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Abstract

Background—While testing suprathreshold word recognition at multiple levels is considered best
practice, studies on practice patterns do not suggest that this is common practice. Audiologists often
test at a presentation level intended to maximize recognition scores, but methods for selecting this
level are not well established for a wide range of hearing losses.

Purpose—To determine the presentation level methods that resulted in maximum suprathreshold
phoneme-recognition scores while avoiding loudness discomfort.

Research Design—Performance-intensity functions were obtained for 40 participants with
sensorineural hearing loss using the Computer-Assisted Speech Perception Assessment. Participants
had either gradually sloping (mild, moderate, moderately severe/severe) or steeply sloping losses.
Performance-intensity functions were obtained at presentation levels ranging from 10 dB above the
SRT to 5 dB below the UCL (uncomfortable level). In addition, categorical loudness ratings were
obtained across a range of intensities using speech stimuli. Scores obtained at UCL — 5 dB (maximum
level below loudness discomfort) were compared to four alternative presentation-level methods. The
alternative presentation-level methods included sensation level (SL; 2 kHz reference, SRT reference),
a fixed-level (95 dB SPL) method, and the most comfortable loudness level (MCL).

For the SL methods, scores used in the analysis were selected separately for the SRT and 2 kHz
references based on several criteria. The general goal was to choose levels that represented asymptotic
performance while avoiding loudness discomfort. The selection of SLs varied across the range of
hearing losses.

Results—Scores obtained using the different presentation-level methods were compared to scores
obtained using UCL — 5 dB. For the mild hearing loss group, the mean phoneme scores were similar
for all presentation levels. For the moderately severe/severe group, the highest mean score was
obtained using UCL - 5 dB. For the moderate and steeply sloping groups, the mean scores obtained
using 2 kHz SL were equivalent to UCL - 5 dB, whereas scores obtained using the SRT SL were
significantly lower than those obtained using UCL - 5 dB. The mean scores corresponding to MCL
and 95 dB SPL were significantly lower than scores for UCL - 5 dB for the moderate and the
moderately severe/severe group.

Conclusions—For participants with mild to moderate gradually sloping losses and for those with
steeply sloping losses, the UCL — 5 dB and the 2 kHz SL methods resulted in the highest scores
without exceeding listeners' UCLs. For participants with moderately severe/severe losses, the UCL
- 5 dB method resulted in the highest phoneme recognition scores.
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Speech recognition measures are widely recognized as an important component of the
audiological test battery. Although there are professional guidelines for administering speech
recognition threshold tests (American Speech-Language-Hearing Association, 1988),
procedures related to suprathreshold speech recognition testing have never been standardized.
It has been argued that the best approach to speech recognition testing is to present stimuli over
arange of levels (Boothroyd, 1968; Ullrich and Grimm, 1976; Beattie and Warren, 1982;
Beattie and Raffin, 1985; Beattie and Zipp, 1990; Boothroyd, 2008). This argument is
supported by evidence that the level corresponding to maximum word recognition scores varies
considerably across individuals. Beattie and Raffin (1985), for example, reported that levels
corresponding to maximum recognition scores can vary from 20 to 60 dB SL.

While these studies provide evidence that testing speech recognition in quiet at multiple levels
is the best practice, the use of multiple presentation levels is not common in clinical settings

(Martin and Forbis, 1978; Martin and Morris, 1989; DeBow and Green, 2000). In a study on
the practice patterns of Canadian audiologists, 89% of the respondents reported that they did
not test at multiple presentation levels (DeBow and Green, 2000). In another study on practice
patterns of audiologists, 74% of the respondents reported using a single SL; however, the level
used was not specified (Martin and Morris, 1989). Martin and Morris (1989) also reported that
“several” respondents reported using more than one level in speech recognition testing, with

the most common levels being most comfortable level (MCL) and 90 dB HL.

