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Abstract

Background: The Words-in-Noise Test (WIN) was developed as an instrument to quantify the ability of
listeners to understand monosyllabic words in background noise using multitalker babble (Wilson, 2003).
The 50% point, which is calculated with the Spearman-Kérber equation (Finney, 1952), is used as the
evaluative metric with the WIN materials. Initially, the WIN was designed as a 70-word instrument that
presented ten unique words at each of seven signal-to-noise ratios from 24 to 0 dB in 4 dB decrements.
Subsequently, the 70-word list was parsed into two 35-word lists that achieved equivalent recognition
performances (Wilson and Burks, 2005). This report involves the development of a third list (WIN List
3) that was developed to serve as a practice list to familiarize the participant with listening to words pre-
sented in background babble.

Purpose: To determine—on young listeners with normal hearing and on older listeners with sensorineu-
ral hearing loss—the psychometric properties of the WIN List 3 materials.

Research Design: A quasi-experimental, repeated-measures design was used.

Study Sample: Twenty-four young adult listeners (M= 21.6 yr) with normal pure-tone thresholds (=20 dB HL
at 250 to 8000 Hz) and 24 older listeners (M= 65.9 yr) with sensorineural hearing loss participated.

Data Collection and Analysis: The level of the babble was fixed at 80 dB SPL with the level of the words
varied from 104 to 80 dB SPL in 4 dB decrements.

Results: For listeners with normal hearing, the 50% points for Lists 1 and 2 were similar (4.3 and 5.1 dB
S/N, respectively), both of which were lower than the 50% point for List 3 (7.4 dB S/N). A similar relation
was observed with the listeners with hearing loss, 50% points for Lists 1 and 2 of 12.2 and 12.4 dB S/N,
respectively, compared to 15.8 dB S/N for List 3. The differences between Lists 1 and 2 and List 3 were
significant. The relations among the psychometric functions and the relations among the individual data
both reflected these differences.

Conclusions: The significant ~3 dB difference between performances on WIN Lists 1 and 2 and on WIN
List 3 by the listeners with normal hearing and the listeners with hearing loss dictates caution with the use
of List 3. The use of WIN List 3 should be reserved for ancillary purposes in which equivalent recognition
performances are not required, for example, as a practice list or a stand alone measure.
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Abbreviations: S/N, SNR = signal-to-noise ratio; WIN = Words-in-Noise Test

evaluate word-recognition performance in a fixed
level multitalker babble (Wilson, 2003; Wilson
and McArdle, 2007). Initially, the test paradigm con-
sisted of ten monosyllabic words at each of seven signal-

T he Words-in-Noise Test (WIN) was developed to

to-noise ratios (SNR, S/N) from 24 to 0 dB in 4 dB dec-
rements. Each word was time-locked with a unique seg-
ment of babble and was always presented at the same
SNR. The 70 words were from the Northwestern Univer-
sity Auditory Test No. 6 (NU-6; Tillman and Carhart,
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1966) and were spoken by a female speaker (Department
of Veterans Affairs, 1998). For clinic use, the list of 70
words was divided into two comparable lists of 35 words
each (Wilson and Burks, 2005). The quantification metric
of the WIN is the 50% correct point that is calculated with
the Spearman-Karber equation (Finney, 1952; Wilson
et al, 1973). The 90th percentile of the 50% points
(6.0 dB S/N) is the upper limit of performance by lis-
teners with normal hearing (Wilson et al, 2003);
50% points at SNRs higher than 6 dB are considered
abnormal. As shown by Wilson et al (2007), the WIN
provides data that are comparable to the QuickSIN
(Killion et al, 2004). The WIN increasingly has been
incorporated into audiological protocols, both in clinics
and in research laboratories. Over the years, several
audiologists have inquired about an additional WIN
list that could be used as a practice list to familiarize
the listener with the task of listening to speech in a
background of multitalker babble. This note describes
the development of WIN List 3, which is intended for
that purpose.

Originally, the 150 words from Lists 2—4 of NU-6
were evaluated in four experiments by developing psy-
chometric functions on each word embedded in a unique
segment of babble (Wilson, 2003). After Experiment 1,
48 words were eliminated because of irregularities of
one sort or another, leaving 102 words. Following Ex-
periment 2, the 70 WIN words were finalized leaving
32 unused words. Collectively, then, there were 80 po-
tential words that could be considered in constructing
the 35-word WIN List 3. Devising the words for List
3, therefore, was an imperfect task as the word pool con-
sisted of the undesirable words that had been discarded
during formulation of the original WIN list. The same
rules used with the original WIN list were used to com-
pile List 3. First, target performances by young listen-
ers with normal hearing were 30, 50, 70, and 90%
correct at SNRs of 0, 4, 8, and 12 dB, gradually increas-
ing toward 100% correct at 24 dB S/N. Second, for lis-
teners with hearing loss (pure-tone average <40 dB HL;
ANSI, 2004) a systematic change across the SNRs was
sought. The words for WIN List 3 are listed in Appendix
A. Supplemental to the online version of this article is a
WALV file (Audio 1) of WIN List 3 that includes a 10 sec
calibration tone at the end of the file. The WIN list is on
the left channel, and the same words in quiet are on the
right channel for monitoring purposes.

