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This paper describes a shortened and improved version of the Speech in Noise (SIN™) Test
(Etymotic Research, 1993). In the first two of four experiments, the level of a female talker relative
to that of four-talker babble was adjusted sentence by sentence to produce 50% correct scores for
normal-hearing subjects. In the second two experiments, those sentences-in-babble that produced
either lack of equivalence or high across-subject variability in scores were discarded. These
experiments produced 12 equivalent lists, each containing six sentences, with one sentence at each
adjusted signal-to-noise ratio of 25, 20, 15. 10, 5, and 0 dB. Six additional lists were also made
equivalent when the scores of particular pairs were averaged. The final lists comprise the
“QuickSIN™ test that measures the SNR a listener requires to understand 50% of key words in
sentences in a background of babble. The standard deviation of single-list scores is 1.4 dB SNR for
hearing-impaired subjects, based on test-retest data. A single QuickSIN list takes approximately one
minute to administer and provides an estimate of SNR loss accurate to =2.7 dB at the 95%

confidence level. @ 2004 Acoustical Society of America. [DOIL: 10.1121/1.1784440]

PACS numbers: 43.71.Ky, 43.71.Gv, 43.72.Dv [KWG]

. INTRODUCTION

Hearing aid wearers report that their biggest problem
with their hearing aids is that of understanding speech in
background noise, and consumer surveys polling approxi-
mately 80000 households have consistently revealed con-
sumer dissatisfaction with hearing aids in noisy environ-
ments (Kochkin, 1992, 1993, 1995, 1996, 2000, 2002).
Kochkin (2002) reported that only 30% of hearing aid wear-
ers were satisfied with their hearing aids in noisy situations.

As summarized below, recent evidence suggests that the
wide range of satisfaction with hearing aids in noise reflects
a wide range in the ability of hearing aid wearers to under-
stand speech in a background of noise. By analogy with
hearing loss, “SNR loss™ (signal-to-noise ratio loss) refers to
the increase in signal-to-noise ratio required by a listener to
obtain 50% correct words, sentences, or words in sentences.
compared to normal performance.’

Published reports indicate a wide range of SNR loss in
persons with similar pure tone hearing losses (Lyregaard.
1982 Dirks et al., 1982; Killion, 1997; Killion and Niquette,
2000; Taylor, 2003). The standard audiometric test battery
does not measure or predict the ability to understand speech
in noise (Killion and Niquette, 2000). Figure 1 shows data on
100 hearing-impaired listeners. Those with a 40-60 dB pure-
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tone-average (PTA) loss, for example, have SNR losses rang-
ing from less than 2 dB (no more trouble hearing in noise
than normal-hearing listeners) to greater than 20 dB (severe
loss of ability to hear in noise). Without knowledge of a
listener’s SNR loss, it is virtually impossible to give realistic
expectations for their potential improvement in noise with
hearing aids. One person with a 50 dB PTA loss but without
SNR loss may report little or no difficulty hearing in noise
with hearing aids. while another with the same PTA loss, but
a severe SNR loss, may require a remote FM microphone in
order to understand speech in noise. Just as important, know-
ing the SNR loss makes it possible for the hearing profes-
sional to recommend the appropriate technology (e.g., omni-
directional microphones, directional microphones, array
microphones, close-talking FM microphones) required for
the listener to function in commonly encountered noisy situ-
ations,

SNR testing is only recently becoming common in clini-
cal practice (Strom, 2003). Nilsson er al. (1994) described
the hearing in noise test (HINT) that uses sentences in con-
tinuous speech-spectrum shaped noise and an adaptive pro-
cedure that gives the SNR for 50% correct for whole sen-
tences. The use of whole-sentence scoring on the HINT has
the advantage that whole sentences are tested, and the disad-
vantage that a greater number of sentences is required for a
given statistical reliability than when key-word scoring is
used. Similarly. the use of continuous noise has the advan-
tage of reducing the variability in noise level, and the disad-
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FIG. 1. Signal-to-noise ratio for 50% correct on the
SIN test (70 dB HL presentation level) versus three-

frequency average pure-tone hearing loss in the better
ear (average of 0.5, 1, and 2 kHz). Four data sets ob-

tained at the University of Iowa Speech and Hearing
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vantage that.it is less representative of everyday speech-in-
noise situations than babble noise.

The purpose of the present experiments was to develop a
speech-in-noise test which would (1) estimate SNR loss in
one to two minutes, (2) be easy to administer, (3) have good
face validity, (4) have simplified scoring, and (5) provide list
equivalency for both normal and hearing-impaired subjects.

