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The aim was to assess the relative importance of cochlear mechanical
dysfunction, temporal processing deficits, and age for hearing-impaired
listeners to understand supra-threshold speech in noise backgrounds. 68
hearing-aid candidates took part in the study. Intelligibility was assessed for
speech-shaped noise (SSN) and reversed two-talker masker (R2TM)
backgrounds. Behavioural estimates of cochlear gain loss and residual
compression from a previous study were used as indicators of cochlear
mechanical dysfunction. Temporal processing abilities were assessed using
frequency modulation detection thresholds. Age, audiometric thresholds, and
the difference between audiometric thresholds and cochlear gain loss were
also included in the analyses. Stepwise multiple linear regression models of
intelligibility were designed to assess the relative importance of the various
factors for speech intelligibility. Results showed that (1) cochlear gain loss
was unrelated to intelligibility; (2) residual cochlear compression was related
to intelligibility in SSN but not in R2TM backgrounds; (3) temporal
processing was strongly related to intelligibility in R2TM backgrounds and
much less so in SSN backgrounds; (4) age per se hindered intelligibility. We
conclude that all factors affect speech intelligibility but their relative
importance varies across masker backgrounds.

INTRODUCTION

Hearing-impaired (HI) people vary widely in their ability to understand speech in
noise backgrounds, even when their audiometric loss is compensated with frequency-
specific sound amplification (e.g., Moore, 2007). The present study aimed at shedding
some light on the relative importance of cochlear mechanical dysfunction, temporal
processing deficits, and age as predictors of this variability.
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Several explanations have been proposed to account for the ability of HI listeners to
understand audible speech in noise backgrounds (reviewed by Lopez-Poveda, 2014).
One of them is that HI listeners could suffer from outer hair cell (OHC) loss or
dysfunction and this would degrade the representation of the speech spectrum in the
mechanical response of the cochlea, particularly in noisy environments, for various
reasons. First, OHC dysfunction reduces cochlear frequency selectivity. This can
smear the cochlear representation of the acoustic spectrum, making it harder for HI
listeners to separately perceive the spectral cues of speech from those of interfering
sounds. Second, in the healthy cochlea, suppression might facilitate the encoding of
speech in noise by enhancing the most salient frequency features of the target speech
against those of the background noise. OHC dysfunction reduces suppression and this
might hinder speech-in-noise intelligibility. Third, cochlear mechanical compression
might facilitate the understanding of speech in fluctuating noise by amplifying the
speech in the silent noise intervals, a phenomenon known as ‘listening in the dips’.
OHC loss or dysfunction reduces compression (i.e., linearizes cochlear responses) and
thus could hinder dip listening (Gregan ef al., 2013).

The view that OHC dysfunction accounts for the ability of HI listeners to understand
audible speech in noise is almost certainly only partially correct. First, for HI listeners,
there appears to be no significant correlation between residual cochlear compression
and the benefit from ‘dip listening’ (Gregan et al., 2013), which undermines the role
of compression on the intelligibility of supra-threshold speech in noise backgrounds.
Second, at high intensities, cochlear tuning is comparable for healthy and impaired
cochleae and yet HI listeners still perform more poorly than do normal hearing (NH)
listeners in speech-in-noise intelligibility tests (reviewed in pp. 205-208 of Moore,
2007). Third, elderly listeners with normal audiometric thresholds and presumably
healthy OHCs often have difficulty understanding speech in noise (CHABA, 1988),
which suggests that age per se or mechanisms other than OHC dysfunction can limit
the intelligibility of audible speech.

Another explanation for the ability of HI listeners to understand speech in noise is that
HI listeners may suffer from temporal processing deficits. This view would be
consistent with the reported correlation between the reduced speech-in-noise
intelligibility of HI listeners and their reduced ability to use the information conveyed
in the rapid temporal changes of speech sounds, known as ‘temporal fine structure’
(Lorenzi et al., 2006; Strelcyk and Dau, 2009). It would also be consistent with
evidence that temporally jittering the frequency components in speech, as might occur
after auditory neuropathy (Pichora-Fuller et al., 2007), or stochastic undersampling of
a noisy speech waveform, as might occur after synaptopathy (Lopez-Poveda and
Barrios, 2013), both decrease speech-in-noise intelligibility with negligible reductions
in audibility.

