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Psychophysical data indicate that spectral weights tend to increase with increasing presentation

level at high frequencies. The present study examined whether spectral weights for speech percep-

tion are similarly affected by presentation level. Stimuli were sentences filtered into five contiguous

frequency bands and presented at each of two levels (75 and 95 dB sound pressure level [SPL]). For

the highest band (2807–10 000 Hz), normal-hearing listeners’ weights were higher for the higher

presentation level. Weights for the 95-dB-SPL level resembled those previously estimated for

hearing-impaired listeners tested at comparably high levels, suggesting that hearing loss itself may

not play a large role in spectral weighting for a sentence recognition task.
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I. INTRODUCTION

Speech recognition tests are a common part of standard

audiological practice (ASHA, 2006). These tests allow the

clinician to evaluate listener performance for both speech

recognition and speech reception thresholds. However,

speech recognition tests do not provide information regard-

ing which spectral information contributed the most to the

listener’s performance on the task. Measuring listeners’

perceptual weights can provide insight into how different

spectral regions contribute to a listener’s recognition of the

speech (e.g., Doherty and Turner, 1996). For example, a

high perceptual weight on one spectral band would indicate

that band contributed relatively more to the listeners’ per-

formance on the task than other spectral bands given lower

weights. Calandruccio and Doherty (2007, 2008) have

argued that perceptual weights for a sentence recognition

task differ between listeners with normal hearing and listen-

ers with sensorineural hearing loss. That is, they reported

data consistent with the idea that perceptual weights for sen-

tence recognition are affected by sensorineural hearing loss,

with hearing-impaired listeners placing relatively more

weight on the highest-frequency band than normal-hearing

listeners. If listeners with hearing loss weight speech infor-

mation differently from normal-hearing listeners, this would

have important implications for optimal amplification. One

difference between the studies from Calandruccio and

Doherty (2007) and Calandruccio and Doherty (2008) was

the higher overall presentation level used for the listeners

with hearing loss compared to the overall presentation level

used to test the normal-hearing listeners. Whereas normal-

hearing listeners heard speech at a conversational level

(75 dB sound pressure level [SPL]; Calandruccio and

Doherty, 2007), hearing-impaired listeners heard speech at a

higher level, amplified either through a loudspeaker or a

hearing aid (92.0 to 99.8 dB SPL; Calandruccio and Doherty,

2008). Higher levels in the later study with hearing-impaired

listeners were meant to ensure audibility across frequency

based on each listener’s audiogram, but it is also possible

that differences in presentation levels between groups could

have affected the weights. Support for this possibility comes

from psychophysical studies showing that perceptual

weights can differ as a function of presentation level (e.g.,

Kortekaas et al., 2003; Lentz, 2007; Leibold et al., 2009).

The purpose of the present study was to determine how pre-

sentation level affects normal-hearing listeners’ perceptual

weights for masked sentence recognition.

Doherty and Lutfi (1996) obtained perceptual weights

for listeners with normal hearing and listeners with sensori-

neural hearing loss on a non-speech level discrimination

task. They tested two six-tone complexes, composed of tones

at octave frequencies between 250 and 8000 Hz, in which

the level of the tones randomly varied across trials. Listeners

completed a two alternative-forced choice (2AFC) task to

indicate which multi-tone complex had the higher overall

intensity level; this task is sometimes referred to as sample

discrimination, because the listener’s task is to determine

which distribution a sample was drawn from (signal or the

no-signal). The methodology used for these experiments was

consistent across the two listener groups, except for the

mean level of each tone within the complex. That is, the

mean level for each tone was 65 and 62.5 dB SPL for signal

and non-signal complexes, respectively, for listeners with

normal hearing; in contrast, for the listeners with sensorineu-

ral hearing loss the stimulus levels were either 80 and 75 dB

SPL or 80 and 72.5 dB SPL (dependent upon listeners’ dis-

crimination ability) for signal and no-signal complexes,

respectively. The listeners with normal hearing applied

approximately equal weights to each of the component tones

while completing the sample discrimination task. However,a)Electronic mail: lauren.calandruccio@case.edu
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the listeners with hearing loss tended to place a greater

weight on the higher frequency components in comparison

to the lower frequency components when deciding which

multi-tone complex was drawn from the distribution with

higher overall intensity. It was assumed that the difference in

observed weights between the two listener groups was due to

differences in hearing acuity.