The 24 young adult listeners (mean =21.6 yr, SD =
3.3 yr) had pure-tone thresholds at the octave frequen-
cies that averaged <5 dB HL. The 24 older listeners
(mean age =65.9 yr, SD =4.7 yr) had mean thresholds
at the 250-8000 Hz octaves of 17.3, 19.0, 22.1, 40.0,
66.0, and 65.7 dB HL with a traditional three-frequency
pure-tone average of 27.0 dB HL (SD=8.3 dB) and a
1000, 2000, and 4000 Hz average of 42.9 dB HL (SD =
8.9). A randomization of each of the three 35-word
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WIN lists was presented to each listener with the presen-
tation order counterbalanced so that each list was given
an equal number of times in each of the three order posi-
tions. The level of the babble was fixed at 80 dB SPL with
the level of the words varied from 104 to 80 dB SPL in
4 dB decrements. The materials were reproduced by a
compact disc player (Sony, Model CDP-CE375) and fed
through an audiometer (Grason-Stadler, Model 61) to
an insert earphone (Etymotic Research, Model ER-
3A). The testing was conducted in a sound booth with
the verbal responses of the listeners recorded into a
spreadsheet.

The results are listed in Table 1 and illustrated in
Figures 1 and 2 (the percents correct for the individual
words are listed in Appendix A). Consider first in Table
1 the mean 50% points derived with the Spearman-
Karber equation. For both groups of listeners the data
indicate that List 3 is more difficult than List 1 and List
2. For the listeners with normal hearing, Lists 1 and 2

Table 1. Mean Percent Correct (and SDs) for Each List at
Each SNR for the Two Groups of Listeners

List 1 List 2 List 3
dB S/N Mean SD Mean SD Mean SD
Normal Hearing
24 975 6.8 1000 0.0 975 6.8
20 975 6.8 1000 00 86.7 14.0
16 97.5 6.8 958 83 942 93
12 983 56 975 6.8 892 132
8 76.7 183 717 220 583 21.2
4 592 182 492 195 217 16.6
0 16.7 16.3 83 131 16.7 193
Spearman-Kéarber 50%
Mean (dB S/N) 4.3 5.1 7.4
SD (dB) 1.3 1.1 2.3
90th Percentile 6.0 6.0 10.6
Polynomial
50% (dB S/N) 3.2 4.1 6.8
Slope (%/dB) 8.7 8.2 5.8
Hearing Loss
24 85.8 208 883 155 850 206
20 86.7 20.1 86.7 193 750 223
16 76.7 21.8 675 227 642 276
12 64.2 334 558 276 200 204
8 275 256 317 263 58 93
4 50 106 108 156 4.2 102
0 0.0 0.0 00 00 17 56
Spearman-Karber 50%
Mean (dB S/N) 12.2 124 15.8
SD (dB) 4.0 3.9 341
Polynomial
50% (dB S/N) 111 11.5 15.2
Slope (%/dB) 6.5 5.2 6.3

Note:Also included are the mean 50% points calculated with the
Spearman-Karber equation and calculated from the polynomials
used to describe the data in Figure 2.
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Figure 1. Bivariate plots of the 50% points calculated with the
Spearman-Kérber equation for the individual listeners with nor-
mal hearing (circles) and with hearing loss (squares). The filled
symbols represent the respective mean values. Linear regressions
for each set of data also are shown.

(50% points =4.3 and 5.1 dB S/N) are about 2.5 dB eas-
ier than List 3 (50% point = 7.4 dB S/N), whereas for the
listeners with hearing loss, the difference between Lists
1 and 2 and List 3 increased to 3.5 dB (12.2 and 12.4 dB
S/N vs. 15.8 dB S/N). Repeated measures analysis of
variance was used to examine the list differences within
each group of listeners. The main effect of list was sig-
nificant for both the listeners with normal hearing
[F(2,46) = 34.5; p < .001] and the listeners with hearing
loss [F(2,46) =32.4; p < .001]. Post hoc comparisons
using Bonferroni corrections for multiple comparisons
showed that List 3 was significantly more difficult
(p <.001) than List 1 or List 2 for both groups of listeners.
Performances on List 1 and List 2 were not statistically
different for either group of listeners (p > .01). The list
differences for the individual listeners are reinforced
by the bivariate plots in Figure 1 in which the data
for List 1 (top panel) and List 2 (bottom panel) are on
the ordinate with the data for List 3 on the abscissa.
Almost all the data points for both groups of listeners
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Figure 2. Psychometric functions for WIN List 1 (circles), List 2
(triangles), and List 3 (squares) for the two groups of listeners. The
lines connecting the datum points are the best-fit, third-degree
polynomials used to describe the data.

are below the diagonal line that represents equal per-
formance, which indicates poorer performance on List
3 than on Lists 1 or 2. Also noteworthy in the figure for
the listeners with hearing loss are the linear regres-
sions with slopes that approach unity. The unity
slopes indicate a consistent relation between Lists 1
and 3 and between Lists 2 and 3. The only difference
between the data sets is the displacement of the List 3
data to the higher SNRs. The R? values were 0.53 and
0.56 for the List 1 and List 2 comparisons with List 3,
respectively.