When designing a speech-in-noise task, the choice of
speech and background noise materials is a compromise be-
tween realism and reproducibility. Monosyllabic words, re-
corded and played back at uniform intensity levels, are not

-representative of speech in the real world. Sentences spoken
with natural dynamics have greater dynamic range than
monosyllabic words, and are thus a more valid representation
of real speech (Villchur, 1982). Furthermore, the effects of
coarticulation are not well represented on monosyllabic word
lists.

Likewise, a constant-level background noise, while easy
to control and reproduce, is not typical of that encountered
by most people in their everyday environments. Fikret-Pasa
(1993) examined the intensity variations as a function of
time of the background noise encountered in everyday situ-
ations (e.g., shopping malls and crowded restaurants) and
found level variations having standard deviations of 2.8 to
8.4 dB, for maximum and minimum sound level meter read-
ings, respectively. In contrast, Fikret-Pasa measured virtually
no variation in level in available speech-spectrum-noise
maskers, and only a 1-dB variation in level in two examples
of multi-talker babble, both of which contained so many
talkers that the result was a constant-level murmur. She
found that the Auditec four-talker babble (Auditec of St.
Louis, 1971) had more level variations than any of the other
commercially available noises, presumably because the
babble talkers were instructed to speak naturally (Carver,
1991). Use of a background noise with level variations is
particularly important for a test used with compression hear-
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ing aids, so that the compression circuits are not clamped in
a fixed-gain setting by the noise.

Fikret-Pasa (1993) also chose four-talker babble because
it represents a realistic simulation of a social gathering, in
which the listener may tune out the target talker and tune in
one or more of the other nearby talkers using what Broad-
bent (1958) labeled ‘“‘selective listening.” More subtly, the
use of constant-level noise in speech-reception research
eliminates the temporary gaps in the noise of real talkers,
gaps which those with normal hearing appear able to make
use of when listening in noise (Bacon et al., 1998).

The SIN test (Killion and Villchur, 1993; Etymotic Re-
search, 1993) was developed for estimating the signal-to-
noise ratio required by hearing impaired subjects to obtain
adequate intelligibility under different hearing aid processing
conditions. In accordance with standard threshold proce-
dures, the signal-to-noise ratio required for 50% correct
words in sentences is abbreviated as “SNR-50.”

The SIN test combined a Massachusetts Institute of
Technology recording (female talker) of the IEEE sentences
[Institute of Electrical and Electronics Engineers (IEEE),
1969] as signal, and a four-talker babble (Auditec of St
Louis, 1971) as competing noise. Each IEEE sentence has
five key words, which are scored as correct or incorrect.
Rabinowitz et al. (1992) reported experiments with cochlear
implant subjects indicated that the IEEE sentences are com-
prised of words that are not highly predictable from the sur-
rounding context, resulting in a performance-intensity func-
tion closer to that obtained with word scoring than with
whole-sentence scoring.

The ten-sentence IEEE lists were reportedly phoneti-
cally balanced (IEEE, 1969). However, no attempt was made
to maintain these list groupings on the SIN test. Egan (1948)
observed that the distribution of sounds in speech depends on
the topic being discussed and who is speaking. The phonetic
balancing of a list of words or words-in-sentences is influ-
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enced by the talker; when the same words or sentences are
recorded using a different talker, the original phonetic bal-
ancing is not maintained. Hood and Poole (1980) demon-
strated this conclusively when they selected ‘““difficult” and
“easy” words, and found that “words that were formerly
difficult became easy and vice versa” when recorded by a
second speaker. Recently, Martin ef al. (2000) found that
words selected randomly from a dictionary could not be sta-
tistically distinguished from the phonetically balanced NU-6
words (Tillman and Carhart, 1966). Since the IEEE sen-
tences had no standard talker, it seemed likely that two sets
of phonetically balanced sentences might produce signifi-
cantly different average intelligibility when spoken by differ-
ent talkers, which is what was found in early SIN test experi-
ments.

The SIN test uses the first 360 of the 720 IEEE sen-
tences (lists 1-36), divided into nine blocks of 40 sentences
each. Each SIN test block contains two sections, the first
administered at a 70 dB HL presentation level, and the sec-
ond at 40 dB HL. These levels were chosen to represent the
range of typically loud and quiet speech levels encountered
by most people in everyday life. Each section contains 20
sentences, five sentences at each signal-to-noise ratio of 15,
10, 5, and O dB. Each sentence contains five key words,
which are scored as correct or incorrect, resulting in 25 key
words at each SNR. The key words repeated correctly are
summed for each SNR and multiplied by 4 to obtain a
percent-correct score. The percentage scores are manually
plotted for each SNR, using a graph with SNR on the ab-
scissa and percent correct on the ordinate. The SNR-50 is
interpolated by drawing a horizontal line at the 50% point,
and dropping a vertical line at the SNR that intersects the
50% line. As shown in Fig. 2, scores are plotted separately
for the 70 and 40 dB HL presentations.

