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Although many researchers have examined the role that binaural cues play in the perception of
spatially separated speech signals, relatively little is known about the cues that listeners use to
segregate competing speech messages in a monaural or diotic stimulus. This series of experiments
examined how variations in the relative levels and voice characteristics of the target and masking
talkers influence a listener’s ability to extract information from a target phrase in a 3-talker or
4-talker diotic stimulus. Performance in this speech perception task decreased systematically when
the level of the target talker was reduced relative to the masking talkers. Performance also generally
decreased when the target and masking talkers had similar voice characteristics: the target phrase
was most intelligible when the target and masking phrases were spoken by different-sex talkers, and
least intelligible when the target and masking phrases were spoken by the same talker. However,
when the target-to-masker ratio was less than 3 dB, overall performance was usually lower with one
different-sex masker than with all same-sex maskers. In most of the conditions tested, the listeners
performed better when they were exposed to the characteristics of the target voice prior to the
presentation of the stimulus. The results of these experiments demonstrate how monaural factors
may play an important role in the segregation of speech signals in multitalker environments.
© 2001 Acoustical Society of AmericdDOI: 10.1121/1.1408946
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I. INTRODUCTION sodic features of the target and masking speech, and differ-
ences in the overall levels of the target and masking signals
Many everyday listening situations require the extrac-(Darwin and Hukin, 2000; Bregman, 1994
tion of information from speech signals that are masked by  Previous studies that have examined the diotic or mon-
one or more simultaneous competing talkers. In most ohural perception of two competing speech signals have
these situations, the competing speech signals originate froghown that differences in the vocal characteristics of the
different locations in the room and the listeners can takeompeting talkers, such as differences in target and masker
advantage of differing inputs to the two ears to spatially segsex, can dramatically improve the intelligibility of the target
regate the competing messages. This is the classic “cocktagpeech(Brungart, 2001b; Festen and Plomp, 1290hese
party” problem that was first described by Che(@¥953 and  studies have also shown that listeners can use differences in
has been extensively studied over the past 50 ygsge the levels of the two talkers to selectively attend to the qui-
Bronkhorst(2000 and Ericson and McKinley1997 for re-  eter talker in the stimulurungart, 2001 and that signal-
cent reviews of the literature in this ajealowever, when to-noise ratio(SNR) consequently has relatively little influ-
the target and masking speech originate from the same direence on the intelligibility of the target talker at SNRs from 0
tion relative to the listener, or when the competing speechiB to —10 dB (Egan, Carterette, and Thwing, 1954; Dirks
signals are presented monaurally or diotically, no binaurahnd Bower, 1969
segregation cues are available and the listeners must rely on  The results of these 2-talker experiments suggest that
monaural cues to segregate the competing messages. Edifferences in the vocal characteristics and the overall levels
amples of monaural speech segregation cues include diffeof the competing talkers would be important in the percep-
ences in the individual vocal characteristics of the target andon of 3-talker or 4-talker stimuli, but they do not provide
masking talkers[vocal tract size, fundamental frequency any direct quantitative evidence to support this hypothesis.
(FO0), accent, speaking style, dicdifferences in the pro- Previous studies that have directly examined the perception
of three or more simultaneous talkers have focused primarily

dAuthor to whom correspondence should be addressed; electronic maifl binaural segregation cugthe cocktaﬂ-p_arty phenom-
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(Abouchacraet al, 1997; Ericson and McKinley, 1997; performance in the CRM task when the target phrase is
Crispien and Ehrenberg, 1995; Drullman and Bronkhorstmasked by more than one competing talker.
2000; Hawleyet al., 1999; Nelsoret al, 1999; Peissig and Three different experiments were conducted. The first
Kollmeier, 1997; Yoset al, 1996. Of the handful of experi- experiment, which was essentially a 3-talker and 4-talker ex-
ments that have examined the perception of three or mortension of an earlier 2-talker experimei@rungart, 2001
monaurally or diotically presented speech signals, the majorexamined the effects of TMR and target and masker voice
ity have done so only indirectly, either as a control conditioncharacteristics when all of the masking voices were pre-
in a cocktail-party experimentHawley et al, 2000; Drul- sented at the same level relative to the target phrase. The
Iman and Bronkhorst, 2000; Yost al, 1996; Ericson and second experiment examined 3-talker listening situations
McKinley, 1997 or as a control condition in a dichotic lis- where all three talkers were presented at different levels. The
tening experimen(Carhartet al,, 1969. Only one early ex- third experiment examined how providirggpriori informa-
periment(Miller, 1947) systematically examined the effects tion about the vocal characteristics of the target talker af-
of varying both the SNR and the number of competing talk-fected performance in the CRM task.
ers on the perception of a diotic multitalker stimulus. These
studies have shown that the intelligibility of the target talkerll. EXPERIMENT 1: EFFECTS OF TARGET AND
decreases when additional competing talkers are added to ttASKER SEX AND TARGET-TO-MASKER RATIO
stimulus and when the level of the target speech is reduceg Method
relative to the levels of the competing talkers in the stimulus: ethods

