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Abstract

Background: TheRevised Speech Perception in Noise Test (R-SPIN; Bilger, 1984b) is composed of 200
target words distributed as the last words in 200 low-predictability (LP) and 200 high-predictability (HP)

sentences. Four list pairs, each consisting of two 50-sentence lists, were constructed with the target word
in a LP and HP sentence. Traditionally the R-SPIN is presented at a signal-to-noise ratio (SNR, S/N) of

8 dB with the listener task to repeat the last word in the sentence.

Purpose: The purpose was to determine the practicality of altering the R-SPIN format from a single SNR

paradigm into a multiple SNR paradigm from which the 50% points for the HP and LP sentences can be
calculated.

Research Design: Three repeated measures experiments were conducted.

Study Sample: Forty listeners with normal hearing and 184 older listeners with pure-tone hearing loss

participated in the sequence of experiments.

Data Collection and Analysis: The R-SPIN sentences were edited digitally (1) to maintain the temporal
relation between the sentences and babble, (2) to establish the SNRs, and (3) to mix the speech and

noise signals to obtain SNRs between –1 and 23 dB. All materials were recorded on CD and were pre-

sented through an earphone with the responses recorded and analyzed at the token level. For reference
purposes the Words-in-Noise Test (WIN) was included in the first experiment.

Results: In Experiment 1, recognition performances by listeners with normal hearing were better than

performances by listeners with hearing loss. For both groups, performances on the HP materials were

better than performances on the LP materials. Performances on the LP materials and on the WIN were
similar. Performances at 8 dB S/N were the same with the traditional fixed level presentation and the

descending presentation level paradigms. The results from Experiment 2 demonstrated that the four list
pairs of R-SPINmaterials produced good first approximation psychometric functions over the –4 to 23 dB

S/N range, but there were irregularities. The data from Experiment 2 were used in Experiment 3 to guide
the selection of thewords to be used at the various SNRs that would provide homogeneous performances

at each SNR and would produce systematic psychometric functions. In Experiment 3, the 50% points
were in good agreement for the LP and HP conditions within both groups of listeners. The psychometric

functions for List Pairs 1 and 2, 3 and 4, and 5 and 6 had similar characteristics and maintained reason-
able separations between the HP and LP functions, whereas the HP and LP functions for List Pair 7 and 8

bisected one another at the lower SNRs.

Conclusions: This study indicates that the R-SPIN can be configured into a multiple SNR paradigm.

A more in-depth study with the R-SPIN materials is needed to develop lists that are systematic and
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reasonably equivalent for use on listeners with hearing loss. The approach should be based on the psy-

chometric characteristics of the 200 HP and 200 LP sentences with the current R-SPIN lists discarded. Of
importance is maintaining the synchrony between the sentences and their accompanying babble.

Key Words: Auditory perception, hearing loss, speech perception, speech recognition in multitalker

babble

Abbreviations: HFPTA 5 high-frequency, pure-tone average (1000, 2000, and 4000 Hz); HP 5 high

predictability; LP 5 low predictability; PTA 5 pure-tone average (500, 1000, and 2000 Hz); R-SPIN 5

Revised Speech Perception in Noise Test; S/N, SNR5 signal-to-noise ratio; SPIN5 Speech Perception

in Noise Test; WIN 5 Words-in-Noise Test

T
he Speech Perception in Noise Test (SPIN) was

developed to address both sensory and linguistic-

cognitive processes involved in understanding

everyday speech (Kalikow et al, 1977; Elliott, 1995).

As Kalikow et al indicated, sensory processes include

“the reception and initial processing of acoustic infor-
mation” (bottom-up processing), whereas cognitive pro-

cesses involve “utilization of linguistic information that

is stored in memory” (top-down processing) (1977,

p. 1337). They further suggested that the more top-

down information available in the message, the less

dependent the listener is on the “detailed properties”

of the acoustic message. The bottom-up and top-down

processing principles guided development of the SPIN
that evolved into meaningful and nonmeaningful sen-

tence materials with the task of the listener to recognize

the key word that was the last word in each sentence.1

The meaningful sentences, which are termed high-

predictability (HP) sentences and reflect top-down pro-

cessing, provide the listener with information from the

syntactic, semantic, and prosodic cues in the sentences

from two or three “pointer words” that help predict the
key word (e.g., The farmer harvested his crop, in which

farmer and harvested are semantic links to the key

word, crop). The nonmeaningful sentences, which are

termed low-predictability (LP) sentences and reflect

bottom-up processing, do not provide syntactic, seman-

tic, and prosodic cues in the sentences that help predict

the key word (e.g., I want to know about the crop.).

Although we talk about bottom-up and top-down pro-
cessing, both types of processing are involved with

the LP and HP sentences, just to different degrees.

In devising the SPIN, Kalikow et al (1977) made sev-

eral decisions about the test materials. First, the last

word in each sentence would be the key word. Second,

the key words would be monosyllabic nouns from the

Thorndike and Lorge (1952) list in the frequency (of

use) range of 5 to 150 per million. Third, the sentences
would contain five to eight words (six to eight syllables).

Fourth, the response would be either written or verbal

(Theodoridis and Schoeny, 1988). Initially, 1722 senten-

ces were generated and recorded by an experienced

male speaker. Noise for the SPIN was provided by mul-

titalker babble that was produced by mixing continu-

ously read text from 12 speaker samples. Through

various culling processes in which the listeners wrote

their responses, the 1722 sentences were reduced to

250 HP and 250 LP sentences with the same 250 key

words contained in each set of sentences. In turn, the

two 250-sentence sets each were divided into 10 lists

of 25 sentences. Lists of HP and LP sentences were then
combined into 50 sentence lists in which the HP and LP

sentences were randomly interleaved with the con-

straint that each half list of 50 sentences contains 12

or 13 HP sentences and 13 or 12 LP sentences. Further,

each odd-numbered test form had a complementary,

even-numbered test form with words in the opposite

type of sentence. Thus, two lists of 50 sentences (i.e.,

a list pair) contained the same 50 words in both HP
and LP sentences. These 10 lists of 50 sentences were

rerecorded by the original speaker and edited so that

the root-mean-square (rms) levels of each group of 25

words were within 0.1 dB. Through a series of experi-

ments with listeners with normal hearing, 8 of the 10

lists were found to produce equivalent results in the

multitalker babble at 0 dB signal-to-noise ratio (S/N,

SNR). These eight lists constitute the (original) SPIN
test materials (Kalikow et al, 1977, p. 1343).

Subsequently, the SPINmaterials were usedwith 11-

to 17-yr-old children to determine the age at which rec-

ognition performances on the SPIN by children were

the same as performances by young adults with normal

hearing (Elliott, 1979). Elliott concluded that the SPIN

was inappropriate for children younger than 15 yr. The

11- and 13-yr-olds performed poorer on the HP senten-
ces than did the 15- and 17-yr-olds with performances

on the LP sentences the same for the two groups, which

is consistentwithmaturational changes in the cognitive

domain.

In two experiments with the SPIN on young listeners

with normal hearing, Hutcherson et al (1979) observed

an approximate 40% difference in performances on the

HP and LP sentences presented in multitalker babble
when comparisons were made on the dynamic segments

of the respective psychometric functions. Slightly greater

differences were observed between performances on the

HP and LP sentences by three older listeners with sen-

sorineural hearing loss.Morgan et al (1981) studied the

list equivalency of the original 10 lists produced by

Kalikow et al (1977) using 50 young adults with normal
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hearing. Two conditions were studied: 30 dB SPL at

3 dB S/N and 80 dB SPL at21 dB S/N. Mean perform-

ances were 75% (HP) and 30% (LP) at 30 dB SPL and

70% (HP) and 28% (LP) at 80 dB SPL. All of the orig-
inal LP SPIN lists were equivalent (on young adults

with normal hearing) and 7 of the 10 HP SPIN lists

were equivalent, the exceptions being Lists 3, 4, and

5.

Bilger et al (1984) also studied the equivalence of the

original 10 SPIN lists, arguing that to understand the

psychometrics of a test instrument (list equivalency in

this case) on listeners with hearing loss that particular
population must be studied. The Bilger et al study

involved 128 listeners (19 to 69 yr) with sensorineural

hearing loss. When presented at 8 dB S/N,2 mean rec-

ognition performances on the 10 lists of HP and LP sen-

tences were 87.1 and 45.8% (Bilger, 1984b, Table 1),

respectively, and confirmed that the various original

SPIN lists did not produce equivalent results. Bilger

et al suggested that list equivalency of the SPIN could
be achieved in three ways, the first two of which were

suggested by Morgan et al (1981): (1) discard entire

lists, (2) combine complementary list pairs, and (3)

use psychometric data to redistribute the sentences

among the lists to achieve the desired result. To achieve

equivalent lists, Bilger (1984a, 1984b) redistributed the

sentences after eliminating 31 sentences (and their

complements) that did not correlate with their “TRUE”
score (18 LP, 5 HP, and 8 LP and HP). To maintain the

50-sentence lists, an additional 19 sentence pairs arbi-

trarily were eliminated, which left 200 HP sentences

and their complementary 200 LP sentences or four

50-sentence list pairs. A multitude of criteria was used

to reconstruct the Revised Speech Perception in Noise

Test (R-SPIN) lists, including three psychometric crite-

ria (difficulty, variance, and correlation with the TRUE
scores), three linguistic criteria (types of syllables, vow-

els, and consonants), and two additional criteria (cog-

nate forms and the distribution of the HP and LP

forms within a list) (Bilger, 1984a, p. 20). The R-SPIN

lists then were evaluated with 32 of the original 128 lis-

teners with hearing loss. The mean performances by

older listeners with hearing loss on the eight R-SPIN

lists at 8 dB SNR were 76 and 37% for the HP and
LP sentences, respectively, with 5.4% (HP) and 7.6%

(LP) ranges among the lists (Bilger, 1984b, fig. 5). In

a subsequent study with the R-SPIN on 98 listeners

(.60 yr of age) with sensorineural hearing loss, Schum

and Matthews (1992) reported no difference between

performances obtained on the right and left ears with

overall scores of 86.5% (HP) and 45.0% (LP). Humes

et al (1994) reported a similar 40% difference in per-
formances on the HP and LP materials. Regardless of

hearing status, the above studies report an average

40–45% difference between performances on the HP

and LP sentences at 8 dB S/N.

Typically, the R-SPIN materials are presented at a

high presentation level at 8 dB S/N with percent correct

as the metric of interest. Adaptive psychophysical

methods have been used to establish the 50% correct
points for the R-SPIN materials (e.g., Dubno et al,

1984; Needleman and Crandell, 1995). Dubno et al used

a simple up-down adaptive procedure (Levitt, 1971) to

determine the 50% performances for theHP (2 dB steps)

and LP (4 dB steps) conditions in both quiet and noise.

The 200 HP and the 200 LP R-SPIN sentences were

used without regard to the list organization of the

R-SPIN and the 50% point was calculated from the last
eight reversals of the track. Dubno et al concluded that

the adaptive strategy could be successfully used on lis-

teners with normal hearing and listeners with mild

hearing loss. Needleman and Crandell established

the 50% point on the HP sentences from 10 listeners

withmild-to-moderate sensorineural hearing loss.With

the level of the babble fixed at 75 dB SPL and the level of

the sentences varied in 1 dB steps, the average 50%
point was 76.9 dB SPL (or 1.9 dB S/N).

Pichora-Fuller et al (1995) used the R-SPIN materi-

als to investigate working memory capacity for speech

presented in background noise. In this investigation, all

eight R-SPIN lists were presented to each participant

in a series of three experiments at various SNRs and

working-memory loads. Based on this work, the proto-

col was revised so that working memory capacity was
measured using 50 LP and the corresponding 50 HP

sentences (i.e., total of 100 sentences) presented at

the SNR that produced 50% correct recognition on a

pilot run of the LP sentences. In discussions with

Pichora-Fuller (2008, pers. comm.), she indicated that

the pilot run was a time-consuming component of the

protocol because multiple R-SPIN lists were required

in order to obtain an estimate of the 50% point for
the LP sentences. The discussions with Pichora-Fuller

spawned the current three experiments that involved

altering the R-SPIN format (Bilger, 1984a, 1984b) from

a paradigm in which the sentences are presented at a

single SNR into a paradigm that incorporates multiple

SNRs with the primary metric being the SNR at which

the 50% points for the HP and LP sentences occur. In

effect, the R-SPINmaterials were put in the same para-
digm used with theWords-in-Noise Test (WIN) (Wilson,

2003;Wilson andMcArdle, 2007), which presentsmono-

syllabic words in multitalker babble at 7 SNRs from 24

to 0 dB in 4 dB decrements. The purpose of Experiment

1 was to demonstrate on listeners with normal hearing

(for pure tones) and listeners with hearing loss that the

R-SPIN materials could be reconfigured into a multiple

SNR paradigm. It was of interest in Experiment 1 to
determine the relation between the R-SPIN presented

at multiple SNRs and both the R-SPIN presented at

the traditional 8 dB S/N and the WIN presented at mul-

tiple SNRs. In Experiment 2 a preliminary evaluation
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was conducted of the four R-SPIN list pairs in the multi-

ple SNR paradigm using listeners with sensorineural

hearing loss. The words were grouped into blocks of

15 words with each word presented at each of three con-
tiguous SNRs. The recognition-performance data from

Experiment 2 were used to establish the lists of materi-

als that were evaluated in the final experiment. In

Experiment 3 the R-SPIN word lists were compiled with

five unique words (in both LP and HP conditions) pre-

sented at each of nine SNRs from 23 to 21 dB S/N in

3 dB decrements while maintaining the list pair para-

digm. Young listeners with normal hearing and older lis-
teners with sensorineural hearing loss were evaluated.

EXPERIMENT 1

Experiment 1 purposed to evaluate the concept of

reconfiguring the R-SPIN lists, which typically

are presented at a fixed SNR, into a paradigmwithmul-

tiple SNRs. As controls, the R-SPIN also was examined
in the traditional manner at 8 dB S/N, and data on the

WIN were obtained.

Methods

Materials

Throughout this study, the R-SPIN materials were
digital copies taken from the R-SPIN CD distributed

by the University of Illinois.3 At all times the temporal

relation between the sentence and the babble segment

accompanying each sentence was maintained. For

Experiment 1, Lists 1, 2, 3, and 4 of the R-SPIN lists

(Bilger, 1984a, 1984b) were used. List Pair 1 and 2

was retained in the fixed SNR paradigm. The only mod-

ifications made were reductions ofz1.7 sec to the inter-
vals between sentences. In addition to the reductions in

the intervals between sentences, List Pair 3 and 4 was

arranged into a paradigm in which the level of the mul-

titalker babble was constant, and based on pilot data

the level of the sentences varied from –4 to 23 dB

S/N in 3 dB decrements with five sentences/decrement.