Test time for a single SIN test block (using both of the
recommended presentation levels of 70 and 40 dB HL) is
approximately 6 min if the subject responds promptly. While
the SIN test offered good face validity, some practitioners
reported that it was too time-consuming for clinical use and
that the graphical scoring for the test was difficult. Posthoc
analysis of the SIN test (Killion et al., 1996; Bentler, 2000)
revealed that not all of the test blocks were equivalent, re-
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sulting in too few lists for some clinical comparisons and
research purposes. Both floor and ceiling effects were also
noted (Bentler, 2000).

Killion et al. (1996) reported that on blocks 3, 4, 3, 6,
and 8 of the SIN test, normal-hearing listeners, as a group,
produced similar SNR-50 estimates across blocks, and
hearing-impaired listeners, as a group, also produced similar
SNR-50 estimates across blocks. They reported that the stan-
dard deviation of a single block test score is 0.8 dB, based on
test-retest data. Thus the critical difference for a two-way
comparison at the 95% confidence level is 2.2 dB, using one
half-block at a single presentation level (e.g., 70 dB HL) for
each condition, and 1.6 dB using two half-blocks for each
condition. To explain, for the average of two lists, the pre-
dicted 1.6 dB critical difference at the 95% confidence level
is equal to 1.96%(sqrt2*0.8)/sqrt2, where the second sqrt2
refers to the use of two lists.

Bentler (2000) reported that SIN test blocks 1, 2, and 9
were equivalent to each other and that blocks 3, 4, and 5
were equivalent to each other. Test-retest correlations were
high, with a 95% confidence-level critical difference between
two single-block scores (single levels) of 2.4 dB (equivalent
to a single-block test score standard deviation of 0.87 dB).
Cox er al. (2001) developed a revised version of the SIN test,
the RSIN, which reallocated the recorded SIN test materials
into four “modified dual blocks™ based on the data from
Bentler (2000). Cox et al. reported a critical difference of 1.7
dB SNR for these RSIN dual blocks. The standard deviation
inferred from their report for a single-block test score is thus
also 0.87 dB.

From these three reports, it would appear that a conser-
vative value for the standard deviation of one single-
presentation-level SIN test block would be 0.85 dB. This
value was used in the design of the four experiments con-
ducted during the development of the QuickSIN test. Since
the SIN test employed five sentences at each SNR and the
QuickSIN was to employ only one, the predicted standard
deviation for a single QuickSIN test score was 0.85%sqrt5 or
1.9 dB.

Killion et al.: Quick speech-in-noise test 2397
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Il. EXPERIMENT 1

The purpose of experiment 1 was to normalize the SNR
of the sentence-babble pairs, so that after normalization each
pair had the same SNR-50 for normal-hearing subjects.

A. Method
1. Subjects

Sixteen adult subjects with normal hearing participated
in experiment 1. Normal hearing was defined as pure tone
thresholds equal to or better than 20 dB HL for octave fre-
quencies 250 to 4000 Hz. Subject ages ranged from 18 to 51
years, with an average age of 24 years and a median age of
20 years.

2. Stimuli

The same equalized MIT recording of a female talker
and the same four-talker babble described above were used
here, except the sentences were the second group of 360
IEEE sentences, lists 37—-72 (recall that the first group of 360
sentences was used in the SIN test). A spectral analysis of the
equalized female talker, the four-talker babble, and Cox and
Moore’s (1988) average spectrum for continuous male
speech is shown in Fig. 3.

An “Alpha 1" master digital recording of the sentences
was made, with the MIT female talker on channel 1 and the
four-talker Auditec babble on channel 2. The instantaneous
levels of both the MIT female talker and the babble talkers
ebb and flow at any presentation level; as a result, the SNR
required for 50% correct in a given sentence depends on the
babble with which that sentence is paired. In the two-channel
master recording of the sentences and babble, each pair was
time locked, meaning that the time relationship between each
sentence and its corresponding babble segment was fixed.
The master recording was made so that all subsequent rere-
cordings of a given sentence had the same time-locked rela-
tionship between speaker and babble segments.

In previous studies using the SIN test, Killion et al.
(1996) and Bentler (2000) found that normal-hearing sub-
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jects score 50% correct at approximately a 2-dB SNR. In
experiment 1 the prerecorded calibration tones found on the
MIT sentence recordings and on the Auditec babble record-
ings were used to set a nominal 2-dB signal-to-noise ratio for
each sentence-babble combination.’ Additional recordings of
all 360 sentences were made at —1 dB SNR and +5dB
SNR in the same manner. The result was three Alpha 1 CDs,
one each at nominal average signal-to-noise ratio of — 1, +2,
and +5 dB, which covered the range of likely SNR-50 val-
ues for each sentence-babble pair.

