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Abstract

Background: In certain masking paradigms, the masker can have two components, energetic and infor-
mational. Energetic masking is the traditional peripheral masking, whereas informational masking
involves confusions (uncertainty) between the signal and masker that originate more centrally in the audi-
tory system. Sperry et al (1997) used Northwestern University Auditory Test No. 6 (NU-6) words in multi-
talker babble to study the differential effects of energetic and informational masking using babble played
temporally forward (FB) and backward (BB). The FB and BB are the same except BB is void of the con-
textual and semantic content cues that are available in FB. It is these informational cues that are thought
to fuel informational masking. Sperry et al found 15% better recognition performance (~3 dB) on BB than
on FB, which can be interpreted as the presence of informational masking in the FB condition and not in
the BB condition (Dirks and Bower, 1969). The Words-in-Noise Test (WIN) (Wilson, 2003; Wilson and
McArdle, 2007) uses NU-6 words as the signal and multitalker babble as the masker, which is a combi-
nation of stimuli that potentially could produce informational masking. The WIN presents 5 or 10 words at
each of seven signal-to-noise ratios (S/N, SNR) from 24 to 0 dB in 4 dB decrements with the 50% correct
point being the metric of interest. The same recordings of the NU-6 words and multitalker babble used by
Sperry et al are used in the WIN.

Purpose: To determine whether informational masking was involved with the WIN.

Research Design: Descriptive, quasi-experimental designs were conducted in three experiments using
FB and BB in various paradigms in which FB and BB varied from 4.3 sec concatenated segments to
essentially continuous.

Study Sample: Eighty young adults with normal hearing and 64 older adults with sensorineural hearing
losses participated in a series of three experiments.

Data Collection and Analysis: Experiment 1 compared performance on the normal WIN (FB) with per-
formance on the WIN in which the babble segment with each word was reversed temporally (BB). Experi-
ment 2 examined the effects of continuous FB and BB segments on WIN performance. Experiment 3
replicated the Sperry et al (1997) experiment at 4 and 0 dB S/N using NU-6 words in the FB and BB
conditions.

Results: Experiment 1—with the WIN paradigm, recognition performances on FB and BB were the same
for listeners with normal hearing and listeners with hearing loss, except at the 0 dB S/N with the listeners
with normal hearing at which performance was significantly better on BB than FB. Experiment 2—
recognition performances on FB and BB were the same at all SNRs for listeners with normal hearing
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using a slightly modified WIN paradigm. Experiment 3—there was no difference in performances on the
FB and BB conditions with either of the two SNRs.

Conclusions: Informational masking was not involved in the WIN paradigm. The Sperry et al results
were not replicated, which is thought to be related to the way in which the Sperry et al BB condition
was produced.

Key Words: Audiogram, energetic masking, hearing loss, informational masking, signal-to-noise ratio,
speech perception, words/speech-in-noise, words/speech-in-quiet

Abbreviations: BB = temporally backward babble; CRM = Coordinate Response Measure; FB =
temporally forward babble; HFPTA = high-frequency, pure-tone average (1000, 2000, and 4000 Hz);
NU-6 = Northwestern University Auditory Test No. 6; PTA = pure-tone average (500, 1000, and

2000 Hz); rms = root-mean-square; SNR, S/N

signal-to-noise ratio; SSI = Synthetic Sentence

Identification; SSN = speech-spectrum noise; WIN = Words-in-Noise Test

hen masking is introduced in a listening
s;s; paradigm, the recognition performance on
the listening task is altered. In a typical
speech-in-noise paradigm in which the masker is a ran-
dom noise, the spectra of the speech and masker signals
and the amplitude or energy relation between the
speech and masker signals are the important determi-
nants of recognition performance (Miller, 1947). The
energy relation between the two signals is expressed
as the signal-to-noise ratio (S/N; SNR) and is referred
to as peripheral or energetic masking, which within cer-
tain limits is linear when plotted as a function of pre-
sentation level (Hawkins and Stevens, 1950). With
speech-in-noise paradigms, at high SNRs the speech
waveform dominates the noise waveform (amplitude
wise), and because of minimal stimulus uncertainty
the listener can easily segregate the speech signal from
the masker signal and achieve excellent recognition
performance. In contrast to the high SNR paradigm,
when the SNR is low, the noise waveform dominates
the speech waveform, and because of increased stimu-
lus uncertainty, the listener has difficulty segregating
the speech signal from the masker signal that leads
to poor recognition performance.

When speech is both the target signal and the mask-
ing signal, factors in addition to energetic masking can
operate. The similarities between the target and mask-
ing signals in terms of the acoustic properties, contex-
tual and semantic content, and so on create stimulus
uncertainties for the listener that make it difficult to
segregate the target signal from the masking signal.
On this continuum of similarity (Kidd et al, 2002),
as the stimulus/listener uncertainty increases, the
performance on the listening task decreases. This
inability of the listener to distinguish between similar
acoustic signals, which can be speech or nonspeech sig-
nals, is referred to as informational masking and is
rooted in a literature that over the years searched
for descriptors of the phenomenon. In discussing the
“cocktail party problem,” Cherry (1953) observed that
when two messages with similar semantic content are