Leibold et al. (2009) suggested that the weighting dif-

ferences between listener groups (normal vs impaired)

reported in Doherty and Lutfi (1996) were not due to hearing

thresholds, but rather to differences in the mean stimulus

levels that were used to test the two groups of listeners.

Leibold et al. (2009) replicated the Doherty and Lutfi (1996)

study testing only normal-hearing listeners. In addition to the

low-level six-tone complex presented in quiet, they included

three additional listening conditions in which the complex

was presented at a higher level (80/75 dB SPL for mean sig-

nal/no-signal complexes, respectively): one in quiet, one that

included a masking noise to simulate a sloping high-

frequency hearing loss, and one that used a masking noise to

simulate a reverse sloping low-frequency hearing loss. Similar

to the results observed in Doherty and Lutfi (1996), listeners

tended to apply uniform weights to each tone for the 65/

62.5 dB SPL complex presented in quiet. However, for all

three conditions associated with the higher presentation levels

listeners tended to apply greater weight to the higher fre-

quency components in the complex, regardless of sensation

level. These results suggested that neither sensorineural hear-

ing loss nor differences in sensation levels could account for

the shift in weights observed by Doherty and Lutfi (1996), yet

differences in overall presentation level did seem to change

the shape of the listeners’ perceptual weights.

The finding of greater weights given to higher than lower

frequency components at high overall presentation levels does

not appear to be limited to sample discrimination tasks. Lentz

(2007) tested five listeners with normal hearing on a spectral-

shape discrimination. Stimuli were six-tone complexes pre-

sented at three different stimulus levels (35, 60, and 85 dB

SPL/component). The six tones were spaced equidistantly on a

logarithmic scale (between 700 and 4000 Hz). In standard inter-

vals all six tones were equal in amplitude. In signal intervals

the three lowest-frequency tones were lower in amplitude than

the three highest-frequency tones. Psychometric function data

were collected on listeners using a 2AFC task in which listeners

were asked to report which interval contained the signal stimu-

lus. Similar to results seen for sample discrimination, there was

a trend for listeners with normal hearing to put more weight on

high-frequency than low-frequency components when discrimi-

nating spectral shape as presentation level increases.

Recently, Jesteadt et al. (2014) also showed a similar

pattern for perceptual weights for loudness. Listeners in this

experiment performed a sample discrimination task, with

5-dB separation between the signal and no-signal distribu-

tions, and a loudness task, where stimuli in both intervals

were drawn from the same distribution. In both tasks the

stimulus was a six-tone complex composed of octave fre-

quencies from 250 to 8000 Hz. The level of the tones within

the complex was randomly selected from a blocked presenta-

tion of a mean sound pressure level of 45, 55, 65, or 75 dB.

Listeners’ weights were similar in the sample discrimination

task and the loudness task, with a shift in weight from low to

high frequency tones as presentation level increased. The

greater weight for high-frequency components of the com-

plex as presentation level increases is consistent with the

results of Leibold et al. (2009).

Because of the psychophysical data described above, it

is unclear whether the difference in spectral weights for sen-

tences observed between the listeners with hearing loss and

listeners with normal hearing were due to differences in

hearing sensitivity (i.e., cochlear differences resultant from

hearing loss) or to differences in stimulus presentation level

(Calandruccio and Doherty, 2007, 2008). In the current

study, spectral weights for sentence recognition were esti-

mated for normal-hearing listeners at 75 and 95 dB SPL,

with the higher level comparable to that previously used to

obtain weights in hearing-impaired listeners (Calandruccio

and Doherty, 2008). One goal was to determine whether the

weight applied to high-frequency speech bands increases with

increasing presentation level, as might be the case if speech

weights are affected by level in the same way as weights in

psychophysical tasks. Another goal was to obtain data from

normal-hearing listeners at a high presentation level to distin-

guish effects related to sensorineural hearing loss from those

related to presentation level in the published data on hearing-

impaired listeners. To that end, the results obtained with

normal-hearing listeners were compared with those obtained

by Calandruccio and Doherty (2008) using the same stimuli

and methods. In that study listeners with sensorineural hearing

loss were tested unaided or with their hearing aids, using lin-

ear gain (no compression) and programmed to NAL-R targets

(Byrne and Dillon, 1986). The effective presentation level

was �95 dB SPL in both cases; in the unaided condition stim-

uli were calibrated in the free field, and in the aided condition

real-ear measures were used.

II. METHODS

A. Subjects

Spectral weights were determined for eight normal-

hearing adults, ages 18–28 (mean age¼ 22 years old; six

females and two males), all of whom had previously partici-

pated in the study of Calandruccio and Doherty (2007).