When a single presentation level is used to assess suprathreshold word recognition abilities
during routine diagnostic testing, a common objective is to test at a level that will result in
maximum performance. With this objective in mind, a presentation level that results in
maximum performance may be considered the “optimal presentation level.” Methods for
determining the presentation level for suprathreshold speech testing fall into three broad
categories: (1) methods based on SL, a fixed level above a reference threshold; (2) methods
based on a fixed sound pressure level (SPL); and (3) methods based on loudness measures
(e.g., most comfortable loudness level).

The most popular approach is to set the presentation level at a particular SL above the speech
recognition threshold (SRT). Martin and Morris (1989) noted that over half of the 74% of
audiologists who used a single presentation level chose a level of 40 dB SL re SRT, while 30%
used a level of 30 dB SL re SRT. In a later survey, Martin et al (1998) also noted that 67% of
audiologists used a level referenced to the SRT, but a specific SL was not reported. Similar to
their 1989 survey, Martin et al (1994) reported that 75% of audiologists tested at a specified
SL, typically 40 dB SL. It is important to note, however, that the 40 dB SL presentation level
re SRT is likely to reach uncomfortable loudness levels for the majority of people with an
average hearing loss greater than 50 dB HL (Kamm et al, 1978).

Kamm and her colleagues suggested using a fixed level of 95 dB SPL (75 dB HL) as an
alternative to 40 dB SL (Kamm et al, 1983). For listeners with mild to moderate sensorineural
hearing loss, Kamm et al reported that maximum word recognition scores were obtained for
only 60% of the participants when the 40 dB SL re SRT method was used, but maximum word
recognition scores were obtained for 76% of the participants when a presentation level of 95
dB SPL was used.

As noted earlier, some clinicians also test at both the most comfortable loudness level (MCL)
and a higher level approaching the uncomfortable loudness level (UCL). Testing at MCL seems
logical given that “comfortable loudness” is a rationale underlying several hearing aid fitting
prescriptions. There is little evidence, however, to support the MCL approach for testing word
recognition in individuals with hearing loss, if finding the maximum speech recognition score
is the goal. While maximum scores are generally obtained at MCL for listeners with normal

J Am Acad Audiol. Author manuscript; available in PMC 2010 October 2.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey Joyiny Vd-HIN

Guthrie and Mackersie Page 3

METHODS

Participants

hearing, higher levels are often needed for individuals with hearing loss (Ullrich and Grimm,
1976; Beattie and Warren, 1982; Beattie and Raffin, 1985; Beattie and Zipp, 1990).

There is inconsistent support for the use of speech UCL as a presentation level. In two studies,
Beattie and his colleagues reported that the level corresponding to maximum recognition scores
was the same as the UCL for 79-90% of the cases (Beattie and Warren, 1982; Beattie and Zipp,
1990). Dirks et al (1981) reported, however, that recognition scores for words presented below
the listeners' UCLs were equal to or better than scores presented at UCL.

Most of the work evaluating different methods for obtaining the maximum word recognition
score has been conducted using patients with mild to moderate hearing losses. The present
study extends the work of previous investigators described above by evaluating a wider range
of hearing losses and by examining additional methods for determining the optimal
presentation level for suprathreshold speech recognition testing. For the purposes of this study,
the “optimal presentation level” was defined as the level that produced the maximum speech
recognition score without exceeding the participant's UCL. Listener groups consisted of people
with gradually sloping mild, moderate, and moderately severe/severe losses. In addition, a
group of individuals with steeply sloping losses was included to examine the impact of hearing
loss configuration.

Five different presentation levels were evaluated:
1) A fixed level of 95 dB SPL as recommended by Kamm et al. (1983)
2)  The individually-determined MCL
3) 5 dB below the individually-determined UCL
4) A sensation level referenced to the SRT
5) A sensation level referenced to the 2-kHz threshold

The choice of sensation levels varied with the degree of hearing loss and was determined from
several criteria including UCL (described below). A sensation level referenced to 2-kHz was
evaluated as an alternative to the sensation level re: SRT due to the importance of 2-kHz for
consonant recognition (French and Steinberg, 1947). A sensation level referenced to the 2-kHz
threshold rather than the SRT may result in better audibility in the high-frequency regions,
particularly for individuals with steeply sloping losses. The UCL-5 dB was evaluated because
it should maximize audibility while avoiding the problem of loudness discomfort. To the extent
that maximum audibility corresponds to maximum intelligibility, the UCL-5 dB level may
serve as the “gold standard” against which the other methods can be compared.