The first five sentences in List 3 were assigned to the

23 dB S/N; the second five sentences were assigned to the
20 dB S/N, and so on. In order to have the same five tar-

get words in theHP and LP categories at the same SNR,

the order of the sentences in List 4 were rearranged

maintaining the 3, 2 or a 2, 3 split in List Pair 3 and

4 for the HP and LP sentences, respectively. For exam-

ple, with List 3 at 23 dB S/N the key words were spray

(HP), cruise (LP), dime (HP), tea (LP), and truck (HP),

whereas for rearranged List 4 at 23 dB S/N the first five
key words were truck (LP), tea (HP), dime (LP), cruise

(HP), and spray (LP). The sentence order at each SNR

was randomized. In this manner, each word in both the

HP and LP categories was presented at one SNR over

the course of the two lists of sentences; that is, each

group of 10 words (or five word pairs) was always pre-

sented at the same SNR. Finally, a practice list of the

descending R-SPIN was composed of sentences 1–24
from R-SPIN, List 7. Three practice sentences were

given at 8 SNRs from 24 to 24 dB in 4 dB decrements.

For all sentences, the temporal relation between the

sentence and the unique multitalker-babble segment

was maintained from the R-SPIN recordings.

EachR-SPIN sentence is preceded by a carrier phrase

that announces the number of each particular sentence,

1 through 50, for example, “Number 13.” Both the car-
rier phrases and sentences are in multitalker babble

with the level of the babble accompanying the carrier

phrases 10 dB lower than the level of the babble that

accompanies the sentences. One set of the 50 carrier

phrases and the 400 R-SPIN sentences were edited into

separate files with the boundaries edited at the negative-

going zero crossings, which minimized any spectral

splatter when the two segments were concatenated
later. Several of the carrier phrases, however, were

not in the middle of the babble segment and were relo-

cation to the segment center during editing. As Bilger

(1984a, 1984b) emphasized more than once, the tempo-

ral alignment between the babble and the sentences

was alwaysmaintained. The average carrier phrase seg-

ment, which included the babble before, during, and

after the carrier phrase, was 1.9 sec (SD5 0.3 sec) with
0.4 sec of babble following the carrier phrase. The aver-

age sentence segments for the four lists were 6.8 sec

(SDs5 0.2 sec), with ranges from 6.4 to 7.4 sec. The sen-

tences were edited with 1 sec of multitalker babble

before onset of the sentence and 4 sec of babble following

offset of the sentences, which in most instances reduced

the babble duration between the end of the sentence and

the babble for the carrier phrase by 1.5 to 2.0 sec with
reference to the original recordings.When concatenated,

there was 4.3 sec between the sentence offset and the

subsequent carrier phrase onset, which provided ample

time for subject responses. Because of the 10 dB differ-

ential between the levels of the babble during the carrier

phrase and sentence segments, the babble segments

that accompanied the sentences were shaped at the

boundary of the 10 dB difference by a 25msec ramp that
provided a smooth transition between the two babble

levels. The R-SPIN lists revised by Bilger (1984a) were

z9 min each, whereas the current revision reduced the

times to z7 min per list of 50 sentences.

Subjects

Two groups of listeners were recruited. The first

group included 24 young adults (mean 5 23.2 yr,
SD 5 2.9 yr) with normal pure-tone thresholds (#20 dB

HL; American National Standards Institute [ANSI],

2004) at the 250–8000 octave frequencies in the test ear.
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The pure-tone average (PTA at 500, 1000, and 2000 Hz)

was 3.8 dB HL (SD 5 2.8 dB), and the high-frequency

PTA (HFPTA at 1000, 2000, and 4000 Hz) was 4.0 dB

HL (SD 5 3.0 dB). The second group was composed
of 72 older adults (mean 5 67.8 yr, SD 5 6.4 yr) with

sensorineural hearing loss. Inclusion criteria were (1)

thresholds in the test ear at 500 Hz of #30 dB HL, at

1000 Hz of #40 dB HL, and (2) a #40 dB HL three-

frequency, pure-tone average.Word-recognition in quiet

at a high presentation level was required to be .40%

correct. The left ears of odd numbered participants

and the right ears of even numbered participants
served as the test ear, the mean audiogram for which

is shown in Figure 1. The mean PTA was 25.0 dB

HL (SD 5 7.8 dB), and the HFPTA was 40.7 dB HL

(SD 5 8.7 dB).

Procedures

Initially, pure-tone thresholds were obtained fol-

lowed by the practice descending R-SPIN list. Then

the following eight conditions were administered in a

random order: (1) Northwestern University Auditory

Test No. 6 (NU No. 6) in quiet at 70 dB SPL (Tillman

and Carhart, 1966; Department of Veterans Affairs,

2006), (2) NU No. 6 in quiet at 94 dB SPL, (3) WIN, List
1, (4) WIN, List 2, (5) R-SPIN, List 1 at 8 dB S/N, (6)

R-SPIN, List 2 at 8 dB S/N, (7) descending R-SPIN, List

3 at 10 SNRs, and (8) descending R-SPIN, List 4 at 10

SNRs. For NU No. 6, List 4 was used with the even

numbered listeners receiving words 1–25 at 70 dB

SPL and words 26–50 at 94 dB SPL; the odd numbered

listeners received the words at the reversed levels. The

70 and 94 dB SPLs correspond to the presentation level
of the WIN words at 0 and 24 dB S/N. The two 35-word

WIN lists were presented with the level of the multi-

talker babble fixed at 70 dB SPL, and the level of the

words varied from 70 to 94 dB SPL. The stopping rule

used with theWINwas the test terminated following no

correct responses at one SNR. The original WIN was
composed of 10 unique words at each of seven SNRs

from 24 to 0 dB S/N in 4 dB decrements (Wilson,

2003) but was abbreviated into a two-list clinical ver-

sion, each with five unique words at the seven SNRs

(Wilson and Burks, 2005: Wilson and McArdle, 2007).

In this experiment, as with most experiments con-

ducted with the WIN, the WIN was administered as

two lists to distribute learning and fatigue effects across
the test session with the results from the two lists com-

bined into a composite result. List Pair 1 and 2 of the

R-SPIN was presented in the traditional SPIN manner

with the level of the babble at 70 dB SPL and the level of

the sentences at 78 dB SPL (an 8 dB SNR). Finally, List

Pair 3 and 4 of the R-SPIN in the descending paradigm

was administered with the level of the babble fixed at

70 dB SPL and the level of the sentences varied from
93 to 66 dB SPL in 3 dB decrements (SNRs from 23

to24 dB). Because there were no data on which to base

a stopping rule for the descending R-SPIN, all SNRs

were administered.

The speech stimuli were reproduced by a CD player

(Sony, Model CDP-CE375) and fed through an audio-

meter (Grason-Stadler, Model 61) to an insert earphone

(ER-3A). For half the listeners, the right ear served as
the test ear. The task of the listeners with the R-SPIN

was to repeat the last word in the sentence. The testing

during the z1 hr session was conducted in a sound

booth with the verbal responses of the listener recorded

into a spreadsheet.

Twometrics were of primary interest. First, the SNRs

(in dB) at which the 50% correct points for the WIN and

for the R-SPIN HP and LP sentences in the descending
paradigm were quantified with the Spearman-Kärber

equation (Finney, 1952). Second, percent correct per-

formance on the NU No. 6 in quiet, on the WIN, on the

R-SPIN (List Pair 1 and 2), and on the descending

R-SPIN (List Pair 3 and 4) were calculated at each

word-presentation level or SNR.

Results and Discussion

Experiment 1was a concept studywhose purposewas

to determine the feasibility of transforming the R-SPIN

into a paradigm that provided the psychometric func-

tion in terms of SNR and provided the 50% point on that

function that could be used as a singlemetric to describe

performance on the task. The mean psychometric func-

tions generated from the HP and LP sentences of the
R-SPIN and from theWIN in Experiment 1 are depicted

in Figure 2 for the listeners with normal hearing (top

panel) and the listeners with hearing loss (bottom

panel). The lines through the datum points are the

Figure 1. Mean audiograms for the test ears of the listeners with
normal hearing (triangles) and the listeners with hearing loss
(circles) in Experiment 1. The vertical lines are 61 SD.
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best-fit, linear regressions and third-degree polyno-

mials used to describe the data. The means and stand-

ard deviations are listed in Tables 1 (R-SPIN) and 2

(WIN).

Several generalizations can be drawn from the data
in Figure 2. First, as expected, recognition performan-

ces by the listeners with normal hearing are appreci-

ably better on each of the three stimulus conditions

(HP, LP, and WIN) than were the performances by

the listeners with hearing loss. Using the 50% point

on each function that was calculated from the first-

derivative of the polynomial equation (Tables 1 and

2), performances by the listeners with normal hearing
were 4.3, 9.8, and 9.1 dB better on the HP, LP, andWIN

materials, respectively, than were the performances by

the listeners with hearing loss. Second, and again as

expected, performances on the HP sentences were sub-

stantially better than performances on the same sen-

tences in the LP paradigm. Specifically, of the 540

LP, HP comparisons at the word level across the SNRs,

mean performances were better on 420HPwords (78%),
better on 10 LP words (2%), and equal on 110 words

(20%). One would expect performances on all of the

540 HP sentences to be better than performances on

the corresponding LP sentences. In all probability,

the 22% of the equal or better performances on the
LP sentences is owing (1) to the lack of a linguistic/

cognitive advantage on the correspondingHP sentence,

(2) to a difference in the acoustic characteristics of the

common target words (i.e., intelligibility), (3) to SNR

differences during the target word, or (4) to a combina-

tion of these factors. For the listeners with normal

hearing the HP-LP performance difference was 2.2

dB, increasing to 7.7 dB for the listeners with hearing
loss. Stated differently, the listeners with hearing loss

were at a greater disadvantage than the listeners with

normal hearing when the listening involved primarily

auditory cues and minimal linguistic-cognitive cues

(LP) than when linguistic-cognitive cues were available

(HP).

Third, the 50% points on the WIN were closer to the

50% points on the LP sentences than to the 50% points
on the HP sentences. For the listeners with normal hear-

ing theHP-WINandLP-WINperformance differences at

the 50% points were 4.1 and 1.9 dB, respectively, and for

the listeners with hearing loss theHP-WIN and LP-WIN

performance differences were 8.9 and 1.2 dB, respec-

tively. Of the 72 listeners with hearing loss, 55 had bet-

ter performance (i.e., 50% point at a lower SNR) on the

LP sentences than on the WIN words with 17 listeners
exhibiting better performance on the WIN than on the

LP sentences.

Fourth, the slopes of the mean HP functions at the

50% point (Tables 1 and 2) were steeper than the slopes

for either themean LP orWIN functions. For the listen-

ers with normal hearing the slopes of the functions were

12.8, 7.8, and 5.4%/dB for the HP, LP, and WIN words,

respectively, and 9.8, 3.6, and 6.6%/dB, respectively, for
the listeners with hearing loss. Generally, there is an

inverse relation between the steepness of the slope of

a function and the underlying variability of the data;

that is, the steeper the function, the less the variability.

The gray (red) datum points at 8 dB S/N in Figure 2

are the percent correct means for the HP and LP sen-

tences in List Pair 1 and 2 of the R-SPIN that were

administered in the traditional manner with 50 HP
and 50 LP sentences presented at 8 dB S/N. The other

datum points at 8 dB S/N are from List Pair 3 and 4 and

involved presentation of five HP and five LP sentences.

The values for the four comparisons are close to one

another with the largest difference being 4.6% by the

listeners with normal hearing on the LP sentences.

Although three of the four comparisons are in the range

of “ceiling effects,” the fourth comparison (LP) was in
the middle of the function for the listeners with hearing

loss. With this particular set of conditions, the smaller

sample (5) and the larger sample (50) produced nearly

the same result. Systematics such as these were not

Figure 2. The mean percent correct data for the R-SPIN List
Pair 3 and 4 HP sentences(open circles and triangles) and LP sen-
tences (filled circles and triangles) and for the WIN words (open
and filled diamonds) from the two groups of listeners in Experi-
ment 1. The lines connecting the datum points are the best-fit lin-
ear regressions and third-degree polynomials used to describe the
data. The four large, gray datumpoints at 8 dB S/N are recognition
performances on the R-SPIN, List Pair 1 and 2 administered in the
traditional R-SPIN manner.
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characteristic of the complete LP data set for the listen-

ers with hearing loss. As is obvious from the LP datum

points from the listeners with hearing loss at the 11, 14,

and 17 dB S/Ns (filled triangles), the small sample size
resulted in noisy data reflected by modulations in the

recognition performances across those SNRs. In this

segment of the function, increases in SNR did not

always produce increases in mean performance. This

can be attributed to sampling error caused by the small

sample size. Although there is noise in the data in the

form of irregularities in the psychometric function, the

results from Experiment 1 demonstrate that conceptu-
ally it is practical to modify the R-SPIN into a paradigm

that produces a psychometric function in the SNR

domain from which the 50% point can be calculated.

One additional point about variability associated

with speech stimuli is demonstrated by the data from

Experiment 1. Unlike pure tones that are homogeneous

and predictable, speech stimuli lack homogeneity with

respect to intelligibility and are difficult to predict
unless the characteristics of the psychometric function

(performance as a function of SNR in the current con-

struct) for each word are known. Large variability

among recognition performances on the individual test

items is an inherent characteristic of speech-recognition

materials. The R-SPINmaterials are no exception. The

data in Table 3 are instructive in understanding of the

variability just described. The data in the table are for
List Pair 1 and 2 of the R-SPIN administered in the

normal manner at one SNR, viz, 8 dB. (A listing of

the individual words from List Pair 1 and 2 and the rec-

ognition performances on each word from the listeners

with hearing loss and the listeners with normal hear-

ing are given in Table S1, supplemental to the online

version of this article.) The LP and HP data are com-

bined fromLists 1 and 2 and consist of 50 test items each.

The mean performances by the listeners with normal

hearing were 98.9% (HP) and 85.4% (LP), whereas the
mean performances by the listeners with hearing loss

were 89.9% (HP) and 50.5% (LP), a 40% difference.

The 14% difference for the listeners with normal hearing

is biased because of ceiling effects encounteredwithmost

of the HP words andmany of the LP words. The 40% dif-

ference for the listeners with hearing loss is in excellent

agreement with previous data on listeners with hearing

loss; Bilger (1984b) obtained corresponding HP and LP

Table 1. Mean Recognition Performances (and SDs) for the R-SPIN List Pair 3 and 4 from 24 Listeners with Normal
Hearing and 72 Listeners with Hearing Loss in Experiment 1

Normal Hearing Hearing Loss

HP LP HP LP

dB S/N Mean SD Mean SD Mean SD Mean SD

23 100.0 0.0 100.0 0.0 99.4 3.3 93.6 11.0

20 100.0 0.0 95.8 8.3 98.9 4.6 89.7 14.2

17 99.2 4.1 95.0 12.2 97.2 7.0 66.1 22.7

14 98.3 5.6 89.2 13.2 90.8 14.6 50.8 25.3

11 100.0 0.0 94.2 11.0 96.9 8.0 67.8 26.1

8 97.5 6.8 90.0 11.8 90.8 13.8 47.8 27.4

5 94.2 11.0 79.2 15.0 68.9 23.7 31.4 23.5

2 96.7 7.6 61.7 17.6 50.8 29.4 16.1 18.9

21 55.8 16.7 33.3 20.1 9.4 18.1 3.1 8.0

24 20.0 16.7 9.2 10.2 0.0 0.0 0.3 2.4

SK 50% (dB S/N) 21.4 0.9 2.1 1.6 3.4 2.3 10.5 3.4

Polynomial

50% (dB S/N) 21.6 0.6 2.7 10.4

Slope (%/dB) 12.8 7.8 9.8 3.6

Note: The 50% points (dB S/N) calculated from the polynomial equation of the mean function in Figure 2 and from the individual data with the

Spearman-Kärber equation (SK) also are listed along with the slope of the mean function (%/dB) at the 50% point.

