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Abstract—We investigated the learning effects of repeated
presentation of sentence materials in an adaptive paradigm in
five sessions over 5 to 10 days using 10 subjects in each of
three age groups (<30 years, 40 to 60 years, and >65 years).
Three target words, based on word-usage frequency and word
confusability, were embedded within the seven to nine syllable
sentences. Thresholds were obtained for the control lists in
Sessions 1 to 5 and for the experimental listsin Sessions 1 and
5. The experimental lists were withdrawn in Sessions 2 to 4.
The mean thresholds (1) for the three subject groups were sig-
nificantly different, (2) for the experimental conditions and the
control conditions were not significantly different, and (3) for
Session 5 were significantly lower than in Session 1. The
implication is that improved thresholds were the result of the
subjects learning the test procedure (including the listening-
response task, speaker familiarity, and test environment) and
not from learning the test words/sentences.

Key words: adaptive procedure, auditory threshold, psycho-
metric function, threshold reversal, word recognition.

INTRODUCTION

Current clinical procedurestypically include recogni-
tion of isolated monosyllabic or spondaic wordsin afor-
mat that poorly represents communication in rea-life
situations. The validity of these tests depends on the
assumption that the paradigms represent everyday
speech. Although syllable and word tests may give
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insights into certain perceptual problems, syllable and
word tests do not reasonably approximate everyday lis-
tening conditions. Several formats are employed that use
sentence materials. They range from simple interrogative
sentences, which the subject answers [1], to target-word
formats in which the subject identifies target words
within the sentence [2], to the SPIN format that controls
the predictability of the target word [3], and to meaning-
ful sentences of everyday language that have been
employed with an adaptive procedure format that deter-
mines specific points (e.g., 50 percent) on the psychomet-
ric function [4].

Abbreviations:. ANOVA = analysis of variance, CVC = con-
sonant-vowel-consonant, HD = high density (frequency of
usage word from a dense neighborhood), HL = hearing level,
HS = high sparce (high frequency of usage word from a sparse
neighborhood), LD = low density (low frequency of usage
word from a dense neighborhood), LS = low sparce (low fre-
guency of usage word from a sparse neighborhood), NU 6 =
Northwestern University Auditory Test No. 6.
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The overal project involved the development and
evaluation of sentence materials based on target words
selected using two criteria: word-usage frequency and
word confusability based on a single phoneme substitu-
tion metric [5]. The aspect of the project reported here
examined the learning effects associated with repeated
presentations of word-recognition materials with the use
of sentence materials and an adaptive psychophysical
procedure. Egan reported that with multiple trials of lis-
tening to words in an ambient noise [6], recognition per-
formance improved from about 60 percent correct to
about 80 percent correct over 5 successive practice days.
Egan did not attribute the improved performance to any
particular aspect of the listening-response task. The
design of the current experiment permitted the examina-
tion of two questions. The first question addressed
whether or not thresholds measured with sentence mate-
rials changed with repeated measures. The second ques-
tion, which was based on a positive answer to the first
question, addressed the source of possible learning
effects, i.e., were the learning effects from repeated mea-
sures owing to (1) learning the words that compose the
sentences; (2) learning the test environment and the lis-
tening-response task, including familiarity with the
speaker; or (3) a combination of learning the materials
and learning the listening task?

METHODS

Subjects

Three groups of 10 subjects each were studied. The
three groups were included to determine if practice on the
listening task had different effects on listeners of various
age groups and degrees of hearing loss. The <30 years
group consisted of young adults (mean = 23.7 years) with
normal hearing <20 dB HL at the 250 Hz to 8,000 Hz
octave frequencies[7]. The 40 to 60 years group consisted
of adults (mean = 51.8 years) with mild-to-moderate sen-
sorineural hearing loss, whereas the >65 years group con-
sisted of adults (mean = 72.2 years) with mild-to-severe
sensorineural hearing loss. The mean audiograms for the
ears tested in each of the three groups are shown in
Figure 1. The following standard deviations were
observed for each subject group at the 250 Hz to 8,000 Hz
octaveintervals: 4, 4, 6, 7, 7, and 8 dB (<30 years group);
7,8, 10, 12, 15, and 21 dB (40 to 60 years group); and 12,
11, 13, 20, 23, and 27 dB (>65 years).
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Audiogram for three subject groups, A (<30 years), O (40 to
60 years), and O (>65 years).