The general approach used in the present study was to measure phoneme recognition over a
range of levels. Recognition scores were then extracted for the five different presentation-level
methods of interest. Based on the importance of the 2-kHz region for speech intelligibility, it
was predicted that the scores obtained using a sensation level referenced to the 2-kHz threshold
would result in scores equivalent to those for UCL- 5 dB. Based on previous research, it was
also expected that scores for MCL would be lower than for UCL-5 dB for one or more
participant groups. Specific predictions were not formulated for the other presentation levels.

Forty adults with sensorineural hearing loss participated in the study. The mean age of the
participants was 71.7 years, with a range of 45-90 years. Participants were categorized
according to the degree and configuration of their hearing loss. Thirty participants with
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Procedures

gradually sloping hearing loss had less than a 20 dB difference between 1- and 2-kHz
thresholds. The participants with gradually sloping loss were further classified based on their
three-frequency (0.5, 1, 2-kHz) pure-tone averages (PTA) into mild (PTA of 2640 dB HL),
moderate (PTA of 41-55 dB HL), or moderately-severe/severe (PTA of 56—75 dB HL) hearing
loss groups. Ten participants were included in each group.

Ten participants with steeply sloping audiometric configurations were also evaluated.
Participants with steeply sloping high-frequency hearing loss had a 20 dB or greater difference
between 1 and 2-kHz thresholds, a mean PTA of 48 dB HL, and a mean Fletcher average of
28 dB HL. The Fletcher average is the average of the two lowest pure-tone thresholds at octave
frequencies between 0.5 and 2-kHz. This average is often used in lieu of the pure-tone average
when there is a greater than 20 dB difference between two adjacent frequencies in the pure-
tone average (Fletcher, 1950). Mean pure-tone thresholds for the four participant groups are
shown in Figure 1.

Air and bone conduction pure-tone thresholds were obtained for both ears using the standard
Hughson-Westlake procedure (Hughson and Westlake, 1944). Pure-tone stimuli were
delivered through a Grason-Stadler 61 audiometer and were routed to TDH-50 headphones
and a B-71 bone oscillator.

For all remaining procedures, participants were tested monaurally. The test ear was chosen
randomly. The speech-recognition threshold (SRT) was obtained using the Downs and Minard
(1996) procedure. The Downs and Minard procedure is an ascending speech recognition
threshold search. Following a familiarization phase, one word was presented at each level and
the level was increased in 10 dB steps until one word was repeated correctly. The level was
then reduced by 15 dB and two, three or four words were presented at each level. The level
was increased in 5 dB steps until the participant repeated two words correctly at a given level.
This level was taken as the SRT. This procedure was chosen for its efficiency and high
correlation with the pure-tone average (Downs and Minard, 1996). Speech stimuli for the SRT
consisted of spondees digitized from the Department of Veterans Affairs Speech Recognition
and Identification Materials Compact Disc 2.0 (Wilson and Strouse, 1998). Stimuli were played
from a computer using custom-written software and were routed through the speech channel
of an audiometer to TDH-50 headphones.