3. Stimulus presentation

In all experiments, speech materials were routed through
the speech channel of standard clinical audiometers, and test-
ing took place in sound-treated test booths. Each CD con-
tained a calibration track, and VU meters were set for “0”
using the calibration tone prior to testing.

The Alpha 1 sentences were presented at 70 dB HL via
ER-3A insert earphones. Twelve subjects were tested mon-
aurally, and four subjects were tested binaurally. Prior to the
test session, three prototype lists were administered at 70 dB
HL to familiarize the subjects with the task. Each prototype
list consisted of six IEEE sentences (IEEE, 1969), female
talker, in four-talker babble (Auditec of St. Louis, 1971) with
one sentence at each SNR of 25, 20, 15, 10, 5, and 0 dB. The
360 Alpha 1 sentences were then presented at — 1, +2, and
+5dB SNR, in that order.

4. Scoring

One point was given for each of five key words repeated
correctly in each sentence. Half credit was given for words
close to the target word, e.g., “cat” for “cats.” The SNR-50
was calculated for each sentence using a formula based on
the Tillman—-Olsen (1973) recommended method for obtain-
ing spondee thresholds.* These scoring methods were used in
all four experiments.

Killion et al.: Quick speech-in-noise test
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FIG. 4. Composite audiogram for eight hearing-impaired adult subjects
from experiment 2.

B. Results and discussion

Experiment 1 provided, for each sentence-babble com-
bination, SNR-50 values for each subject. The across-subject
average SNR-50 for the 360 Alphal IEEE sentences was
+2.5 dB, and the standard error of the mean for the 16 sub-
jects was 0.3 dB. The experimentally derived SNR-50 value
for each of the time-locked sentence-babble combinations
ranged from — 1.3 to + 5.9 dB across the 360 sentences. The
subject-data-based SNR-50 values thus often differed sub-
stantially from the nominal values based on the prerecorded
calibration tones. In addition to the ebb and flow in the talker
and babble, some sentences were simply easier than others.
The individual-sentence subject-data-based SNR-50 values
formed the basis for the recordings in experiment 2.

lll. EXPERIMENT 2

The purpose of experiment 2 was to assess the equiva-
lence of the 360 time-locked sentence-babble combinations
after they had been readjusted for SNR equivalence based on
the data from experiment 1.

A. Method

1. Subjects

Six normal-hearing adult subjects and eight hearing-
impaired adult subjects with symmetrical sloping, severe
high-frequency sensorineural hearing loss participated in ex-
periment 2. Normal hearing was defined as pure tone thresh-
olds equal to or better than 20 dB HL for octave frequencies
250 to 8000 Hz. The normal-hearing subjects ranged in age
from 20 to 23 years, with an average age of 22 years and a
median age of 22 years. Figure 4 shows the audiograms of
the eight hearing-impaired subjects; thresholds represent the
test ear for the seven subjects who were tested monaurally,
and the better ear for the subject who was tested binaurally.
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The hearing-impaired subjects ranged in age from 60 to 78
years, with an average age of 69 years and a median age of
66 years.

2. Stimuli

A new set of recordings was made based on the SNR-50
values from experiment 1. For these recordings, the values
from experiment | were used to readjust the recorded SNR
of each sentence-babble combination to bring it to an ex-
pected value of 2 dB [the average SNR-50 for normal-
hearing aduits at a 70 dB HL presentation level on the SIN
test (Bentler, 2000)]. For example, sentence 1 on list 37 had
an SNR-50 of 3.5 dB in experiment 1, so the level of the
babble associated with this sentence was reduced by 1.5 dB
to produce an expected SNR-50 of 2 dB. A new master re-
cording was made using the readjusted babble levels, pre-
serving the previous time-locked relationship between sen-
tences and babble. From this master, a set of “Alpha 2" CD
recordings was made of all sentences, with the sentence-to-
babble ratio readjusted to nominal SNR values of 0, +35,
+10, and + 15 dB.

3. Stimulus presentation

The Alpha 2 recordings were presented monaurally at 70
dB HL as described in experiment 1 for subjects with normal
hearing, and at a presentation level judged to be “Loud, but
O.K.” (just below discomfort) for subjects with hearing loss
(Valente and Van Vliet, 1997). These presentation levels
were chosen to ensure that nearly all speech cues were au-
dible. Frequency response shaping was not used for hearing-
impaired subjects, since previous research (Skinner, 1976;
Dirks, 1982; van Buuren ez al., 1995) showed negligible dif-
ferences in SNR at these high presentation levels as the fre-
quency response was changed. Monaural presentation was
used for seven of the eight hearing-impaired subjects.