One important factor that has not yet been fully exploredl. Stimuli
is the effect that different cpnfigurations of target and m_askgr The target and masking phrases used in this experiment
sex have on the perception of multitalker speech stimuliyere taken directly from the publicly available CRM speech
Although previous experiments with two talkers have shownyorpus for multitalker communications reseatBolia et al,
that voice characteristics play an important role in speechqoq). This corpus, which is based on a speech intelligibility
segregation(Brungart, 2001 very little effort has been  test first developed by Mooré981), consists of phrases of
made to systematically examine the effects of target anghe form “Ready (call sign go to (color) (numbej now”
masker sex in listening environments with more than twospoken with all possible combinations of eight call signs

competing talkers. (“Arrow,” “Baron,” “Charlie,” “Eagle,” “Hopper,”
This paper describes a series of eXperimentS examining_aker”’ “RingO," “Tiger" ), four C0|ors(“b|ue,” “green,”

the effects that differences in the vocal characteristics anekred,” “white” ); and eight numberél—8). Thus, a typical
overall levels of the competing talkers have on the percepytterance in the corpus would be “Ready Baron go to blue
tion of a target phrase in a multitalker speech signal. Thesgve now.” Eight talkers(four male, four femalewere used
experiments were based on a previous experiment that useg record each of the 256 possible phrases, so a total of 2048
the coordinate response meas(@&RM) to examine the ef- phrases are available in the corpus.

fects of target and masker sex and target-to-masker ratio |n the speech-on-speech masking conditions of this ex-
(TMR) on the perception of two simultaneous talkéBsun-  periment, each stimulus presentation consisted of three or
gart, 2001p. The CRM method, which requires listeners to four simultaneous phrases from the CRM corpus: a target
identify one of eight numbers and one of four colors in eachphrase with the call sign “Baron” and two or three masker
target phrase, was selected both to allow direct comparisophrases with different randomly selected call signs other than
with the earlier 2-talker results and to emphasize the effectsBaron.” The CRM phrases in each trial were randomly se-
of informational masking in the multitalker results. Note thatlected with the restriction that all of the target and masker
the term “informational masking” refers to listening situa- phrases contained different color coordinates and different
tions where the target and masker signals are clearly audibleumber coordinates.

but the listener is unable to segregate the elements of the The overall levelRMS powel of each masker phrase
target signal from the elements of the similar-sounding diswas set to the same levépproximately 60—70 dB SBL
tracters(Freymanet al, 1999; Doll and Hanna, 1997; Kidd The overall leveRMS powej of the target phrase was ad-
et al, 1995; Kidd et al, 1994; Watsonet al, 1976. This justed relative to the levels of the masker phrases to produce
differs from traditional “energetic masking,” where compet- 1 of 10 randomly chosen TMRs ranging from12 dB to

ing signals overlap in time and frequency in such a way that-15 dB in 3 dB steps. The target and masker phrases were
portions of one or more of the signals are rendered inaudibleadded together, and the combined signal was randomly roved
The results of an earlier 2-talker experimefBrungart, over a 6 dBrange(in 1 dB step$ before being presented to
2001b showed that speech perception with the CRM wasghe listener diotically over headphones. This roving pre-
dominated by informational masking: the listeners were genvented the listeners from using level to differentiate between
erally able to hear both competing speech messages, but théye target and masking talkers, and ensured that the results
had difficulty segregating the content of the target phrasevere not dependent on any one particular overall stimulus
from the content of the masking phrase. Although it is readevel. Note that throughout this paper target-to-masker ratio
sonable to expect the effects of energetic masking to increag@ MR) refers to the ratio of the target talker to one individual
when more talkers are added to the stimulus, the strong ifmasking talker, while signal-to-noise rati8NR) refers to
formational masking effects found in that 2-talker experi-the ratio of the target talker to the total combined masking
ment suggest that informational masking may also influencsignal. Thus, when the levels of all three talkers are the same
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TABLE I. Number of trials collected in each experimental condition. the overall RMS power of the noise waveform, and set to the
same level used for each competing talker in the speech-on-

Condition Total trials Trials per TMR . . . L.