Materials

The sentences, each of which had seven to nine sylla-
bles and three target words, were homogeneous with
respect to psychometric slope, range, and midpoint [5,8].
Development of the sentencesis described elsewhere [5].
Briefly, the sentences were grouped into one of the fol-
lowing four categories based on the word category of the
three target words: (1) HD (high density)—high fre-
guency of usage from a dense neighborhood, (2) HS
(high sparce)—high frequency of usage from a sparse
neighborhood, (3) LD (low density)—low frequency of
usage from a dense neighborhood, and (4) LS (low
sparce)—Ilow frequency of usage from a sparse neighbor-
hood. The categorization of low versus high frequency of
word usage was based on the entire set of familiar mono-
syllabic consonant-vowel -consonant (CV C) words in the
pocket lexicon, which was described by a 7-point rating
scale [9]. Sparse and dense refer to similarity neighbor-
hoods in an assumed representation of the mental lexi-
con. A sparse word is relatively phoneticaly unique; i.e.,
it sounds like very few other words. A dense word is
phonetically similar to many other words. Words from
each lexical category were used three at time to form the
sentences in a format similar to that used by Plomp and
Mimpen or Bench and Bamford [4,10]. That is, the three
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target words in each sentence were from the same word
category. For this study, six lists of 25 sentences each
were compiled. Because substantially more words met
selection criteriain the HD and HS categories than in the
LD and L S categories, the HD and HS categories had two
lists each, whereas the LD and LS categories had one list
each. Two randomizations of each list were available.

For each subject, one list from both the HD and HS
categories was designated as the “experimental” list with
the other HD and HS lists assigned as “control” lists. The
experimental lists were lists on which thresholds were
established only in the first and fifth test sessions, i.e., the
experimental materials were withdrawn from and not
presented during Sessions 2, 3, and 4. The control lists
were materials that were administered in each of the five
sessions that served as practice items with multiple
thresholds being established in each session. For a given
subject, then, the control lists were used throughout the
five sessions to provide practice on the listening and
response task, whereas the experimental sentence lists
were used only during Sessions 1 and 5. Because of the
limited number of LD and LS sentences, the LD and LS
lists were always used as experimental lists. Four experi-
mental lists (HD, HS, LD, and LS) and two control lists
(HD and HS) were selected for each listener.

Procedures

Each subject participated in a 1-hour listening ses-
sion per day for 5 days during a 5- to 10-day interval.
Eight thresholds for the sentence materials were estab-
lished in each of the five sessions. During Sessions 1 and
5, thresholds for four experimental conditions (HD, HS,
LD, and LS) were obtained, as were thresholds for four
control conditions (two randomizations of HD and HS).
During Sessions 2, 3, and 4, thresholds for eight control
conditions were established (two conditions—HD and
HS, by two randomizations, by two replications). Presen-
tation orders during each session were randomized.

The sentences were reproduced from a digital audio
tape (Sony, Maodel DTC-59ES), routed through an audi-
ometer (Grason-Stadler, Model 10), and presented to the
subjects through a TDH-50P earphone encased in a P/N
510C017-1 cushion. Left ears were used on the odd num-
ber subjects and right ears were used on the even number
subjects. All testing was conducted in a sound booth
(IAC, Model 1205). An adaptive procedure was used to
establish thresholds for the sentence materials [11]. The
task of the subject was to repeat the sentence, with scor-
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ing based on the three target words in each sentence. If
two or three of the target words were recognized, then the
level of the subsequent sentence was decreased 2 dB; if
fewer than two of the target words were recognized, then
the level of the subsequent sentence was increased 2 dB.
The threshold track was terminated after 12 reversals
with thefirst 3 reversals discarded and the last 9 reversals
used to compute threshold, which was defined as the
midpoint of the excursion. In addition to the threshold
metric, the amplitudes of the excursions of the threshold
tracks were evaluated.

Finally, asubset of six listenersfrom the 40to 60 years
group and six listeners from the >65 years group partici-
pated in a sixth session that replicated the eight conditions
administered in Sessions 1 and 5. Session 6 was included
to determinethe extent of the carryover associated with the
learning effects that were observed in the first five ses-
sions. A 20- to 30-day hiatus separated Sessions 5 and 6.