The normal-hearing subjects listened to the lists at the 0
and + 5 dB SNRs, since they were expected to obtain nearly
100% correct at + 10 dB SNR and above. To determine the
appropriate SNRs to use for testing the hearing-impaired
subjects, two half-blocks of the SIN test were administered
to each subject. The resulting SNR-50 value was used to
determine which two Alpha 2 CDs to use. For example, the
+5 and +10dB SNR recordings were used for a subject
with an SNR-50 of 7 dB on the SIN test. In all cases, the lists
with the lower (most difficult) SNR were administered first.

B. Results and discussion

The across-subject average SNR-50 for the six normal-
hearing subjects was 2.4 dB, and the across-sentence average
of the across-subject standard deviations was 1.6 dB, giving
a standard error of the mean for the six normal-hearing sub-
jects of 0.65 dB. The six-subject average value of 2.4 dB was
not significantly different than the expected value of 2 dB
(for this small sample, the =95% confidence interval around
the average value of 2.4 dB was 1.1 to 3.7 dB). The across-
subject standard deviation was small, indicating good
equivalence for the readjusted sentence-babble combina-
tions.

Killion et al.: Quick speech-in-noise test 2399
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The across-subject SNR-50 for the eight sloping-
hearing-loss subjects was 7.4 dB, and the across-sentence
average of the across-subject standard deviations was 2.9 dB.
The higher across-subject standard deviation for the hearing
impaired subjects resulted from the wide range of apparent
SNR losses they exhibited. These data were used in the sen-
tence selection process of experiment 3.

IV. EXPERIMENT 3

The purpose of experiment 3 was to assess the equiva-
lence of selected time-locked sentence-babble combinations,
using subjects with normal hearing and subjects with hearing
loss. The selection of these sentences was made based on
data from experiments 1 and 2.

A. Method

1. Subjects

a) Group I. Twenty-six normal hearing adult subjects,
15 subjects from 12 Beta sites and 11 subjects from the Uni-
versity of Iowa Speech and Hearing Clinic, participated in
experiment 3. Normal hearing was defined as pure tone
thresholds equal to or better than 20 dB HL for octave fre-
quencies 250 to 4000 Hz. All subjects met this criterion ex-
cept two; one subject had a 25 dB HL threshold at 250 Hz in
one ear, and another subject had a threshold of 30 dB HL at
4000 Hz in one ear. Subjects ranged in age from 20 to 58
years, with an average age of 32 years and a median age of
27 years.

b) Group 2. Eighteen hearing-impaired adult subjects
from ten Beta sites participated in experiment 3. Hearing
impaired subjects had symmetrical sensorineural hearing
losses. Audiometric criteria for the hearing-impaired subjects
were (i) mild to moderate sloping loss, with a minimum
20-dB drop from 500 to 4000 Hz; (ii) mild to moderate flat
loss, with less than a 15-dB drop from 500 to 4000 Hz; or
(iii) severe loss, with thresholds from 60 to 90 dB for fre-
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quencies 500 to 4000 Hz. Subjects ranged in age from 20 to
77 years, with an average age of 57 years and a median age
of 58 years.

2. Stimuli

Data from experiments 1 and 2 were used to select sen-
tences that were equivalent for normal-hearing and hearing-
impaired subjects. Selection criteria were the following.

(i) Better than average across-subject variability in sen-
tence scores: Only sentences with an across-subject
standard deviation of less than 1.5 dB were retained,
based on experiment 2 data from six normal-hearing
subjects. Since the criterion was 0.1 dB below the
average of 1.6 dB, slightly more than half of the sen-
tences were discarded as having greater than average
across-subject standard deviation.?

(ii)  The across-subject average SNR-30 value for the
normal-hearing subjects was within 1.5 dB of the
grand average value for each retained sentence, based
on experiment 2 data.

(iii) The across-subject average SNR-50 value for the
hearing-impaired subjects fell within 2 dB of the
grand average value for each selected sentence, based
on experiment 2 data from eight subjects with sloping,
high-frequency sensorineural hearing loss.

(iv) The SNR-50 value was calculated for each of the
1800 key words found in the 360 sentences, using
data from experiment 1 for five randomly selected
subjects from the 16 normal-hearing subject data
pool. Data from five subjects were considered ad-
equate, since it resulted in 15 data points for each
word, or 27 000 total data points. For a sentence to be
retained, the range of SNR-50 values across the five
key words in the sentence had to be greater than 2 dB
(see Fig. 3).

(v)  Sentences containing language that is no longer con-
temporary were eliminated. For example, “The smell

Killion et al.: Quick speech-in-noise test



of burned rags itches my nose” and “The vamp of the
shoe had an old buckle” were eliminated.