Table 2. Mean Recognition Performances (and SDs) for
the Words-in-Noise Test (WIN) from the 24 Listeners with
Normal Hearing and the 72 Listenerswith Hearing Loss in
Experiment 1

Normal Hearing Hearing Loss

dB S/N Mean SD Mean SD

24 99.2 2.8 90.0 13.2

20 98.8 3.4 84.6 16.9

16 98.3 3.8 78.8 19.5

12 99.6 2.0 57.5 29.8

8 81.7 11.3 23.8 21.2

4 59.6 16.8 4.4 7.9

0 35.0 13.5 0 0

SK 50% (dB S/N) 1.7 2.0 12.4 3.4

Polynomial

50% (dB S/N) 2.5 11.6

Slope (%/dB) 5.4 6.6

Note: The 50% points (dB S/N) calculated from the polynomial equation

of the mean function in Figure 2 and from the individual data with the

Spearman-Kärber equation (SK) also are listed along with the slope

of the mean function (%/dB) at the 50% point.
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means of 87 and 47%, whereas Schum and Matthews
(1992) obtained mean performances of 87 and 45%.

The ranges of scores are the noteworthy aspect of the

data in the table. Of particular importance are the

50.0 and 72.2% ranges demonstrated on the LP senten-

ces by the listeners with normal hearing and the listen-

ers with hearing loss, respectively. For the listeners with

hearing loss, performance at 8 dB S/N on the LP words

from Lists 1 and 2 ranged from 84.7% correct (bone) to
12.5% correct (mugs). The ranges were smaller with

theHP sentences but were still substantial for the listen-

erswithhearing loss (34.7%).Again for the listenerswith

hearing loss, performance at 8 dB S/N on the HP words

ranged from 100% correct (bone and crew) to 65.3% cor-

rect (wits). This heterogeneity of recognition performan-

ces on the words presented at the same SNR is merely

reflecting the fact that SNR is but one variable that influ-
ences recognition performance. Stated differently, equal

recognition performance on words is not necessarily

accomplished at the same SNR or the same presentation

level in quiet. With such large ranges of recognition per-

formances at a given SNR, it is not surprising that a ran-

domsampling ofwords,which is howeach list of sentences

was compiled for the multiple SNR paradigm, would pro-

duce irregularities in the psychometric function.

EXPERIMENT 2

Experiment 1 was a concept study that purposed

to determine the feasibility of transforming the

R-SPIN into a paradigm that provided the psychometric

functions in terms of SNR for the LP and HP sentences

and provided the 50% points on the functions that could
be used as a single metric to describe performance on

the two tasks. The results from Experiment 1 demon-

strated that the concept was viable but that some refine-

ment was needed. Specifically, the R-SPIN LP and HP

functions on both the listeners with normal hearing and

the listeners with hearing loss (Fig. 2) were irregular in

that performances at adjacent SNRs were not systematic

throughout the range of SNRs; that is, performance did

not always improve with an improvement in SNR. As

previously mentioned, such a finding was not surprising
because the sentences for each SNR were selected arbi-

trarily based only on their location in the sentence list.

That is, the first five sentences on List 3 were assigned

to the 23 dB S/N, with the next five sentences assigned to

the 20 dB S/N, and so on. The complementary sentences

in List 4 were reordered so that eachHP andLP sentence

pair was assigned to the same SNR. Thus, assignment of

the complementary sentences to the various SNRs also
was done without regard to the psychometric character-

istics of the target sentences. The purpose of Experiment

2 was to generate recognition-performance data that

could guide the selection of the words to be used at the

various SNRs that would provide (1) homogeneous

performances at each SNR and (2) overall systematic

psychometric functions. Optimally, these data would

involve complete psychometric functions in the SNR
domain on the 400 R-SPIN sentences. Because of certain

constraints, an abbreviated experiment was designed in

which psychometric data were obtained on groups of 15

sentences (words) at each of three SNRs for each of the

four R-SPIN list pairs (i.e., Lists 1 and 2, 3 and 4, 5 and 6,

and 7 and 8). From these more limited psychometric

data, lists would be developed for both the LP and the

HP sentences with the constraint that each LP and
HP word appear at the same SNR.

Methods

Materials

As just mentioned, ideally for this project complete

psychometric functions on each of the 400 sentences
(200 words by two predictability levels) would be de-

veloped. Because such a massive undertaking would

involve substantial time for data collection andmultiple

test sessions per listener, the design was limited to

partial functions (over three SNRs) on each LP word

(sentence) without regard to performance on the com-

plementary HP word. Because of the minimal informa-

tion provided by the listeners with hearing loss at
the 24 dB S/N in Experiment 1, Experiment 2 was

restricted to 9SNRs (21 to 23 dBS/N in 3dBdecrements).

The first 15 sentences of each of the odd-numbered sen-

tence lists were assigned to the first three SNRs (23, 20,

and 17 dB); the second 15 sentences were assigned to

the next three SNRs (14, 11, and 8 dB); and the third

15 sentences were assigned to the final three SNRs

(5, 2, and 21 dB). The last five sentences in each
odd-numbered list and their complementary sentence

in the even-numbered list were not used.

The even-numbered sentence lists were reordered so

that the LP sentences and their complementary HP

Table 3. Measures of Central Tendency on the
Recognition Performances (% correct) on R-SPIN List
Pair 1 and 2 by 24 Listeners with Normal Hearing and 72
Listeners with Hearing Loss in Experiment 1

Normal Hearing Hearing Loss

HP LP HP LP

Mean 98.9 85.4 89.9 50.5

SD 2.2 14.2 8.1 18.0

Max 100.0 100.0 100.0 84.7

Min 91.7 50.0 65.3 12.5

Range 8.3 50.0 34.7 72.2

Note: Each of the four conditions had 50 sentences. The lists were

administered at the 8 dB S/N. A complete listing of the performances

on the 100 words is in Table S1, supplemental to the online version of

this article.
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sentences were at the same SNR. Throughout the com-

pilation of thematerials, the unique babble sample with

each sentence was maintained, and the sentence num-

ber (1–15) in the revised list was announced on the
recording. Each list of 15 sentences was randomized

with 7 LP sentences and 8 HP sentences or vice versa.

The 72 lists (4 list pairs 3 2 predictabilities [inter-

mingled] 3 9 SNRs) were recorded on CD (Hewlett

Packard, Model GWA-4162B).

Subjects

As Bilger et al (1984) argued, “a test should be stand-

ardized using the clinical population for which it is

intended” (p. 34). Thus, only listeners with hearing loss

(for pure tones) were involved in this experiment. Forty-

eight older listeners, 56 to 82 yr of age (mean5 67.6 yr;

SD5 7.6 yr), withmild-to-severe sensorineural hearing
loss participated. The mean maximum word recogni-

tion in quiet on the NU No. 6 materials (Department

of Veterans Affairs, 2006) was 85.7% (SD 5 11.6%).

The mean pure-tone audiogram is displayed in Figure 3.

The mean PTA was 30.7 dB HL (SD 5 8.4 dB), and the

mean HFPTA was 46.7 dB HL (SD 5 11.6 dB).

Procedures

Each participant listened to two of the four sentence

list pairs at nine SNRs with 30 sentences (15 LP and 15

HP) at each SNR (540 sentences/participant). Among

the listeners, each list pair of sentences was given an

equal number of times (48) with the order of the condi-
tions for each listener randomized. The materials were

reproduced by a CD player (Sony, Model CDP-CE375)

and fed through an audiometer (Grason-Stadler, Model

61) to an insert earphone (ER-3A). Testing was monau-

ral with 24 right ears and 24 left ears tested. All testing

was conducted in a sound boothwith the verbal responses

of the listener recorded into a spreadsheet. Data collec-

tion took about 1 hr.

Results and Discussion

The mean results for the four list pairs are given in

Table 4 and illustrated in Figure 4; data on the individ-

ual LP and HPwords are provided in Tables S2, S3, and

S4, supplemental to the online version of this article. In

Table 4, the mean recognition performances and stand-

ard deviations are listed for the nine SNRs along with
the 50% points and slopes at the 50% points of the func-

tions depicted in Figure 4. Within the predictability cat-

egories, the mean 50% points ranged 0.5 dB for the HP

sentences (1.5–2.0 dB S/N) and 1.1 dB for the LP sen-

tences (7.7–8.8 dB S/N), which demonstrates good

equivalency on the 50% metric within the two catego-

ries. There were two slight irregularities apparent in

the LP data shown in Figure 4 that have implications
for the materials developed for Experiment 3. The rec-

ognition performances on the LP materials are in fact

grouped according to the three groupings of SNRs (17

to 23 dB, 8 to 14 dB, and 21 to 5 dB). The transition

between performances on the LP sentences at 17 and

14 dB S/N is irregular as, to a lesser degree, is the tran-

sition between performances at 5 and 8 dB S/N. These

irregularities occurred with each of the four list pairs.
Although the functions generated in Experiment 2

were slightly irregular, the four R-SPIN list pairs were

a good first approximation of the desired effect of sys-

tematic LP and HP psychometric functions on listeners

with hearing loss over the –1 to 23 dB S/N range. The

individual LP data from the listeners with hearing loss

(Tables S2, S3, and S4, supplemental to the online ver-

sion of this article) provide the information necessary to
compile the R-SPIN materials into a paradigm that

incorporates five LP and five HP words at each of nine

SNRs.

EXPERIMENT 3

The purpose of this experiment was to use the psy-

chometric data from Experiment 2 to restructure
the four list pairs of R-SPIN materials into the multiple

SNR paradigm. The second purpose was to evaluate the

newly constructed materials on listeners with normal

hearing and listeners with sensorineural hearing loss.

Methods

Materials

The new lists based on the data from Experiment 2

could be compiled using one of two strategies. Either

the sentences could be maintained as four pools of
Figure 3. Mean audiogram for the test ear of the 48 listeners
with hearing loss in Experiment 2. The vertical lines are 61 SD.
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words, or all sentences could be combined into one pool

from which four new list pairs could be developed.

Because of the relative systematic functions demon-

stratedby thedata inFigure4, thedecisionwas tomaintain

the four pools of materials used in Experiment 2. Two

randomizations of each of the four R-SPIN list pairs

(eight lists) were developed, each list using 45 sentences

(the lists are included in Tables S5–S8, supplemental to
the online version of this article). As with the previous

experiments, five words (sentences) were included at

each of nine SNRs from 23 to21 dB in 3 dB decrements.

Which words were assigned to which SNRs were based

on the psychometric data generated on the LP words in

Experiment 2. Performances on the LPwords were used

because the dynamic portions of the psychometric func-

tions for the LP words involved wider ranges of SNRs
than did the dynamic portions of the functions for the

HPwords. Recall that in Experiment 2, recognition per-

formance on each word was determined for three con-

tiguous SNRs, for example, 17, 20, and 23 dB. Based

on those percent correct data for the LP words, the sen-

tences or words were compiled in Experiment 3 to meet

the following previously mentioned criteria: (1) provide

relatively homogeneous performances at each SNR and
(2) provide a systematic change in performance coinci-

dent with the change in SNR. For each group of 15 LP

words at the three SNRs, the intention, which was not

always accomplished, was to take the five words with

the best recognition performances in Experiment 2 and

assign them to the highest SNR of that group. At the

other extreme of the 15 words, the five words with the

poorest recognition performances were assigned to

the lowest SNR of the group. The remaining five words

Figure 4. The psychometric functions obtained for the four
R-SPIN list pairs in Experiment 2 from 48 listeners with hearing
loss. The lines through the datum points are the best-fit, third-
degree polynomials used to describe the data.

Table 4. Mean Percent Correct Recognition and SDs for the HP and LP Sentences from the Four R-SPIN List Pairs from
48 Listeners with Hearing Loss in Experiment 2

Lists 1 and 2 Lists 3 and 4 Lists 5 and 6 Lists 7 and 8

dB S/N Mean SD Mean SD Mean SD Mean SD

High Predictability (HP)

23 99.2 2.3 100.0 0.0 97.8 3.8 99.7 1.1

20 99.2 1.7 99.4 2.2 99.2 2.3 99.7 1.1

17 97.5 3.5 99.4 1.5 98.1 2.7 99.2 1.7

14 95.6 4.0 96.1 5.1 93.3 8.5 94.7 4.8

11 93.6 5.2 95.0 5.9 93.3 8.6 92.2 8.3

8 89.7 8.2 91.4 8.8 86.7 12.2 86.9 10.3

5 80.3 10.7 78.6 17.0 74.2 11.6 76.9 18.1

2 51.7 17.5 49.4 12.9 45.8 20.3 51.1 17.4

21 19.4 10.0 13.3 10.0 18.6 10.8 17.8 7.6

50% (dB S/N) 1.5 1.8 2.0 1.7

Slope (%/dB) 10.4 10.9 9.0 9.9

Low Predictability (LP)

23 89.6 9.3 91.7 5.0 83.9 12.1 86.4 9.0

20 87.5 8.9 91.1 5.4 81.9 13.2 84.4 12.8

17 82.8 13.6 87.8 8.1 78.6 15.1 76.4 16.0

14 66.9 21.0 70.0 14.8 63.1 21.4 71.4 14.2

11 63.3 22.7 61.4 13.7 56.1 27.3 68.9 15.6

8 56.7 22.0 57.8 15.3 48.6 22.5 55.0 17.9

5 31.7 20.0 33.9 15.8 36.9 17.2 28.1 20.3

2 14.4 15.4 21.9 17.7 20.3 15.7 12.8 9.2

21 7.5 8.8 5.6 9.1 7.5 6.3 3.6 4.7

50% (dB S/N) 8.3 7.7 8.8 8.2

Slope (%/dB) 4.5 4.6 3.7 4.7

Note: Each datum point represents performance on 15 sentences by 24 listeners. The 50% points calculated from the polynomial equations of

the mean functions in Figure 4 also are listed along with the slopes of the mean functions at the 50% points.
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in themiddle of the performance range were assigned to
the middle SNR in the group of three SNRs. A secon-

dary criterion was to minimize the number of words

with similar phonemes at each SNR. For each list pair,

the same LP and HP target words were used at the var-

ious SNRs with either three LP and two HP or two LP

and three HP words employed in the complementary
lists at each SNR. This procedure was repeated for each

of the three SNR groupings used in Experiment 2. Each

45-sentence list was 6.5 min.