spoken by the same speaker, listeners are not able to
separate the two messages. Egan et al (1954) distin-
guished “between two kinds of interference in the
reception of simultaneous messages: masking and con-
fusion” (p. 774). In the Egan et al definitions, masking
referred to “the accepted theory of peripheral mask-
ing,” whereas confusion occurred when the listeners
had difficulty distinguishing between two similar, syn-
chronous messages. Likewise, Webster and Thompson
(1954) observed that “It is quite apparent that compet-
ing messages both mask and divide attention, and
the decrement in performance must be attributed to
both” (p. 397). Subsequently, Carhart et al (1968) used
semantic interference to describe the masking of speech
by speech in contrast to the use of “perceptually nonde-
script” to describe the “semantically void” characteristic
of a white noise that was modulated (four interruptions/
sec with a 10 dB interburst ratio or modulation depth).
After studying the effects on spondaic-word thresholds
of modulated white noise, competing sentences, and
modulated noise combined with competing sentences,
Carhart et al (1969) used the terms perceptual interfer-
ence and perceptual masking to describe the “excess”
masking (~3 dB) that was found with the combined
masking condition with respect to either of the two
masking conditions alone. Dirks and Bower (1969) used
the term disruptive factors as a possible contributor to
the overall masking that is achieved when the speech
signal and competing message masker are spoken by
the same speaker. Stimulus uncertainty was paramount
to Watson et al (1976), who observed that in contrast to
peripheral masking, recognition masking (Massaro,
1972), which was a term used interchangeably with infor-
mational masking (apparently introduced by Pollack,
1975), was unchanged when routed to the contralateral
ear and could be minimized with training. Since those
early days of investigation, it is becoming commonplace
to recognize the influences that both energetic and
informational masking may have on both speech and
nonspeech auditory perceptual masking paradigms
(Watson, 2005). As suggested by Lutfi (1990), total masking
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is the sum of the energetic and informational masking
components.

In summary, the more similar the speech signal and the
masker signal are, the more of an opportunity there is for
informational masking to occur. The extreme example of
speech and masker similarity or listener uncertainty is
the same speaker speaking two similar messages at the
same sound-pressure level through one transducer
(Cherry, 1953; Egan et al, 1954). Similar listener uncer-
tainty involves the Coordinate Response Measure (CRM;
Boliaetal,2000; Brungart,2001)that usesthe same seman-
tic and syntactic structure in the target and masking sen-
tences (e.g., the simultaneous presentation of “Ready
Charlie go to blue one now” [target] and “Ready Baron go
to green five now” [masker]). In these CRM examples that
maximize stimulus similarity and listener uncertainty,
there are few, if any, cues to help the listener segregate
the speech and masker signals. The effects of informational
masking can be decreased by introducing differential lis-
tening cues that can be incorporated simply by creating a
disparity in, for example, the presentation level of either
signal. As the differential listening cues increase (e.g., with
different speakers for the speech and masker signals, differ-
ent levels, etc.), stimulus similarity and listener uncer-
tainty decreases, signal segregation becomes easier, and
performance on the task increases. Thus, just as with the
energetic component of masking, the informational mask-
ing component can be manipulated to varying degrees by a
multitude of variables in the stimulus paradigm.

An ideal speech perception paradigm that can be used to
study informational masking is one in which the speech
maskerisreproduced normallyin the temporal domain (for-
ward) and temporally backward or reversed. In comparison
to normal speech, backward speech eliminates the contex-
tual and semantic content cues of the signal but maintains
the spectral content and many of the temporal characteris-
tics (Meyer-Eppler, 1950; Dirks and Bower, 1969; Summers
and Molis, 2004). Kellogg (1939) provides an interesting
and entertaining introduction to the attributes of backward
speech as it was being explored in the early days of recording
devices. He pointed out that the sustained sounds for the
most part are unaltered when played backward. Likewise,
Kellogg observed that the (ex)plosive consonants are much
the same when played backward with the final consonants
less “conspicuous” than the initial consonants. The onsets
and offsets of many sounds, however, are substantially dif-
ferent in the two temporal playback directions. For these
reasons in the study of informational masking, the use of
a normal speech masker and that same speech masker
played backward are quintessential conditions.

Several studies have used speech signals and speech
maskers to study energetic and informational masking
using the speech maskers played forward and backward.
The Synthetic Sentence Identification (SSI) materials
(Speaks and Jerger, 1965) were used by Dirks and Bower
(1969) to study “the effect of semantic content or meaning
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of a competing speech message” (p. 229). The SSI has 10
third-order approximation sentences with a story com-
petition about Davy Crockett. The speaker of the sen-
tences and story are the same.! There was no difference
between identification performances obtained on the
SSI when the competing story was played temporally
forward or backward.

Multitalker babble also has been used as a speech
masker. The classic Miller study (1947) demonstrated
that as the number of talkers in the competing speech
masker increases above one, the effectiveness of the
masker increases. In that study (Miller, 1997, fig. 9,
p- 119), 50% correct recognition was achieved at
~105 dB SPL with one talker, at ~96.5 dB SPL with
two talkers, and stabilized at 94 to 95 dB SPL with four,
six, or eight talkers. The finding that the masking effec-
tiveness of babble stabilizes around six talkers has been
substantiated with a variety of masking paradigms
(Pollack and Pickett, 1958; Bronkhorst and Plomp,
1992; Simpson and Cooke, 2005; Brungart et al,
2009). The amplitude modulation characteristic of the
one-talker competitor, which includes the natural silent
intervals in the speech stream, provides favorable SNRs
during which time speech perception is easy. As the
number of talkers increases from one to two and then
four or more, the amplitude modulation characteristic
and the silent intervals in the waveform envelope
are increasingly diminished and the speech masker
increasingly becomes more like a conventional “random”
speech-spectrum noise (SSN). Perceptually with mul-
titalker babble, as the number of talkers is increased,
the talker speech streams become increasingly en-
tangled and the intelligibility of any particular talker
is increasingly diminished. The link between a babble
masker and a random noise masker is exemplified in a
recent study that compared recognition performances
with a six-talker babble and a SSN (Wilson et al, 2007).
When the two maskers were at the same root-mean-
square (rms), listeners with normal hearing performed
2 dB better in the babble than in the SSN; listeners with
sensorineural hearing loss only had a 0.5 dB difference
between the two maskers. The better performance on
the babble condition was attributed to the valleys in
the amplitude modulations of the babble providing
“windows of opportunity” during which time the SNR
was briefly improved. Such amplitude valleys were
not available in the SSN envelope.

