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Abstract

Background: Two audiometric speech measures have been recognized to have associations with hear-
ing aid use success: the Quick Speech in Noise (QuickSIN) test and the Performance-Perceptual Test

(PPT). The PPT involves using the same speech test material (Hearing in Noise Test [HINT]) twice, to
evaluate patients’ objective and subjective speech recognition performance in noise and the discrepancy

between the two measures (Performance-Perceptual Discrepancy [PPDIS]). Using the QuickSIN to con-
duct the PPT (revised-PPT) may provide clinicians two pieces of important information from one test to

help predict hearing aid use success and the need for counseling. Moreover, we could achieve the de-
sired clinical efficiency without purchasing additional test materials.

Purpose: This study aimed (1) to evaluate the validity and reliability of using the QuickSIN speech ma-

terial to administer the PPT and (2) to establish normative data across listeners with normal hearing (NH)
and hearing loss (HL).

Research Design: This study used a repeated measures design.

Study Sample: Of the total 65 participants between 18 and 88 years of age, 20 (31%) had NH and 45

(69%) had sensorineural HL, ranging from mild to profound in both ears. Thirty-two of the 45 participants
with HL were hearing aid users.

Data Collection and Analysis: All participants completed the original PPT using HINT and the revised-

PPT using QuickSIN, via sound field. Generalized linear mixed models were used to compare the per-
formance, perceptual, and PPDIS data between the two test materials across all participants. Normative

data for the revised-PPT were established from all participants.

Results: Significant main effects for both the test material and hearing status were found for the per-

formance and perceptual data. All interactions were nonsignificant. There were no significant PPDIS
differences between the original PPT and the revised-PPT. Normative values for the revised-PPT were

established and comparable to the norms for the original PPT in the present study. The test–retest results
suggested that the revised-PPT has good reliability. In addition, it appeared that there was a negative

association between underestimation of hearing ability and hearing aid use success.

Conclusions: It is concluded that the QuickSIN speech material can replace HINT to measure PPT. The
revised-PPTmay serve as a useful and efficient clinical tool in any clinics for hearing aid fitting and counseling.

Key Words: hearing aid, hearing loss, Performance-Perceptual Test, Quick Speech in Noise test,

speech recognition performance

Abbreviations: IOI-HA 5 International Outcome Inventory for Hearing Aids; 4F-PTA 5 four-frequency

pure-tone average; HINT 5 Hearing in Noise Test; HL 5 hearing loss; ICC 5 intraclass correlation
coefficient; NH 5 normal hearing; PPDIS 5 Performance-Perceptual Discrepancy; PPT 5 Performance-

Perceptual Test; QuickSIN5Quick Speech in Noise test; SNR5 signal-to-noise ratio; SD5 standard deviation

*Department of Communication Sciences and Disorders, Wayne State University, Detroit, MI; †Happy Ears Hearing Center, Phoenix, AZ

Corresponding author: HuaOu, Department of Communication Sciences andDisorders,Wayne State University, Detroit,MI 48202; Email: huou@wayne.edu

This research study was supported in part by the American Speech–Language–Hearing Association’s Advancing Academic-Research Careers
Award to Dr. Hua Ou.

Partial data were previously presented at the International Hearing Aid Research Conference (IHCON) in Tahoe City, CA, August 10–14, 2016.

J Am Acad Audiol 31:176–184 (2020)

176

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:huou@wayne.edu


INTRODUCTION

H
earing loss (HL) is one of the most common

conditions in adults. It has been shown that

HL can impair a person’s participation in

daily social activities and may lower his or her quality

of life. Hearing aids remain an effective option for

people with HL and are associated with improvement

of social and/or psychological functioning (e.g., Chisolm

et al, 2007). However, approximately one-fourth or

less of hearing-impaired people are using hearing

aids (e.g., Fischer et al, 2011; Chien and Lin, 2012).