The present study aimed at assessing the relative contribution of cochlear mechanical
dysfunction, temporal processing deficits, and age to the performance of HI listeners
understanding audible speech in noisy environments.
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MATERIAL AND METHODS
Subjects

The same 68 subjects (43 males) with symmetrical sensorineural hearing losses of the
study of Johannesen et al. (2014) participated in the present study. Speech-in-noise
intelligibility was assessed in bilaterally listening conditions (see below). Indicators
of cochlear mechanical status and temporal processing ability, however, were
measured in one ear only. For most cases, the test ear was the ear with better
audiometric thresholds in the 2-6 kHz frequency range (30 left ears, 38 right ears).

Indicators of cochlear mechanical dysfunction

OHC dysfunction linearizes cochlear mechanical responses. Johannesen ef al. (2014)
compared behaviourally inferred cochlear input/output curves for each HI listener at
each one of five test frequencies (0.5, 1, 2, 4, and 6 kHz) with corresponding reference
input/output curves for NH listeners. They reported three main variables from their
analyses. One variable was cochlear mechanical gain loss (HLounc in dB). It was
defined as the contribution of cochlear gain loss to absolute thresholds and was
calculated as the difference sound level required for a pure tone at the test frequency
to evoke identical mechanical responses in the cochlea of a HI and a NH listener at
absolute threshold (see also Lopez-Poveda and Johannesen, 2012). A second variable
was inner hair cell (IHC) loss or HLmc. It was defined as the difference (in dB)
between the pure tone threshold (PTT in dB HL) and HLonc. This difference was
reported after earlier studies where the audiometric loss was assumed to be the sum
of a cochlear mechanical component, HLonc, and an additional component of an
uncertain nature conveniently termed HLmc (Moore and Glasberg, 1997). A third
variable was the basilar-membrane compression exponent (BMCE). It was defined as
the slope (in dB/dB) of an inferred cochlear input/output curve over its compressive
segment. See Johannesen et al. (2014) for further details.

PTT, HLouc, HLinc, and BMCE were taken from Johannesen et al. (2014) and were
all considered potential predictors of speech-in-noise intelligibility. Note that the four
variables had values at each of the five test frequencies.

Johannesen et al. (2014) reported that they could not measure input/output curves for
listeners and test frequencies where the audiometric loss was too high. Here, these
cases were assumed to be indicative of total cochlear gain loss and HLonc was set
equal to the cochlear gain observed for NH listeners (for details, see p. 11 of
Johannesen et al., 2014) and BMCE was set equal to 1 dB/dB.

Frequency modulation detection thresholds

Temporal processing ability was assessed using frequency modulation detection
thresholds (FMDTs). The experiment was identical to that of Strelcyk and Dau (2009).
In short, an FMDT was defined as the minimum detectable excursion in frequency for
a tone carrier and was estimated using a three alternative forced choice procedure. In
each trial, the three intervals contained a 1500-Hz pure tone with a level of 30 dB
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above the detection threshold for the tone. The tones in all intervals were amplitude-
modulated (AM) with a modulation depth of 6 dB and a time-varying modulation rate.
In the target interval (selected at random), the tone’s frequency was varied with a rate
of 2 Hz and with a maximum frequency excursion. The logarithm of the maximum
frequency excursion was varied in successive trials according to an adaptive one-up
two-down rule to estimate the 71% point on the psychometric function (Levitt, 1971).
Three FMDTs estimates were obtained and their mean was taken as the threshold.

Speech reception thresholds

Speech-in-noise intelligibility was quantified using the speech reception threshold
(SRT), defined as the speech-to-noise ratio (SNR) required to understand 50% of the
sentences and was measured using the hearing-in-noise test (HINT) (Nilsson et al.,
1994). The background noise was either a steady speech-shaped noise (SSN) or a
masker that consisted of two simultaneous talkers (one male and one female) played
in reverse (reversed two-talker masker, R2TM). The corresponding SRTs are referred
to as SRTssn and SRTrarm, respectively.

