluate the effects of hearing loss on broadband
auditory streaming using an objective paradigm.

Previous studies have established some link between hearing loss and
performance on auditory stream segregation, with little consensus among studies
regarding the sour ces of those differences (Rose and Moore, 1997; Grimault et al.,
2001; Stainshy et al., 2004). These studies evaluated auditory stream segregation
abilities of listeners using either 1000-Hz tones or har monic complexes, and
ther efor e the tasks contained both place and temporal cues. Additionally, most
previous measur ements of auditory streaming ability have adopted a subjective
paradigm in which the stimulusis constantly changing and listeners pressa button
when they experience a per ceptual changein the stimuli (Rose and M oor e, 1997;
Grimault et al., 2001; Mackersieet al., 2001). This method of measuring auditory
streaming contains obvious drawbacks, such as observer bias, and response times
that might vary across listeners. A morerecent method for measuring auditory
stream segr egation was developed by Cusack and Roberts (1999). This method uses
aparadigm in which detecting a temporal change would be more difficult if two
sounds wer e per ceived in different auditory streams. Using the approach of Cusack
and Roberts (1999), this experiment will evaluate stream segregation abilitiesusing
broadband inharmonic stimuli that have no consistent temporal pattern acr oss
channelsand also will stimulate a greater portion of the basilar membrane.
Performance on this task will be compared between normal hearing and hearing
impaired listeners.

M ethods

« Six Normal-Hearing listeners (NH) ranging in age from 28 to 64 years, mean of
49 yrs

4 FiveHearing-Impaired listeners (HI) ranging in age from 39 to 65 years, mean
of 53yrs.
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Figure 1: Mean audiogram for NH listenersand individual audiogramsfor H1
listeners. Error barsrepresent the standard error of the mean across six
normally hearing subjects.
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Figure 2: Schematic of the A_B_ par adigm to be used in this stream segregation task
Additionally, the spectrum of the A and B complexes ar e shown (for the 1100-Hz B stimulus).

.

multi-tonal complexesand _ representsa silent interval

A & B stimuli wer e the sum of six equal-amplitude sinusoids (80 dB SPL per component)
spaced equidistantly on alog scale (frequency ratio 1.32)

Frequencies of the components of the A stimulus always ranged between 1000 and 4000 Hz
Each component of the B stimulusiis separ ated from each component of the A stimulusby a
multiplicative factor (Afg/f,) (lowest frequency in the B stimulus was 1000, 1030, 1060, 1080,
1100, 1200 or 1400 Hz)

Phase of each individual component chosen randomly

Duration of A & B was 80 msincluding 16 mscosine squared riseffall times

STANDARD SEQUENCE

® Asilent interval of 60 msfollowed each multi-tone stimulus (A & B)

® Each sequence was composed of 12 A_B_ cycles, leading to an overall
duration of 3.36 sec

® Seetop panel of Fig. 2 for a schematic.
SIGNAL SEQUENCE

® Onthe7th cycle, adelay (At ms) was added to the 60 mssilent interval
following the A stimuli (silent interval = 60 + At ms), thusincreasing the
duration of thesilent interval between the A and B stimuli. Additionally,
thesilent interval following the B stimuli of the cyclewasreduced by At
(ms) (silent interval = 60-At ms).

® Over thenext three cycles, the delay was progr essively increased by an
additional At, leading to a final cumulative delay of 4At on thetenth A_B_
cycle. For thelast two cyclesthe silent interval reverts back to 60 ms.

® Seebottom panel of Fig. 2 for a schematic.

PROCEDURE

4 2-AFC, 2-down, 1-up tracking procedur e used to estimate thresholds

EHEHAE- A EHAOLHAE

Threshold (At ms)

Objective measures of auditory stream segregation in normal-hearing and

hearing-impaired listeners using multi-tonal complexes
Deanna S. Rogers and Jennifer J. Lentz, Indiana University

Results

« Figure 3 plotsthe averagejust detectable delay (At) asa function of the starting
frequency of the B stimulusfor each group of listeners

« Normal-hearing and hearing-impaired data ar e plotted as the unfilled triangles and
filled circles, respectively

« Error barsrepresent the standard errors of the mean
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« Figure 3 showsthat sensitivity to temporal changes across frequencies decr eases
with  increasing frequency separation between the A and B stimuli for both
groups of listeners.

« Ingeneral, listenerswith hearing losstend to have poorer sensitivity than
listenerswith normal hearing.