Using a prehearing aid–fitting test battery to predict

patient success with hearing aids could help clini-

cians make decisions about appropriate hearing aid

technology and guide counseling for patients. Fur-

thermore, clinical efficiency is important to clinicians

when considering a test battery. If we could modify a

test that is already commonly used in the clinic to col-

lect more information, we may be able to achieve the

desired clinical efficiency without purchasing addi-

tional test materials.
There are several components throughout the over-

all hearing aid–fitting process. The primary areas

include the selection of hearing aids and features, ver-

ification of the fitting, and validation of real-world

performance. Prehearing aid fitting in the clinical

setting typically includes pure-tone audiometry, im-

mittance measures, and word recognition testing;

however, Mueller et al (2010) suggested additional

prehearing aid–fitting measures should be included,

such as loudness discomfort, speech understanding

in quiet and/or in noise, noise annoyance, central au-

ditory processing, cognitive function, patient expecta-

tions, and personality assessment. One of the main

reasons is that those measures at the prehearing

aid–fitting stage may help predict hearing aid use

success. For example, Walden and Walden (2004)

found unaided Quick Speech in Noise (QuickSIN;

Killion et al, 2004) test scores to be a useful tool in

predicting hearing aid use success. Another test,

the Performance-Perceptual Test (PPT; Saunders

et al, 2004), has been shown to provide information

about a listener’s ability to accurately estimate how

well they can understand speech in noise, which is

found to be associated with the listener’s satisfaction

with hearing aids (Saunders et al, 2004; Saunders,

2009).

PPT is a measure in which objective and subjective

evaluations are made by using the same test materials,

the same test format, and the same unit of measure

(signal-to-noise ratio [SNR]). The speech material and

competing noise from the Hearing in Noise Test (HINT;
Nilsson et al, 1994) using an adaptive procedure are ap-

plied to measure the performance and the perceptual

SNR-50s. The performance SNR-50 is defined as the

SNR at which the listener repeats the material cor-

rectly 50% of the time. The perceptual SNR-50 is

measured based on the perception of the listener to in-

dicate whether he or she understands the sentence. A
third result, the Performance-Perceptual Discrepancy

(PPDIS), is used as a measure of the listener’s ability

to accurately assess his or her hearing ability. The

PPDIS can be calculated by subtracting the perceptual

SNR-50 from the performance SNR-50. If the listener’s

perceptual SNR-50 is lower (better) than the perfor-

mance, then he/she overestimates his/her hearing abil-

ity. If the perceptual SNR-50 is higher (poorer) than the
performance, then he/she underestimates his/her hear-

ing ability. The PPT results help detect participants

who significantly under-/overestimate their ability to

understand speech in noise, based on normative values

(Saunders et al, 2004; Saunders and Forsline, 2006).

The information from under-/overestimating listening

ability in noise is needed to implement counseling dur-

ing or after the hearing aid–fitting process (Saunders
and Forsline, 2012). Patients who underestimated their

ability to listen in noise were more likely to report hear-

ing aid dissatisfaction (Saunders et al, 2004; Saunders,

2009). Saunders et al (2009) and Saunders and Forsline

(2012) found that by using counseling to address those

who under-/overestimated, patients reported improved

perceived hearing ability and improved satisfaction

without any changes to hearing aid programming. Be-
cause the PPT allows for the detection of individuals

who significantly under-/overestimate their ability to

understand speech in noise, it provides opportunities

for clinicians to implement counseling on realistic ex-

pectations for those patients (Saunders, 2009; Saunders

and Forsline, 2012). Taken together, the PPT has sub-

stantial potentials to be used in clinic.