P speech masking conditions. The modulated noise conditions
E: 2222 222 were tested at 7 different target-to-masker ratios ranging
72 2288 289 from —12 dB to 6 dB in 3 dB steps.
T™?2 2400 480
TN® 9020 902 2. Listeners
TDD 3542 354 Nine paid listeners, five male and four female, partici-
Eg ggi g% pated in the experiment. All had normal hearifig dB HL
- 2161 216 from 500 Hz to 6 kHz and their ages ranged from 21 to 55.

T™MM 2500 357 Each had participated in previous auditory experiments, and
all had previous experience in an earlier experiment using

oo 2053 205 the same speech materials with two competing talk®rsn-
TSDD 2208 221

TSSD 2053 205 gart, 2001h.

TSSS 2196 220

TTTT 2277 228

TMMM 2520 360 3. Procedure

The listeners participated in the experiment while seated
at a control computer in a quiet listening room. On each trial,
the speech stimulus was generated by a sound card in the
in the 3-talker condition of this experiment, the TMR of eachcontrol computer(Soundblaster AWE-64and presented to
masking talker would be 0 dB and the overall SNR would bethe listener diotically over headphongennheiser HD-520
approximately—3 dB. Then an eight-column, four-row array of colored digits cor-

The different voice configurations used in the experi-responding to the response set of the CRM was displayed on
ment are referred to by alphabetic codes describing the reldhe CRT, and the listener used the mouse to select the colored
tive similarities of the target and masking voices. The firstdigit corresponding to the color and number used in the tar-
letter in the code is always a T, representing the targeget phrase containing the call sign “Baron.”
phrase. Additional letters are added to represent each mask- The trials in the speech-on-speech masking conditions
ing phrase in the stimulus: a T represents a phrase spoken lyere divided into blocks of 120, each taking approximately
the same talker used in the target phrase; an S representd2 minutes to complete. Within each block of trials, each
different talker of the same sex as the target talker; and a Ralker in the corpus was used as the speaker of the target
represents a talker who was different in sex than the targgihrase in exactly 15 trials. The masking talkers were selected
talker. For example, in the 3-talker conditions, four differentrandomly in order to produce a roughly even balance across
target and masker voice configurations were tegtattle ).  the different possible configurations of target sex and masker
In the TDD configuration, the two masking talkers were bothsex shown in Table I. The masking talker selection in the
different in sex than the target talker. In the TSD configura-3-talker condition was initially done randomly, which pro-
tion, one of the masking talkers was the same sex as théuced a large humber of instances of the TSD configuration
target talker, and the other masking talker was a different sefroughly 48% and only a small number of instances of the
than the target talker. In the TSS configuration, the maskin@ TT configuration(roughly 5%). In order to produce a more
phrases were both spoken by talkers who were the same sexen distribution across the talker configurations in the over-
as the target talker. And in the TTT configuration, the samaall results, the selection process was changed approximately
talker was used in the target phrase and in both masking/3 of the way into the data collection process to select the
phrases. TTT configuration in 40% of the trials and the TSD configu-

In addition to these speech-on-speech masking condration in 10% of the trials. This manipulation resulted in the
tions, two additional conditions were tested in which theoverall distribution of trials shown in Table I. On each trial
masking talkers were replaced by twWdMM) or three of the 4-talker configuration, the target and maskers were
(TMMM ) envelope-modulated speech-shaped noise maskermsqually likely to occur in any of the five talker-masker con-
The speech-shaped noise used for these masking signals wigurations shown in Table I. All other variables in the 3- and
produced by spectrally shaping Gaussian noise with a FIR-talker presentations, including the masking call signs, the
filter matching the average long-term RMS spectrum of thenumbers and colors of the target and masker phrases, and the
2048 sentences in the CRM corp{Brungart, 2001p This  target-to-masker ratio, were chosen randomly with replace-
spectrally shaped noise was then modulated with the envenent on each trial. Each of the nine listeners first participated
lopes of two or three randomly selected competing speechn approximately 2000 trials in the 3-talker condition, result-
phrases from the CRM corpusalculated by convolving the ing in 1480 valid trials per subject which were used in the
absolute value of the speech waveform with a 7.2 ms rectarsubsequent analysisEach listener then participated in 1200
gular window and added together in order to produce atrials in the 4-talker condition.
noise signal with roughly the same temporal distribution of =~ The modulated-noise trials were collected after the
energy as the 2- or 3-talker competing speech signals. Thepeech-on-speech masking trials were completed. The trials
level of each modulated noise masker was determined frorimn each of the modulated noise conditions were divided into