The purpose of the above steps was to select time-locked
sentence-babble combinations that had good reliability
across subjects and sentences. Some variation in SNR of
words within sentences was desirable so that the sentences
were more representative of everyday speech than sentences
with nearly the same SNR for each word. These combined
procedures eliminated 75% of the original 360 sentences,
leaving 89 sentences meeting the criteria. _

Beta recordings were made using 84 of the 89 selected
sentence-babble combinations. This yielded 14 lists of six
sentences each, with one sentence at each of the following
signal-to-noise ratios: 25, 20, 15, 10, 5, and 0 dB. These
were labeled Beta lists 1-14. Since additional lists were de-
sired, the standard deviation limit in step ii (above) was
increased from 1.5 to 2.0 dB. This change yielded enough
additional sentences for seven more lists of six sentences
each, labeled Beta lists 15-21.

3. Stimulus presentation

Beta lists were presented binaurally at 70 dB HL to
normal-hearing subjects. Most subjects (19 of 26) were
tested with ER-3A insert earphones; four subjects were
tested in sound field, and three subjects with TDH head-
phones. At a presentation level of 70 dB HL, the quietest
speech cues should have been at 40 dB HL. Even taking into
account the field-referenced high-frequency rolloff of the
TDH-39 and ER-3A earphones, no speech cues should have
fallen below 30 dB HL. van Buuren et al. (1995) found no
difference in intelligibility in noise for 18 of 25 frequency
responses, covering most of the dynamic range of their
hearing-impaired listeners, providing further evidence sug-
gesting that the effect of the earphones should have been
minimal. Hearing-impaired subjects were tested at 70 dB HL
except when their three-frequency pure tone average (PTA)
exceeded 50 dB HL, in which case they were tested at a level
they judged to be “Loud, but OK.” The Beta list presenta-
tions were counterbalanced to control for potential order ef-
fects.

B. Results and discussion

The across-subject, across-list SNR-50 average for the
26 normal-hearing subjects in group 1 was 1.9 dB, nearly
identical to the original SIN test average of 2 dB. As in
experiment 2, the average fell well within the 95% confi-
dence interval of the expected value: The single-list test-
score standard deviation of SNR-50 was 1.25 dB for the
normal-hearing subjects, giving a standard error of the mean
of 0.25 dB.

The performance of the hearing-impaired subjects in
group 2 was so diverse that it precluded extraction of the
desired normative data. Our motivation for creating an effi-
cient SNR-loss test was the finding that SNR performance is
not predictable from hearing thresholds (Killion and Ni-
quette, 2000). Only a few of our subjects had SNR-50 scores
at the same SNRs, and none had SNR-50 scores at the higher
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SNRs (15, 20, and 25 dB). Thus, it was not possible to assess
the SNR equivalence of the lists for the higher SNRs. The
single-list test-score standard deviation (derived from indi-
vidual test-retest scores) was 1.4 dB, however, which was an
encouraging result since we had predicted 1.9 dB from SIN
test data. Nonetheless, the results from the 18 hearing-
impaired subjects in experiment 3 made it clear that an ex-
ceedingly large number of hearing-impaired subjects would
need to be screened in order to obtain enough data for sta-
tistically useful tests of list equivalence at the higher signal-
to-noise ratios. We therefore chose a different approach in
experiment 4.

V. EXPERIMENT 4

The purpose of experiment 4 was to assess list equiva-
lence for five of the six signal-to-noise ratios used in the test
(25, 20, 15, 10, and 5 dB).

A. Method
1. Subjects

Twenty-five normal-hearing adult subjects (22 from the
University of Iowa Speech and Hearing Clinic and 3 from
the Northwestern University Speech and Hearing Clinic) par-
ticipated in experiment 4. None of these subjects participated
in experiments 1, 2, or 3. Normal hearing was defined as
pure tone thresholds equal to or better than 20 dB HL for
octave frequencies 250 to 4000 Hz. One subject failed this
criterion in one ear, with thresholds of 30 and 25 dB HL at
2000 and 3000 Hz, respectively. Subjects ranged in age from
18 to 49 years, with an average age of 26 years and a median
age of 24 years.

2. Stimuli

To simulate a wide range of SNR losses, the Beta-list
recordings were low-pass filtered. Low-pass cutoff frequen-
cies of 2000, 1400, 1100, 850, and 750 Hz were chosen to
provide expected SNR-50 scores of 5, 10, 15, 20, and 25 dB.
The choice of cutoff frequencies was made using the count-
the-dot articulation index method (Mueller and Killion,
1990) and the relationship between Al and SNR-50 (Killion
and Christensen, 1998, Fig. 7). The procedure was as fol-
lows: (1) a desired SNR-50 value was chosen; (2) the Killion
and Christensen (1998) data were used to find the corre-
sponding Al value; and (3) a low-pass filter cutoff frequency
was selected using a trial and error method to filter out the
required number of *“dots.” For example, filtering out all
speech sounds above 1100 Hz with a fairly steep filter slope
will remove 63% of the speech cues (leaving 37% audible, or
an articulation index of 0.37). Figure 7 of Killion and Chris-
tensen (1998) indicates that 63 “missing dots™ should corre-
spond to a 15 dB SNR-50, whether the cues are inaudible as
a result of filtering or hearing loss. As shown in their Fig. 7,
the average measured SNR-50 of our subjects under the vari-
ous filtering conditions was closely correlated with the pre-
dicted value. By using these filtered sentences with normal-
hearing subjects, only the lack of audible speech cues could
be expected to affect the measured SNR-50 values.
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3. Stimulus presentation