Garstecki and Mulac (1974) studied the effects of for-
ward multitalker babble (FB) and backward multitalker
babble (BB) on recognition performance with the CID
W-22 words, the CID Everyday Speech Sentences, and
the SSI materials, all of which were recorded by the same
speaker. FB and BB were played continuously during the
listening tasks. Listeners with normal hearing and two
groups’of listeners with hearing loss were studied. Per-
formances on both CID materials were 5—7% better for
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BB than for FB, whereas performances on the synthetic
sentences in babble were 20—25% better for BB than for
FB. The differences were attributed to the “semantic con-
tent of the [FB] competing message” (p. 175), which today
would be termed informational masking.

Hornsby et al (2006) reported with the HINT sentences
(Nilsson et al, 1994) presented in sound field that as the
number of talkers in spatial multitalker babble increased
from two to seven, “both informational and energetic
masking effects can be observed” (p. 446). Further,
Hornsby et al reported for listeners with normal hearing
that performance improved as the number of talkers de-
creased, whereas the number of talkers did not alter per-
formance for listeners with hearing loss. The results from
several studies using a variety of experimental paradigms
indicate that informational masking is more pronounced
in listeners with normal hearing than in listeners with
hearing loss. Arbogast et al (2005) found that their differ-
ent-band sentence masker produced about twice as much
informational masking on listeners with normal hearing
compared to listeners with hearing loss. A recent study
used “speech-in-speech-in noise” paradigms in which
the masking components were combinations of speech-
shaped noise signals and speech signals (Agus et al,
2009). The speech-shaped noise provided the energetic
masking component, and the speech provided the infor-
mational masking component, which mimicked the para-
digm used earlier by Carhart et al (1968). Simple
sentences with three keywords from the Audiovisual
Sentence List (MacLeod and Summerfield, 1990) served
as the target speech. When noise and speech were mixed
as the masker, the maximum masking effect (3 to 5 dB)
was observed with both listeners with normal hearing
andolderlisteners with hearingloss. This wasinterpreted
as evidence of informational masking, which was a
slightly smaller effect for the listeners with hearing loss.
A similar observation was made by Summers and Molis
(2004) with sentence materials using a single-talker
competing message played forward and backward.

This project explored the effects that energetic and
informational masking have on the Words-in-Noise Test
(WIN) that incorporates speech signals in a multitalker
babble masker (Wilson, 2003; Wilson and Burks, 2005;
Wilson and McArdle, 2007). The WIN involves two
35-word lists of monosyllabic words and 7 SNRs from 24
to 0 dB in 4 dB decrements. Five unique words are pre-
sented at each SNR with the metric of interest being
the SNR at which the 50% point occurs as computed with
the Spearman-Karber equation (Finney, 1952). The words
are from the Northwestern University Auditory Test No. 6
lists (NU-6; Tillman and Carhart, 1966) spoken by a
female speaker (Causey et al, 1983; Department of Veter-
ans Affairs, 2006). The six-talker, multitalker babble
(three females and three males) was compiled by mixing
the recordings of the six talkers after the silent gaps had
been deleted (J.D. Causey, pers. comm, 1979).

Energetic and Informational Masking in the WIN/Wilson et al

Interestingly, the effects that energetic and informa-
tional maskers have on the same NU-6 recordings pre-
sented in the same six-talker babble described in the
previous paragraph were studied earlier in a slightly
different paradigm (Sperry et al, 1997). In that study
of 18 young adults with normal hearing, 30 min babble
samples were made for the forward babble (FB) and
backward babble (BB).2 Each listener was presented
a 50-word list randomly in FB and BB at each of 5 SNRs
from —8 to 8 dB in 4 dB steps. As depicted in Figure 1,
except at the highest SNR, recognition performance on
the BB condition was consistently 15% better than per-
formance on the FB condition. At the 50% point, there
was a 3.3 dB difference between the mean recognition
performances the two conditions with BB at —1.2 dB
S/N and FB at 2.1 dB S/N. The 3.3 dB difference sug-
gests that an informational masking component was
operating in this speech-in-noise paradigm.

Because the WIN incorporates the identical speech sig-
nals and multitalker babble materials used by Sperry et al
(1997), it is easy to argue that the WIN also should dem-
onstrate an informational masking component. Thus, the
purpose of this study was to determine the degree of
involvement that energetic and informational masking
have in the WIN, which could guide future application
of the WIN in domains of auditory function involving
the two types of maskers. There are, however, differences
between the WIN paradigm and the paradigm used by
Sperry et al that prompt questioning an informational
masking component with the WIN. First, the WIN uses
a fixed level babble and a variable level speech signal,
whereas Sperry et al employed a variable level babble
and a fixed level speech signal. This is probably not a fac-
tor that would contribute to performance differences as
Yost and Soderquist (1981) and Weber (1986) both dem-
onstrated that which of the two variables (signal and
masker) is fixed and which is varied has no consequence
on the outcome. Second, the WIN uses unique 4.3 sec
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Figure 1. .The mean percent correct obtained on the NU-6 mate-
rials:-when the competing babble was played normally or tempo-
rally forward (FB, triangles) and played temporally backward
(BB, circles). The data are from Sperry et al (1997, table 1, p. 75).
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babble segments with each word that over the course ofthe
test arerandomly interspersed, whereas Sperry et al used
a continuous 30 min loop of babble whose continuity was
not interrupted over the course of the 50-word presenta-
tions. The random 4.3 sec snippets of babble used with
the WIN are thought tominimize or negate any perceptual
continuity of the babble. Three experiments were con-
ducted primarily on listeners with normal hearing in pur-
suit of informational masking first in the WIN paradigm
progressing to the paradigm used by Sperry et al. The
hypothesis in Experiment 1 was that the WIN would pro-
vide equivalent results when the babble was played for-
ward and backward thereby demonstrating little or no
involvement of informational masking. Because the
WIN is intended to evaluate listeners with hearing loss,
such participants were included in this experiment.
Experiment 2 pursued informational masking in a
WIN-type paradigm that used the WIN words in the
descending presentation level scheme but with continu-
ous multitalker FB and BB segments as opposed to the
4.3 sec babble segments used in Experiment 1. Experi-
ment 3 reverted to the stimulus paradigm used by Sperry
et al in a partial replication of their study at two SNRs.