To measure an SRT, the speech was fixed in level to a nominal value of 65 dB SPL
and the masker level was varied adaptively using a one-up, one-down rule. After
setting the levels of the speech and the masker, the two sounds were mixed digitally
and filtered to simulate a free-field listening condition were the speech and the masker
would be co-located one meter in front of the listener at eye level (Table 3 in ANSI,
1997). The resulting stimulus was linearly amplified individually for each participant
according to the NAL-R rule (Byrne and Dillon, 1986) to account for the potential
effect of the audiometric loss on intelligibility. The amplified stimulus was played
diotically to the listeners. All other details of the procedure were as in the original
HINT test (Nilsson et al., 1994).

Stimuli and apparatus

For all measurements, stimuli were digitally generated or stored as digital files with a
sampling rate of 44100 Hz. They were digital-to-analogue converted using an RME
Fireface 400 sound card with a 24-bit resolution, and were played through Sennheiser
HDS580 headphones. Data were collected in a sound attenuation booth.

Statistical analyses

Pairwise Pearson correlations were first sought between each of the independent
variables (PTT, HLonc, HLinc, BMCE, FMDT, and age) and each of the dependent
variables (aided SRTssn and SRTr2tm). Prior to the correlation analysis, variables
with values at different frequencies were combined into a single value by weighting
the value at each test frequency according to the frequency’s importance for speech
perception (ANSI, 1997) and summing the weighted values across frequencies.

Multiple linear regression (MLR) models were constructed for SRTssn and SRTratm
independently to assess the relative importance of the potential predictors for
intelligibility. Sometimes several potential predictors might reflect a common
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underlying factor, a phenomenon known as co-linearity. To minimize the impact of
co-linearity, MLR models were constructed in a stepwise fashion (i.e., by gradually
adding new potential predictors to the model in each step). The final model omits co-
linear variables.

RESULTS
Raw data

The mean absolute thresholds across listeners for the test ears were 37, 44, 51, 61, and
75 dB HL at 0.5, 1, 2, 4, and 6 kHz, respectively (see also Fig. 1 in Johannesen et al.,
2014). The standard deviations were in the range 11 to 20 dB HL across frequencies.
High-frequency losses were more frequent than other types of losses.

The listeners’ ages ranged from 25 to 82 years, with a mean and a standard deviation
of 62 and 14 years, respectively. The 5%, 25%, 50%, 75%, and 95% percentiles of
age were 38, 54, 61, 74, and 81 years, respectively.

For most listeners, SRTssn were in the range —5 to 1 dB SNR, thus in line with values
reported by earlier studies for SSN maskers (Peters et al., 1998; George et al., 2006;
Gregan et al., 2013). SRTr2rm values were in the range —2 to 5 dB SNR and generally
higher than SRTssn values. This trend and range of values are consistent with the —4
to 2 dB range reported by Festen and Plomp (1990) for SRTrorm. The present
SRTr2rMm values were about 3, 5, and 5 dB higher than the SRTs for interrupted or
modulated-noise backgrounds reported by George et al. (2006), Peters et al. (1998),
and Gregan et al. (2013), respectively. This shows that SRTs can be different for
different types of fluctuating maskers.

FMDTs for the present participants were in the range 0.7 to 2, in units of logio(Hz),
and thus similar to the range of values reported by Strelcyk and Dau (2009) (0.7 to
1.7, when converted to the present units).

Pairwise Pearson’s correlations

Table 1 shows squared Pearson’s correlation coefficients (R? values) for pairs of
variables. HLonc and HLmc were significantly correlated with PTT but were
uncorrelated with each other. This supports the idea that the people with similar
audiometric losses can suffer from different degrees of mechanical cochlear gain loss
(e.g., Plack et al., 2004; Lopez-Poveda and Johannesen, 2012).

BMCE was positively correlated with PTT and HLonc, a result indicative that the
greater the audiometric loss or the loss of cochlear gain, the more linear (less
compressive) the cochlear input/output curves. The positive correlation between
BMCE and PTT appears inconsistent with the study of Johannesen et al. (2014) that,
based on the same data, reported no correlation between those two variables.
Differences in the data analyses might explain this discrepancy. First, the cited studies
based their conclusions on frequency-by-frequency correlation analyses whereas the
present result is based on across-frequency weighted averages. Second, BMCE was
set here to 1 dB/dB whenever the audiometric loss was so high that a corresponding
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PTT HLome Himc BMCE FMDT SRTsen  SRTromm
e . K001 002 000 008 000 007 0.06
g y 048 028 063 0024 057 0032  0.039
R - 063 030 013 003 0.4 0.17