These listeners were native speakers of American English

and had thresholds better than or equal to 15 dB hearing

level between 250 and 8000 Hz, bilaterally (ANSI, 2004).

B. Stimuli

The stimuli were generated using the same procedures

described in detail in Calandruccio and Doherty (2007). The

target speech comprised Harvard/Institute of Electrical and

Electronics Engineers (IEEE) sentences (IEEE, 1969), spo-

ken by a female, and the masker was a spectrally matched

noise. Both target and masker stimuli were filtered into five

contiguous bands (111–561, 562–1113, 1114–1788,

1789–2806, and 2807–11 000 Hz). Bands were associated

with approximately equal intelligibility based on the Speech

Intelligibility Index (SII; ANSI, 1997), using a frequency-
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importance function for normal-hearing listeners and sen-

tence materials (Bell et al., 1992).

Speech was presented at either 75 or 95 dB SPL. On

each trial, the noise added to each band of speech took

on one of five randomly selected levels, resulting in signal-

to-noise ratios (SNRs) that were equally distributed over a

12-dB range. For example, the most common range included

�14, �11, �8, �5, and �2 dB SNR. In this example, �8 dB

SNR is the midpoint. The SNR range differed between lis-

teners, but the same range was used for all bands and for

both presentation levels within a listener. The midpoint of

the range of the SNRs for each listener was selected to elicit

60%–80% correct performance.

C. Procedure

Listeners were seated in a double-walled sound treated

booth, 1 m in front of a custom-made loudspeaker with a

flat-frequency response (within 64 dB) up to 10 000 Hz. On

each trial listeners were presented with a masked sentence

and asked to repeat back what they heard. Listeners’

responses were scored by an examiner outside the booth

based on five keywords in each sentence.

The SNR associated with 60%–80% correct for each lis-

tener was based on pilot testing using 30 sentences presented

at 75 dB SPL. Once a range of SNRs was identified for a par-

ticular listener it remained fixed for all further testing (i.e., the

same SNR range was for both presentation levels). Listeners’

spectral weights were obtained for each presentation level

based on a total of 2000 keywords (80 sentences� 5 SNRs

� 5 keywords¼ 2000 keywords). All listeners completed

the 75-dB-SPL conditions prior to the 95-dB-SPL conditions,

with up to 6 months between conditions. The 75-dB-SPL

data reported here are a subset of the data reported by

Calandruccio and Doherty (2007).

D. Analysis

The proportion of keywords correct for each sentence

was correlated with the associated SNR in each band. A pos-

itive slope indicates better performance when the SNR in the

associated band was high than when it was low. For ease of

comparison across listeners, the weight assigned to each

band was expressed as the normalized correlation. Repeated-

measures analysis of variance (rmANOVA) was used to

compare weights across frequency for each level condition,

as well as the effects of level on weights applied to each

band. A significance level of a¼ 0.05 was adopted.

III. RESULTS

Following the methods employed in Calandruccio and

Doherty (2007, 2008), the goal was for each listener to

obtain 60%–80% correct for the midpoint SNR in the 75-dB-

SPL presentation level condition; those midpoints ranged

from �9 to �6 dB across listeners. Mean percent correct

for the two presentation levels was 76.7% (75 dB SPL)

and 62.9% (95 dB SPL), a difference that was significant

when evaluated using a paired-samples t-test (t7¼�5.25,

p¼ 0.001).1 For comparison, the hearing-impaired listeners

tested by Calandruccio and Doherty (2008) had mean scores

of 71.5% (aided) and 78.7% (unaided).

Normalized mean weights for each of the five bands are

shown in Fig. 1, for both the 75-dB-SPL (down-pointing tri-

angles) and the 95-dB-SPL (up-pointing triangles) presenta-

tion levels. Data from Calandruccio and Doherty (2008) are

also shown for hearing impaired listeners tested either with

or without their hearing aids (open and filled circles, respec-

tively). Recall that the effective stimulus level was approxi-

mately 95 dB SPL in both cases, measured either in the free

field (unaided condition) or in the ear canal (aided condi-

tion). Error bars indicate plus or minus one standard

deviation.

An rmANOVA was performed on the data from normal-

hearing listeners, including the between-subjects factors

level (75 and 95 dB SPL) and band (1–5). There was no

main effect of level (F1,7¼ 0.08, p¼ 0.785), but there was a

main effect of band (F4,28¼ 51.85, p< 0.001) and an interac-

tion between level and band (F4,28¼ 3.74, p¼ 0.015).