EXPERIMENT 1
Methods
Materials

The following three speech paradigms were incorpo-
rated: (1) the traditional WIN with the multitalker bab-
ble played temporally forward (FB), (2) the WIN with
the multitalker babble played temporally backward
(BB), and (3) the WIN words presented in quiet at each
of the presentation levels used in the two babble para-
digms. As indicated in the introduction the WIN con-
sists of two 35-word lists of NU-6 materials with five
unique words in each list presented at SNRs from 24
to 0 dB in 4 dB decrements (Wilson, 2003; Wilson
and Burks, 2005; Wilson and McArdle, 2007). Each of
the 70 words is companioned with a unique, 4.3 sec seg-
ment of six-talker babble (recorded by G.D. Causey,
pers. comm., 1979). Thus, each of the WIN words was
frozen temporally with its companion babble segment
and was only used at one SNR. To avoid abrupt changes
at the boundaries of the babble segments, the beginning
and end of each babble segment were edited at the
negative-going zero crossings, which provided a smooth
transition between babble segments. Each of the 70
words was contained in a separate file with the carrier
phrase and target word on the left channel and the mul-
titalker babble on the right channel. The appropriate
SNRs were set in each of these individual word files.

For the traditional WIN paradigm (FB), the files were
concatenated to form two randomizations of each of the
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two lists, the channels were mixed with a monitor channel
added to the second channel, and the files were recorded on
CD (Hewlett-Packard, Model GWA-4162B). For the BB
paradigm, several steps were required with a waveform
editor. First with each of the 70 files, the beginning and
end points of the target words were identified and the
rms of the words and corresponding babble segments com-
puted. The word lengths ranged from 233 to 689 msec
(mean = 508 msec; SD = 79 msec). Second, the 4.3 sec bab-
ble waveform was reversed temporally. Third, the rms of
thereversedbabble segmentthattemporally corresponded
to the target word was computed and adjusted to the rms
level obtained for that word in the first step. In thismanner
the SNR over the duration of the target word was the same
for both FB and BB. The rms adjustments to the BB seg-
ments were minimal with 84% (59 words) involving
changes of =1 dB. Fourth, the two channels were mixed,
and two randomizations of each list were compiled and
recorded on CD as previously described. Finally, the words
ineach ofthe two WIN lists were recorded in quiet using the
same 24 dB amplitude range incorporated in the WIN.

Participants

Sixteen young adult listeners (mean = 23.9 yr; SD =
2.6 yr) with normal hearing at the octave frequencies
between 250 and 8000 Hz (=20 dB HL;; American National
Standards Institute [ANSI], 2004) participated. The mean
three-frequency (500, 1000, and 2000 Hz) pure-tone aver-
age(PTA)was8.8dBHL(SD =5.4dB),and the mean high-
frequency, pure-tone average (HFPTA; 1000, 2000, and
4000Hz) was 6.0 dBHL (SD = 5.5 dB). The 64 older listen-
ers (mean = 65.6 yr; SD = 7.1 yr) met the following inclu-
sion criteriafor thetestear: (1) 55 to 85 yrofage, (2) 500 and
1000Hzthresholds =40dBHL,(3)PTA<=40dBHL,and (4)
word recognition in quiet on the NU-6 materials >40% cor-
rect. The mean PTAwas 27.8dBHL (SD = 8.6dB), and the
HFPTA was 40.8 dB HL (SD = 8.4 dB). The mean audio-
gramsforthetestearsofboth groups areshownin Figure 2.

Procedures

Each participant listened to List 1 and List 2 of the
WIN words three times, once for each of the three con-
ditions (WIN with FB, WIN with BB, and WIN words in
quiet). The first four lists presented were for the two
babble conditions with the conditions alternated and
the lists and randomizations counterbalanced so that
each participant received both lists for both conditions.
Each list randomization was administered an equal
number of times to each group of listeners. After the
babble data were obtained, the quiet data were col-
lected, alternating the list order among the listeners.

The materials in the three experiments were repro-
duced by a.CD player (Sony, Model CDP-CE375) and
fed 'through an audiometer (Grason-Stadler, Model
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Figure 2. The mean audiograms for the 16 listeners with normal
hearing (circles) and the 64 listeners with hearing loss (squares) in
Experiment 1. The wide vertical lines are =1 SD.

61) to an ER-3A insert earphone. A dummy insert ear-
phone was in the nontest ear. The level of the babble
was 80 dB SPL with the level of the words both in babble
and in quiet varying from 104 to 80 dB SPL in 4 dB dec-
rements. For the three experiments, the left ear was the
test ear for the odd numbered listeners and the right ear
was the test ear for the even numbered subjects. The
testing was conducted in a sound booth with the verbal
responses of the listeners recorded into a spreadsheet.