PTT dBHL 0088 1075 1410 0002 013  0.00144  0.00042
o Y - 00l 034 006 _ 0.12 0.16

OHC P - 0.25 051 24107 0.04 0.0046 0.00077
B - - - 000 002 0.10 0.08
HLumc R ~ 0031 090 031 00102  0.023
B - - N . 000 029 0.07
BMCE ~ dB/dB ; : _0.009% 081  3.-10°  0.035
B - - . - - 0.07 0.28

FMDT  logio(Hz) ; : ; ; 026 0028  3.410%
B - - i - - i 0.51

SRTssv  dB SNR - - - - - 0.17  1.05-10"

Table 1. Squared pairwise Pearson correlations (R?) and significance levels
(p) between all potential predictors and aided SRTssn and SRTr2tm. The p-
values in the diagonal indicate the probability for a non-Gaussian distribution
of the corresponding variable.

input/output curve could not be measured, something that may have biased and
increased the correlation slightly.

Table 1 also shows that FMDTSs were not correlated with PTT, HLic, or BMCE and
were only slightly positively correlated with HLonc. Furthermore, FMDTs were not
correlated with age. This suggests that FMDTs were indeed assessing auditory
processing aspects unrelated (or only slightly related) to cochlear mechanical
dysfunction or age, as was intended.

In addition, Table 1 shows that SRTssn and SRTr2tm were significantly and positively
correlated with each other. The two SRTs were measured using identical conditions
and yet their R* (0.51) shows that only 51% of the variance in SRTssn could be
explained by the SRTrarm. This suggests that different mechanisms and/or deficits
mediate speech intelligibility for different masker backgrounds. If the mechanisms or
deficits mediating speech intelligibility were identical for the two masker
backgrounds, one would expect a higher correlation (higher R?) between SRTssn and
SRTr2rm than the one found.

Potential predictors of speech-in-noise intelligibility

Table 1 shows that SRTssn and SRTr2rm were significantly correlated with all of the
independent variables and hence in principle they could all be contributing to the
measured SRTs. The correlations (Table 1) show that PTT explained slightly more
SRTr2tm variance (R? = 0.17) than SRTssn (R? = 0.14) variance. This trend and values
are consistent with those reported by Peters et al. (1998).
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Table 1 suggests that PTT, HLonc, and HLc had only a mild influence on aided
SRTs, as the largest amount of variance explained by any of these three predictors on
any of the two SRTs was 17% (Table 1). For both SRTssx and SRTr2tm, HLonc and
HLmc predicted less variance than the PTT, which suggests that specific knowledge
about the proportion of the PTT that is due to cochlear mechanical gain loss (HLomnc)
or other uncertain factors (HLic) does not provide more information than the PTT
alone about supra-threshold speech-in-noise intelligibility deficits.

In addition, Table 1 reveals that BMCE predicted 29% of SRTssn variance but only
7% of SRTr2t™m variance, while FMDTs predicted 28% of the SRTr2rm variance but
only 7% of the SRTssn variance. This suggests that residual cochlear compression
could be more important than temporal processing abilities for understanding speech
in steady noise backgrounds while temporal processing abilities could be more
important for understanding speech in fluctuating-masker backgrounds.

Stepwise multiple linear regression models
Stepwise MLR models for SRTssn and SRTr2rm are shown in Table 2.

Priority Predictor  Coefficient t-value p Adj. accum. R?
SRTssn
n/a  Intercept -7.5 -8.0 3.5-10!" -
1 BMCE 4.25 5.0 5.6-10°¢ 0.28
2 HLimc 0.097 33 0.0017 0.37
3 Age 0.023 2.1 0.038 0.41
4 FMDT 0.90 2.0 0.045 0.44
SRTr21M

n/a  Intercept -7.1 5.5 7.0-107 -
1 FMDT 2.24 4.8 1.25-10° 0.27
2 PTT 0.061 3.5 0.008 0.38
3 Age 0.032 29 0.0047 0.45

Table 2. Stepwise MLR models of aided SRTssn and SRTr2rm. Columns
indicate the predictor’s priority order and name, the regression coefficient,
the 7-value, the corresponding probability for a significant contribution (p),
and the adjusted accumulated proportion of total variance explained (Adj.
accum. R?), respectively. The priority order is established according to how
much the corresponding predictor contributed to the predicted variance.