For each of the reconstituted lists, the sequencing of

the “Number __” that preceded each sentence was main-

tained from “Number 1” to “Number 45.” There were two

variables related to “Number __” being spoken. First, the

level of the babble was about 10 dB lower than the level
of the babble during the sentence presentation. Second,

to provide a listening cue to the listener, the level of

“Number __” was decremented from23 to 17 dBS/N after

which that level maintained at the six lower SNRs. After

the lists had been compiled and the SNRs had been set,

the materials were recorded on CD.

Finally, a practice list wasmade to familiarize the par-

ticipants with the protocol. Both LP and HP sentences of
10 target words were selected from sentences 46–50 in

each of the odd R-SPIN lists, which was a total of 20

Figure 5. Mean audiogram for the test ear of the 64 listeners
with hearing loss in Experiment 3. The vertical lines are 61 SD.

Table 5. Mean Percent Correct (and SDs) for the High-Predictability (HP) and Low-Predictability (LP) Words from
the 16 Listeners with Normal Hearing in Experiment 3 Are Listed along with the 50% Points Calculated with the
Spearman-Kärber Equation and from the Polynomial Equation

Lists 1 and 2 Lists 3 and 4 Lists 5 and 6 Lists 7 and 8

dB SNR Mean SD Mean SD Mean SD Mean SD

Normal Hearing—HP

23 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0

20 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0

17 100.0 0.0 100.0 0.0 97.5 6.8 100.0 0.0

14 98.8 5.0 100.0 0.0 98.8 5.0 100.0 0.0

11 100.0 0.0 98.8 5.0 100.0 0.0 100.0 0.0

8 97.5 6.8 100.0 0.0 91.3 10.2 98.8 5.0

5 100.0 0.0 98.8 5.0 98.8 5.0 98.8 5.0

2 96.3 8.1 95.0 8.9 96.3 10.9 50.0 16.3

21 80.0 19.3 63.8 28.5 51.3 16.3 38.8 5.0

SK 50% (dB S/N) 21.7 0.8 21.2 0.9 20.5 1.0 0.9 0.6

Polynomial

50% (dB S/N) 24.1 22.8 21.7 0.4

Slope (%/dB) 11.9 10.9 11.9 10.9

Normal Hearing—LP

23 100.0 0.0 100.0 0.0 98.8 5.0 100.0 0.0

20 100.0 0.0 100.0 0.0 95.0 11.5 100.0 0.0

17 97.5 6.8 96.3 8.1 87.5 12.4 97.5 6.8

14 92.5 10.0 97.5 6.8 93.8 12.0 96.3 8.1

11 90.0 12.6 90.0 12.6 93.8 9.6 90.0 12.6

8 82.5 12.4 81.3 18.6 61.3 28.7 97.5 6.8

5 78.8 18.6 93.8 14.1 93.8 14.1 81.3 15.4

2 58.8 17.1 75.0 17.1 82.5 14.4 80.0 19.3

21 11.3 12.6 8.8 12.6 41.3 17.1 46.3 12.0

SK 50% (dB S/N) 3.2 1.7 2.2 1.3 2.1 1.9 0.8 1.2

Polynomial

50% (dB S/N) 1.8 1.1 20.9 21.0

Slope (%/dB) 10.1 12.9 8.9 9.2

Note: The slopes of the polynomials at the 50% point from Figure 6 also are listed.
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words. The LP and HP versions of two sentences were

fixed at 23 dB S/N, and two other sentences were used

at 20 dB S/N. For the remaining six SNRs from 17 to

2 dB in 3 dB decrements, two sentences per SNR were
selected with the complementary LP and HP sentences

used at sequential SNR. The practice list was 3 min.

Subjects

Sixteen listenerswith normal hearing (mean5 24.5 yr,

SD 5 2.8 yr) and 64 listeners with hearing loss (mean 5

63.0 yr, SD 5 6.0 yr) participated. For the listeners with

hearing loss, the mean maximum word recognition in

quiet on theNUNo. 6materials (Department of Veterans
Affairs, 2006) was 90.3% (SD 5 9.9%). The mean pure-

tone audiogram for the test ear is displayed in Figure 5.

The mean PTA was 23.7 dB HL (SD 5 9.1 dB), and

the mean HFPTA was 38.9 dB HL (SD 5 10.4 dB).

Procedure

Each participant listened to a randomization of each

of the eight, 45-sentence lists that were presented in

random order. The list randomizations were random-

ized among the participants with each list used an equal
number of times within each subject group. As in the

previous experiments, the materials were reproduced

by a CD player and fed through an audiometer to an

insert earphone (ER-3A). Testing was monaural with

the right ear being the test ear in half the listeners from

both groups. All testing was conducted in a sound booth

with the verbal responses recorded into a spreadsheet.
Data collection took about 1 hr.

Results and Discussion

The results from Experiment 3 are shown in Table 5

and Figure 6 for the listeners with normal hearing and

in Table 6 and Figure 7 for the listeners with hearing

loss. Additionally, the mean percent corrects (and

standard deviations) for each of the 180 LP and HP
words for the two groups of listeners are listed in the

supplemental materials (Tables S5–S8, supplemental

to the online version of this article). In Figures 6 and

7 the psychometric functions are plotted for LP words

(triangles) and HP words (circles). Second- and third-

degree polynomials were used to describe the dynamic

portions of the functions. As expected, the recognition

performances by the listeners with normal hearing
were better than the performances on the correspond-

ing conditions by the listeners with hearing loss. The

general shapes of the functions were systematic with

decreases in recognition performance coincident with

decreases in the SNR; there were, however, exceptions

to this generalization. Half of the functions for the listen-

ers with normal hearing had irregularities (Table 5), viz,

Figure 6. The mean psychometric functions in percent correct for the high-predictability (HP, circles) and low-predictability (LP, tri-
angles) words obtained in Experiment 3 with the four list pairs from 16 listeners with normal hearing. The vertical lines define 61 SD.
Second- and third-degree polynomials are used to describe the data.
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Lists 3 and 4, LP; Lists 5 and 6, LP and HP; and Lists 7

and 9, LP. Similarly, there were irregularities in half the
functions for the listeners with hearing loss (Table 6),

viz, Lists 1 and 2, LP; Lists 3 and 4, LP; and Lists 7

and 8, HP and LP. The majority of the irregularities

occurred between the boundaries of the contiguous

blocks of three SNRsdevised inExperiment 2,most nota-

bly in Table 5 between SNRs of 5 and 8 dB with the LP

words. With Lists 3 and 4 of the LP words in Table 5, the

performances in the 14 to 8 dB S/N block were 97.5, 90.0,
and 81.3%, whereas the performances in the 5 to 21 dB

S/N block were 93.8, 75.0, and 8.8%. In both SNR blocks

the performances were systematic; however, the per-

formance at 5 dB S/N (93.8%) was substantially better

than the performance at the more favorable 8 dB S/N

(81.3%). The reason for this irregularity is because of

the restricted grouping of 15 words in each of the blocks

of three SNRs that fostered systematics within the
blocks but not necessarily between blocks.

The data from the four conditions (low and high pre-

dictability3 two list pairs) administered to each partic-

ipant were used in the Spearman-Kärber equation (SK)

to computed estimates of the SNRs (dB) at which 50%

performance was achieved. The mean data are listed in
the SK 50% rows of Tables 5 and 6. These performances

for both groups of listeners were subjected to analyses of

variance (ANOVA) using the General Linear Model.

Initially the performance on the HP and LP words

was examined individually for both groups of listeners.

For theHPwords, the results showed a significantmain

effect of list pair [F(3,234) 5 32.7, p , .001] and a sig-

nificant main effect of group [F(1,78) 5 31.7, p , .001],
along with a significant interaction between list pair

and group [F(3,234) 5 8.4, p , .001]. As expected,

the younger listeners with normal hearing performed

better than the older listeners with hearing loss on each

list pair. Performance on the HP words collapsed across

group showed significantly poorer performance on List

Pair 7 and 8 than on any of the other three list pairs.

This finding was also true for just the young listeners
with normal hearing; additionally, the performance

on the HP words for List Pair 5 and 6 also was signifi-

cantly poorer than the performance on List Pair 1 and 2.

For the listeners with hearing loss, performance on the

Table 6. Mean Percent Correct (and SDs) for the High-Predictability (HP) and Low-Predictability (LP) Words from the 64
Listenerswith Hearing Loss in Experiment 3 Are Listed alongwith the 50%Points Calculatedwith the Spearman-Kärber
Equation and from the Polynomial Equation

Lists 1 and 2 Lists 3 and 4 Lists 5 and 6 Lists 7 and 8

dB SNR Mean SD Mean SD Mean SD Mean SD

Hearing Loss—HP

23 98.8 6.0 99.1 4.3 99.4 3.5 99.4 3.5

20 96.9 7.3 100.0 0.0 98.4 6.5 96.9 9.6

17 97.5 7.6 99.1 5.6 98.4 5.4 98.1 5.9

14 94.7 10.2 95.6 9.7 97.5 9.1 95.9 10.8

11 90.6 15.9 92.8 10.9 94.7 10.8 95.3 10.5

8 85.9 20.4 82.2 22.3 78.8 21.3 79.4 23.6

5 82.2 26.7 69.4 28.5 80.3 26.1 80.6 28.7

2 50.3 36.3 50.9 35.1 54.4 35.7 31.6 20.1

21 23.8 27.8 9.1 17.4 16.6 24.1 5.9 12.7

SK 50% (dB S/N) 2.9 3.3 3.6 2.9 2.9 3.0 4.0 2.5

Polynomial

50% (dB S/N) 1.5 2.4 1.8 2.8

Slope (%/dB) 9.2 9.1 9.4 9.8

Hearing Loss—LP

23 93.1 13.9 92.8 15.3 90.9 13.3 95.0 10.7

20 83.1 20.8 87.2 17.9 84.1 17.9 86.9 16.8

17 79.4 20.8 76.6 19.0 73.1 23.4 71.6 22.2

14 75.6 19.7 80.6 25.7 69.4 21.7 70.6 19.5

11 53.1 28.6 65.6 27.7 57.8 24.7 63.4 24.3

8 39.1 22.9 38.1 32.2 27.2 22.4 55.0 28.3

5 49.4 26.9 37.8 26.2 37.5 29.3 46.3 32.2

2 18.4 22.6 28.4 25.6 27.2 27.0 42.5 28.4

21 1.6 5.4 1.3 6.0 9.4 14.7 15.3 17.0

SK 50% (dB S/N) 9.7 3.8 9.2 3.9 10.2 4.1 8.1 4.1

Polynomial

50% (dB S/N) 8.3 7.9 10.0 5.1

Slope (%/dB) 3.8 4.3 3.7 3.7

Note: The slopes of the polynomials at the 50% point from Figure 7 also are listed.
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HP words was significantly poorer on List Pair 3 and 4
and List Pair 7 and 8 than on the other two list pairs.

Overall performance on the HP words was poorest for

List Pair 7 and 8 on both groups of listeners.

For the LP words, the results showed a significant

main effect of list pair [F(3,234) 5 19.7, p , .001]

and a significant main effect of group [F(1,78) 5 56.6,

p , .001], along with a significant interaction between

list pair and group [F(3,234) 5 2.9, p , .05]. Similar
to the HP words, the younger listeners with normal

hearing performed better on the LP words than the

older listeners with hearing loss for all four list pairs.

Both groups performed better on List Pair 7 and 8 than

the other three list pairs, which is opposite the relation

observed on List Pair 7 and 8with theHPwords for both

groups of listeners where performance was poorest.

When performance by list pair was examined for each
group, the results showed that for the younger listeners

the performance on List Pair 5 and 6 was not different

from the performances on the other three list pairs;

however, performance on List Pair 7 and 8 was signifi-

cantly better than the performances on List Pair 1 and 2

and List Pair 3 and 4. For the older listeners, the per-

formance on List Pair 7 and 8 was significantly better

than the performances on the other three list pairs. In
addition, the performance on List Pair 5 and 6 was sig-

nificantly poorer than the performance on List Pair 3

and 4.

A secondANOVAwas completed that included list pair
andword type (i.e., HP or LP) aswithin-subjects variables

and listener group as a between-subjects variable. The

main effect of list pair was not significant when collapsed

across word type and group nor was the interaction

between list pair and group significant when collapsed

across word type. As expected, there was a significant

main effect of word type [F(1,78)5 302.2, p , .001] such

that performance on the HPwords was better on average
by 5 dB than performance on the LP words collapsed

across list pairs for both groups of listeners. This signifi-

cant effect of word type also was seen within each list pair

as a function of group [F(3, 234]5 50.5, p, .001]. In addi-

tion, the interaction between word type and group also

was significant [F(1,78) 5 43.3, p , .001] such that the

difference in performance between LP and HP words

wasmuch greater for the older listeners with hearing loss
(z6 dB difference) than for the younger listeners with

normal hearing (z2.5 dB difference).

CONCLUSIONS

The results of this study indicate that theR-SPIN can

be configured into a multiple SNR paradigm that

within limits produces systematic psychometric func-
tions for the HP and LP sentences from which the

50% points (in dB SNR) easily can be calculated with

the Spearman-Kärber equation. In Experiment 1, (1)

Figure 7. The mean psychometric functions in percent correct for the high-predictability (HP, circles) and low-predictability (LP, tri-
angles) words obtained in Experiment 3 with the four list pairs from 64 listeners with hearing loss. The vertical lines define61 SD. Third-
degree polynomials are used to describe the data.
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performances by the listeners with normal hearing were

better than the performances by the listeners with hear-

ing loss by 4.3 (HP), 9.8 (LP), and 9.1 dB (WIN); (2) for the

listeners with normal hearing the HP–LP difference was
2.2 dB, increasing to 7.7 dB for the listeners with hearing

loss; (3) the HP-WIN and LP-WIN differences were 4.1

and 1.9 dB for the listeners with normal hearing and

8.9 and 1.2 dB for the listeners with hearing loss; and

(4) with List Pair 1 and 2 that was administered at

the nominal 8 dB S/N, the HP, LP difference was

13.5% for the listeners with normal hearing, which

reflected ceiling effects, and 39.4% for the listeners with
hearing loss. Experiment 2 demonstrated that the four

list pairs ofR-SPINmaterials produced goodfirst approx-

imation psychometric functions over the –1 to 23 dB S/N

range on listeners with hearing loss, but there were

slight irregularities in the functions. The data generated

in Experiment 2 were used to develop the test lists that

were evaluated in Experiment 3. The materials devel-

oped generatedpsychometric functions thatwere reason-
ably systematic for both listeners with normal hearing

and listeners with hearing loss. The 50% points on the

corresponding functions were in good agreement for

the LP and HP conditions for both groups of listeners.

The psychometric functions for List Pairs 1 and 2, 3

and 4, and 5 and 6 had similar characteristics and main-

tained reasonable separations, whereas the functions for

List Pair 7 and 8 bisected one another at the lower SNRs.
Overall, performance calculated from the individual data

at the 50%points varied 1.1 to 2.6 dB among the list pairs

of the respective four conditions. Performance on the HP

words of List Pair 7 and 8 was poorer than the perform-

ances on the other three list pairs. In contrast to the HP

words, the best performance at the 50%pointwith theLP

words was observed on the List Pair 7 and 8.