Results and Discussion

The mean results and standard deviations for the var-
ious listening conditions are listed in Tables 1 and 2 with
the psychometric functions for the three conditions illus-
trated in Figure 3. Of primary interest were the recogni-
tion performances by the two groups of listeners on the
WIN in the FB and BB conditions. As seen in Table 1,
for the listeners with normal hearing there was a 0.3
dB mean difference between recognition performances
on the FB and BB conditions (4.2 and 3.9 dB S/N, respec-
tively) with performance on BB better than performance
on FB. Likewise, for the listeners with hearing loss there
was a 0.3 dB difference, albeit in the opposite direction,
between performances onthe FB and BB conditions (11.7
and 12.0 dB S/N, respectively). Neither of the 0.3 dB dif-
ferences was significant (listeners with normal hearing,
p = 0.45; listeners with hearing loss, p = 0.50). Compa-
rable 50% points for each of the conditions were obtained
from the individual data with the Spearman-Kérber
equation and from the polynomial equations used to
describe the mean data in Figure 3.

The similarities between performances on the FB and
BB conditions by each of the two groups of listeners not
only occurred at the 50% points but also were observed
throughout the SNR ranges (Fig. 3 and Table 2). With

Energetic and Informational Masking in the WIN/Wilson et al

one exception, the difference between corresponding
mean performances for the forward and backward babble
conditions was =4%. Considering the ~7%/dB slopes of
the functions (Table 1), 4% is equivalent to about a 0.5
dB difference. The one exception involves the listeners
with normal hearing at the 0 dB S/N at which the mean
performance on BB was 12% better than the mean per-
formance on FB. Of the 16 listeners, only one listener
had poorer performance on BB than on FB. This 12%
difference, which on the rationalized arcsine transformed
data (Studebaker, 1985) was significant (¢t = —2.69, df =
15, p = .017), can be interpreted as the lone indication in
Experiment 1 of informational masking.

Finally, the individual data that are presented in Fig-
ure 4 as a bivariate plot of the 50% points obtained with
FB (abscissa) and BB (ordinate) further emphasize the
similarity in recognition performances obtained with
the two conditions. First, all the data points are clus-
tered closely about the diagonal line that represents
equal performance on the two conditions. Data points
above the diagonal line indicate better performance
on the forward babble condition; thus, 25% of the listen-
ers with normal hearing and 55% of the listeners with
hearing loss had better performance on the FB condi-
tion, whereas 62.5% of the listeners with normal hear-
ing and 31% of the listeners with hearing loss had better
performance on the BB condition. The dashed line,
which is a linear regression fit to the data from the lis-
teners with hearing loss (RZ = 0.86), has a slope that
approaches unity (0.996 dB/dB) indicating a one-to-
one relation between the two variables.

The recognition performances on the WIN words pre-
sented in quiet also are depicted in Figure 3 (triangles)
and listed in Table 2. Two relations are noteworthy.
First, for both groups of listeners at the highest two
presentation levels, performances on the WIN words
in quiet and in babble were essentially the same. For
the listeners with normal hearing this relation was
maintained over the 92 to 104 dB SPL range, whereas
for the listeners with hearing loss it was maintained
only at the two highest levels. Second, performance
in quiet by both groups of listeners clearly demonstrates
that the degraded performance on the WIN at the
poorer SNRs was owing to the effects of the babble
and not to audibility issues in quiet.

In summary, the data from Experiment 1 indicate
that the WIN paradigm exhibits the same word-recog-
nition performance regardless of temporal direction of
the multitalker babble. As hypothesized, informational
masking does not contribute in any substantial way to
the overall masking effects that are observed with the
WIN. Clinically, the WIN should be considered an ener-
getic masking instrument. To evaluate if this lack of
informational masking were owing to the random snip-
pets of babble that are used in the WIN, a follow-up
experiment was conducted.
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Table 1. Mean 50% Points (and standard deviations) Calculated from the Individual Listeners for the Forward (FB)
and Backward Babble (BB) Conditions and the 50% Points Calculated from the Functions and the Slopes of the
Functions at the 50% Points from Figures 3 and 5 for Experiments 1 and 2, Respectively

Spearman-Karber 50% Point Polynomial
Mean SD 50% Point Slope
Experiment/Condition (dB S/N) (dB) (dB S/N) (%/dB)
Experiment 1
Normal Hearing
FB 4.2 0.8 3.8 7.5
BB 3.9 1.0 4.0 6.4
Hearing Loss
FB 1.7 2.6 10.8 7.5
BB 12.0 2.8 11.3 71
Experiment 2
Normal Hearing
FB 4.5 1.7 4.3 6.7
BB 4.2 1.4 3.9 6.2

EXPERIMENT 2

he purpose of this experiment was to determine if

the lack of informational masking observed in
Experiment 1 was attributable strictly to the effects
of the randomized, 4.3 sec segments of babble. In
Experiment 2, continuous babble segments were used
throughout the course of each WIN list of 35 words,
not the randomized, 4.3 sec segments of babble used
in Experiment 1. Based on the Sperry et al (1997) data,
the hypothesis for Experiment 2 was that a continuous,
multitalker babble would produce better performance
on the BB condition than on the FB condition (i.e., an

informational masking component), which in turn would
provide discriminant validity for the results obtained in
Experiment 1.

Methods
Materials

The same eight lists of WIN words used in Experi-
ment 1 were used in Experiment 2 (2 lists X 2 random-
izations X 2 babble directions). Only the multitalker
babble was different in the two experiments. For Ex-
periment 2, a 69 min segment of babble was adjusted

Table 2. Mean Recognition Performances (%) for the Two Groups of Listeners (upper panel) and Corresponding
Standard Deviations (bottom panel) for the Forward Babble (FB), Backward Babble (BB), and Quiet Conditions

for the Two Groups of Listeners in Experiment 1

Signal-to-Noise Ratio (dB)/Word Presentation Level (dB SPL)