Simple main effects testing indicates that band 5 was the

only band associated with a significant effect of level

(p¼ 0.003), consistent with the prediction that higher pre-

sentation levels are associated with greater relative weight

applied to the highest band. Evaluating the change in per-

formance across the 12-dB range of SNRs in band 5 in each

listener, performance changed by an average of 26 percent-

age points at the 75-dB SPL level and 36 percentage points

at the 95-dB-SPL level.

A pair of rmANOVAs was performed to compare

weights for the 95-dB-SPL condition obtained from normal-

hearing listeners with those obtained previously from hearing-

impaired listeners at 95 dB SPL (Calandruccio and Doherty,

2008). In these analyses, listener group was an across-subjects

factor. For the hearing-impaired data obtained with hearing

aids, there was a main effect of band (F4,64¼ 45.78,

p< 0.001), no main effect of group (F1,16¼ 0.37, p¼ 0.552),

and no interaction between band and group (F4,64¼ 1.07,

p¼ 0.381). For the hearing-impaired data obtained without
hearing aids, there was a main effect of band (F4,64¼ 70.76,

p< 0.001), no main effect of group (F1,16¼ 0.12, p¼ 0.728),

and a significant interaction between band and group (F4,64

FIG. 1. Mean normalized weights and standard deviations for eight listeners

with normal hearing at two levels. Dashed-vertical lines indicate filter cutoff

frequencies. Data of hearing-impaired listeners are taken from Calandruccio

and Doherty (2008).
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¼ 4.30, p¼ 0.004). Simple main effects testing was per-

formed to understand this interaction. Compared to normal-

hearing listeners, hearing-impaired listeners tested without
their hearing aids had higher weights for band 5 (p¼ 0.013)

and lower weights for band 2 (p¼ 0.042) and band 4

(p¼ 0.032).

Despite the large number of Harvard/IEEE sentence

lists, it was necessary to repeat a subset of sentences to

obtain the data reported here. To evaluate the possible

effects of prior exposure to particular stimuli, performance

in the 95-dB-SPL condition was compared for sentences that

were and were not repeated for each individual. Across lis-

teners, this difference (novel – repeated) spanned a range of

�3.4% to 2.8% (mean, �0.4%); these differences were non-

significant for all listeners (p¼ 0.392 to p¼ 0.972). On the

basis of these analyses, it does not appear that presenting

sentences more than once affected listeners’ recognition

scores in this dataset.

IV. DISCUSSION

In this study, spectral weights for a sentence recognition

task were measured for eight listeners with normal hearing.

Target sentences were presented at either 75 or 95 dB SPL,

and the SNR in each of five bands was jittered on a presenta-

tion-by-presentation basis by adjusting the levels of each

masker band independently. Weights applied to band 5

(2807–11 000 Hz) were higher for the higher presentation

level. This finding is broadly consistent with psychophysical

data showing increased weight on higher spectral compo-

nents for sample discrimination, spectral shape discrimina-

tion, and loudness (Kortekaas et al., 2003; Lentz, 2007;

Leibold et al., 2009; Jesteadt et al., 2014). It is also consist-

ent with the idea that overall presentation level played an im-

portant role in the finding that listeners with hearing loss

tested at �95 dB SPL place more weight on band 5 than

normal-hearing listeners tested at 75 dB SPL (Calandruccio

and Doherty, 2007, 2008).

Recall that the midpoint of the range of SNRs used for

each listener were selected to produce 60%–80% correct at

the 75-dB-SPL presentation level, and that the same range

was used for both presentation levels. Performance at the mid-

dle of the SNR range was significantly poorer for the 95-dB-

SPL than the 75-dB-SPL presentation level, consistent with

previous reports that speech perception is degraded at higher

than average conversational levels (e.g., Pollack and Pickett,

1958; Studebaker et al., 1999). While it is possible that differ-

ences in the weight applied to band 5 could be related to dif-

ferences in performance rather than presentation level, two

observations cast doubt on that possibility. First, Calandruccio

and Doherty (2007) reported that one normal-hearing listener

repeated data collection with two different SNR ranges, one

associated with 59% correct and the other with 75% correct;

in both cases the weights were similar. Second, higher

weights for band 5 were observed in datasets associated with

lower overall percent correct scores in normal-hearing listen-

ers, but the opposite trend was observed in the published

hearing-impaired data (Calandruccio and Doherty, 2008).