However, the utility of the PPT using HINT in pre-
dicting perceived hearing aid benefit may be limited

by the types of speech materials and background noise

used. Mueller (2010) conducted a questionnaire with

107 hearing aid dispensers and audiologists, 80% being

audiologists, and found that the QuickSINwas used the

most (33% of the respondents), with 43% stating that

they would probably start using it. More important,

the QuickSIN has been found to be a good predictor
of hearing aid use success (e.g., Walden and Walden,

2004). The competing signal (four-talker babble) used

in the QuickSIN is more representative of real-world

listening environments, compared with the speech-

shaped noise used in the HINT (Killion and Villchur,

1993; Sperry et al, 1997). Using the QuickSIN speech

material to conduct the PPT, as a modified test, may al-

low for the collection of two pieces of information from
one test that is already commonly used in the clinic.

This combination of information can provide clinicians

with more information from administering one test

rather than two.
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The aim of this study was to:

• evaluate the validity and reliability of using the

QuickSIN speechmaterial to administer the PPT and
• establish normative data across listeners with normal

hearing (NH) and HL.

METHOD

Participants

Fifty-four participants with HL were recruited,

and 45 were eligible with the following inclusion cri-

teria: (a) adults older than 18 years; (b) bilateral sen-

sorineural HL (air–bone gap ,10 dB); (c) hearing

symmetry, that is, an interaural threshold difference

in the hearing level of ,15 dB across the frequencies

500, 1000, 2000, and 4000 Hz; (d) hearing threshold

levels no better than 20-dB HL at 500 Hz and no worse
than 75-dB HL at 3000 Hz (re: ANSI, 1996); and (e)

normal tympanograms. In addition, 20 participants

with NH (both air and bone conduction thresholds

,25-dB HL across octave frequencies of 250–8000

Hz) were recruited for the study. A total of 65 partic-

ipants between the ages of 18 and 88 years (mean 5

45.0 years; standard deviation [SD]5 22.0 years) par-

ticipated in the study. Thirty-two of the 45 partici-
pants with HL were hearing aid users. Among

hearing aid users, 30 were fitted bilaterally. The av-

erage length of hearing aid use experiences was 9.7

years (range5 6 weeks–40 years). The different styles

included behind-the ear (n5 6), receiver-in-canal (n5

21), in-the-canal (n 5 1), and in-the-ear (n 5 4) hear-

ing aids. Figure 1 shows the mean air conduction

thresholds, for all participants, from 250 to 8000

Hz. Details of the demographic and audiological infor-

mation are displayed in Table 1.

Participants were recruited through fliers posted in

local clinics and communities. NH participants were
recruited on a volunteer basis and were not compen-

sated for their time. Participants who met the criteria

for HL and hearing aid experience were compensated

for their participation. The Institutional Review Board

from Illinois State University (both authors’ previous

affiliation) approved this project.

Equipment Setup

Testing took place in a sound-treated booth. The

speech stimuli and noise were played from a computer-

based 2-channel audiometer (MADSEN Astera; GN Oto-

metrics A/S, Taastrup, Denmark) and an amplifier (ART

SLA-2; Sweetwater Sound, Fort Wayne, IN), and then

presented through the loudspeaker (Reveal 601P; Tannoy
Limited, Coatbridge, Scotland) from 0� azimuth and at 0�
elevation. The distance between the loudspeaker and the

participant was 1 m.

Test Measures

Audiometric Procedures

After the participant consented to participate in the

study, otoscopy and tympanometry were conducted.
Hearing status was measured by pure-tone audiometry

following the American Speech–Language–Hearing

Association–recommended procedure in a sound-treated

booth. Pure-tone air (octave frequencies of 250–8000 Hz)

and bone conduction (octave frequencies of 500–4000Hz)

audiometric testing was performed, bilaterally, for all

participants. A four-frequency pure-tone average (4F-

PTA) was calculated for each ear using 500, 1000, 2000,

Figure 1. Mean pure-tone thresholds for the left (X) and right (O) ears in dB HL for groups with NH and hearing impairment. The error
bars show one standard deviation.
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and 4000 Hz. Participants were categorized as NH (4F-

PTA 5 ,25 dB HL) and HL (4F-PTA .25 dB HL).