Group/Condition 0/80 4/84 8/88 12/92 16/96 20/100 24/104
Means
Normal Hearing (n = 16)
FB 18.1 51.3 78.1 99.4 100.0 100.0 99.4
BB 30.6 50.0 77.5 97.5 99.4 98.8 99.4
Quiet 96.3 99.4 96.9 99.4 100.0 100.0 99.4
Hearing Loss (n = 64)
FB 0.9 5.5 24.8 67.3 76.4 91.4 91.4
BB 0.8 6.7 21.7 63.3 74.2 90.2 92.7
Quiet 76.4 81.3 83.3 91.1 93.0 96.9 96.4
Standard Deviations
Normal Hearing
FB 12.2 12.6 10.5 25 0.0 0.0 25
BB 11.8 7.3 8.6 5.8 25 3.4 2.5
Quiet 5.0 25 4.8 25 0.0 0.0 25
Hearing Loss
FB 2.9 11.0 22.0 19.7 15.5 111 1.7
BB 3.7 9.9 19.9 21.7 16.3 11.3 10.9
Quiet 194 18.8 1.7 10.6 10.8 6.4 6.5
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Figure 3. Psychometric functions are shown for the 16 listeners
with normal hearing (filled triangles and circles) and from the 64
listeners with hearing loss (open triangles and squares) in
Experiment 1 for the WIN materials in quiet (triangles), in
forward babble (FB, open circles and squares), and in backward
babble (BB, filled circles and squares). Third-degree polynomials
are used to describe the masking data for the two groups of
listeners.

in amplitude using rms to match the overall amplitude
of the babble segments used in Experiment 1. The 69
min babble segment was copied on the second channel
and temporally reversed. Then sequentially, (1) forty-
eight 151 sec segments of FB and BB were edited from
the master file; (2) the rise and fall characteristics of the
48 segments were shaped linearly over 500 msec; (3)
1 sec silent intervals were added to the beginning and
end of each file; and (4) the two channels were copied into
separate FB and BB files. Because of the randomness of
the SNRs with each word and babble segment, no
attempt was made to equalize the SNRs of each word
in the FB and BB conditions. The order of the files
was randomized with 32 FB and 32 BB segments paired
and mixed with the WIN lists and recorded on CD. In this
manner, 32 of the 48 FB and 32 of the 48 BB segments
were used in Experiment 2. Each of the 16 participants
was assigned 2 of the FB and 2 of the BB segments. Thus,
each list presented to each listener was in a unique bab-
ble segment with no repetitions, which duplicated within
limits the continuous 30 min babble used by Sperry et al
(1997). The words for the quiet condition were as
described in Experiment 1.

Participants

Sixteen young adult listeners (mean = 24.1 yr; SD =
3.0 yr), who were new to the study, participated. The
PTA was 6.9 dB HL (SD = 5.8 dB), and the HFPTA
was 5.4 dB HL (SD = 5.3 dB). Listeners with hearing
loss were not included in Experiment 2.

Energetic and Informational Masking in the WIN/Wilson et al

Procedures

Again, each participant listened to List 1 and List 2 of
the WIN words three times, once for the FB condition,
once for the BB condition, and once in quiet. The FB and
BB conditions were alternated and counterbalance
among the participants with the quiet condition being
administered last. The level of the babble was 80 dB
SPL with the level of the words both in babble and in
quiet varying from 104 to 80 dB SPL.

Results and Discussion

The data from Experiment 2 are listed in Tables 1
(bottom section) and 3 and are illustrated in Figures
5 and 6. As listed in Table 1, there was a minimal differ-
ence between the 50% points for the FB (4.5 dB S/N) and
BB (4.2 dB S/N) conditions that was nonsignificant (p =
0.40). Except at the two poorest SNRs, the functions for
the two conditions in Figure 5 are essentially superim-
posed with slopes of 6.7%/dB and 6.2%/dB for FB and
BB, respectively. At 0 dB S/N, performance was 4.4% bet-
ter on BB than on FB with six listeners better on BB, six
listeners better on FB, and four listeners equal; this dif-
ference was not significant (p = 0.62) on the rationalized
arcsine transformed data. At 4 dB S/N, performance was
3.8% better on BB than on FB with nine listeners better
on BB, four listeners better on FB, and three listeners
equal; this difference was not significant (p = 0.41) on
the rationalized arcsine transformed data. The data
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Figure 4. A bivariate plot of the WIN 50% points obtained in
Experiment 1 from the 16 listeners with normal hearing (circles)
and from the 64 listeners with hearing loss (squares) for forward
babble (FB, abscissa) and backward babble (BB, ordinate) is
shown. The large filled symbols represent the mean data, and
the percentage numbers indicate the portion of performances
above; on, and below the diagonal line that represents equal per-
formance: The dashed line is a linear regression fit to the data from
the listeners with hearing loss.
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Table 3. Mean Recognition Performances (%) for the 16 Listeners with Normal Hearing (upper panel) and
Corresponding Standard Deviations (bottom panel) for the FB, BB, and Quiet Conditions in Experiment 2

Signal-to-Noise Ratio (dB)/Word Presentation Level (dB SPL)

Group/Condition 0/80 4/84 8/88 12/92 16/96 20/100 24/104
Means
FB 20.6 46.9 78.1 99.4 96.9 98.8 97.5
BB 25.0 50.6 78.8 98.1 97.5 98.1 98.1
Quiet 95.6 98.8 97.5 99.4 100.0 98.1 98.8
Standard Deviations
FB 12.9 19.9 14.7 2.5 4.8 3.4 4.5
BB 15.9 17.3 16.7 4.0 4.5 4.0 4.0
Quiet 7.3 3.4 4.5 2.5 0 4.0 3.4

in Figure 6 show the fairly equal distribution of the 16
individual 50% points about the diagonal line of equal
performance. The findings from Experiment 2 demon-
strate that when the WIN paradigm was modified to
accommodate continuous segments of babble over the
duration of the word presentations, there is no evidence
of informational masking involvement. Further, the data
indicate that the FB and BB maskers can be used inter-
changeably in the WIN paradigm with equivalent results.