The mean 50% points for the three WIN lists combined
in each of the three presentation order positions were the
same. For the listeners with normal hearing the means
were 5.7, 5.7, and 5.4 dB S/N for presentation order posi-
tions 1, 2, and 3, respectively, and for the listeners with
hearing loss the means were 13.5, 13.1, and 13.7 dB S/N.
Repeated measures ANOVAS for the listeners with nor-
mal hearing [F(2,46) = 0.11; p = .90] and for the listeners
with hearing loss [F(2,46) = 0.27; p = .77] showed no sig-
nificant differences for presentation order.

Thepsychometric functions for the three lists and two
groups of listeners are shown in Figure 2 with the mean
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percent correct data and standard deviations at each
SNR listed in Table 1. Again, the displacement of the
List 3 functions from the List 1 and 2 functions is
obvious. For the listeners with normal hearing, the
slopes of the functions are different, ranging from 8.7
and 8.2%/dB for Lists 1 and 2, respectively, to 5.8%/
dB for List 3. Interestingly, the slopes for the three lists
are similar for the listeners with hearing loss. The other
obvious relation in Figure 2 is the similarity of the List 1
and 2 functions, especially when contrasted to the List 3
functions. As one would expect, at the extremes of the
psychometric functions the data for the three lists are
fairly equivalent indicating a commonality among the
three lists where floor and ceiling effects are influential.
The percent correct for each word by the two groups of
listeners are listed in the supplemental materials.

Finally from Table 1, it is noteworthy that the 90th
percentiles for Lists 1 and 2 for the listeners with nor-
mal hearing were 6.0 dB S/N, which is exactly the 90th
percentile established with the original WIN (Wilson
et al, 2003). In contrast, the 90th percentile for List 3
was 10.6 dB S/N.

In conclusion, for equal performances on WIN Lists 1,
2, and 3, List 3 requires a 2.5 to 3.5 dB more favorable
SNR than are required by Lists 1 and 2. As indicated in
the introduction, after the original 70 WIN words had
been taken from the 150-word pool, the pool was popu-
lated with many words with psychometric properties
that limited their usefulness in the compilation of words
that were homogeneous with respect to recognition per-
formance at selected SNRs. The significant ~3 dB differ-
ences between performances on WIN Lists 1 and 2 and
on WIN List 3 for the listeners with normal hearing and
the listeners with hearing loss preclude inclusion of List
3 in the same role as Lists 1 and 2. There is no reason,
however, that a clinician or an investigator could not use
List 3 as a practice list or for other stand alone purposes.
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Appendix A. Recognition Performances on Each Word of
WIN List 3 by the 24 Listeners with Normal Hearing and
the 24 Listeners with Hearing Loss

% Correct

dB S/N Word # Word Normals Hearing Loss
24 1 WALK 100.0 917
24 2 PEG 95.8 87.5
24 3 ROSE 95.8 79.2
24 4 FIT 95.8 70.8
24 5 WHEN 100.0 95.8
20 6 SHIRT 100.0 75.0
20 7 BONE 100.0 75.0
20 8 VOTE 95.8 83.3
20 9 CHECK 70.8 83.3
20 10 NEAT 66.7 58.3
16 11 THIN 917 62.5
16 12 JUG 100.0 70.8
16 13 NEAR 87.5 33.3
16 14 PHONE 917 79.2
16 15 HALL 100.0 75.0
12 16 CAUSE 87.5 20.8
12 17 SEIZE 95.8 12.5
12 18 SHOULD 91.7 12.5
12 19 LEAN 917 8.3
12 20 CHAT 79.2 45.8
8 21 LID 54.2 0.0
8 22 HOLE 50.0 25.0
8 23 LEASE 83.3 4.2
8 24 YEARN 66.7 0.0
8 25 PEARL 375 0.0
4 26 PERCH 12,5 8.3
4 27 DIP 58.3 8.3
4 28 SHALL 25.0 0.0
4 29 TEAM 8.3 4.2
4 30 CHAIN 4.2 0.0
0 31 CHEEK 25.0 8.3
0 32 GERM 29.2 0.0
0 33 FIVE 8.3 0.0
0 34 HIT 12,5 0.0
0 35 NAME 8.3 0.0
96
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