PPT Materials

Original PPT with HINT: The original PPT used the

HINT speech material, adaptive protocol, test mate-

rials, and speaker configuration. The ten-sentence lists

were used along with a competing steady-state noise

shaped to the average long-term spectrum of the sen-
tences in the current study.

Original PPT Instructions to Participants

Perceptual Condition:

‘‘This is a test of your ability to hear soft speech in a

noisy situation. First, you will hear background noise.

Then, you will hear a man reading a sentence. The loud-

ness of the man’s voice will change during testing.

Sometimes it will be very faint. Listen closely to each

sentence and let me know whether you understood

the ENTIRE sentence—with a yes or no response.’’

Performance Condition:

‘‘Now, you will listen to the same sentences, only this time

you will be asked to repeat what the man says. Repeat ev-

erything youhear theman says evenwhenhis voice is very

soft. I will stop after each sentence to allow you to repeat

what youheard. Please repeat everything youhear, even if

it is only part of the sentence. It is all right to guess.’’

Revised-PPT with QuickSIN: The revised-PPT used the

same PPT procedure, but instead of HINT as the speech
material, the QuickSIN speech material was used. The

six-sentence lists with five key words per sentence were

used along with four-talker babble noise.

Revised-PPT Instructions to Participants

Perceptual Condition:

‘‘Imagine that you are at a party. There will be a woman

talking and several other talkers in the background.

The woman’s voice is easy to hear at first because her

voice is louder than the others. The background talkers

will gradually become louder, making it difficult to un-

derstand the woman’s voice. Listen closely to each sen-

tence and let us know how much you are able to

understand based on a scale from 0 to 5. Zero means

that you understand nothing from the sentence. Five

means that you can understand every word for the

whole sentence. Two-and-a-half means that you can

only understand half of the sentence. Please use any

number between 0 and 5 to indicate how much you un-

derstood the sentence. The noise will start first, and

then you will hear the woman’s voice.’’

Performance Condition:

‘‘Now, you will listen to the same sentences; only this

time you will be asked to repeat what the woman says.

Please guess and repeat as much of each sentence as

possible. The noise will start first and then you will hear

the woman’s voice.’’

Procedures of the PPT

If the participant was eligible to be enrolled in the

study, the test commenced.

Original PPT: We followed the same procedure as

in Saunders et al (2004). That is, the HINT protocol

(Nilsson et al, 1994) using an adaptive procedure was
followed. The presentation level for noise was fixed at

65 dBA, whereas the speech level varied depending

on the responses. If the entire sentence was repeated

back correctly, the speech level was decreased to make

the SNR more adverse. The initial sentence was played

at 4 dB below the noise level. The step adjustment

started with 4-dB steps for the first four sentences

and then 2-dB steps for the rest of the sentences. Two
ten-sentence lists of 25 lists were administered for each

participant per condition. The result for one condition

was based on the average presentation levels of the fifth

to twenty-first sentence subtracted by the noise level of

65 dBA. The SNR-50was based on the average results of

two lists. In the perceptual condition, the participantwas

asked to say ‘‘yes’’ or ‘‘no’’ to indicate whether he or she

can understand the entire sentence. In the performance
condition, the participant was asked to repeat back the

entire sentence. The test always started with the percep-

tual condition followed by the performance condition as

suggested in Saunders et al (2004) and Saunders and

Forsline (2006). The same lists were used for both condi-

tions. The difference between the performance and per-

ceptual SNR-50s was used to determine the PPDIS,

which represents a measure of the participant’s ability
to accurately assess his or her hearing ability.

Revised-PPT: Both speech and noise were presented

from the same channel and the same loudspeaker.