The top part of Table 2 shows that the most significant predictor of SRTssn was
BMCE, which explained 28% of the SRTssn variance. Additional predictors were
HLinc, age, and FMDT which contributed an additional 9, 4, and 3% to the predicted
variance, respectively. The model predicted a total of 44% of the SRTssn variance.
PTT and HLonc were not significant additional predictors.
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The MLR model for aided SRTrorm was strikingly different than the model for
SRTssn (compare the top and bottom parts of Table 2). The most significant predictor
of SRTr2rm was FMDT, which explained 27% of the SRTrarm variance. Additional
predictors were PTT and age, which contributed an additional 11 and 7% to the model
predicted variance, respectively. Altogether, the model accounted for 45% of the
SRTrarm variance. Neither HLonc, or BMCE, or the HLinc were significant predictors
of SRTr2tMm.

The role of audibility

Reduced audibility decreases speech-in-noise intelligibility (e.g., Peters et al., 1998).
Although NAL-R amplification was provided, audibility might still have been reduced
and could have affected the SRTs. To discard this possibility, we calculated the speech
intelligibility index (SII) (ANSI, 1997). The SII indicates the proportion of the speech
spectrum that is above the absolute threshold and above the background noise (ANSI,
1997). Here, however, we calculated an SII taking into account only the absolute
thresholds, the speech spectrum, and the NAL-R amplification while the background
noise was disregarded (i.e., here, the SII informed of the proportion of the speech
spectrum that was above absolute threshold). In all other aspects, our SII calculations
conformed to ANSI (1997). The rationale behind this approach is that if the full speech
spectrum were audible, then performance deficits in a masker background would be
due to the presence of the masker (Peters ef al. 1998) rather than to reduced audibility,
and would thus reflect supra-threshold deficits.

For 95% of the participants, the SII values were above 0.52, a value that corresponds
to an intelligibility of almost 90% for NH listeners (see, e.g., Fig. 3 in Eisenberg
et al., 1998). The high SII values indicate that it is unlikely that audibility affected
SRTssn or SRTrarv. To further rule out the influence of reduced audibility, new MLR
models of SRTssy and SRTr2tm were explored including the SII as a potential
predictor. The resulting models in this case were identical to those of Table 2 and the
SII did not become a significant predictor in any of the final MLR models. Therefore,
it is unlikely that reduced audibility have influenced the present SRTs.

DISCUSSION

The aim of the present study was to assess the relative importance of cochlear
mechanical dysfunction, temporal processing deficits, and age for the ability of HI
listeners understanding audible speech in noise backgrounds. The main findings were:

1) For the present sample of HI listeners, age, PTT, BMCE, and FMDTs were
virtually uncorrelated with each other (Table 1) and yet they were significant
predictors of aided SRT in noise backgrounds (Table 2).

2) Residual cochlear compression (BMCE) was the most important single
predictor of aided SRTssn, while FMDT was the most important single
predictor of aided SRTr2rm (Table 2).

3) Cochlear mechanical gain loss (HLonc) was correlated with aided SRTssn and
SRTr2tm (Table 1) but did not increase the variance explained by the MLR
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models of SRTssn or SRTr2rMm once the previously mentioned predictors were
included in the models.

4) Age was a significant predictor of SRTssy and SRTr2rm, and it was
independent of FMDTs and virtually independent of BMCE (Table 1).

For the present sample, age, PTT, FMDT, and (virtually) BMCE were uncorrelated
with each other. This result was incidental. Given the well-established relationship
between age and PTT (reviewed by Gordon-Salant et al., 2010), the absence of a
correlation between those two variables was surprising. One possible explanation is
that our participants were required to be hearing aid candidates (something necessary
for a different aspect of the study not reported here) while having mild-to-moderate
audiometric losses in the frequency range from 0.5 to 6 kHz, something necessary to
infer HLonc estimates using behavioural masking methods (Johannesen et al., 2014).
Thus, it is possible that their hearing losses spanned a narrower range than would be
observed across the same age span in a random sample. Our across-frequency
weighted-averaging of audiometric thresholds (see Methods) may have contributed to
wash out any correlation between age and PTT.