Categorical loudness ratings were completed to determine MCL and UCL. Participants were
asked to rate the subjective loudness of brief (2 second) speech stimuli (female talker saying
“ah-ah') using a procedure described by Hawkins, Walden, Montgomery, and Prosek (1987).
The loudness of the speech stimuli was rated on a categorical scale ranging from “cannot hear’
to “uncomfortably loud'. Loudness categories and numerical anchors were as follows: 1 =
“cannot hear', 2= "very soft', 3 = “soft', 4 = “comfortable, but slightly soft', 5 = “comfortable’,
6 ="comfortable, but slightly loud’, 7 = "loud, but ok', and 8 = “uncomfortably loud'. The initial
presentation level was set at 10 dB above the participant's SRT, and the level of the voice was
increased in 5 dB steps until the participant rated the level as “uncomfortably loud' (UCL). The
participant's rating and the corresponding level were recorded for each presentation. This
procedure was then repeated using a varied starting level of £10 dB from the starting level of
the initial estimate. If the level corresponding to “uncomfortably loud' on the second trial
differed by more than 5 dB from the first trial, the procedure was repeated a third time. The
higher of the two values within 5 dB of each other was taken as the UCL. Values were within
5 dB for all participants by the second or third trial. A rating of 5" was used as MCL. If more
than one level was rated as a *5' within an ascending series, the midpoint of the range was used
if there were an odd number of levels with the same rating and the highest value was used if
there were an even number of levels with the same rating. The final estimate of MCL was taken
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as the highest of the values that was rated as a *5' across the two to three trials. The levels
corresponding to MCL were within 5 dB for all participants by the second or third trial.

Supra-threshold speech recognition testing was completed using the Computer-Assisted
Speech Perception Assessment (CASPA) (Boothroyd, 1999; Boothroyd, 2008; Mackersie,
Boothroyd and Minniear, 2001). The CASPA consists of twenty lists of ten monosyllabic
consonant-vowel-consonant (CVC) words. Sixteen of the twenty lists were used. The sixteen
lists used have been shown to be equivalent in difficulty (Mackersie, Boothroyd and Minnear,
2001). In addition, the order in which the lists were presented was randomly selected for each
listener. This software allows for computer-assisted phoneme scoring by having the examiner
assign one point to each phoneme repeated correctly in the word for a total of three points per
word and 30 phonemes per list. The speech stimuli were routed through the speech channel of
the audiometer to the TDH-50 headphones.

Test presentation levels ranged from 10 dB above the SRT to 5 dB below the UCL. A practice
list was presented at a level corresponding to 10 dB below the most comfortable loudness level
(MCL). Following the practice list, the presentation level was increased in 10 dB steps from
MCL to a maximum level of 5 dB below the UCL. The presentation level was then decreased
in 10 dB steps in order to complete testing at the levels not used in the ascending run, with the
final list presented at a level of 10 dB above the SRT. A step size of 5 dB was used when an
increase of 10 dB would have exceeded UCL or when a decrease of 10 dB would have been
below the minimum test level. The resulting performance-intensity level function provided
phoneme recognition in 5-dB steps. For example, if a participant's SRT was 35 dB HL, MCL
was 60 dB HL and the UCL was 90 dB HL, the order of presentation levels would be: 60, 70,
80, and 85 dB HL (ascending) followed by 75, 65, 55, 50, and 45 dB HL (descending).
Contralateral masking was used as needed.

Determination of Sensation Levels for Analysis of Recognition Scores

Separate sensation levels were chosen for the 2-kHz and SRT references. It is important to note
that for the purposes of this study, the term “2-kHz sensation-level reference” refers to the
audiometer dial settings for a speech signal. The true sensation level of the speech signal at 2-
kHz would be different because at a given dial setting, there are differences between the speech
and pure-tone energy at 2-kHz.

After determining the sensation levels of interest, corresponding recognition scores from the
performance/intensity function were used for subsequent analysis. The general goal was to
choose the highest sensation level possible within the constraints of three criteria. These criteria
were:

1)  The level was below UCL for all participants

2)  The choice of sensation level for different degrees of hearing loss resulted in a
monotonic relationship between the range of reference thresholds (2-kHz, SRT) and
the corresponding increase in dB HL output. That is, as the reference threshold
increased, the output value in dB HL (after adding the sensation level) always
increased or stayed the same; the output never decreased.