The stimuli were presented at predetermined SNRs,

which decrease in 5-dB steps from 25 (very easy) to

0 (extremely difficult). The presentation level was set

at 70-dB HL. If the participant’s PTA was .45-dB

HL, the stimuli were presented at a level that the par-
ticipant perceived to be ‘‘loud, but ok.’’ For the current

study, only the lists with equivalent difficulty were used

(i.e., lists 1, 2, 6, 8, 10, 11, 12, 15, and 17 as suggested in

Table 1. Demographic Information of the Participants

Gender Age (years)

Participants Male Female Mean SD

NH (n 5 20) 2 18 23.3 6.7

HL (n 5 45) HA (n 5 32) 14 18 54.0 19.8

Non-HA (n 5 13) 7 6 63.8 10.5

Note: HA 5 hearing aid user; Non-HA 5 nonhearing aid user.
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McArdel and Wilson, 2006). Because the stimuli were

prerecorded at predetermined SNRs, the levels for

speech and noise were not manually adjusted. Again,

the measure of the perceptual SNR-50 was always con-
ducted before that of the performance SNR-50. The par-

ticipant indicated if he/she can understand the entire

sentence by using a six-point scale to the sentence pre-

sented. The scale was from 0 to 5. The number ‘‘0’’ in-

dicated that the participant understood nothing from

the sentence. The number ‘‘5’’ indicated that the partic-

ipant can understand every word of the whole sentence,

which also indicated the person can understand the five
key words. The number two-and-a-half indicated that

the participant can only understand half of the sentence

(i.e., 2.5 key words). The participant could use any num-

ber between zero and five to indicate how much he/she

understood the sentence. Each number being assigned

to each sentence suggested the number of correct key

words. The formula ‘‘27.5 2 (total key words correct)’’

was used to calculate the perceptual SNR-50 for each
list (please refer to Killion et al, 2004 for where the

number 27.5 comes from). A total of four lists with 24

sentences were tested to obtain the average perceptual

SNR-50 for each participant. For the measurement of

the performance SNR-50, the same procedure was re-

peated, but instead of using a scale, the participant

repeated back the sentence and the number of correct

key words was recorded. The same four lists as in the
perceptual condition were applied to obtain the perfor-

mance SNR-50. Moreover, by subtracting the perceptual

SNR-50 from the performance SNR-50, the PPDIS

was obtained for the revised-PPT.

The order of the sentence lists was counterbalanced

across participants with NH and HL for both the orig-

inal and revised-PPT. The order of the original and re-

vised-PPTwas also counterbalanced between participants.
Participants were given breaks, as needed. The retest

condition for the revised-PPT was conducted at the

end of the session for each participant with HL. Four

different lists of QuickSIN sentences were applied com-

pared with the initial test. Hearing aid users completed

all test conditions unaided.

Hearing Aid Use Success Measured by International

Outcome Inventory for Hearing Aids (IOI-HA)

The seven-item IOI-HA (Cox and Alexander, 2002)

was administered using paper and pencil for hearing

aid users. It is of interest to evaluate the relationship

between hearing aid use success and the listener’s abil-

ity to judge how accurately he/she can hear based on the

results from the revised-PPT. Because there is no uni-

versal accepted definition of hearing aid use success, we
adapted the one from Hickson et al (2014) and made a

slightly stricter definition. Hearing aid use success was

defined as that the participant reportedmore than eight

hours of hearing aid use daily (Item#1) and experienced a

significant benefit at the situation where he/she wanted

to hear better (Item #2). In other words, the combination

of the response ‘‘5’’ on Item #1 and ‘‘4 or 5’’ on Item #2 of
the IOI-HA was considered as hearing aid use success.

Data Analysis

Group mean perceptual, performance SNR-50, and

PPDIS along with SDs were reported. Generalized

linear mixed models were used to compare the perfor-

mance, perceptual, and PPDIS data between the two
test materials across participants with NH and HL.

The independent variableswere testmaterial (two levels5

QuickSIN and HINT), hearing status (two levels 5 NH

and HL), and interaction between test material and

hearing status. The dependent variables were perfor-

mance, perceptual, and PPDIS for each model. Norma-

tive values for the revised-PPT were established using

the rule of three following how the norms were devel-
oped for the original PPT (as summarized in Mueller

et al, 2014). That is, if the PPDIS ,33rd percentile of

normative data, the person can be defined as an under-

estimator; if the PPDIS .66th percentile of normative

data, the person can be defined as an overestimator; for

those between the 33rd and 66th percentile of norma-

tive data, the person can be defined as an accurate es-

timator. The agreement of under-/overestimators was
explored between the original and the revised-PPT.