The filtered recordings were presented binaurally at 70
dB HL via ER-3A insert earphones. Subjects were tested in
three sessions over several days, and list presentation order
was randomized to minimize potential order effects. The
most difficult condition (750 Hz low pass) was presented
first, followed in order by the less difficult conditions (850,
1100, 1400, and 2000 Hz). Learning effects were not ex-
pected to significantly affect the subjects’ performance be-
cause (a) the testing took place over several days and (b) few
words were understood in the more difficult filtering condi-
tions. When similar lists (unfiltered) were retested on the
same day, Chung (2001) reported learning effects of 1.6 to
3.6 dB, which suggests that learning effects should have little
effect on the present results, where each successive list pre-
sentation was made at a 5-dB-greater SNR.

<223
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<149

— <105

<54

<19

FIG. 6. Across-subject average SNR-50 data for lists
included in the final QuickSIN CD. The original list
numbers are given in parentheses next to the new list
numbers shown on the abscissa.

cisely SNR loss is equal to the test subject’s SNR-50 in dB
minus the average-normal SNR-50 in dB. Since the average
normal SNR-50 on the QuickSIN test is 2 dB, the simple
formula for SNR loss is SNR loss=25.5— Total Correct.

The time interval between sentences in the final record-

ing is 5 s, providing adequate response time for most sub-
jects. Each QuickSIN list takes approximately 1 min to ad-
minister if the subject responds promptly. If the subject
requires more time to respond, the CD can be paused be-
tween sentences.

3. Al predictions versus subject performance

The correlation between articulation-index calculated re-

sults and 25-subject average results was good. Recall that the
expected values of SNR-50 for the filtered lists were 25, 20,

15, 10, and 5 dB, based on the Al predictions. The results

B. Results and discussion

from experiment 4 were similar to the predicted values: 22.5,

19.0 14.9, 10.5, and 5.4 dB. Figure 7 shows the correlation

1. Selection of lists

The final selection of equivalent lists was made using
normal-hearing data from experiment 3 and the filtered data
from experiment 4. Twelve lists had experimental SNR val-
ues that fell within =2.2 dB of the average in each condition
(unfiltered and all filtered conditions) and became lists 1—-12
on the final QuickSIN CD. Three pairs of lists were also
found whose pair averages met the above criteria. Typically
one list score in a pair would be high and the other would be
low under similar conditions. These became list pairs 13/14,
15/16, and 17/18 on the final QuickSIN CD. Three lists (la-
beled A, B, and C) failed the equivalency criteria and were
included on the final QuickSIN CD for practice only. These
lists can be used to familiarize the listener with the task prior
to testing.

Figure 6 shows the across-subject average SNR-50 data
for the lists included on the final QuickSIN CD. The original
list numbers are given in parentheses next to the new list
numbers shown on the abscissa.

2. Application of test

SNR loss is defined as the difference between the test
subject’s threshold, and average-normal threshold: More pre-
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MEASURED SNR-50 FROM 25-SUBJECT AVERAGE

between articulation-index calculated results and 25-subject
average results.
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FIG. 7. Comparison between average SNR-50 for normal-hearing subjects
listening to filtered speech in noise and predicted values based on the count-
the-dots version of the articulation index.
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TABLE I. Reliability: number of QuickSIN lists required for a given accu-
racy. An 80% confidence interval is normally adequate for clinical testing,
where the results of any one test are used in context with other factors. A
single QuickSIN list is accurate to =2.2 dB at the 80% confidence interval.
A 95% confidence interval is common for research reporting, where a re-
duced risk of error is normally required. In this case, a single QuickSIN list
is accurate to =2.7 dB at the 95% confidence interval.

No. of lists

1 2 3 4 5 6 7 8 9

27 19 16 14 12 1.1 10 1.0 09
1.0 09 08 08 07

95% C.I.+(dB)
80% C.IL.+(dB) 22 16 13 1.1

Vi. GENERAL DISCUSSION

A pure tone audiometric threshold, measured using the
standard Hughson—Westlake technique, is accurate to about
5 dB at the 80% confidence level. (1.28X SDEV; Witting
and Hughson, 1940). An 80% confidence level is normally
adequate for clinical audiometric testing, where the results of
any one test are used in context with other factors. A 95%
confidence level is common for research reporting, where a
reduced risk of error is normally required. A QuickSIN score
obtained in 1 min from a single list is accurate to 2.2 dB at
the 80% confidence level and *=2.7 dB at the 95% confi-
dence level.