There is an interesting comparison between the data
from the young listeners with normal hearing in Ex-
periments 1 and 2. To reduce variability, the WIN was de-
signed using a paradigm in which the words were always
fixed in a unique sample of babble. This was done so that
each word would always have the identical signal and
masker relation that in turn was theorized to reduce var-
iability. A comparison of the standard deviations from Ex-
periments 1 and 2 supports this line of reasoning. The
average standard deviations at 0, 4, and 8 dB S/N, which
is where variability with the WIN is observed on young
listeners with normal hearing, were 10.5 dB in Experi-
ment 1 and 16.2 dB in Experiment 2, a 5.7 dB difference.
Thus, the randomness between the coincidences of the
target words and the babble that characterized Experi-
ment 2 increased intersubject variability by about 30%.

In view of the Sperry et al (1997) findings of an in-
ferred informational masking component that was ob-
served with the identical speech and babble materials
used in the current experiments, the results of Experi-
ment 2 were somewhat unanticipated, which prompted
Experiment 3.

EXPERIMENT 3

he paradigm used in Experiment 2 approached but

did not exactly duplicate the paradigm used by
Sperry et al (1997) that produced 15% higher word rec-
ognition when the babble was temporally backward
compared to temporally forward. Thus, in Experiment
3, the Sperry et al paradigm was replicated within lim-
its at two SNRs in an attempt to duplicate the differing
performances on the FB and BB conditions. Because
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informational masking is most likely to manifest itself
under those conditions in which the signal and the
masker have the most similarities, SNRs of 0 and 4
dB were studied. The “within limits” replication involved
both similarities and differences. As previously noted, the
two studies both involved the identical speech and multi-
talker babble materials and utilized young adults with
normal hearing. The studies were different in two main
respects. First, Sperry et al fixed the level of the speech at
40 dB SL (sensation level re the pure-tone average at
1000, 2000, and 4000 Hz) and presented 50 words to par-
ticipants in each of 15 masking conditions that included
5 SNRs for FB and 5 SNRs for BB. In contrast, the Ex-
periment 3 protocol fixed the level of the multitalker bab-
ble at 70 dB SPL and presented 100 different words to
each participant in the FB and BB conditions. As men-
tioned previously, Yost and Soderquist (1981) and Weber
(1986) demonstrated the same result is achieved by vary-
ing the level of the signal and fixing the level of the
masker and by varying the level of the masker and fixing
the level of the signal. Second, the 18 participants in the

Word presentation level (dB SPL)
80 84 88 92 96 100 104

T T
100 B
c 4
o
= 80 .
c
=) L 4
o
o 60 _
o
-
5 L 4
T 40 4
[*]
o L 4
T
o 20 E
o
3
o - 4
o O FB
or H BB |
1 1 1 1 1 1 1
0 4 8 12 16 20 24

Signal-to-noise ratio (dB)

Figure 5. Psychometric functions are shown for the 16 listeners
with normal hearing from Experiment 2 for the WIN materials in
quiet (triangles), in forward babble (FB, circles), and in backward
babble (BB, .squares). Second-degree polynomials are used to
describe the masking data.
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Figure 6. A bivariate plot of the WIN 50% points obtained in
Experiment 2 from the 16 listeners with normal hearing for for-
ward babble (FB, abscissa) and backward babble (BB, ordinate)
is shown. The large filled symbols represent the mean data.

Sperry et al study listened to the materials at five SNRs
in each of three masking conditions; the five SNRs (—8
to 8 dB in 4 dB steps) involved the range of listening dif-
ficulty from easy to difficult. The current experiment used
24 listeners for each of two SNRs (48 total participants);
the range of listening difficulty for the two SNRs (4 and
0 dB) was on the difficult end of the listening continuum
where presentation level cues are minimal.

Methods
Materials

For this experiment, each of the four NU-6 lists (Depart-
ment of Veterans Affairs, 2006) was divided into two 25-
word lists that were ~120 sec. The 151 secbabble segments
(48 forward and 48 backward) available for Experiment 2
were shortened to 125 sec, which was several seconds lon-
ger than the 25-word lists. For each subject, four of the 25-
word lists were uniquely paired with FB segments (100
words), and the remaining four 25-word lists were uniquely
paired with BB segments (100 words). The words and bab-
ble were mixed on the left channel with the words retained
in quiet for monitoring purposes on the right channel. Asin
Experiment 2, no attempt was made to equalize the SNRs
for each word in the FB and BB conditions. Because each
word list and babble segment were unique, the eight lists
for each participant were recorded on individualized CDs.

Participants

Two groups of 24 young adult listeners participated,
one group for each SNR. These 48 listeners were new to
the study. For the 4 dB S/N condition, the 24 listeners
(mean = 21.6 yr; SD = 3.3 yr) had a mean PTA of 4.6 dB

Energetic and Informational Masking in the WIN/Wilson et al

HL (SD = 3.1 dB) and a HFPTA of 4.2 dB HL (SD =
3.3 dB). For the 0 dB S/N condition, the 24 listeners
(mean = 22.2 yr; SD = 4.1 yr), who were new to the ex-
periment, had a mean PTA of 4.7 dB HL (SD = 4.3 dB)
and a mean HFPTA of 3.3 dB HL (SD = 4.6 dB).

Procedures

Forboththe0and4 dBS/N conditions, eachlistener was
presented eight 25-word lists (all 200 NU-6 words) with
four lists for the F'B condition and four lists for the BB con-
dition. The babble was presented at 70 dB SPL. For each
participant the order of the lists was quasirandomized,
and the two conditions were alternated across the eight
lists. Each 25-wordlist was given an equal number oftimes
at each SNR. Thus, with each of the two SNRs, each of the
eight 25-word lists was presented 12 times in each of the
two conditions, each time using a unique segment of bab-
ble. No list and babble segment combinations were
repeated. The data were collected in a 1 hr session.