Test–retest reliability was assessed using the Pearson

correlation and intraclass correlation coefficient (ICC)

for the revised-PPT based on the data from participants

with HL. For all tests, statistical significance was de-

fined as a p, 0.05. Datawere analyzed using Statistical

Analysis System (SAS Institute, Cary, NC) v. 9.4.

RESULTS

Performance and Perceptual SNR-50

Table 2 displays detailed descriptive statistics for

both the original and the revised-PPT across partici-

pants. The average time to conduct the revised-PPT

or the original PPT was about eight minutes in the cur-
rent study.

A series of generalized linear mixed models revealed

significant main effects for both the test material

[F(1,126) 5 45.47, p , 0.0001] and hearing status [F(1, 126) 5

25.09, p , 0.0001] when using performance SNR-50 as

the dependent variable. No interaction was found be-

tween the test material and the hearing status (p 5

0.99). The follow-up analyses with the Tukey–Kramer
correction to adjust the p-values were applied to answer

specific questions within the significant main effects.

The performance SNR-50s with HINT were better

(lower) than those with QuickSIN [t(126) 5 26.74,
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adjusted p , 0.0001]. Participants with NH performed
better than those with HL [t(126) 5 25.01, adjusted p ,

0.0001]. Significant main effects were also found for the

test material [F(1, 126) 5 36.99, p , 0.0001] and hearing

status [F(1, 126) 5 35.31, p, 0.0001] when using percep-

tual SNR-50 as the dependent variable. Again, there

was no interaction between the test material and hear-

ing status (p 5 0.92). Follow-up analyses with the

Tukey–Kramer adjustment revealed that the perpetual
SNR-50s with HINT were better than those with Quick-

SIN [t(126) 5 26.08, adjusted p , 0.0001] as well. Par-

ticipants with NH self-perceived better performance

than those with HL [t(126) 5 25.94, adjusted p ,

0.0001].

PPDIS

The average PPDIS of the original PPT was 20.60

(SD 5 2.48) for participants with HL and 20.14 (SD 5

2.49) for the revised-PPT. The average PPDIS reported

by Saunders and Forsline (2006) was 21.4 (SD 5 3.5)

for those with HL. Using PPDIS as the dependent vari-

able, the results from the mixed model indicated that

there were no significant main effects for the test ma-

terial [F(1, 126) 5 0.62, p 5 0.43] and hearing status
[F(1, 126) 5 2.25, p 5 0.14)]. That is, the discrepancies

between the performance SNR-50s and the perceptual

SNR-50s were not significantly different, regardless of

the test material and HL. Saunders et al (2004) also

found that the PPDIS was irrelevant to the presenta-

tion level and the degree of HL.

Figure 2 displays the histograms of performance

SNR-50, perceptual SNR-50, and PPDIS across all
participants. It seemed that all three variables were

normally distributed around each mean for both test

materials. The distribution of PPDIS values for the

original and the revised-PPT overlapped with each

other.

Normative Data for the Revised-PPT

The results for the present study placed underestima-

tors with a PPDIS at #21.0 dB, overestimators at

$0.63 dB, and accurate estimators in between these

two values for the revised-PPT when used the rule of
three. The same rule was also applied to the original

PPT data to develop the norms for the current study.

Table 3 displays the detailed normative values for both

the original and the revised-PPT.

The absolute agreement was 31 of 65 (47.7%), which

indicated that the ratings were consistent across under-

estimators, accurate estimators, and overestimators

between the two test materials. It should be noted that
because HINT and QuickSIN are two different speech

tests, we did not expect the absolute agreement to be

high when we categorized the participants using the

norms. However, because we used the concept of PPT

to adapt the QuickSIN speech materials, PPDIS should

be the key variable to compare between the original and

the revised-PPT in the current study.