Table I shows the number of lists required for a given
accuracy (such as *=2.2 dB) for confidence levels of 80%
and 95%. The numbers in Table I are based on the across-
subject root-mean-square standard deviation of 1.4 dB SNR
for single-list test scores found for the hearing-impaired sub-
jects in experiment 2. This value comes from two numbers:
(a) the 1.3 dB standard deviation derived from the combined
individual test-retest scores (441 comparisons), and (b) the
across-list standard deviation of 0.6 dB. If only normal-
hearing subjects are used, the single list test score standard
deviation drops from 1.4 to 1.25 dB.

A standard deviation of 1.4 dB is slightly better than the
standard deviation that would have been expected based on
the SIN test, which employs five sentences at each SNR
level. As discussed above, the single-block SIN test score
standard deviation of 0.85 dB multiplied by the square root
of 5 would predict a standard deviation of 1.9 dB for the
QuickSIN test, because the QuickSIN test uses only one sen-
tence at each SNR level. The more careful preselection of
sentences used in the QuickSIN test may have contributed to
the slightly better result.

Averaging the results of several QuickSIN lists improves
reliability compared to a single list. For example, one list
with the assumed standard deviation of 1.4 dB gives an 80%
confidence level of 1.6X1.4=+22dB. A 50% increase in
testing is required to improve from a confidence level of
80% to 95% at a given criterion, e.g., two lists give an 80%
‘confidence interval of *1.6 dB; three lists provide * 1.6 dB
at the 95% confidence level.

The use of multiple lists is particularly important when
QuickSIN lists are used to compare two conditions (often
two hearing aids or hearing aid adjustments). In this case, the
real differences may not be large. A difference of 3.9 dB can
be expected 5% of the time when two successive lists are
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TABLE II. QuickSIN critical differences for comparing two conditions
(e.g., two hearing aids or hearing aid adjustments). If one list per condition
is used, results must be greater than 3.2 dB different to be considered sta-
tistically significant at the 80% confidence interval, and 3.9 dB at the 95%
confidence interval.

Lists per condition

1 2 3 4 5 6 7 8 9

95% C.D.+(dB) 39 27 22 19 17 16 15 14 13
80% C.D.+(dB) 32 22 18 16 14 13 12 11 1.1

administered, for example, even if the lists are perfectly
equivalent.

The preceding result illustrates the difficulty in validat-
ing the equivalence of lists to better than 2 dB. With a stan-
dard deviation of 1.4 dB for a single list, even if all 12 lists
are administered to ten subjects and their SNR results are
averaged, the lists with the highest and lowest scores across
the 12 lists will differ by 1.8 dB 5% of the time. If all 12 lists
are administered to a single individual, then by the Bonferoni
inequality for multiple comparisons (Miller, 1966), a differ-
ence of 6.1 dB between the two lists with the highest and
lowest measured SNR can be expected 5% of the time.

Table II shows the number of lists required for the com-
parison between two conditions at an 80% or 95% confi-
dence level. For a critical difference of 1.9 dB, for example,
four lists are required for each condition at the 95% confi-
dence level. For a critical difference of 1.4 dB, eight lists are
required for each condition at the 95% confidence level.

The use of half-word credit and phoneme scoring were
debated during QuickSIN test development. Whole-word
scoring was preferred in order to simplify the scoring proce-
dure and to reduce the variability in scoring among clini-
cians. Achieving consistency in scoring without compromis-
ing test accuracy was the goal. Instructions for scoring the
SIN test promoted awarding half-credit for partially correct
answers because an analysis of the relative independence of
IEEE words indicated that 25 words in five sentences, using
half-word scoring, gives the equivalent of 27 independent
words with whole-word scoring (Fikret-Pasa, 1993). Bentler
(2000), however, observed poor interobserver reliability us-
ing partial-word scoring. By reexamining the test-retest data
from the 26 normal-hearing subjects from experiment 3,
whole-word and half-word scoring were compared. Results
indicated only a slight improvement (from a standard devia-
tion of 1.25 to a standard deviation of 1.21) when half-word
scoring was used. These findings suggest that whole-word
scoring on the QuickSIN test is adequate for clinical testing.

VIl. CONCLUSIONS

The QuickSIN test provides 12 equivalent lists for test-
ing normal-hearing and hearing-impaired subjects. The test is
time efficient; the administration of a single list takes ap-
proximately 1 min. The standard deviation for an SNR esti-
mate using a single list is 1.4 dB. Averaging multiple lists
results in a lower standard deviation. In addition to the 12
equivalent lists, another six lists are equivalent to the 12
when used in designated list pairs.
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