RESULTS AND DISCUSSION

The relationships among the data for the four condi-
tionswere the same. Every subject in each of the two con-
trol conditions (HD and HS) and in each of the four
experimental conditions (HD, HS, LD, and LS) had lower
thresholdsin Session 5 than in Session 1. Accordingly, an
analysis of variance (ANOVA) indicated that thresholds
obtained in Session 5 were significantly lower than the
thresholds obtained in Session 1 [F(1,27) = 685.0, p <
0.01]. For this reason, only the data for the HD condition
are presented to illustrate the various relations that were
observed in the study. The mean word-recognition thresh-
olds for the HD condition across the five sessions for the
three subject groups are illustrated in Figure 2 and are
listed in Table 1, which includes the standard deviations
(SDs) and the differences between the thresholds
obtained in Session 1 and Session 5. Multiple trials of the
various control conditions were administered during Ses-
sions 1 and 5 (two trias) and Sessions 2, 3, and 4 (four
trials). For each session, only the data from the first trial
of each condition in that session are reported. The mean
datain the lower, middle, and upper portions of the figure
are from the <30 years group, the 40 to 60 years group,
and the >65 years group, respectively. The experimental
data (Sessions 1 and 5) are depicted with filled symbols
connected with dashed lines; the open symbols with solid
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Figure2.

Mean thresholds (dB HL) for HD experimental conditions (filled
symbols and dashed lines) and for HD control conditions (open
symbols) obtained in each of the sessions. In each panel, datafor each
of three age groups are shown as O (>65-years), [ (40-60 years), and
A (<30 years).

lines represent the data for the control conditions used in
each of the five sessions.

Three general results are apparent from the data in
Figure 2 and Table 1. First, the mean thresholds for the
three groups of subjects are different. An ANOVA with
repeated measures (two within [condition/session] and
one between [subject group]) indicated that the threshold
differences among the three subject groups were signifi-
cant [F(2, 27) = 21.2, p < 0.01]. Post hoc Scheffé tests

indicated that thresholds for each subject group were sig-
nificantly different from the thresholds for the other sub-
ject groups (p < 0.01). This finding was expected as the
subjects were selected from specific age-related categories
that reflect different degrees of hearing loss. Second, as
indicated earlier, the thresholds obtained in Session 5 were
significantly lower than the thresholds obtained in Session
1. For each of the four experimental (HD, HS, LD, and
LS) and two control conditions (HD and HS), the pair dif-
ferences (Sessions 1 and 5) were significant (p < 0.01).
Although the thresholds for the three groups of listeners
are displaced from one another in Figure 2, the functions
for the three groups across the five sessions are essentially
parallel. This finding indicates that the improvements
noted in recognition performances across the sessions
were the same for all groups. Thus, age differences and
degree of hearing loss did not influence the degree of
improvement in performance noted between Sessions 1
and 5.

The thresholds for the HD condition displayed in
Figure 2 for the <30 years group were 10.5 dB HL for
Session 1, decreasing to about 4 dB HL by Session 5. This
6 dB to 7 dB difference for the HD experimental condi-
tions, which was significant, is highlighted in Figure 3(a)
in which the thresholds from the HD, HS, LD, and LS
conditions for the individual subjects from Session 1
(abscissa) are plotted against the threshold for the corre-
sponding condition in Session 5 (ordinate). All the data
points are to the right of the diagona lines, indicating
higher thresholds in Session 1 than in Session 5. With the
40 to 60 years group (Figure 3(b)) and the >65 years

-Il\;laeb;alr?tlr;reﬂ"lol ds (dB HL) and SDs (in parentheses) for HD control and experimental conditions across five sessions for three groups of subjects.
Material/Condition Session Difference
1 2 3 4 5 1to5
<30 Years Group
Control 105 (1.4) 9.5(0.7) 7.7 (0.9) 5.6 (0.8) 4.0 (0.5) 6.5
Experimental 10.5(1.4) — — — 3.7(0.8) 6.8
40 to 60 Years Group
Control 22.4(4.5) 18.9 (4.4) 18.7 (4.0) 15.9(3.7) 14.0 (2.8) 84
Experimental 225(4.2) — — — 14.4 (3.5) 8.1
>65 Years Group
Control 36.8(154) 35.0(156) 330(147) 29.6(14.8) 29.1(15.1) 7.7
Experimental 37.2(15.2) — — — 28.8 (14.3) 84
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Figure 3.