For the hearing aid users assessed by the revised-
PPT in the present study (n 5 32), 13 were underesti-

mators, 12were overestimators, and sevenwere accurate

estimators.

Relationship Between Hearing Aid Use Success

and Revised-PPT

Furthermore, we evaluated the relationship between
hearing aid use success and the listener’s ability to

judge how accurately he/she can hear based on the re-

sults from the revised-PPT. Recall that hearing aid use

success in the present studywas defined as that the par-

ticipant reported more than eight hours of hearing aid

use daily (Item #1) and experienced a significant benefit

at the situation where he/she wanted to hear better

(Item #2). Five of seven (71.4%) accurate estimators
and 9 of 12 (75.0%) overestimators can be categorized

as successful hearing aid users, whereas only 5 of 13

(38.5%) underestimators were successful hearing aid

users.

Test–Retest Reliability for the Revised-PPT

The test–retest reliability was evaluated based
on the participants with HL who were tested twice

for the revised-PPT. Pearson correlation revealed that

the revised-PPT provided good test–retest reliability

Table 2. The Average Performance and Perceptual SNR-50 along with the PPDIS for the Original PPT and the
Revised-PPT

dB Mean SD SE

Original PPT (HINT) Performance SNR-50 0.80 (22.73) 5.15 (1.48) 0.77 (0.33)

Perceptual SNR-50 1.40 (22.93) 5.28 (2.80) 0.79 (0.63)

PPDIS 20.60 (0.20) 2.48 (3.54) 0.37 (0.79)

Revised-PPT (QuickSIN) Performance SNR-50 5.54 (2.03) 3.28 (1.53) 0.49 (0.34)

Perceptual SNR-50 5.69 (1.50) 2.93 (1.52) 0.44 (0.34)

PPDIS 20.14 (0.53) 2.49 (1.70) 0.37 (0.38)

Note: The values in the parentheses were for the participants with NH.
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(performance r 5 0.92; perceptual r 5 0.84; PPDIS r 5

0.62; all p values,0.0001). The ICC also revealed good

test–retest reliability for the revised-PPT (perfor-
mance ICC 5 0.89; perceptual ICC 5 0.84; PPDIS

ICC 5 0.53).

DISCUSSION

This study investigated the possibility of applying

the QuickSIN speech material to conduct the

PPT. The results indicated that it is valid and reliable

to use the QuickSIN speech material for the PPT. The

discrepancy between the performance and the percep-

tual components (PPDIS) of the revised-PPT was not
significantly different compared with that of the origi-

nal PPT in the present study.

The biggest difference between the speech material

used in the original and the revised-PPT was the back-

ground noise. The revised-PPT used four-talker babble,

whereas the original PPT used nonmodulated broad-

band speech noise, shaped to be similar to the long-term

average speech spectrum of the sentences. Because the
lack of modulation in steady-state noise has been noted

to be less representative of everyday speech in noise sit-

uations than babble noise (Wilson et al, 2007), the

revised-PPT using QuickSIN has better ecological val-

idity than the original PPT using HINT.

Another difference between the original and the re-

vised-PPT was the procedure to measure the lowest

SNR where the individual can understand the entire
sentence in noise 50% of the time, also known as

SNR-50. The original PPT using HINT used an adap-

tive procedure, where the presentation level of the

Figure 2. Histograms for performance SNR-50, perceptual SNR-50, and PPDIS between two test materials across the 65 participants.