@Data collected in previous 2-talker experiméBtungart, 2001jp
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two blocks of 140 trials collected on different days. The 100f
TMM configuration was collected first, followed by the 9
TMMM configuration. The total number of trials collected in & 801
each condition, as well as the number of trials for each Lg;
target-to-masker ratio tested in each condition, is shown in £ g 601
Table I. S 2
(\I‘E 407
8
4. Comparison of 3-talker and 4-talker results to 2- 5 20¢
talker results © ol
In order to provide additional insight into the 3-talker 100}
and 4-talker conditions examined in this experiment, the re- 9
sults of these conditions are compared directly to the results ;"’: 80y
of an earlier experiment that examined 2-talker speech-on-  » 2 col
speech masking with the same nine listeners and the same £ §
CRM speech materials used in this experiméBtungart, '—,g 40l
2001h. A total of three 2-talker configurations were tested in O
that experimentdenoted by the superscript “a” in Tablg la g oot
different-sex masking conditiofiTD), a same-sex masking 8
condition(TS), and a same talker masking conditi@rr). In o} ]
addition, a TM configuration was tested with a single modu- 100y
lated speech-spectrum-shaped noise masker of the same type 2
used in the TMM and TMMM configurations of this experi- 2 80}
ment, and a TN configuration was tested in which a continu- 5 2 col
ous speech-spectrum-shaped noise masker was rectangularly = §
gated to the same length as the target phrase. Because all of '—,g 40t
the procedures used in these 2-talker conditions were essen- ~
tially the same as those used in the 3- and 4-talker conditions 2 59
of this experiment, the results of the two experiments are 3 A
directly comparable. ot ‘ , :

-12-9 -6 -3 0 3 6 9 12
Target-to—Masker Ratio (dB)

B. Results and discussion o ) . ) )
FIG. 1. Percentage of trials in Experiment 1 in which the listeners correctly

Figure 1 shows the percentage of trials where the lisidentified both the color and number coordinates in the target phrase as a
tener correctly identified both the color and the number infunc_tion of the target_—to-masker ratio. The top panel shows results frc_Jm an
the target phrase as a function of target-to-masker ratio foiarller 2-talker experiment that us_e_d the same _spe(-?ch matgrlals and listeners

. . . i s the 3-talker and 4-talker conditions tested in this experir(@mningart,
each of the different target-masker configurations in the ex2001a, 2001p The middle panel shows results for the 3-talker conditions
periment, The 2-talker configurations are shown in the topested in this experiment, and the bottom panel shows results for the 4-talker
panel of the figure, the 3-talker configurations are shown irponditions testeq in this_ exp(_ariment. The Ieger_lds indic_ate the_ different
the middle panel of the figure, and the 4-talker COnﬁguration%arget—masker voice configurations used:tﬁrget voice; Svoice of differ-