Normal-hearing listeners placed higher weights on band 5

when tested at 95 than 75 dB SPL, conditions associated with

mean performance of 62.9% and 76.7% correct at the middle

SNR, respectively. In contrast, hearing-impaired listeners

placed higher weights on band 5 when tested without their

hearing aids than with them, conditions associated with mean

performance of 78.7% and 71.5% correct at the middle SNR,

respectively (Calandruccio and Doherty, 2008). The most par-

simonious explanation for these results is that the higher pre-

sentation level is responsible for elevated weights on band 5.

There is some indication in the literature that presenta-

tion level affects the quality of speech cues available to the

listener in a frequency-dependent manner for speech pre-

sented in both quiet and in noise (Summers and Molis, 2004;

Hornsby and Ricketts, 2006; Summers and Cord, 2007). For

example, Molis and Summers (2003) reported presentation

level effects for filtered speech by testing the recognition of

low- and high-pass filtered sentences in quiet at four differ-

ent presentation levels (75, 85, 95, and 105 dB SPL) in lis-

teners with normal hearing. They found that a 30-dB

increase in presentation level had a larger detrimental effect

on high-pass (HP) than low-pass (LP) filtered speech, chang-

ing performance by 25 (HP) and 7 (LP) percentage points,

respectively. Hornsby and Ricketts (2006) reported a similar

frequency-dependent effect of presentation level. They

found that overall consonant recognition decreased with

increasing presentation level (65–100 dB SPL), but the use

of speech recognition cues that were dominated by low fre-

quency information (e.g., voicing) were relatively immune

to the detrimental effects of increasing presentation levels.

These findings raise the possibility that the higher weights

applied to high-frequency bands of speech presented at a

high level may be closely related to the reduced quality of

high-frequency speech cues.

The primary goal of the present study was to evaluate

the possible role of presentation level in the previously

observed difference in spectral weights applied by normal-

hearing and hearing-impaired listeners (Calandruccio and

Doherty, 2007, 2008). A caveat to keep in mind when com-

paring data across groups is that although the speech targets

were presented at approximately the same level for the two

groups (�95 SPL), the overall level differed due to the use

of different SNR ranges. The average SNR midpoint for lis-

teners with normal hearing in the present study was �8 dB

SNR, compared to average midpoints of þ1 and þ3 dB SNR

for listeners with hearing loss tested with and without hear-

ing aids, respectively (Calandruccio and Doherty, 2008).

The lower SNRs for normal-hearing listeners were achieved

by increasing the masker level, such that the overall level of

the combined speech and noise was higher for the normal-

hearing listeners than the listeners with hearing loss.

Differences in overall level notwithstanding, when both

groups heard speech targets at a relatively high presentation

level (�95 dB SPL), there was no difference in weights

applied to band 5 for hearing-impaired listeners tested with

their hearing aids. A difference was observed, however,

when hearing-impaired listeners were tested unaided. This

result could be interpreted as evidence that the frequency

shaping provided by the hearing aid helped listeners with
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hearing loss weight the spectral information more similarly

to listeners with normal hearing.

Another factor to consider when comparing data between

listener groups is differences in sensation levels. Sensation

level (SL) differs between normal-hearing and hearing-

impaired listeners when both groups are tested at a compara-

ble presentation level. For the speech to be both audible and

comfortable for a hearing-impaired listener with sloping hear-

ing loss, like those tested by Calandruccio and Doherty

(2008), the SL of the speech in the higher frequencies tends to

be much lower than the SL in the lower frequencies. Figure 2

shows stimulus level in SL in 1
3

octave bands for the normal-

hearing listeners tested at 75 and 95 dB SPL in the present

study, as well as the hearing-impaired listeners tested by

Calandruccio and Doherty (2008). Comparing Figs. 1 and 2,

there is no clear relationship between presentation level in SL

and spectral weights. Although higher weights were associ-

ated with higher SLs for normal-hearing listeners, the SL was

not predictive of differences in weights between normal-

hearing and hearing-impaired listeners, or differences associ-

ated with aided vs unaided listening conditions (Calandruccio

and Doherty, 2008). For example, levels in SL for band 5

were markedly different for hearing-impaired listeners tested

with their hearing aids and normal-hearing listeners tested at

95 dB SPL, but weights were similar for these two datasets. In

contrast, levels in SL for band 5 were similar for the aided

and unaided hearing-impaired test conditions, but the weight

on band 5 was higher for the unaided test condition. This pat-

tern of results implicates presentation level in dB SPL, as

opposed to dB SL, in the increased weight given to band 5.