3)  Whenever possible, the sensation levels chosen represented mean asymptotic
performance for each of the reference threshold ranges. For the purposes of this
study, mean asymptotic performance was defined as mean scores within 5
percentage points of the individual participant's maximum score. That is, the level
chosen should correspond to ceiling-level performance. In some instances it was not
possible to evaluate this criterion without exceeding a listener's UCL.
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RESULTS

UCL Levels and Hearing Loss

The sensation levels corresponding to uncomfortable loudness levels were determined

separately for the SRT and the 2-kHz references. The values in Table 1 indicate the number of
participants whose uncomfortable loudness levels were reached or exceeded for SRT sensation
levels ranging from 20 to 40 dB (top) and for 2-kHz sensation levels ranging from 10-30 dB.

For an SRT sensation level of 40 dB, UCL was reached for 69% (20/29) of the participants
with speech recognition thresholds of 35 dB HL and higher. These results suggest that the
conventional 40 dB SL presentation level would exceed the UCL of the majority of participants.
The majority of participants with SRTs of 55 dB HL and higher were unable to tolerate speech
levels greater than 25 dB SL. For the 2-kHz reference, as the 2-kHz thresholds increased, there
was a steady decrease in the sensation levels tolerated by all participants. All participants with
2-kHz thresholds of 55 dB HL or less were able to tolerate sensation levels of up to 20 dB HL.

For the fixed level method of 95 dB SPL, UCL was reached for two participants, one with a
gradually sloping loss (PTA =37 dB HL) and one with a steeply sloping loss (PTA =38 dB
HL). These participants were not included in the subsequent analyses of the phoneme
recognition scores.

Determination of Sensation Levels

Four sensation levels were provisionally chosen for both SRT and 2-kHz references to satisfy
the first two of the three criteria described earlier (below UCL, monotonic function). To satisfy
the third criterion, it was necessary to determine whether the sensation levels chosen would
correspond to mean asymptotic performance. Mean scores for the four SRT and 2-kHz
threshold ranges are shown in Figure 2 as a function of sensation level. The filled symbols
indicate the chosen sensation level for each range. As shown in left panel of Figure 2, for the
2-kHz reference, the chosen sensation levels for the four 2-kHz threshold ranges did correspond
to asymptotic performance. For sensation levels above the chosen values, mean scores either
decreased or increased by less than five percentage points. For the SRT reference (right
panel), scores for the chosen sensation levels were also within five percentage points of the
maximum score except for the 45-50 dB HL range (5.8 percentage points below maximum).
Although listeners with SRTs between 45-50 dB HL were able to tolerate a sensation level of
30 dB, increasing this criterion would result in a non-monotonic function with increasing
hearing loss (see criterion #2). Therefore, a sensation level of 25 dB SL was used for SRTs of
45-50 dB HL. For the highest SRT range, it was not possible to evaluate the sensation level
above the chosen value because this level exceeded the uncomfortable loudness level for
several participants.

Based on these analyses, the sensation levels provisionally selected for the SRT and 2-kHz
references satisfy the criteria discussed earlier. The final SRT and 2-kHz references used in
the phoneme recognition analyses were as follows:

1)  SRT reference:

a. SRT <35dBHL: 35dB SL

b. SRT 35-40 dB HL: 30 dB SL

c. SRT 45-50dB HL: 25 dB SL

d. SRT greater than 50 dB HL: 20 dB SL
2) 2 kHz reference:
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a. 2-kHz thresholds < 50 dB HL: 25 dB SL

b. 2-kHz thresholds 50-55 dB HL: 20 dB SL
c. 2-kHz thresholds 60-65 dB HL: 15 dB SL
d. 2-kHz thresholds 70-75 dB HL: 10 dB SL

We applied the above criteria to select the phoneme recognition scores obtained at various
levels of the performance/intensity function. These scores were used in subsequent analyses
for each of the four participant groups (mild, moderate, moderately-severe/severe, steeply
sloping).