A bivariate plot of individual thresholds (dB HL) for experimental
conditions obtained in Session 1 (abscissa) and in Session 5 (ordinate).
Diagonal lines represent equal performance. HD, HS, LD, and LS data
arerepresented by [, O, A, and +, respectively. (a) <30 years, (b) 40 to
60 years, and (c) >65 years.

group (Figure 3(c)) a similar, but dightly larger, differ-
ence (7.7 dB to 8.4 dB) exists between the individual sub-
ject thresholds in Session 1 and Session 5. This second
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finding, which answers the first research question, indi-
cates that for each of the three subject groups, the thresh-
olds improved significantly between the first and fifth
session. Egan and Dubno et al. observed similar improve-
ments in word-recognition performance [6,12]. Egan
noted a 20 percent (4 dB to 5 dB) improvement in the rec-
ognition of the PB-50 words presented in noise on 5 suc-
cessive days. More recently, Dubno et da. in a similar
study with the NU 6 materials presented in noise observed
a 6 percent improvement in recognition performance over
ninetrials. Neither study, however, was designed to exam-
ine the learning components that contributed to the
improved performances that were observed.

The distribution of the datum points for the <30 years
group in Figure 3(a) istightly grouped, reflecting homo-
geneity in recognition performance. In contrast to the
<30 years group, the datum points for the other two sub-
ject groups progressively become less homogeneous as
age and degree of hearing loss increase. This is an
expected finding when the variability associated with the
hearing sensitivity between groups and within groups
reflected in the pure-tone audiometric findings is consid-
ered (see Figure 1).

The second research question addressed whether or
not decreases in thresholds across sessions were owing to
the subjects learning the test material, learning the test
and listening environment, or a combination of both
learning effects. From Figure 2 and Table 1, comparison
of the thresholds for the experimental and control condi-
tions obtained in Session 1 indicates essentially no differ-
ence between the two sets of data. The same relation is
observed for the datain Session 5. Consider the data from
the 40 to 60 years group. The mean thresholds for the HD
condition in Session 1 were 22.4 dB and 22.5 dB HL for
the control and experimental conditions, respectively. As
the session number increased, the mean threshold for the
control condition systematically decreased from 18.9 to
18.7 t0 15.9 dB HL in Sessions 2, 3, and 4, respectively.
In Session 5, the mean threshold for the control condition
was 14.0 dB HL that represented a threshold decrease of
8.4 dB from the 22.4 dB HL threshold obtained in Session
1. Thethreshold for the experimental condition in Session
5 was 14.4 dB HL. The decrease in threshold must be
attributable to improvement that the subjects experienced
with repeated practice in Sessions 2, 3, and 4 with the
task. Because the materials for the control condition were
presented in each of the five sessions, the control condi-
tion cannot possibly differentiate the effects associated
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with learning the materials (i.e., the test words) from the
effects associated with learning the test procedure and test
environment (i.e., wearing earphones, sitting in a sound
booth, listening to signals at low levels, repeating stimu-
lus materia's, becoming familiar with the various charac-
teristics of the spesker, etc.). The data from the
experimental conditions, however, provide insight that
differentiates the two types of learning effects.

In comparison to the exposure received by the sub-
jects to the materials in the control conditions, the prac-
tice received by the subjects to the materials in the
experimental conditions was minimal. The thresholds for
the control and experimental conditions were lowered by
the same amount between Sessions 1 and 5 (Table 1,
right column). The practice received on the control con-
ditions improved the word-recognition performance by
the subjects on the control materias. Likewise, the recog-
nition performance of the subjects improved on the
experimental materials on which no practice was
received during Sessions 2, 3, and 4. The implication is
that the subjects were not learning the test materias
(words and/or sentences) but rather the subjects were
learning the test procedure, test environment, etc.
Although not presented, the HS, LD, and LS materials
demonstrated these exact relations.

To this point, the focus has been on the control and
experimental data from Sessions 1 and 5. Sessions 2, 3,
and 4 were used as control conditions in which eight
thresholds (four HD and four HS) were obtained from
each subject in each session. These control conditions pro-
vided the subjects with practice on the listening task and
materials. The mean thresholds for the HD condition (and
SDs) for the four trials within each of Sessions 2, 3, and 4
are listed in Table 2 for each of the subject groups. Two
relations are of interest in the data. First, as was reported
earlier, as the session number increased, the thresholds
decreased, a relation that is true for each subject group.
Second, the thresholds for a given condition changed lit-
tle, if any, across trials of a given session. Collapsed
across subject groups and sessions (2 to 4), the overal
mean threshold for Tria 4 within a session (19.2 dB HL)
was only 0.2 dB lower than the mean threshold for Tria 1
within asession (19.4 dB HL). Thus, the thresholds across
trials within a session remain remarkably stable, which is
in contrast to the systematic decrease in thresholds that
was observed across sessions.