The data in the current study should be considered
mainly for demonstration purposes. An ideal follow-

up study would ignore the current eight list structure

of the R-SPIN and develop the psychometric character-

istics of each of the 200 HP and the 200 LP sentences

using listeners across the adult age range with repre-

sentative hearing loss for pure tones. Based on the data

primarily from the LP sentences, lists in a descending

presentation level paradigm with good equivalence and
with systematic psychometric characteristics could be

fabricated.
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NOTES

1. Because the task of the listener with the SPIN or R-SPIN is to
recognize the last word in a sentence, throughout this manu-
script the terms sentences and words are used interchangeably
within the context of the SPIN and R-SPIN.

2. The SNRwas based on data fromPearsons et al (1977) that indi-
cated that 8 dB S/N was the median SNR “encountered across a
wide range of real-life situations” (Bilger, 1984a, p. 8). It is impor-
tant to remember, however, that recognition performance at any
SNR is dependent on the characteristics of the speech materials.

3. The R-SPIN is available on CD for a nominal charge through
the Department of Speech and Hearing Science, University
of Illinois, Champaign, IL 61820.
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Supplemental Material 
 
Table SM1.  The percent correct of each R-SPIN word (Lists 1 and 2) at 8-dB S/N from the 72 listeners with 
hearing loss (HL) and the 24 listeners with normal hearing (NH) in Experiment 1.  The HL data were used in 
the rank ordering.    

 
 High Predictability (HP) Low Predictability (LP) 
 

 Word HL % NH % Word HL % NH % Word HL % NH % Word HL % NH % 

 
 BONE 100.0 100.0 DRUG 90.3 100.0 BONE 84.7 100.0 DEN 52.8 83.3 
 CREW 100.0 100.0 SILK 90.3 100.0 HOST 80.6 100.0 SPOON 47.2 100.0 
 CRIB 98.6 100.0 SWORD 90.3 100.0 COIN 73.6 87.5 FOAM 45.8 50.0 
 DRAIN 98.6 95.8 TOLL 90.3 100.0 HUT 73.6 100.0 OATH 43.1 83.3 
 COIN 97.2 100.0 CALF 88.9 100.0 MAP 73.6 91.7 SILK 43.1 70.8 
 CROOK 97.2 100.0 HUT 88.9 100.0 CRASH 70.8 100.0 CLIFF 41.7 83.3 
 HAY 97.2 100.0 OATH 88.9 95.8 OX 70.8 95.8 MIST 41.7 87.5 
 KNOB 97.2 100.0 SKIRT 88.9 100.0 PIE 70.8 100.0 TANKS 40.3 91.7 
 MAP 97.2 100.0 FOAM 87.5 95.8 PILE 68.1 100.0 CRACK 38.9 91.7 
 POND 97.2 91.7 OX 87.5 100.0 RISK 68.1 95.8 DRAIN 38.9 83.3 
 SPOON 97.2 100.0 SPLASH 87.5 100.0 KNOB 66.7 79.2 SWORD 38.9 83.3 
 STEAM 97.2 100.0 VAN 86.1 100.0 VAN 66.7 87.5 FEAST 36.1 91.7 
 CLOCK 95.8 100.0 BEND 84.7 95.8 PET 65.3 95.8 POND 36.1 83.3 
 GIN 95.8 100.0 BRAIDS 84.7 100.0 LAP 63.9 91.7 STEAM 36.1 91.7 
 LAP 95.8 100.0 DEN 84.7 95.8 SKIRT 63.9 95.8 HIPS 33.3 66.7 
 LUNGS 95.8 91.7 MIST 84.7 100.0 TOLL 63.9 100.0 SLEEVES 31.9 79.2 
 CRACK 94.4 100.0 MUGS 84.7 100.0 HAY 62.5 100.0 BRAIDS 30.6 83.3 
 GROWL 94.4 100.0 RISK 84.7 100.0 CLOCK 61.1 87.5 CALF 29.2 50.0 
 HOST 94.4 100.0 PILE 81.9 95.8 DRUG 61.1 70.8 LANES 27.8 87.5 
 PET 94.4 95.8 TANKS 80.6 100.0 CREW 59.7 91.7 SPLASH 27.8 100.0 
 PIE 94.4 100.0 CLIFF 75.0 100.0 GIN 59.7 58.3 WITS 27.8 75.0 
 RAG 94.4 95.8 BLUSH 73.6 100.0 GROWL 58.3 87.5 CRIB 25.0 75.0 
 LANES 93.1 100.0 HIPS 72.2 100.0 BLUSH 56.9 100.0 BEND 22.2 50.0 
 SLEEVES 93.1 100.0 FEAST 69.4 100.0 CROOK 56.9 100.0 LUNGS 19.4 62.5 
 CRASH 90.3 100.0 WITS 65.3 95.8 RAG 56.9 87.5 MUGS 12.5 62.5 
 
 Mean    89.9 98.9     50.5 85.4 
 SD    8.1 2.2     18.0 14.2 
 Range    34.7 8.3     72.2 50.0 
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Table SM2.  The percent correct recognition for each word in the low predictability (LP) and high predictability (HP) conditions at the 
various signal-to-noise ratios (dB S/N).  Each datum point was from 24 listeners with hearing loss in Experiment 2.  The list pairs of the 
sentences also are indicated.   
 
------------------23-dB S/N----------------- ------------------20-dB S/N----------------- ------------------17-dB S/N----------------- 
List Word LP HP List Word LP HP List Word LP HP 
 
1-2 COIN 100.0 100.0 1-2 COIN 100.0 100.0 1-2 COIN 100.0 100.0 
1-2 DRUG 100.0 91.7 7-8 BELT 100.0 100.0 1-2 SKIRT 100.0 100.0 
1-2 SKIRT 100.0 100.0 7-8 GOWN 100.0 100.0 7-8 BELT 100.0 100.0 
5-6 RUG 100.0 95.8 1-2 BONE 95.8 100.0 7-8 GOWN 100.0 100.0 
7-8 GOWN 100.0 100.0 1-2 DRUG 95.8 95.8 1-2 OX 95.8 100.0 
1-2 BONE 95.8 100.0 1-2 SKIRT 95.8 100.0 3-4 BROOM 95.8 100.0 
1-2 FOAM 95.8 100.0 3-4 BROOM 95.8 100.0 3-4 DITCH 95.8 100.0 
1-2 RAG 95.8 100.0 3-4 DITCH 95.8 100.0 3-4 SPRAY 95.8 100.0 
3-4 AID 95.8 100.0 3-4 ROAR 95.8 100.0 3-4 TRUCK 95.8 100.0 
3-4 BOMB 95.8 100.0 3-4 SCARE 95.8 100.0 5-6 SHED 95.8 100.0 
3-4 BROOM 95.8 100.0 3-4 TEA 95.8 100.0 5-6 WAX 95.8 100.0 
3-4 DITCH 95.8 100.0 3-4 TRUCK 95.8 100.0 1-2 BONE 91.7 95.8 
3-4 GRIN 95.8 100.0 5-6 SHED 95.8 100.0 1-2 FOAM 91.7 100.0 
3-4 ROAR 95.8 100.0 5-6 TRAP 95.8 100.0 1-2 RISK 91.7 91.7 
5-6 SHED 95.8 100.0 7-8 BAY 95.8 100.0 3-4 AID 91.7 100.0 
5-6 WAX 95.8 95.8 7-8 GRAIN 95.8 100.0 3-4 CRUISE 91.7 100.0 
7-8 BAY 95.8 100.0 1-2 CRACK 91.7 100.0 3-4 ROAR 91.7 100.0 
7-8 BELT 95.8 95.8 1-2 FOAM 91.7 100.0 3-4 TEA 91.7 100.0 
1-2 CRACK 91.7 100.0 1-2 OX 91.7 100.0 5-6 HEDGE 91.7 91.7 
1-2 OX 91.7 100.0 1-2 RISK 91.7 100.0 5-6 RUG 91.7 95.8 
1-2 SPOON 91.7 100.0 3-4 BOMB 91.7 100.0 7-8 BAY 91.7 100.0 
3-4 CRUISE 91.7 100.0 3-4 CRUISE 91.7 100.0 1-2 DRUG 87.5 91.7 
3-4 DIME 91.7 100.0 3-4 DIME 91.7 91.7 1-2 RAG 87.5 100.0 
3-4 SCARE 91.7 100.0 3-4 SHEETS 91.7 100.0 3-4 BOMB 87.5 100.0 
3-4 SPRAY 91.7 100.0 3-4 SPRAY 91.7 100.0 3-4 SCARE 87.5 95.8 
3-4 TEA 91.7 100.0 5-6 DIVE 91.7 100.0 3-4 SCREEN 87.5 100.0 
3-4 TRUCK 91.7 100.0 5-6 RUG 91.7 100.0 5-6 CLIP 87.5 100.0 
5-6 HEDGE 91.7 100.0 5-6 SLOT 91.7 100.0 5-6 TRAP 87.5 95.8 
7-8 GRAIN 91.7 100.0 5-6 WAX 91.7 100.0 7-8 VEST 87.5 100.0 
7-8 VEST 91.7 100.0 7-8 BROW 91.7 100.0 1-2 SPOON 83.3 100.0 
1-2 LAP 87.5 95.8 7-8 MOUSE 91.7 100.0 5-6 NAP 83.3 100.0 
1-2 RISK 87.5 100.0 7-8 PLEA 91.7 100.0 7-8 GRAIN 83.3 100.0 
3-4 SCREEN 87.5 100.0 1-2 RAG 87.5 100.0 7-8 KNIFE 83.3 95.8 
5-6 BET 87.5 100.0 1-2 SPOON 87.5 100.0 7-8 MOUSE 83.3 100.0 
5-6 CLIP 87.5 95.8 3-4 SCREEN 87.5 100.0 1-2 CRACK 79.2 100.0 
5-6 DIVE 87.5 100.0 5-6 CLIP 87.5 100.0 1-2 LAP 79.2 95.8 
5-6 SLOT 87.5 100.0 5-6 HEDGE 87.5 100.0 3-4 CROWN 79.2 100.0 
7-8 MOUSE 87.5 100.0 7-8 VEST 87.5 100.0 3-4 SHEETS 79.2 100.0 
7-8 SHEEP 87.5 100.0 1-2 CROOK 83.3 95.8 5-6 BET 79.2 100.0 
7-8 SKUNK 87.5 100.0 3-4 AID 83.3 100.0 5-6 DIVE 79.2 100.0 
7-8 TUB 87.5 100.0 3-4 CROWN 83.3 100.0 5-6 SLOT 79.2 100.0 
3-4 SHEETS 83.3 100.0 5-6 SLICE 83.3 100.0 7-8 SPOOL 79.2 100.0 
5-6 SLICE 83.3 100.0 7-8 KNIFE 83.3 95.8 3-4 GRIN 75.0 100.0 
5-6 SPONGE 83.3 100.0 7-8 SPOOL 83.3 100.0 5-6 FLAME 75.0 100.0 
5-6 TRAP 83.3 100.0 1-2 LAP 79.2 100.0 5-6 SLICE 75.0 100.0 
7-8 BROW 83.3 100.0 3-4 GRIN 79.2 100.0 7-8 BROW 75.0 100.0 
7-8 KNIFE 83.3 100.0 5-6 BET 79.2 100.0 3-4 DIME 70.8 95.8 
7-8 SPOOL 83.3 100.0 7-8 SKUNK 79.2 100.0 7-8 SKUNK 70.8 95.8 
1-2 SPLASH 81.0 100.0 1-2 LUNGS 75.0 95.8 1-2 LUNGS 66.7 100.0 
1-2 CROOK 79.2 100.0 1-2 SPLASH 75.0 100.0 1-2 SPLASH 66.7 100.0 
3-4 CROWN 79.2 100.0 5-6 FLAME 75.0 100.0 7-8 PLEA 66.7 100.0 
5-6 FLAME 79.2 87.5 5-6 NAP 75.0 100.0 7-8 SHEEP 66.7 100.0 
5-6 NAP 79.2 100.0 1-2 STEAM 70.8 100.0 1-2 STEAM 62.5 95.8 
7-8 PLEA 79.2 100.0 5-6 SPONGE 70.8 100.0 1-2 CROOK 58.3 91.7 
7-8 SHOCK 79.2 100.0 7-8 SHEEP 70.8 100.0 5-6 SPONGE 58.3 95.8 
1-2 STEAM 75.0 100.0 7-8 SHOCK 70.8 100.0 7-8 TUB 58.3 95.8 
1-2 LUNGS 70.8 100.0 7-8 TUB 66.7 100.0 5-6 LAMP 50.0 95.8 
5-6 SCREAM 62.5 91.7 5-6 LAMP 62.5 95.8 5-6 SCREAM 50.0 95.8 
7-8 SAP 62.5 100.0 7-8 SAP 58.3 100.0 7-8 SAP 50.0 100.0 
5-6 LAMP 54.2 100.0 5-6 SCREAM 50.0 91.7 7-8 SHOCK 50.0 100.0 
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Table SM3.  The percent correct recognition for each word in the low predictability (LP) and high predictability (HP) conditions at the 
various signal-to-noise ratios (dB S/N).  Each datum point was from 24 listeners with hearing loss in Experiment 2.  The list pairs of the 
sentences also are indicated.   
 