The absence of a correlation between age or PTTs with FMDTs was unexpected. The
number of synapses between THC and auditory nerve fibres is known to decrease
gradually with increasing age, even in cochleae with normal IHC and OHC counts
and thus presumably normal PTT (Makary et al., 2011). Insofar as hearing impairment
can be caused by noise exposure and noise exposure decreases the number of afferent
synapses (Kujawa and Liberman, 2009), hearing impairment is also thought to be
associated with a reduced number of synapses. A reduced synapse count (or
synaptopathy) is thought to impair auditory temporal processing (Lopez-Poveda and
Barrios, 2013). The absence of a correlation between age and FMDTs or between
FMDTs and PTT (Table 2) suggests that either our participants did not suffer from
synaptopathy (unlikely given the wide age range) or that FMDTs reflect temporal
processing abilities not directly (or not solely) related to synaptopathy.

The finding that age, PTT, FMDT, and BMCE are correlated with supra-threshold
speech-in-noise intelligibility (Table 1) was expected for the reasons reviewed in the
Introduction. A significant though incidental aspect of the present study is, however,
that for the present sample those factors were uncorrelated or poorly correlated with
each other (Table 1) and yet they affected intelligibility in different proportions for
different types of masker backgrounds (Table 2).

The two indicators of cochlear mechanical dysfunction (HLonc and BMCE) were
correlated with speech intelligibility in the two noise backgrounds, and they were
correlated with each other (Table 1). However, HLonc did not remain as a significant
predictor of intelligibility in neither of the two masker backgrounds when other
variables were included in the MLR models, while BMCE became the most
significant predictor of intelligibility only in SSN backgrounds (Table 2). The
estimates of cochlear gain loss (HLonc) and residual compression (BMCE) are
indirect and based on numerous assumptions (Johannesen et al., 2014). Assuming that
these estimates are reasonable, the present finding suggests that cochlear mechanical
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gain loss and residual compression are not equivalent predictors of the impact of
cochlear mechanical dysfunction on the intelligibility of speech in SSN. The finding
further suggests that residual compression is more significant than cochlear gain loss,
perhaps because the impact of HLonc on intelligibility may be compensated for with
linear amplification but the impact of BMCE may not.

The importance of compression for understanding supra-threshold speech in SSN
appears inconsistent with the findings of Summers et al. (2013) who reported that
compression was not clearly associated with understanding loud speech (at a fixed
level of 92 dB SPL) in a steady noise background. This inconsistency may be partly
due to methodological differences across studies. First, Summers et al. (2013)
assessed intelligibility using the percentage of sentences identified correctly for a
fixed SNR rather than the SRT (in dB SNR). Second, Summers et al. (2013) reported
correlations between intelligibility and estimates of compression at single frequencies
while we are reporting correlations between SRTs and across-frequency weighted
average of compression. Lastly, Summers et al. (2013) did not take into account
important precautions regarding inference of compression estimates using the
temporal masking curve (TMC) method. This method is based on the assumption that
cochlear compression may be inferred from comparisons of the slope of TMCs
unaffected by compression (linear references) with that of TMCs affected by
compression. Summers et al. (2013) used different linear reference TMCs for different
test frequencies and their linear references were TMCs for a masker frequency equal
to 0.55 times the probe frequency. This almost certainly underestimates compression
(e.g., Lopez-Poveda et al., 2003; Lopez-Poveda and Alves-Pinto, 2008), particularly
at lower frequencies and for NH listeners, something that might have contributed to
‘hiding’ differences in compression across listeners with different audiometric
thresholds in the data of Summers et al. (2013).

Residual compression (BMCE) was the best single predictor of supra-threshold
speech intelligibility in a SSN background while FMDT became the most significant
predictor in a R2TM background (Table 2). The reason is uncertain, though it seems
reasonable that temporal processing ability be more important for intelligibility in
fluctuating than in steady masker backgrounds.

CONCLUSIONS

1) Cochlear gain loss is unrelated to understanding audible speech in noise.

2) Residual cochlear compression is related to speech understanding in speech-
shaped steady noise but not in reversed two-talker masker backgrounds.

3) Auditory temporal processing ability is strongly related to speech under-
standing in fluctuating masker backgrounds but has relatively minor
importance in a steady noise background.

4) Age hinders the intelligibility of supra-threshold speech in any of the two
masker backgrounds tested here, regardless of absolute thresholds, cochlear
mechanical dysfunction, or temporal processing deficits.
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