Results and Discussion

The mean percent correct recognition on the NU-6
words presented in FB and BB at 0 and 4 dB S/N are pre-
sented in Table 4. Each mean in Experiment 3 was based
on 2400 words or 100 words/listener. For both SNRs in
Experiment 3, the differences between recognition per-
formances on the FB and BB conditions were ~0.5%;
both differences between FB and BB were not significant
(0dB S/N, p = 0.55; 4 dB S/N, p = 0.68). These relations
substantiate the findings from Experiments 1 and 2 that
these particular materials (female recording of NU-6 and
the six-talker babble) are immune to the effects of infor-
mational masking as evaluated with FB and BB.

The data from Experiment 3 are in contrast to the
Sperry et al (1997) data that demonstrated a 15% infor-
mational masking effect with the same materials (Fig. 1
and Table 4). There are two comparisons between the
Experiment 3 and the Sperry et al data that can be
made in Table 4. First, the percent correct recognitions
in the Sperry et al study are somewhat higher in three
of the four mean comparisons, a relation that is attrib-
utable to the exposure to the materials that each lis-
tener received in the two studies. In the Sperry et al
study, each listener listened to each word four times
(three conditions by five SNRs plus one quiet). In
Experiment 3, each listener was only exposed to each
word once. Some familiarity with the test materials is
helpful, especially in difficult listening conditions as
are encountered at the less favorable SNRs. Second,
it is interesting that 55-56% mean performances on
the FB and BB conditions observed in Experiment 3 at
4 dB S/N were close to the 59.1% mean performance
that _Sperry et al observed for their FB condition at
4 dB S/N. Again, the 3-4% difference between studies
can be attributed to the familiarity issue just mentioned.
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Table 4. Percent Correct Recognition on the NU-6 Words Spoken by a Female Speaker in Multitalker Babble in
Experiment 3 (2400 words/point) and in the Sperry et al (1997) Study (900 words/point)

Backward Babble (BB)

Forward Babble (FB)

Difference
Condition/Study Mean SD Mean SD (BB - FB)
4 dB S/N
Experiment 3 55.9 7.0 55.3 6.8 0.6
Sperry et al 741 8.0 59.1 8.8 15.0
0 dB S/N
Experiment 3 28.6 4.5 28.1 4.9 0.5
Sperry et al 56.1 10.8 40.3 11.2 15.8

More importantly, the relation between the results of
the two studies at 4 dB S/N suggests that the different
findings are attributable to the BB condition of the
Sperry et al study. In Experiment 3, the FB and BB seg-
ments were obtained using the same procedures with
one simply being the temporal reversal of the other.
In the Sperry et al study, however, FB was a continuous
30 min segment, whereas BB was a 30 sec segment of
FB that was digitally reversed (temporally) and looped
continuously to produce the 30 min BB sample. The
premise here is that the 30 sec segment of BB, in some
unknown way, was not representative of a BB segment
derived by reversing an intact, continuous 30 min seg-
ment of FB. In the Sperry et al study, the data for FB
and BB are DC (direct current) shifted, which implies
some linear process. In all probability, informational
masking in the speech domain is not expected to be lin-
ear across SNRs because the more similar the target
speech and speech masker are (in this case in presenta-
tion level) the more pronounced the effects of informa-
tional masking. The conclusion from the current data,
especially in Experiment 3, is that with a word-recogni-
tion task, the six-talker babble contains insufficient
cues like contextual and semantic content to elicit an
informational masking component.

Finally, introspective reports of the listeners revealed
no awareness that the babble was temporally reversed
in half of the listening conditions. Cherry (1953) obtained
similar introspective reports from listeners instructed to
repeat the speech message presented to the right ear
while ignoring the speech message presented temporally
reversed to the left ear. When queried about the left-
ear message, Cherry reported , “the reversed speech
was identified as having ‘something queer about it’
by a few listeners, but was thought to be normal speech
by others” (p. 978).

SUMMARY

perry et al (1997) using a speech-recognition task in
multiple SNRs observed a 15% better performance
when the competing multitalker babble was played back-
ward (BB)than when the babble was played forward (FB),
which can be interpreted as evidence of informational
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masking (Dirks and Bower, 1969). The three experiments
of the current study were unable to find any appreciable
evidence of informational masking in paradigms similar
to the one used by Sperry et al. Experiment 1 used the
FBandBBconditionstodetermine whetherinformational
masking operated in the WIN paradigm, which coinci-
dently uses the same speech and babble signals used by
Sperry et al. The WIN, however, uses unique 4.3 sec seg-
ments of babble temporally fixed to each word as opposed
to the continuous nonsegmented babble segments used
by Sperry et al. Both listeners with normal hearing and
listeners with hearing loss were examined. The only sug-
gestion of informational masking was observed in Experi-
ment 1 from the listeners with normal hearing at the 0 dB
S/N. Overall, the conclusion was that informational mask-
ing was not evident in the WIN. Experiment 2 more likely
replicated the Sperry et al study by using continuous
segments of babble in the WIN paradigm. No significant
differences were observed between the FB and BB con-
ditions, again suggesting no evidence of informational
masking. Experiment 3 focused on recognition performan-
ces using FB and BB at 0 and 4 dB S/Ns. At both SNRs,
data from 2400 words for each condition indicated equal
performances onthe FB and BB conditions, whichisinter-
preted asnoindication ofinformational masking. The con-
clusion is that as measured in this study with FB and BB
conditions, the six-talker multitalker babble does not
induce an informational masking component for monosyl-
labic words presented through an earphone.

NOTES

1. To this observer, the differences in delivery of the target sen-
tences and the competing message are such that it is difficult
to recognize that the speaker of the two messages is the same.

2. Sperry et al (1997) included a speech-spectrum noise condition
that is not pertinent to the current study.
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