------------------14-dB S/N----------------- ------------------11-dB S/N----------------- -------------------8-dB S/N------------------- 
List Word LP HP List Word LP HP List Word LP HP 
 
1-2 HUT 95.8 100.0 1-2 VAN 100.0 91.7 1-2 VAN 95.8 87.5 
7-8 FLEET 95.8 100.0 7-8 FLEET 91.7 100.0 1-2 HOST 91.7 87.5 
1-2 CREW 91.7 95.8 1-2 HOST 87.5 95.8 3-4 BREAD 87.5 100.0 
1-2 HOST 91.7 100.0 1-2 HUT 87.5 95.8 7-8 FLEET 87.5 87.5 
3-4 ROPE 91.7 87.5 5-6 BENCH 87.5 95.8 1-2 HUT 83.3 83.3 
5-6 BROOK 91.7 95.8 5-6 BROOK 87.5 100.0 5-6 BROOK 83.3 87.5 
5-6 MINK 91.7 100.0 5-6 CAVE 87.5 100.0 3-4 ROPE 79.2 83.3 
1-2 VAN 87.5 91.7 5-6 MINK 87.5 100.0 7-8 BRUISE 79.2 91.7 
3-4 BREAD 87.5 100.0 1-2 CREW 83.3 100.0 3-4 DECK 75.0 87.5 
5-6 BENCH 87.5 100.0 7-8 BRUISE 83.3 95.8 5-6 BENCH 75.0 95.8 
7-8 LID 87.5 95.8 7-8 CHEERS 83.3 87.5 5-6 ROAST 75.0 87.5 
3-4 DECK 83.3 95.8 3-4 BREAD 79.2 100.0 7-8 NET 75.0 62.5 
3-4 KICK 83.3 100.0 3-4 ROPE 79.2 91.7 7-8 TASK 70.8 91.7 
5-6 RIB 83.3 100.0 3-4 STRAP 79.2 95.8 1-2 TANKS 66.7 87.5 
1-2 SILK 79.2 91.7 5-6 COAST 79.2 100.0 1-2 CREW 62.5 95.8 
3-4 STRAP 79.2 100.0 5-6 ROAST 79.2 95.8 3-4 MAST 62.5 95.8 
5-6 CAVE 79.2 91.7 7-8 CARDS 79.2 95.8 3-4 STRAP 62.5 91.7 
7-8 BRUISE 79.2 100.0 7-8 LID 79.2 95.8 3-4 STRIPES 62.5 100.0 
7-8 CARDS 79.2 95.8 7-8 TASK 79.2 95.8 7-8 CARDS 62.5 87.5 
7-8 SHELL 79.2 87.5 1-2 OATH 75.0 100.0 7-8 NOTCH 62.5 87.5 
7-8 TASK 79.2 95.8 1-2 SILK 75.0 91.7 1-2 GROWL 58.3 95.8 
1-2 GROWL 75.0 95.8 3-4 DECK 75.0 100.0 1-2 OATH 58.3 95.8 
1-2 OATH 75.0 100.0 7-8 NET 75.0 66.7 3-4 TACK 58.3 95.8 
3-4 CAP 75.0 100.0 7-8 NOTCH 75.0 91.7 5-6 CAVE 58.3 100.0 
3-4 SWAN 75.0 95.8 3-4 STRIPES 70.8 100.0 5-6 COAST 58.3 87.5 
5-6 ROAST 75.0 87.5 1-2 TANKS 66.7 83.3 5-6 GRIEF 58.3 83.3 
7-8 FUR 75.0 100.0 3-4 SWAN 66.7 95.8 5-6 MINK 58.3 91.7 
7-8 NET 75.0 87.5 3-4 TACK 66.7 100.0 5-6 RIB 58.3 87.5 
7-8 NOTCH 75.0 91.7 5-6 RIB 66.7 91.7 7-8 SHELL 58.3 87.5 
3-4 SEEDS 70.8 100.0 7-8 AIM 66.7 91.7 1-2 FEAST 54.2 70.8 
5-6 COAST 70.8 95.8 7-8 FUR 66.7 95.8 1-2 SILK 54.2 95.8 
7-8 CHEERS 70.8 87.5 7-8 SHELL 66.7 91.7 3-4 KICK 54.2 100.0 
1-2 GIN 66.7 100.0 1-2 FEAST 62.5 91.7 3-4 PORK 54.2 91.7 
1-2 TANKS 66.7 91.7 1-2 GROWL 62.5 100.0 3-4 SWAN 54.2 95.8 
3-4 TACK 66.7 95.8 1-2 GIN 58.3 91.7 7-8 CHEERS 54.2 83.3 
7-8 AIM 66.7 95.8 3-4 KICK 58.3 100.0 7-8 LID 54.2 87.5 
1-2 FEAST 62.5 91.7 3-4 MAST 58.3 95.8 1-2 GIN 50.0 100.0 
3-4 MAST 62.5 95.8 1-2 LANES 54.2 95.8 1-2 LANES 50.0 100.0 
3-4 PORK 62.5 95.8 3-4 CAP 54.2 95.8 3-4 BARK 50.0 70.8 
3-4 STRIPES 62.5 100.0 3-4 PORK 54.2 91.7 3-4 CAP 50.0 95.8 
1-2 LANES 58.3 95.8 5-6 GRIEF 54.2 87.5 3-4 GEESE 50.0 95.8 
3-4 BARK 58.3 91.7 7-8 FUDGE 54.2 87.5 1-2 CLIFF 45.8 79.2 
3-4 GEESE 58.3 100.0 1-2 CALF 50.0 91.7 5-6 ANT 45.8 87.5 
5-6 HEN 58.3 91.7 3-4 BARK 50.0 87.5 5-6 FUN 45.8 91.7 
7-8 JAR 58.3 100.0 3-4 GEESE 50.0 100.0 3-4 SEEDS 41.7 91.7 
5-6 DART 54.2 91.7 5-6 FUN 50.0 91.7 7-8 FUR 41.7 95.8 
5-6 FUN 54.2 100.0 7-8 JAR 50.0 100.0 7-8 JAR 41.7 100.0 
7-8 FUDGE 54.2 91.7 3-4 SEEDS 41.7 91.7 1-2 CALF 37.5 83.3 
7-8 ROW 54.2 100.0 7-8 CHIP 41.7 87.5 5-6 SAND 37.5 95.8 
5-6 ANT 50.0 95.8 7-8 ROW 41.7 100.0 7-8 ROW 37.5 95.8 
1-2 HIPS 45.8 100.0 1-2 HIPS 37.5 87.5 7-8 AIM 33.3 95.8 
5-6 FANS 45.8 66.7 3-4 BUGS 37.5 79.2 7-8 CHIP 33.3 83.3 
5-6 GRIEF 45.8 91.7 1-2 CLIFF 33.3 87.5 7-8 FUDGE 33.3 66.7 
1-2 CALF 41.7 87.5 5-6 HEN 33.3 95.8 5-6 DART 29.2 87.5 
7-8 CHIP 41.7 91.7 5-6 SAND 33.3 100.0 1-2 HIPS 25.0 91.7 
1-2 CLIFF 33.3 95.8 5-6 DART 29.2 95.8 3-4 BUGS 25.0 75.0 
1-2 DEN 33.3 95.8 5-6 ANT 25.0 91.7 5-6 CRATES 20.8 87.5 
3-4 BUGS 33.3 83.3 5-6 FANS 25.0 66.7 5-6 HEN 20.8 83.3 
5-6 CRATES 33.3 91.7 1-2 DEN 16.7 100.0 1-2 DEN 16.7 91.7 
5-6 SAND 25.0 100.0 5-6 CRATES 16.7 87.5 5-6 FANS 4.2 45.8 
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Table SM4.  The percent correct recognition for each word in the low predictability (LP) and high predictability (HP) conditions at the 
various signal-to-noise ratios (dB S/N).  Each datum point was from 24 listeners with hearing loss in Experiment 2.  The list pairs of the 
sentences also are indicated.   
 
 
-------------------5-dB S/N------------------ -------------------2-dB S/N------------------- ------------------- 1-dB S/N----------------- 
List Word LP HP List Word LP HP List Word LP HP 
 
1-2 MAP 83.3 95.8 1-2 MAP 62.5 62.5 1-2 MAP 33.3 4.2 
5-6 SPORT 75.0 83.3 3-4 CLUE 54.2 33.3 3-4 CLUE 29.2 8.3 
3-4 JOINTS 62.5 83.3 3-4 WHEAT 54.2 66.7 5-6 GANG 25.0 25.0 
7-8 JUICE 62.5 83.3 5-6 GANG 54.2 54.2 3-4 WHEAT 20.8 37.5 
3-4 CLUE 58.3 83.3 3-4 JOINTS 37.5 58.3 1-2 CRASH 16.7 8.3 
7-8 YELL 58.3 79.2 3-4 POLE 37.5 62.5 3-4 POLE 16.7 20.8 
5-6 HERD 54.2 58.3 5-6 FLOOD 37.5 37.5 1-2 POND 12.5 25.0 
5-6 PILL 54.2 70.8 5-6 HERD 33.3 25.0 1-2 SWORD 12.5 20.8 
1-2 CRASH 50.0 66.7 5-6 SPY 33.3 50.0 5-6 FLOOD 12.5 8.3 
1-2 MIST 50.0 79.2 3-4 BOWL 29.2 54.2 5-6 POOL 12.5 29.2 
1-2 SWORD 50.0 79.2 5-6 POOL 29.2 62.5 5-6 WRIST 12.5 4.2 
3-4 BOWL 50.0 79.2 5-6 SPORT 29.2 83.3 7-8 JUICE 12.5 20.8 
5-6 GANG 50.0 83.3 1-2 POND 25.0 50.0 7-8 YELL 12.5 20.8 
7-8 MICE 50.0 79.2 1-2 SWORD 25.0 37.5 1-2 MIST 8.3 20.8 
5-6 APE 45.8 62.5 3-4 LOGS 25.0 41.7 1-2 SLEEVES 8.3 37.5 
5-6 FLOOD 45.8 83.3 3-4 PRIZE 25.0 58.3 5-6 APE 8.3 16.7 
3-4 FROGS 41.7 41.7 7-8 JUICE 25.0 45.8 5-6 SPORT 8.3 37.5 
3-4 POLE 41.7 91.7 7-8 MICE 25.0 50.0 5-6 SPY 8.3 25.0 
3-4 WHEAT 41.7 95.8 7-8 YELL 25.0 54.2 7-8 GREASE 8.3 12.5 
7-8 CORK 41.7 45.8 1-2 CRASH 20.8 50.0 7-8 SLAVE 8.3 25.0 
7-8 MOLD 41.7 83.3 5-6 TRAIL 20.8 50.0 1-2 BEND 4.2 37.5 
7-8 TRACK 41.7 100.0 5-6 WRIST 20.8 12.5 1-2 BLUSH 4.2 8.3 
3-4 MATE 37.5 87.5 7-8 CORK 20.8 20.8 1-2 BRAIDS 4.2 8.3 
3-4 PRIZE 37.5 91.7 7-8 MOLD 20.8 54.2 1-2 MUGS 4.2 29.2 
5-6 TRAIL 37.5 75.0 1-2 MIST 16.7 37.5 1-2 PIE 4.2 16.7 
1-2 CLOCK 33.3 87.5 3-4 MAT 16.7 62.5 3-4 ASH 4.2 8.3 
1-2 PIE 33.3 83.3 5-6 PILL 16.7 58.3 3-4 MAT 4.2 25.0 
1-2 POND 33.3 83.3 7-8 TRACK 16.7 54.2 3-4 MATE 4.2 12.5 
5-6 SPY 33.3 79.2 1-2 BLUSH 12.5 25.0 3-4 PRIZE 4.2 12.5 
1-2 BLUSH 29.2 66.7 1-2 MUGS 12.5 62.5 5-6 FEE 4.2 20.8 
5-6 BEADS 29.2 58.3 3-4 ASH 12.5 45.8 5-6 HERD 4.2 8.3 
5-6 POOL 29.2 91.7 3-4 FROGS 12.5 37.5 5-6 PILL 4.2 12.5 
5-6 TIDE 29.2 87.5 3-4 MATE 12.5 50.0 5-6 THIEF 4.2 12.5 
7-8 GREASE 29.2 41.7 7-8 BREATH 12.5 75.0 5-6 TIDE 4.2 37.5 
7-8 SLAVE 29.2 100.0 7-8 GREASE 12.5 29.2 5-6 TRAIL 4.2 20.8 
1-2 DRAIN 25.0 79.2 7-8 GUM 12.5 62.5 7-8 BREATH 4.2 33.3 
3-4 ASH 25.0 54.2 1-2 HAY 8.3 70.8 7-8 CORK 4.2 4.2 
3-4 BEEF 25.0 54.2 1-2 PIE 8.3 70.8 7-8 TRACK 4.2 4.2 
5-6 FEE 25.0 62.5 1-2 SLEEVES 8.3 66.7 1-2 CLOCK 0.0 20.8 
1-2 BRAIDS 20.8 54.2 3-4 BEEF 8.3 33.3 1-2 CRIB 0.0 16.7 
3-4 LOGS 20.8 79.2 5-6 APE 8.3 29.2 1-2 DRAIN 0.0 16.7 
3-4 MAT 20.8 95.8 5-6 BEADS 8.3 29.2 1-2 HAY 0.0 20.8 
3-4 THROAT 20.8 95.8 7-8 SLAVE 8.3 83.3 3-4 BEEF 0.0 4.2 
5-6 WRIST 20.8 58.3 7-8 STAMP 8.3 45.8 3-4 BOWL 0.0 12.5 
1-2 MUGS 16.7 83.3 1-2 BEND 4.2 79.2 3-4 DENT 0.0 12.5 
1-2 SLEEVES 16.7 91.7 1-2 BRAIDS 4.2 20.8 3-4 FROGS 0.0 4.2 
3-4 RIM 16.7 66.7 1-2 CRIB 4.2 45.8 3-4 JOINTS 0.0 25.0 
7-8 BREATH 16.7 100.0 1-2 DRAIN 4.2 37.5 3-4 LOGS 0.0 12.5 
7-8 PEG 16.7 87.5 3-4 RIM 4.2 25.0 3-4 RIM 0.0 0.0 
1-2 BEND 12.5 87.5 5-6 FEE 4.2 41.7 3-4 THROAT 0.0 4.2 
1-2 HAY 12.5 79.2 5-6 THIEF 4.2 58.3 5-6 BEADS 0.0 4.2 
5-6 CLERK 12.5 75.0 5-6 TIDE 4.2 75.0 5-6 CLERK 0.0 16.7 
5-6 THIEF 12.5 83.3 7-8 BLADE 4.2 37.5 7-8 BLADE 0.0 16.7 
7-8 GUM 12.5 87.5 1-2 CLOCK 0.0 58.3 7-8 CHUNKS 0.0 16.7 
1-2 CRIB 8.3 87.5 3-4 DENT 0.0 50.0 7-8 GUM 0.0 20.8 
3-4 DENT 8.3 79.2 3-4 THROAT 0.0 62.5 7-8 HINT 0.0 12.5 
7-8 BLADE 8.3 66.7 5-6 CLERK 0.0 20.8 7-8 MICE 0.0 16.7 
7-8 CHUNKS 4.2 70.8 7-8 CHUNKS 0.0 37.5 7-8 MOLD 0.0 16.7 
7-8 HINT 4.2 66.7 7-8 HINT 0.0 41.7 7-8 PEG 0.0 20.8 
7-8 STAMP 4.2 62.5 7-8 PEG 0.0 75.0 7-8 STAMP 0.0 25.0 
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Table SM5.  The mean percent correct recognition and standard deviations for the listeners with normal hearing (n = 16) and the 
listeners with hearing loss (n = 64) on the high predictability and the low predictability R-SPIN words (Lists 1 and 2) at each of the 9 
SNRs in Experiment 3.   
 