The means, standard deviations and ranges of levels in dB HL are shown in Table 2 for MCL,
UCL-5 dB, SL re: SRT, and SL re: 2-kHz. It can be seen that mean presentation levels increase
with increasing hearing loss and vary up to 25 dB within listener groups. For mild, moderate,
and moderately-severe/severe losses, the mean level in dB HL corresponding to the sensation
levels for the 2-kHz and SRT methods were similar. However, for the majority of participants,
there were differences between the 2-kHz and SRT HL levels of up to 15 dB for participants
with mild, moderate, and moderately-severe/severe losses. For some groups, these differences
may have had a greater impact on recognitions scores than for other groups. For example a
difference of 10 dB in presentation levels may not affect phoneme recognition if performance
is already at ceiling level. However, a 10 dB difference in presentation level may affect
phoneme recognition within the linear portion of the PI function. In the next section, analyses
of the recognition scores for the different presentation level are presented in detail.

Phoneme recognition

The five presentation level methods were analyzed to determine if there were significant
differences among the mean recognition scores. Mean phoneme recognition scores for the four
participant groups are shown in Figure 3. The mean scores for the mild hearing loss group were
similar using the five methods. Differences among the five methods were apparent for the other
participant groups.

A two-way repeated-measures analysis of variance (ANOVA) was completed using the
different presentation-level methods (95 dB SPL, MCL, UCL-5 dB, SL re: SRT, SL re: 2-kHz)
and hearing loss severity or configuration as factors (mild, moderate, moderately-severe/
severe, steeply sloping). Phoneme scores were arcsine transformed before data analysis to
stabilize the error variance (Studebaker, 1985). As noted previously, a level of 95 dB SPL was
uncomfortably loud for one person with a mild gradually sloping loss and one person with a
steeply sloping loss. Based on the criteria adopted for this study, this level would not be
appropriate because it exceeded the UCL. The analyses run with and without the 95 dB SPL
scores were similar. Therefore, for illustrative purposes, scores for 95 dB SPL were included
in the analyses reported here. A significant interaction was observed between presentation level
method and hearing loss [F (12, 147) =2.55, p < .01].

Newman-Keuls post-hoc analyses were completed to further evaluate differences among the
five methods. The focus of the post-hoc analyses was to determine if the various presentation
level methods differed from the UCL-5 dB approach, which was designated the “gold standard”
for this study. A significance level of .05 was used in all analyses. In Figure 3, significant
differences between UCL-5 dB and the other four methods are indicated by asterisks and
connecting arrows. For the mild hearing loss group there were no significant differences
between the phoneme recognition scores obtained using any of the methods (p > .05). For the
moderate group, mean scores for all methods except the 2-kHz SL reference were significantly
lower than scores for UCL-5 dB. For the steeply sloping group, only scores obtained in the
SRT reference method were significantly lower than scores for UCL-5 dB. Finally, for the
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moderately-severe/severe group, scores for UCL-5 dB were significantly higher than scores
for all the other presentation levels.

Based on these results, any of the five methods should produce equivalent results for mild
gradually-sloping hearing loss. For moderately-severe/severe losses, only UCL-5 dB resulted
in maximum recognition scores. Only the 2-kHz SL reference was equivalent to UCL-5 dB in
the remaining two participant groups.

Individual scores

Figure 4 illustrates individual recognition scores for UCL-5 dB plotted against scores for the
alternative presentation levels. Data points below the diagonal indicate nominally higher scores
for UCL-5 dB. The shaded area represents the 90% confidence intervals of the binomial
distribution. It can be seen that comparison methods are clustered fairly close to the diagonal
(similar to UCL-5 dB scores) for mild, moderate, and steeply sloping losses. For moderately-
severe/severe losses, larger deviations are apparent. The largest deviations from the UCL-5 dB
scores are for the 95 dB SPL presentation level (moderately-severe/severe losses) and for the
SRT reference (steeply sloping losses).

DISCUSSION

As a first step in determining the presentation level for maximal performance without
discomfort, UCLs for speech were examined for different sensation levels. It was determined
that a presentation level of 40 dB SL re: SRT exceeded UCL for 69% of those with an SRT of
35 dB HL or greater. Kamm, Dirks, and Mickey (1978) also found that 40 dB SL re: SRT
exceeded UCL for the majority of participants with hearing loss greater than 50 dB HL. Based
on the results of the current study, the commonly used presentation level of 40 dB SL re: SRT
would exceed the loudness discomfort levels for many individuals with hearing loss. Even a
more conservative level of 30 dB SL would exceed the tolerance levels of listeners with SRTs
of 55 dB HL and greater.