+ Theresultsfor the hearing-impaired listeners produced a steeper overall
function, indicating that perfor mance more quickly degrades for hearing-
impaired listeners as frequency separation increases.

« Figure4 plotsthe data for each individual listener, hearing-impaired listenersare
plotted in theleft panel and normal hearing listenersin the right panel.

=
T

10m 10 0 10 w0 1000 1100 1200 1300 1400
Initia frequency of the  complex (Hz)

Figure 4:Individual thresholds for normal-hearing and hearing-impaired listeners, plotted asafunction of

the starting frequency of the B stimulus.

STATISTICS

« Initial frequency of the B stimulus

Factors:
* Hearing loss

Repeated measures ANOVA indicates significant effects of:

« Main effect of theinitial frequency of the B stimulus [F(6,54) = 63.36, p < .001]
Asthe B stimulus becomes further in frequency from the A stimulus, performance
degrades.

« Main effect of the group [F(1,9) = 9.86, p < .015]

Listenerswith hearing loss have higher thresholds than listenerswith normal
hearing.

« Two-way interaction of hearing and initial frequency of the B stimulus, [F(6,54) = 3.44,

p<.001]
Indicates that the slope of the function between the two groups of listenersdiffer:
Sensitivity of hearing-impaired listeners degrades more quickly with increasing
frequency separation than for nor mal-hearing listeners.

In general, asthe B stimulus becomes further in frequency from the A stimulus, the
ability to detect atemporal change acr oss frequency becomes more difficult. Thisresult is
present for both groups, suggesting that both hearing-impaired and nor mal-hearing
listeners have mor e difficulty detecting a temporal change between stimuli as the frequency
separ ation between those stimuli increases. Thisfinding is consistent with the results of
Cusack and Roberts (1999) who showed that the threshold for atemporal change was
larger when two stimuli were per ceptually distinct. Their argument predictsthat an
increasein frequency separation between the A and B stimuli would lead to more
segregation and therefore alonger gap duration would be needed for detection, and leading
to higher thresholds at the larger frequency separations.

While performance degraded with increasing frequency separation for both groups
of listeners, normal-hearing listeners had overall better sensitivity than hearing-impaired
listenersin detecting the temporal change. Interestingly, the perfor mance of listenerswith
hearing loss degraded more quickly with increasing frequency separation than
perfor mance of listenerswith normal hearing. Thresholds are most similar between the
two groupswhen the A and B stimuli have the same frequencies. Thresholds are the most
different between the two groupswhen the A and B stimuli are most different. Taken
together, these resultsindicate temporal processing deficitsin listenerswith hearing loss
(evident in the main effect revealed by the ANOVA), but the temporal processing deficit
becomes mor e evident when tempor al comparisons acr oss frequency become necessary
(note the significant interaction).

Because thresholds are similar at 1000 Hz (the frequency at which A and B stimuli
have the same frequencies), within-channel comparisons of temporal changes are
unaffected by hearing loss as applied to thistask. Oncethe A and B stimuli do not overlap
entirely, then performance degradesin theimpaired ear, indicating that listenerswith
hearing loss do experience difficulties using temporal cues. However, in these conditions,
listenersarerequired to make temporal comparisons across frequency. Recall that Cusack
and Roberts (1999) argue that when stimuli ar e perceived as being more similar (i.e.,, ina
single auditory stream), the thresholds for detecting atemporal change should be lower
than when the stimuli ar e per ceived as being different (e.g., in two auditory streams).
Applying their argument to this experiment then, if listener swith hearing loss experienced
less segregation at larger frequency separations (e.g., dueto reduced frequency selectivity),
their thresholds are predicted to be lower than for the normal-hearing listeners. Therefore,
the higher thresholds obtained from hearing-impair ed listeners probably indicate a central
contribution to this streaming task. Because thresholds are poor for hearing-impaired
listeners at the lar ge frequency separ ations, these listeners ar e having difficulty integrating
acrossfrequency. These difficultiesin detecting temporal changes across frequency are
likely to lead to difficulties segregating speech soundsin complex acoustic environments.

Conclusions

Differences between normal-hearing and hearing-impaired listenersindicate that hearing
loss may degrade ones performance on an obligatory stream segregation task.

Sensitivity to temporal changes acr oss frequency becomes poorer mor e rapidly for
listenerswith hearing loss than listeners with normal hearing, indicating that hearing loss
impairsthe ability to make acr oss frequency temporal comparisons.

The difference between the groups of listenersis most likely not dueto differencesin
frequency selectivity but may berelated to changesin the central auditory processes
responsible for across frequency temporal comparisons.
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