 
 ------------Normal Hearing---------- ------------Hearing Loss------------ 
 -------HP------- -------LP------- -------HP------- -------LP------- 
dB S/N High Predictability (HP) Low Predictability (LP) Word Mean SD Mean SD Mean SD Mean SD 
 
 
23 The dog chewed on a BONE. Miss Black would consider the BONE. BONE 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
23 Let's decide by tossing a COIN. Jane has a problem with the COIN. COIN 100.0 0.0 100.0 0.0 98.4 12.5 90.6 29.4 
23 Hold the baby on your LAP. Miss Black thought about the LAP. LAP 100.0 0.0 100.0 0.0 100.0 0.0 92.2 27.0 
23 His plan meant taking a big RISK. He wants to talk about the RISK. RISK 100.0 0.0 100.0 0.0 98.4 12.5 95.3 21.3 
23 She shortened the hem of her SKIRT. Nancy didn't discuss the SKIRT. SKIRT 100.0 0.0 100.0 0.0 96.9 17.5 96.9 17.5 
20 The door was opened just a CRACK. Miss White Won't think about the CRACK. CRACK 100.0 0.0 100.0 0.0 100.0 0.0 81.3 39.3 
20 The doctor prescribed the DRUG. She has known about the DRUG. DRUG 100.0 0.0 100.0 0.0 92.2 27.0 90.6 29.4 
20 The cigarette smoke filled his LUNGS. The old man talked about the LUNGS. LUNGS 100.0 0.0 100.0 0.0 93.8 24.4 70.3 46.0 
20 Stir your coffee with a SPOON. Bob could have known about the SPOON. SPOON 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
20 The old train was powered by STEAM. We have not discussed the STEAM. STEAM 100.0 0.0 100.0 0.0 98.4 12.5 82.8 38.0 
17 The policemen captured the CROOK. I was considering the CROOK. CROOK 100.0 0.0 100.0 0.0 93.8 24.4 73.4 44.5 
17 The cushion was filled with FOAM. Bill might discuss the FOAM. FOAM 100.0 0.0 100.0 0.0 100.0 0.0 78.1 41.7 
17 The plow was pulled by an OX. The man should discuss the OX. OX 100.0 0.0 100.0 0.0 98.4 12.5 84.4 36.6 
17 Wipe your greasy hands on that RAG. He would think about the RAG. RAG 100.0 0.0 100.0 0.0 96.9 17.5 76.6 42.7 
17 Paul hit the water with a SPLASH. Bob has discussed the SPLASH. SPLASH 100.0 0.0 100.0 0.0 98.4 12.5 84.4 36.6 
14 The cow gave birth to a CALF. She hopes Jane called about the CALF. CALF 93.8 25.0 92.9 25.8 90.6 29.4 43.8 50.0 
14 The wedding banquet was a FEAST. We could consider the FEAST. FEAST 100.0 0.0 100.0 0.0 90.6 29.4 82.8 38.0 
14 The guests were welcomed by the HOST. Bill heard we asked about the HOST. HOST 100.0 0.0 100.0 0.0 98.4 12.5 90.6 29.4 
14 The witness took a solemn OATH. He has a problem with the OATH. OATH 100.0 0.0 100.0 0.0 98.4 12.5 78.1 41.7 
14 Household goods are moved in a VAN. You heard Jane called about the VAN. VAN 100.0 0.0 100.0 0.0 95.3 21.3 82.8 38.0 
11 The ship's Captain summoned his CREW. She wants to talk about the CREW. CREW 100.0 0.0 100.0 0.0 96.9 17.5 62.5 48.8 
11 They drank a whole bottle of GIN. The girl talked about the GIN. GIN 100.0 0.0 100.0 0.0 96.9 17.5 51.6 50.4 
11 Bob stood with his hands on his HIPS. Ruth hopes he heard about the HIPS. HIPS 100.0 0.0 100.0 0.0 78.1 41.7 34.4 47.9 
11 The scarf was made of shiny SILK. Tom won't consider the SILK. SILK 100.0 0.0 100.0 0.0 93.8 24.4 59.4 49.5 
11 The war was fought with armored TANKS. Paul hopes she called about the TANKS. TANKS 100.0 0.0 100.0 0.0 87.5 33.3 57.8 49.8 
  8 The car drove off the steep CLIFF. They had a problem with the CLIFF. CLIFF 93.8 25.0 92.9 25.8 89.1 31.5 29.7 46.0 
  8 They tracked the lion to his DEN. Bill cannot consider the DEN. DEN 93.8 25.0 92.9 25.8 79.7 40.6 4.7 21.3 
  8 The watchdog gave a warning GROWL. I had not thought about the GROWL. GROWL 100.0 0.0 100.0 0.0 82.8 38.0 48.4 50.4 
  8 The natives built a wooden HUT. He should know about the HUT. HUT 100.0 0.0 100.0 0.0 84.4 36.6 79.7 40.6 
  8 The super highway has six LANES. He heard they called about the LANES. LANES 100.0 0.0 100.0 0.0 93.8 24.4 32.8 47.3 
  5 The rude remark made her BLUSH. You had a problem with the BLUSH. BLUSH 100.0 0.0 100.0 0.0 70.3 46.0 34.4 47.9 
  5 No one was injured in the CRASH.  I want to speak about the CRASH. CRASH 100.0 0.0 100.0 0.0 87.5 33.3 67.2 47.3 
  5 Ruth poured the water down the DRAIN. She's glad Jane asked about the DRAIN. DRAIN 100.0 0.0 100.0 0.0 85.9 35.0 25.0 43.6 
  5 We're lost so let's look at the MAP. I should have considered the MAP. MAP 100.0 0.0 100.0 0.0 87.5 33.3 76.6 42.7 
  5 For dessert he had apple PIE. Ruth must have known about the PIE. PIE 100.0 0.0 100.0 0.0 79.7 40.6 43.8 50.0 
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Table SM5, continued 
 
 
  2 Mary wore her hair in BRAIDS. You should not speak about the BRAIDS. BRAIDS 87.5 34.2 92.5 25.8 43.8 50.0 7.8 27.0 
  2 We heard the ticking of the CLOCK. Tom is considering the CLOCK. CLOCK 100.0 0.0 100.0 0.0 51.6 50.4 3.1 17.5 
  2 This nozzle sprays a fine MIST. Bill hopes Paul heard about the MIST. MIST 93.8 25.0 92.9 25.8 56.3 50.0 43.8 50.0 
  2 The ducks swam around on the POND. You're talking about the POND. POND 100.0 0.0 100.0 0.0 50.0 50.4 14.1 35.0 
  2 He killed the dragon with his SWORD. Mary should think about the SWORD. SWORD 100.0 0.0 100.0 0.0 50.0 50.4 23.4 42.7 
-1 Follow this road around the BEND. I'm glad you heard about the BEND. BEND 81.3 40.3 78.8 41.0 28.1 45.3 3.1 17.5 
-1 The baby slept in his CRIB. He can't consider the CRIB. CRIB 87.5 34.2 85.8 35.0 25.0 43.6 1.6 12.5 
-1 The farmer baled the HAY. Tom discussed the HAY. HAY 43.8 51.2 49.6 50.0 12.5 33.3 1.6 12.5 
-1 The beer drinkers raised their MUGS. Peter should speak about the MUGS. MUGS 87.5 34.2 85.8 35.0 18.8 39.3 0.0 0.0 
-1 The sport shirt has short SLEEVES. Nancy had considered the SLEEVES. SLEEVES 100.0 0.0 100.0 0.0 34.4 47.9 1.6 12.5 
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Table SM6.  The mean percent correct recognition and standard deviations for the listeners with normal hearing (n = 16) and the 
listeners with hearing loss (n = 64) on the high predictability and the low predictability R-SPIN words (Lists 3 and 4) at each of the 9 
SNRs in Experiment 3.   
 
 
 ------------Normal Hearing---------- ------------Hearing Loss------------ 
 -------HP------- -------LP------- -------HP------- -------LP------- 
dB S/N High Predictability (HP) Low Predictability (LP) Word Mean SD Mean SD Mean SD Mean SD 
 
 
23 The nurse gave him first AID. Mr. Smith spoke about the AID. AID 100.0 0.0 100.0 0.0 98.4 12.5 85.9 35.0 
23 The girl swept the floor with a BROOM. Ruth's grandmother discussed the BROOM. BROOM 100.0 0.0 100.0 0.0 100.0 0.0 98.4 12.5 
23 The workers are digging a DITCH. You want to talk about the DITCH. DITCH 100.0 0.0 100.0 0.0 98.4 12.5 96.9 17.5 
23 She faced them with a foolish GRIN. Miss Brown will speak about the GRIN. GRIN 100.0 0.0 100.0 0.0 100.0 0.0 92.2 27.0 
23 The lion gave an angry ROAR. He is thinking about the ROAR. ROAR 100.0 0.0 100.0 0.0 98.4 12.5 90.6 29.4 
20 The king wore a golden CROWN. I've been considering the CROWN. CROWN 100.0 0.0 100.0 0.0 100.0 0.0 71.9 45.3 
20 The steamship left on a CRUISE. Mr. White discussed the CRUISE. CRUISE 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
20 That accident gave me a SCARE. Miss Smith considered the SCARE. SCARE 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
20 My T.V. has a twelve-inch SCREEN. They did not discuss the SCREEN. SCREEN 100.0 0.0 100.0 0.0 100.0 0.0 87.5 33.3 
20 Ruth poured herself a cup of TEA. Miss White thinks about the TEA. TEA 100.0 0.0 100.0 0.0 100.0 0.0 95.3 21.3 
17 The airplane dropped a BOMB. She's spoken about the BOMB. BOMB 100.0 0.0 100.0 0.0 100.0 0.0 65.6 47.9 
17 How much can I buy for a DIME? You want to think about the DIME. DIME 100.0 0.0 100.0 0.0 100.0 0.0 40.6 49.5 
17 She made the bed with clean SHEETS. We're discussing the SHEETS. SHEETS 100.0 0.0 100.0 0.0 100.0 0.0 87.5 33.3 
17 Kill the bugs with this SPRAY. Mary had considered the SPRAY. SPRAY 100.0 0.0 100.0 0.0 98.4 12.5 90.6 29.4 
17 We shipped the furniture by TRUCK. We've spoken about the TRUCK. TRUCK 100.0 0.0 100.0 0.0 96.9 17.5 98.4 12.5 
14 Spread some butter on your BREAD. He could discuss the BREAD. BREAD 100.0 0.0 100.0 0.0 100.0 0.0 84.4 36.6 
14 The sailor swabbed the DECK. He hears she asked about the DECK. DECK 100.0 0.0 100.0 0.0 96.9 17.5 84.4 36.6 
14 He tossed the drowning man a ROPE. Miss Black could have discussed the ROPE. ROPE 100.0 0.0 100.0 0.0 87.5 33.3 76.6 42.7 
14 The sandal has a broken STRAP. They were interested in the STRAP. STRAP 100.0 0.0 100.0 0.0 96.9 17.5 81.3 39.3 
14 The teacher sat on a sharp TACK. Mary could not discuss the TACK. TACK 100.0 0.0 100.0 0.0 96.9 17.5 76.6 42.7 
11 Tree trunks are covered with BARK. Betty has considered the BARK. BARK 100.0 0.0 100.0 0.0 84.4 36.6 51.6 50.4 
11 She wore a feather in her CAP. Mr. Smith thinks about the CAP. CAP 93.8 25.0 92.9 25.8 96.9 17.5 75.0 43.6 
11 The boy gave the football a KICK. The old man considered the KICK. KICK 100.0 0.0 100.0 0.0 92.2 27.0 76.6 42.7 
11 A zebra has black and white STRIPES. Jane hopes Ruth asked about the STRIPES. STRIPES 100.0 0.0 100.0 0.0 98.4 12.5 67.2 47.3 
11 The duck swam with the white SWAN. Tom will discuss the SWAN. SWAN 100.0 0.0 100.0 0.0 92.2 27.0 57.8 49.8 
  8 Use this spray to kill the BUGS. Paul wants to speak about the BUGS. BUGS 100.0 0.0 100.0 0.0 60.9 49.2 21.9 41.7 
  8 We saw a flock of wild GEESE. You'd been considering the GEESE. GEESE 100.0 0.0 100.0 0.0 89.1 31.5 35.9 48.4 
  8 The storm broke the sailboat's MAST. The old man thinks about the MAST. MAST 100.0 0.0 100.0 0.0 75.0 43.6 42.2 49.8 
  8 The meat from a pig is called PORK. Paul spoke about the PORK. PORK 100.0 0.0 100.0 0.0 92.2 27.0 43.8 50.0 
  8 Watermelons have lots of SEEDS. You've considered the SEEDS. SEEDS 100.0 0.0 100.0 0.0 93.8 24.4 46.9 50.3 
  5 The detectives searched for a CLUE. The man spoke about the CLUE. CLUE 93.8 25.0 92.9 25.8 51.6 50.4 51.6 50.4 
  5 The pond was full of croaking FROGS. The woman talked about the FROGS. FROGS 100.0 0.0 100.0 0.0 51.6 50.4 21.9 41.7 
  5 Your knees and your elbows are JOINTS. Ruth has a problem with the JOINTS. JOINTS 100.0 0.0 100.0 0.0 73.4 44.5 42.2 49.8 
  5 Please wipe your feet on the MAT. Peter has considered the MAT. MAT 100.0 0.0 100.0 0.0 85.9 35.0 17.2 38.0 
  5 Her entry should win first PRIZE. We are speaking about the PRIZE. PRIZE 100.0 0.0 100.0 0.0 84.4 36.6 56.3 50.0 
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Table SM6, continued 
 
 
  2 The soup was served in a BOWL. You're glad she called about the BOWL. BOWL 100.0 0.0 100.0 0.0 45.3 50.2 29.7 46.0 
  2 The cabin was made of LOGS. Harry had thought about the LOGS. LOGS 93.8 25.0 92.9 25.8 42.2 49.8 10.9 31.5 
  2 The lonely bird searched for its MATE. I hope Paul asked about the MATE. MATE 100.0 0.0 100.0 0.0 54.7 50.2 29.7 46.0 
  2 Raise the flag up the POLE. Bob could consider the POLE. POLE 81.3 40.3 85.4 35.0 56.3 50.0 32.8 47.3 
  2 The bread was made from whole WHEAT. We can't consider the WHEAT. WHEAT 100.0 0.0 100.0 0.0 56.3 50.0 39.1 49.2 
-1 Her cigarette had a long ASH. We're glad Bill heard about the ASH. ASH 56.3 51.2 57.1 49.5 10.9 31.5 1.6 12.5 
-1 Mr. Brown carved the roast BEEF. Harry might consider the BEEF. BEEF 81.3 40.3 78.8 41.0 7.8 27.0 4.7 21.3 
-1 How did your car get that DENT? David has discussed the DENT. DENT 81.3 40.3 78.8 41.0 17.2 38.0 0.0 0.0 
-1 The glass had a chip on the RIM. Paul could not consider the RIM. RIM 37.5 50.0 29.2 45.2 0.0 0.0 0.0 0.0 
-1 I've got a cold and a sore THROAT. He is considering the THROAT. THROAT 62.5 50.0 57.5 49.5 9.4 29.4 0.0 0.0 
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Table SM7.  The mean percent correct recognition and standard deviations for the listeners with normal hearing (n = 16) and the 
listeners with hearing loss (n = 64) on the high predictability and the low predictability R-SPIN words (Lists 5 and 6) at each of the 9 
SNRs in Experiment 3.   
 