The threshold data for the HD condition from six of
the 40- to 60-year-old listeners and six of the >65-year-

old listeners who participated in Session 6 (20 to 30 days
following Session 5) are depicted in Figure 4. For com-
parison, the mean data from the respective subsets of sub-
jects obtained in Sessions 1 through 5 are shown. For
both subject groups, recognition performance regressed
dlightly (2.9 dB to 3.3 dB) between Sessions 5 and 6, but
all thresholds for the individual subjects were lower in
Session 6 than in Session 1. These results indicate that
over the 20- to 30-day interval, the listeners retained a
portion of the listening sophistication that had been
acquired during the initial five test sessions.

Finally, in addition to the threshold measure obtained
from each set of data, the amplitudes of the last nine
excursions of the threshold tracks were evaluated. The
mean track excursion sizes (in decibel) are depicted in
Figure 5 for the various HD listening conditions,
listening sessions, and subject groups. A general charac-
teristic of both the control data (open symbols with solid
lines) and the experimental data (filled symbols with
dashed lines) is that the excursion size decreased as the
number of sessions increased. For both the <30 years
group and the 40 to 60 years group, the excursion size
systematically decreased ~0.5 dB from 2.8 dB in Session
1to 2.3 dB in Session 5. With the >65 years group, the
decrease in excursion size was reduced to about 0.2 dB,
from 2.7 dB to 2.5 dB. Although these differences are
small, the findings indicate that as practice on the
listening task increased, the subjects became more profi-
cient at the listening-response task. By Session 5, thres-
hold was “bracketed” typically by little more than one-
step size (2 dB). Because the sizes of the track excursions
of the control and experimental conditions changed by
similar amounts between Sessions 1 and 5, one can con-
clude, as with the threshold measures, that the equivalent
changes in performance on the control and experimental
conditions were owing to practice or exposure on the test
procedure and test environment and not to learning the
target stimulus words and sentences.

CONCLUSIONS

For aword-recognition task using sentence materials,
young subjects with normal hearing and older subjects
with hearing loss demonstrated improved thresholds with
an adaptive psychophysical procedure over test sessions
on 5 days. Comparison of the data from the control and
experimental conditions indicated that the improvements
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Table 2.
Mean thresholds (dB HL) and SDs (in parentheses) for the HD control conditions across four trialsin Sessions 2, 3, and 4.
Group/Session Trid
1 2 3 4
<30 Years Group
Session 2 9.5(0.7) 9.7 (1.1 9.2(0.8) 9.3(0.9
Session 3 7.7 (0.9 7.2(13) 6.8 (1.1 6.9 (1.1
Session 4 5.6 (0.8) 5.6 (0.9 5.2(0.6) 5.3(0.8)
40 to 60 Years Group
Session 2 19.9 (4.2 20.2 (4.1) 20.3 (4.3) 20.1(4.1)
Session 3 18.7 (4.0) 17.9 (3.5) 18.0 (3.3 18.7 (4.3
Session 4 159 (3.7) 16.5 (4.2) 16.5 (3.5) 16.4 (4.0
>65 Years Group
Session 2 35.0 (15.6) 34.8 (15.2) 34.3(15.1) 34.8(15.1)
Session 3 33.0(14.7) 32.6 (14.9) 32.4(15.1) 31.9 (14.9)
Session 4 29.6 (14.8) 30.0(15.1) 29.3(14.8) 29.1 (14.6)

in performance were owing to the listeners learning (i.e.,
becoming more sophisticated), the listening-response
task, and the listening environment. The improvement
was not attributabl e to the listenerslearning the test words
and/or sentences. Based on the data across the test ses-
sions, the test-retest characteristic of the materials and
procedures would be poorer; however, based on the data

40 .
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Figure4.

Mean thresholds (dB HL) for HD experimental conditions (filled
symbols and dashed lines) and for HD control conditions (open
symbols) obtained in six sessions from a subset of subjects from 40 to
60 years and >65-years age groups. A 20- to 30-day interval occurred
between Sessions 5 and 6.

across trials within a session, the test-retest characteristic
would be good. The current findings provide one type of
evidence that subjects can improve word-recognition per-
formance with practice on the listening task. Because the
adaptive psychophysical procedure and sentence materi-
asinvolvedin the current study are different from thetra-
ditional clinical method used to access word-recognition
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Mean excursion amplitudes (dB) for HD experimental conditions
(filled symbols and dashed lines) and for HD control conditions (open
symbols) obtained in each of sessions. In each panel, data for each of
three age groups are shown as circles (>65 years), squares (40 to
60 years), and triangles (<30 years).
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abilities using monosyllabic words presented at a fixed
level, one must use caution in applying the findings from
the former to the latter.
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