Contrary to the prediction, the 2-kHz SL reference chosen for this study did not result in
phoneme recognition scores equivalent to scores for UCL-5 dB for all participant groups.
Scores for the 2-kHz SL reference were significantly lower than scores for UCL-5 dB for one
of the four participant groups (moderately-severe/severe). The variability of UCLs for the
different 2-kHz ranges and criteria adopted for this study prevented the use of a higher 2-kHz
sensation level. Nevertheless, the findings support the use of the 2-kHz reference for all
participant groups except those with moderately-severe/severe hearing loss. For the
moderately-severe/severe group, only the UCL-5 dB level resulted in maximum phoneme
scores.

For mild hearing losses, all five presentation levels resulted in similar phoneme scores. The
sensation level re: SRT resulted in lower phoneme recognition scores than those obtained using
UCL - 5 dB for all of the remaining participant groups and MCL resulted in lower phoneme
recognition scores than UCL-5 dB for the moderate and moderately-severe/severe groups. The
results from the present study are consistent with studies by Beattie and colleagues (Beattie
and Raffin, 1985; Beattie and Warren, 1982; Beattie and Ziff, 1990), who found that maximal
speech recognition scores were obtained at or near UCL rather than at MCL.

The finding that scores using the SRT sensation level reference were lower than UCL-5 dB for
three of the four groups may be related to the choice of sensation levels and the constraints
imposed by the criteria selected. Higher sensation levels may have been used, but would have
violated criteria related to the UCL, the monotonic function, or both. The lower scores for the
SRT reference may be related to the fact that the SRT typically reflects the low- to mid-
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frequency hearing sensitivity. Thus, a level referenced to SRT may not ensure audibility at
important higher frequencies such as 2-kHz. For steeply sloping hearing losses, in particular,
basing the presentation level on the SRT can result in lower presentation levels, essentially
filtering out crucial speech information at 2-kHz. Despite the popularity of using presentation
levels referenced to the SRT, the results of the current study do not support the use of this
reference level if the objective is to maximize scores for a wide range of hearing losses.

The fixed-level method (95 dB SPL) reached UCL for two participants and was, therefore, not
considered optimal based on the criteria used in the study. Of the remaining 38 participants,
26% had scores for 95 dB SPL that were significantly lower than UCL-5 dB. The mean scores
obtained using the 95 dB SPL method were significantly lower than those obtained using UCL
— 5 dB for both the moderate and moderately-severe/severe hearing loss groups. The findings
for moderate hearing loss contrast with those of Kamm et al. (1983) who found that 95 dB SPL
corresponded to maximum recognition performance for most participants with mild-moderate
hearing loss. However, a direct comparison is difficult because they combined mild and
moderate hearing losses in their analyses.

There are several additional factors that should be considered when choosing a presentation
level. One factor is related to test efficiency. For clinicians who do not routinely include speech
UCL measures as part of the diagnostic battery, the use of the 2-kHz reference avoids the need
for additional testing. In addition, the UCL measure is more variable than threshold measures
and may require several repetitions to stabilize (Morgan and Dirks, 1974). Finally, UCL-5 dB
may not result in maximum word recognition scores for people whose recognition scores
decrease at higher levels (i.e. rollover). A significant decrease in scores at UCL — 5 dB (based
on 90% confidence intervals of the binomial distribution) was observed in two of the 40
participants in the current study. Given the potential trade-offs between efficiency and
optimization of recognition scores, a hybrid method may be the best approach. This method
would consist of using the 2-kHz reference for people with less than a moderately-severe/severe
hearing loss and UCL -5 dB for listeners with more severe losses. The 2-kHz reference could
be used as a starting level for measuring the speech UCL with the goal of testing at UCL-5 dB.