Table 3. Normative PPT Value Were Established for the
Revised-PPT and the Original PPT to Self-Rate Listening
in Noise Ability Derived from Participants in this Study

Underestimator Accurate Overestimator

Revised-PPT normative values

#21 .21 & ,0.63 $0.63

Original PPT normative values from the present study

#21.65 .21.65 & ,0 $0

Note: n 5 65.
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competing noise was fixed, and the speech material was

varied. The speech presentation level was varied as a

function of the individual’s performance on the previous

sentence and was used to determine the SNR-50. The
revised-PPT using QuickSIN also used an adaptive

method where the sentences remained at a fixed pre-

sentation level and the competing noise was increased

at predetermined levels. Although there were substan-

tial differences tomeasure SNR-50 between the original

and the revised-PPT, the concept of PPDIS was identi-

cal for both tests. This was supported by the results

from the present study.
Regarding the normative data between the original

PPT and the revised-PPT, it appeared that the norms

for both tests were similar in the current study. Our

norms of the original PPT indicated the cutoff PPDIS

values of #21.65 for underestimators and $0 for over-

estimators. Saunders and her colleagues reported the

cutoff values were #23 for underestimators and $0.2

for overestimators. Although the absolute values were
not exactly the same between our study and Saunders

et al (2004), the meaning of the PPDIS was the same.

That is, underestimators can be defined as those with

negative PPDIS values and overestimators can be de-

fined as those with positive PPDIS values (e.g., Saunders

and Forsline, 2012). It should be noted that the rule of

three to develop the normative data is arbitrary. There-

fore, it is necessary to develop norms for different popula-
tion at different clinics.

The results from the present study indicated that the

test–retest reliabilities were slightly lower across three

components than those reported in Saunders et al

(2004). It is likely due to the reason that a different type

of background noise was used in the revised-PPT. The

multitalker babble in the revised-PPT has both ener-

getic and informational masking effects, whereas the
steady-state noise in the original PPT only causes ener-

getic masking. The energetic masking refers to the

physical interference of noise for speech, and the infor-

mational masking refers to the perceptual interference

of the masking signal on speech. It appeared that the

multitalker babble in the revised-PPT might make it

more difficult for listeners to judge how much they

can understand in noise comparedwith the steady-state
noise in the original PPT.

Regarding the relationship between hearing aid

use success and the revised-PPT, it appeared that

underestimators were less likely to become successful

hearing aid users in the present study. Saunders et al

(2004) and Saunders and Forsline (2006) reported

that participants with greater self-reported hear-

ing handicap tended to underestimate their hearing
ability and more likely to report hearing aid dis-

satisfaction (e.g., Saunders, 2009). Because there is

no universal definition of hearing aid use success,

we can only speculate there might be a negative

association between underestimation of hearing abil-

ity and hearing aid use success. More research is

needed in this area.

Clinical Implications

The current results have several important clinical

implications. First, clinicians can use one single test,

the revised-PPT, to gather two pieces of important infor-

mation to aid in determining a patient’s potential suc-

cess with hearing aids. That is, using the QuickSIN

speech material to conduct the PPT can allow clinicians
to collect the QuickSIN speech recognition performance

(SNR loss), as well as the discrepancy between the per-

formance and the perceptual components (PPDIS) from

the same test. Second, although speech testing in the

booth does not always equate to real-world performance,

this will allow clinicians to make the most of clinical ef-

ficiency while also obtaining useful information in mak-

ing decisions regarding hearing aid selections and
options. The revised-PPT using QuickSIN can also be

useful in the counseling aspect to help patients achieve

more benefits without (re)programming hearing aids.

Last, the QuickSIN test has been identified as one of

the most commonly used speech in noise tests among

clinics (Mueller, 2010). It should be effortless to adapt

themethodology of the revised-PPT into any clinical set-

ting without obtaining new test materials. In addition,
it only required an average of eight minutes to conduct

the revised-PPT or the original PPT in the present

study. Mueller et al (2014) recommended to add speech

recognition in noise tests before hearing aid fitting. If

clinicians would like to incorporate one into their

clinical practice, the revised-PPT appears to be a

good option because of the clinical efficiency.

In summary, it is valid and reliable to measure
PPDIS using the QuickSIN speech material compared

with the original PPT. The revised-PPT can serve as a

useful and efficient clinical tool.
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