 
 ------------Normal Hearing---------- ------------Hearing Loss------------ 
 -------HP------- -------LP------- -------HP------- -------LP------- 
dB S/N High Predictability (HP) Low Predictability (LP) Word Mean SD Mean SD Mean SD Mean SD 
 
 
23 The gambler lost the BET. They heard I asked about the BET. BET 100.0 0.0 100.0 0.0 100.0 0.0 84.4 36.6 
23 Instead of a fence, plant a HEDGE. He was interested in the HEDGE. HEDGE 100.0 0.0 100.0 0.0 98.4 12.5 96.9 17.5 
23 The sleepy child took a NAP. Betty knew about the NAP. NAP 100.0 0.0 100.0 0.0 100.0 0.0 85.9 35.0 
23 She hated to vacuum the RUG. Mary knows about the RUG. RUG 100.0 0.0 100.0 0.0 100.0 0.0 98.4 12.5 
23 Drop the coin through the SLOT. Mr. Brown can't discuss the SLOT. SLOT 100.0 0.0 100.0 0.0 98.4 12.5 89.1 31.5 
20 The papers were held by a CLIP. You knew about the CLIP. CLIP 100.0 0.0 100.0 0.0 96.9 17.5 89.1 31.5 
20 The candle burned with a bright FLAME. The girl should consider the FLAME. FLAME 100.0 0.0 100.0 0.0 98.4 12.5 84.4 36.6 
20 The firemen heard her frightened SCREAM. You were interested in the SCREAM. SCREAM 100.0 0.0 100.0 0.0 98.4 12.5 60.9 49.2 
20 To store his wood he built a SHED. We hear they asked about the SHED. SHED 100.0 0.0 100.0 0.0 100.0 0.0 95.3 21.3 
20 The candle flame melted the WAX. Paul can't discuss the WAX. WAX 100.0 0.0 100.0 0.0 98.4 12.5 90.6 29.4 
17 The airplane went into a DIVE. The old man discussed the DIVE. DIVE 100.0 0.0 100.0 0.0 100.0 0.0 81.3 39.3 
17 It's getting dark, so light the LAMP. Paul has discussed the LAMP. LAMP 87.5 34.2 85.8 35.0 95.3 21.3 29.7 46.0 
17 Get the bread and cute me a SLICE. Jane did not speak about the SLICE. SLICE 100.0 0.0 100.0 0.0 100.0 0.0 87.5 33.3 
17 He wiped the sink with a SPONGE. I haven't discussed the SPONGE. SPONGE 100.0 0.0 100.0 0.0 96.9 17.5 76.6 42.7 
17 The mouse was caught in the TRAP. The boy might consider the TRAP. TRAP 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
14 The judge is sitting on the BENCH. I'm talking about the BENCH. BENCH 100.0 0.0 100.0 0.0 100.0 0.0 92.2 27.0 
14 He was hit by a poisoned DART. He hasn't considered the DART. DART 100.0 0.0 100.0 0.0 95.3 21.3 46.9 50.3 
14 The fur coat was made of MINK. The boy had considered the MINK. MINK 100.0 0.0 100.0 0.0 100.0 0.0 73.4 44.5 
14 Cut a piece of meat from the ROAST. He should consider the ROAST. ROAST 93.8 25.0 92.9 25.8 93.8 24.4 84.4 36.6 
14 On the beach we play in the SAND. Miss Brown shouldn't discuss the SAND. SAND 100.0 0.0 100.0 0.0 98.4 12.5 50.0 50.4 
11 A termite looks like an ANT. She wants to speak about the ANT. ANT 100.0 0.0 100.0 0.0 85.9 35.0 32.8 47.3 
11 They fished in the babbling BROOK. Jane didn't think about the BROOK. BROOK 100.0 0.0 100.0 0.0 95.3 21.3 84.4 36.6 
11 The boat sailed along the COAST. Miss Brown might consider the COAST. COAST 100.0 0.0 100.0 0.0 100.0 0.0 76.6 42.7 
11 The chicks followed the mother HEN. Bill didn't discuss the HEN. HEN 100.0 0.0 100.0 0.0 96.9 17.5 39.1 49.2 
11 Eve was made from Adam's RIB. He wants to know about the RIB. RIB 100.0 0.0 100.0 0.0 95.3 21.3 56.3 50.0 
  8 The boy took shelter in a CAVE. Miss Brown spoke about the CAVE. CAVE 100.0 0.0 100.0 0.0 93.8 24.4 51.6 50.4 
  8 The fruit was shipped in wooden CRATES. We've been discussing the CRATES. CRATES 100.0 0.0 100.0 0.0 87.5 33.3 4.7 21.3 
  8 The singer was mobbed by her FAN. We've been thinking about the FAN. FAN 56.3 51.2 57.1 49.5 37.5 48.8 4.7 21.3 
  8 Playing checkers can be FUN. David might consider the FUN. FUN 100.0 0.0 100.0 0.0 92.2 27.0 42.2 49.8 
  8 The widow's sob expressed her GRIEF. Betty can't consider the GRIEF. GRIEF 100.0 0.0 100.0 0.0 82.8 38.0 32.8 47.3 
  5 Ruth had a necklace of glass BEADS. Tom has been discussing the BEADS. BEADS 93.8 25.0 99.6 1.6 64.1 48.4 21.9 41.7 
  5 Ann works in the bank as a CLERK. Bob was considering the CLERK. CLERK 100.0 0.0 100.0 0.0 65.6 47.9 15.6 36.6 
  5 The swimmer dove into the POOL. She might consider the POOL. POOL 100.0 0.0 100.0 0.0 87.5 33.3 34.4 47.9 
  5 Football is a dangerous SPORT. Tom could have thought about the SPORT. SPORT 100.0 0.0 100.0 0.0 93.8 24.4 60.9 49.2 
  5 The secret agent was a SPY. The man knew about the SPY. SPY 100.0 0.0 100.0 0.0 90.6 29.4 54.7 50.2 
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Table SM7, continued 
 
 
  2 The heavy rains caused a FLOOD. The class should consider the FLOOD. FLOOD 93.8 25.0 92.9 25.8 46.9 50.3 25.0 43.6 
  2 The rancher rounded up his HERD. Ruth will consider the HERD. HERD 100.0 0.0 100.0 0.0 40.6 49.5 21.9 41.7 
  2 The sick child swallowed the PILL. Tom had spoken about the PILL. PILL 100.0 0.0 100.0 0.0 60.9 49.2 46.9 50.3 
  2 We swam at the beach at high TIDE. Mary can't consider the TIDE. TIDE 100.0 0.0 100.0 0.0 73.4 44.5 14.1 35.0 
  2 The bloodhound followed the TRAIL. Harry will consider the TRAIL. TRAIL 87.5 34.2 85.8 35.0 50.0 50.4 28.1 45.3 
-1 A chimpanzee is an APE. She might have discussed the APE. APE 43.8 51.2 36.3 48.0 17.2 38.0 1.6 12.5 
-1 The doctor charged a low FEE. Tom is talking about the FEE. FEE 62.5 50.0 70.8 45.2 18.8 39.3 1.6 12.5 
-1 Let's invite the whole GANG. You were considering the GANG. GANG 62.5 50.0 57.5 49.5 23.4 42.7 26.6 44.5 
-1 The house was robbed by a THIEF. The old woman discussed the THIEF. THIEF 62.5 50.0 70.8 45.2 20.3 40.6 3.1 17.5 
-1 Bob wore a watch on his WRIST. The class is discussing the WRIST. WRIST 25.0 44.7 21.7 41.0 3.1 17.5 14.1 35.0 
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Table SM8.  The mean percent correct recognition and standard deviations for the listeners with normal hearing (n = 16) and the 
listeners with hearing loss (n = 64) on the high predictability and the low predictability R-SPIN words (Lists 7 and 8) at each of the 9 
SNRs in Experiment 3.   
 
 
 ------------Normal Hearing---------- ------------Hearing Loss------------ 
 -------HP------- -------LP------- -------HP------- -------LP------- 
dB S/N High Predictability (HP) Low Predictability (LP) Word Mean SD Mean SD Mean SD Mean SD 
 
 
23 The boat sailed across the BAY. Mr. Smith knew about the BAY. BAY 100.0 0.0 100.0 0.0 98.4 12.5 96.9 17.5 
23 The bride wore a white GOWN. The girl should not discuss the GOWN. GOWN 100.0 0.0 100.0 0.0 98.4 12.5 100.0 0.0 
23 You cut the wood against the GRAIN. The woman discussed the GRAIN. GRAIN 100.0 0.0 100.0 0.0 100.0 0.0 93.8 24.4 
23 That animal stinks like a SKUNK. He's glad we heard about the SKUNK. SKUNK 100.0 0.0 100.0 0.0 100.0 0.0 92.2 27.0 
23 The cop wore a bullet-proof VEST. You hope they asked about the VEST. VEST 100.0 0.0 100.0 0.0 100.0 0.0 92.2 27.0 
20 His pants were held up by a BELT. Paul has a problem with the BELT. BELT 100.0 0.0 100.0 0.0 98.4 12.5 95.3 21.3 
20 David wiped the sweat from his BROW. We're considering the BROW. BROW 100.0 0.0 100.0 0.0 98.4 12.5 87.5 33.3 
20 The bad news came as a SHOCK. We did not discuss the SHOCK. SHOCK 100.0 0.0 100.0 0.0 98.4 12.5 81.3 39.3 
20 The thread was wound on a SPOOL. The man could consider the SPOOL. SPOOL 100.0 0.0 100.0 0.0 95.3 21.3 84.4 36.6 
20 Paul took a bath in the TUB. Miss Smith knows about the TUB. TUB 100.0 0.0 100.0 0.0 93.8 24.4 85.9 35.0 
17 I cut my finger with a KNIFE. I am thinking about the KNIFE. KNIFE 100.0 0.0 100.0 0.0 100.0 0.0 62.5 48.8 
17 They played a game of cat and MOUSE. The man could not discuss the MOUSE. MOUSE 100.0 0.0 100.0 0.0 100.0 0.0 90.6 29.4 
17 The crook entered a guilty PLEA. I can't consider the PLEA. PLEA 100.0 0.0 100.0 0.0 92.2 27.0 81.3 39.3 
17 Maple syrup is made from SAP. Paul was interested in the SAP. SAP 100.0 0.0 100.0 0.0 100.0 0.0 64.1 48.4 
17 The shepherd watched his flock of SHEEP. They've considered the SHEEP. SHEEP 100.0 0.0 100.0 0.0 98.4 12.5 59.4 49.5 
14 Tom fell down and got a bad BRUISE. Sue was interested in the BRUISE. BRUISE 100.0 0.0 100.0 0.0 100.0 0.0 73.4 44.5 
14 Greet the heroes with loud CHEERS. We are considering the CHEERS. CHEERS 100.0 0.0 100.0 0.0 92.2 27.0 73.4 44.5 
14 John's front tooth had a CHIP. Jane wants to speak about the CHIP. CHIP 100.0 0.0 100.0 0.0 92.2 27.0 59.4 49.5 
14 The Admiral commands the FLEET. Mr. Black considered the FLEET. FLEET 100.0 0.0 100.0 0.0 96.9 17.5 90.6 29.4 
14 The cookies were kept in a JAR. He's glad you called about the JAR. JAR 100.0 0.0 100.0 0.0 98.4 12.5 56.3 50.0 
11 A bear has a thick coat of FUR. They knew about the FUR. FUR 100.0 0.0 100.0 0.0 93.8 24.4 48.4 50.4 
11 Tighten the belt by a NOTCH. The woman considered the NOTCH. NOTCH 100.0 0.0 100.0 0.0 95.3 21.3 82.8 38.0 
11 Our seats were in the second ROW. Miss Smith couldn't discuss the ROW. ROW 100.0 0.0 100.0 0.0 100.0 0.0 37.5 48.8 
11 My turtle went into its SHELL. Miss Smith might consider the SHELL. SHELL 100.0 0.0 100.0 0.0 93.8 24.4 64.1 48.4 
11 That job was an easy TASK. I am discussing the TASK. TASK 100.0 0.0 100.0 0.0 93.8 24.4 84.4 36.6 
  8 The marksman took careful AIM. They want to know about the AIM. AIM 100.0 0.0 100.0 0.0 89.1 31.5 56.3 50.0 
  8 The dealer shuffled the CARDS. Mr. Black has discussed the CARDS. CARDS 100.0 0.0 100.0 0.0 84.4 36.6 48.4 50.4 
  8 I ate a piece of chocolate FUDGE. We're glad Ann asked about the FUDGE. FUDGE 100.0 0.0 100.0 0.0 75.0 43.6 40.6 49.5 
  8 To open the jar, twist the LID. The woman knew about the LID. LID 100.0 0.0 100.0 0.0 87.5 33.3 48.4 50.4 
  8 He caught the fish in his NET. Paul should know about the NET. NET 93.8 25.0 92.9 25.8 60.9 49.2 81.3 39.3 
  5 Lubricate the car with GREASE. You cannot have discussed the GREASE. GREASE 93.8 25.0 92.9 25.8 67.2 47.3 29.7 46.0 
  5 At breakfast he drank some JUICE. We should have considered the JUICE. JUICE 100.0 0.0 100.0 0.0 85.9 35.0 70.3 46.0 
  5 The stale bread was covered with MOLD. Miss White would consider the MOLD. MOLD 100.0 0.0 100.0 0.0 85.9 35.0 48.4 50.4 
  5 A round hole won't take a square PEG. Ruth has discussed the PEG. PEG 100.0 0.0 100.0 0.0 78.1 41.7 23.4 42.7 
  5 The drowning man let out a YELL. The old man discussed the YELL. YELL 100.0 0.0 100.0 0.0 85.9 35.0 59.4 49.5 
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Table SM8, continued 
 
 
  2 Mary hasn't discussed the BLADE. Bob was cut by the jacknife's BLADE. BLADE 12.5 34.2 14.2 35.0 1.6 12.5 32.8 47.3 
  2 I should have known about the GUM. My jaw aches when I chew GUM. GUM 18.8 40.3 21.3 41.0 4.7 21.3 71.9 45.3 
  2 Our cat is good at catching MICE. Bob should not consider the MICE. MICE 93.8 25.0 92.9 25.8 65.6 47.9 23.4 42.7 
  2 His boss made him work like a SLAVE. You're glad they heard about the SLAVE. SLAVE 100.0 0.0 100.0 0.0 71.9 45.3 23.4 42.7 
  2 They're glad we heard about the TRACK. The railroad train ran off the TRACK. TRACK 25.0 44.7 21.7 41.0 14.1 35.0 60.9 49.2 
-1 Ann was interested in the BREATH. How long can you hold your BREATH? BREATH 6.3 25.0 7.1 25.8 4.7 21.3 42.2 49.8 
-1 Cut the meat into small CHUNKS. I did not know about the CHUNKS. CHUNKS 100.0 0.0 100.0 0.0 10.9 31.5 0.0 0.0 
-1 The bottle was sealed with a CORK. She hears Bob asked about the CORK. CORK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
-1 I can't guess so give me a HINT. We have not thought about the HINT. HINT 81.3 40.3 78.8 41.0 14.1 35.0 1.6 12.5 
-1 Jane was interested in the STAMP. Air mail requires a special STAMP. STAMP 6.3 25.0 7.1 25.8 0.0 0.0 32.8 47.3 
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