The finding that sensation level has no apparent effect on

high-frequency weights for speech is consistent with psycho-

physical data (Lentz and Leek, 2003; Leibold et al., 2009).

For example, Leibold et al. (2009) induced sloping and

reverse sloping hearing loss on their normal-hearing listeners

by using a shaped masker noise. They, too, failed to find a

correlation between SL and weights in a sample discrimina-

tion task.

There are inconsistencies in the literature regarding the

importance of high-frequency information for speech under-

standing. Some authors have argued that providing high-

frequency information may not be beneficial for some listeners

with severe high-frequency hearing loss (e.g., Hogan and

Turner, 1998; Vickers et al., 2001; Amos and Humes, 2007),

causing either no improvement in recognition, or in some cases

a decrease in performance. However, others have pointed out

that when listening in noise or listening in spatially separated

noise sources, providing additional high-frequency information

proves to be beneficial (e.g., Turner and Henry, 2002; Moore

et al., 2010; Levy et al., 2015) even for those with reported

cochlear dead regions (Pepler et al., 2016). There is also evi-

dence that at high presentation levels high-frequency informa-

tion might be more important for certain speech features than

for others (see Hornsby et al., 2005). In addition, the current

data set is consistent with the idea that the importance of high-

frequency information may depend on the methods used to

quantify band importance. Whereas the present correlation

method indicates that at high presentation levels high-

frequency bands contributed relatively more to the listeners’

performance on the task than lower-frequency bands, this

result is not observed when band importance is evaluated

using filtered stimuli, with a range of low-pass and high-pass

filter cutoffs (Studebaker and Sherbecoe, 2002; Molis and

Summers, 2003; Summers and Cord, 2007). The correlation

method allows for the presentation of a broadband signal as

well as listening conditions that include different types of com-

peting noise sources (e.g., broadband noise, as used here, and

competing babble, see Gilbert and Michyel, 2005). Measuring

spectral weights using a full-spectrum stimulus more closely

resembles natural listening conditions, and therefore may be

preferable for evaluating the importance of high-frequency in-

formation and determining when there is value to providing

these cues to listeners with hearing loss. In particular, the cur-

rent dataset highlights the importance of presentation level

when interrupting results using the correlation method.

The present study systematically assessed the effects of

presentation level on how listeners with normal hearing

weight spectral information in sentences. Weights were esti-

mated by evaluating the correlation between the SNR in a

particular spectral band and correctness of the listener’s

response (Richards and Zhu, 1994; Lutfi, 1995). While this

method has been used in a number of labs to better under-

stand the cues listeners rely on for speech perception (e.g.,

Turner et al., 1998; Apoux and Bacon, 2004; Gilbert and

Micheyl, 2005; Fogerty, 2011), there are limitations to using

the correlation method with speech stimuli. Notably, there is

little reason to believe that the combination of speech cues is

linear. Notwithstanding the method’s limitations, the correla-

tion method allows for testing multiple frequency bands

simultaneously, rather than testing each frequency band in

isolation. A broadband listening experience is what most lis-

teners are faced with throughout their daily life, particularly

when fitted with amplification. It is therefore valuable to

understand how listeners use different spectral regions of the

signal when listening to masked speech in a broadband

condition.

The present data indicate that presentation level can

affect spectral weights for speech recognition when com-

puted using a correlation method. This finding is consistent

with the results of previous psychophysical studies, showing

FIG. 2. Mean levels in dB SL for octave-wide bands. Error bars show one

standard deviation. Data of hearing-impaired listeners are taken from

Calandruccio and Doherty (2008).
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an effect of level on high-frequency weights for sample dis-

crimination (e.g., Leibold et al., 2009), spectral shape dis-

crimination (Lentz, 2007), and loudness (Jesteadt et al.,
2014). It is unclear what is responsible for this frequency-

dependent level effect, but one possibility is that the

increased loudness of high-frequency components with

increased presentation level could result in greater percep-

tual saliency of high-frequency components; greater saliency

could, in turn, result in greater weight applied to these high-

frequency components. In the context of speech perception,

the finding of greater high-frequency weights at higher pre-

sentation levels is particularly relevant to comparisons

between normal-hearing listeners and listeners with hearing

loss, groups that are often tested at different presentation lev-

els to accommodate differences in sensitivity. Further, these

data highlight the importance of considering high-

presentation levels when testing the importance or benefit of

high-frequency audibility.
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