It is important to bear in mind that results are based on data for a relatively small number of
participants. No single rule will work for all listeners. As such, administration of word
recognition tests at multiple presentation levels should still be considered “best practice”.
Testing at multiple levels allows for the optimal listening range to be determined (Boothroyd,
2008). Because phoneme scoring increases the number of scoreable items in a word list without
increasing test time, it is possible to use shorter 10-word lists without compromising test
sensitivity. Using this approach, measurement of phoneme recognition over a range of intensity
levels becomes a clinically viable option.

While the population of participants in the present study represented a fairly wide range of
sensorineural hearing losses, generalization of the findings to all degrees and configurations
of hearing loss is not possible. Participants with steeply sloping losses in the present study, for
example, had pure-tone averages in the mild to moderate hearing loss range. It is not known
whether similar results would be found for those with more severe steeply sloping hearing
losses. In addition, it is likely that the optimal presentation level, as defined in this study, would
be different for people with a conductive component to the hearing loss, people with rising
configurations, and people with severe to profound hearing loss. Further work should be
extended to these populations.
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Figure 2.

Mean phoneme recognition scores obtained at the different sensation levels for the 2-kHz
reference (left) and SRT reference (right). The chosen sensation levels for each hearing loss
range are represented by the filled symbols. The error bars represent + 1 standard error.

J Am Acad Audiol. Author manuscript; available in PMC 2010 October 2.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Vd-HIN

Guthrie and Mackersie

100 I
-~ 80
X
w 60
()
g 40
@]
% MILD
m 20 [
o
e
(&)
® 100 f
o)
O 80 I
.
S 60|
=
40
MODERATELY SEVERE/
20 | SEVERE
R 7
95dB MCL UCL-5 SLre: SLre:
SPL SRT 2kHz
Figure 3.

Page 14
* *_ }I¢ %*
I T
s R
SR
esretesatens g
QRIS [ /
. I L i
;./', / //
MODERATE
e N s
;////-" -
*
.
I f
.
7
n=9
(1 at UCL)
"
{ STEEPLY SLOPING
95dB MCL UCL-5 SLre: SLre:
SPL SRT 2kHz

Mean phoneme recognition scores obtained using the five different methods for the four
different participant groups. The asterisks indicate a significant difference based on the post-
hoc analyses. The arrows indicate which method is significantly different from UCL -5 dB.
The error bars represent + 1 standard error.

J Am Acad Audiol. Author manuscript; available in PMC 2010 October 2.

100
80

160
140
120

100
80
60
40
20



1duosnuely Joyiny Vd-HIN 1duosnuely Joyiny Vd-HIN

1duosnuepy Joyiny Vd-HIN

Guthrie and Mackersie

Score for comparison
presentation level (%)

Score for comparison
presentation level (%)

Figure 4.
Scatterplot of phoneme recognition scores obtained using the fixed level, MCL, SRT reference,
and 2-kHz reference plotted against the scores obtained using the UCL — 5 dB method for the
4 participant groups. The shaded area indicates the 90% confidence intervals based on the

binomial distribution.
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Means, standard deviations, and ranges for the presentation levels corresponding to MCL, UCL, the 2-kHz
sensation level method, and SRT sensation level method. All presentation levels are shown in dB HL. A level

of 75 dB HL corresponds to 95 dB SPL.

MCL UCL-5dB HL for SLre: 2kHz HL for SL re: SRT

Mild 62.0(6.3) 83.5(8.2) 63.0 (5.9) 65 (4.7)
(range) (50-70) (75-100) (55-70) (55-70)

Moderate 72.5(54) 83.0(6.8) 73.0 (5.37) 72.5(2.6)
(range) (65-80) (80-100) (65-80) (70-75)

Moderately-severe  80.5 (5.5)  89.5(7.3) 80.0 (3.2) 82.0(8.2)
(range) (70-85) (80-105) (75-85) (70-95)

Steeply sloping 66.0 (8.4) 83.5(8.5) 75.8(5.2) 60.5(7.2)
(range) (50-75) (75-105) (70-85) (50-70)

All 70.3 84.9 (1.9) 73.0 (8.1) 70.0 (10.2)
(range) (50-85) (75-105) (55-85) (50-95)
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