: . nt talker of the same sex as the target voicesvDice of a talker of the

are shown in the bottom panel of the figure. The data havgpposite sex of the target voice;#nvelope-modulated noise masker. The
been averaged across the nine listeners used in the expesiror bars represent 95% confidence intervatd.96 standard erroysn
ment, and the error bars in the figure represent the 95% cogach condition.
fidence interval of each data point. The results in the figure
indicate that overall performance depended on both the rela- The effects of the different voice configurations were
tive similarities between the target and masking voices andelatively consistent across the 2-, 3-, and 4-talker condi-
the TMR. This was verified by conducting three separatdions. In general, performance was best when the target voice
within-subject ANOVAs on the factors of TMR and target- was qualitatively different than the masking voices, and per-
masker configuration for the 2-talker, 3-talker, and 4-talkerformance was worse when the target voice was qualitatively
data shown in each panel of Fig. 1. In these analyses, th@milar to the masking voices. The percentage of correct re-
percentages of correct responses were calculated separatsfyonses was consistently highest when the target talker was a
for each listener for each combination of target-masker condifferent sex than any of the masking talk€éf®, TDD, and
figuration and TMR. These percentages were then transFDDD, shown by the squares in the figuand the percent-
formed with the arcsine transform and used as the dependeage of correct responses was generally lowest when the same
variables in the within-subject ANOVAs. The results of thesevoice was used in the target and masking phr&$&sTTT,
analyses showed that the main effect of TMR and targetand TTTT, shown by the diamonds in the figur@erfor-
masker configuration and the interactions between TMR andhance in the other voice configurations varied systematically
target-masker configuration were significant at tipe with the qualitative similarity of the target and masking
<0.001 level for each of the three panels of Fig. 1. voices only when the target phrase was presented at a sub-
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stantially higher level than the masking phrases. At a TMRAs in Fig. 1, the data have been averaged across the 9 lis-
of +6 dB, for example, performance decreased systematieners in the experiment and the error bars represent 95%
cally with the number of masking talkers who were the sameconfidence intervals for each data point.
sex as the target talker in both the 3-talker configurations The TMR data plotted in the left column of the figure
(TDD>TSD>TSS) and the 4-talker configurations show that, within a given voice configuration, there was a
(TDDD>TSDD>TSSD>TSSS. When the TMR was re- substantially larger degradation in performance when the
duced to+3 dB, however, the performance differences be-number of talkers was increased from two to three than when
tween the same-sex and mixed-sex masking configuratiorthe number of talkers was increased from three to {&ig.
were drastically reduced (TSD~TSS; TSSS 2, left column). This occurred because overall performance
~TSDD~TSSD and, when the TMR was reduced to 0 dB degraded substantially more with decreasing TMR in the
(indicated by the vertical dotted line in the figur@erfor-  3-talker and 4-talker conditions than in the 2-talker condi-
mance was actually substantially lower in some of thetion. In the 2-talker condition, performance was essentially
mixed-sex masking configurations than in the same-seindependent of TMR at TMR values lower than 0 dB. In the
masking configurations. Specifically, in those 3- and 4-talkeB3-talker and 4-talker conditions, however, performance de-
configurations where one masking talker was a different sexreased monotonically with decreasing TMR in every target-
than the other talkers in the stimul(8SD, TSSD, perfor- masker configuration tested. Other multitalker experiments
mance was lower than in the corresponding same-sex maskave also shown that the addition of a second interfering
ing configurationgTSS, TSS$when the TMR was near 0 talker produces a much larger decrease in performance than
dB. This effect, which we refer to as “odd-sex distraction,” the addition of the initial interfering talkefHawley et al,
cannot be explained by traditional theories of energetic o2000; Drullman and Bronkhorst, 2000; Miller, 1947
informational masking. Energetic masking would be ex- The SNR data plotted in the right column of the figure
pected to cause more interference with a same-sex maskshow that the number of talkers present in the stimulus had
than with a different-sex masker because of the greater spedifferent effects on performance at positive and negative
tral overlap of two same-sex speech signals. One might alsSNRs. At positive SNRs, performance generally increased
expect more informational masking to occur when thewith the number of competing talkers. This may have oc-
masker is qualitatively similar to the target than when thecurred because the difference in level between the target
masker is qualitatively different from the target. Odd-sex dis-talker and any one of the masking talké®MR) increased
traction appears to be a special form of informational maskas the number of competing talkers increased at a fixed SNR.
ing in which a particularly salient masker causes the listenif the listeners were using differences in the overall levels of
er's attention to be drawn away from the target phrase. Thishe talkers as a means to segregate the target speech from the
occurs only when the overall levels of the talkers in themasking speech, this could explain why they performed bet-
stimulus are similar enougfTMRs near 0 dB that the lis- ter as the number of competing talkers increased at a fixed
tener must rely entirely on vocal characteristics to segregateNR.
the competing talkers. The strength of this distracting effect At negative SNRs, the number of talkers had a some-
is illustrated by the number of trials where the listeners’ re-what different effect on the intelligibility of the target phrase.
sponses matched both the color and number spoken by tfiéhe listeners were apparently able to focus their attention on
odd-sex masking talker. In the TSD configuration, the listenthe less intense voice in the 2-talker stimulus even at SNRs
ers were nearly as likely to respond with both the color andas low as—12 dB. However, in the 3- and 4-talker stimuli,
number spoken by the odd-sex masking talker as they wertlere is no indication that they were able to use differences in
to respond with both the color and number spoken by thdevel to segregate the less intense target speech from the
target talker(21% vs 24% at a TMR of 0 dBIn the TSSD  more intense masking speech. Performance in the 3—4 talker
configuration, they were actually more likely to respond withconditions dropped off rapidly with decreasing SNR, and
the coordinates spoken by the odd-sex talker than with thevas in all cases near chance when the SNR was less-tBan
coordinates spoken by the target talk&7% versus 10%  dB (Fig. 2, right panels It is interesting to note that perfor-
Odd-sex distraction is examined in more detail in Experi-mance at negative SNRs was almost identical in the 3-talker
ments 2 and 3. and 4-talker conditions in each of the three speech-on-speech
Further insights into the differences between thevoice configurations shown in Fig. 2. This suggests that per-
2-talker, 3-talker, and 4-talker conditions can be obtained byormance at negative SNRs with three or more competing
examining the results as a function of the overall decreases italkers depends primarily on the voice characteristics and
SNR that occur when additional masking talkers are added ttotal power of the masking speech, and not on the number of
the stimulus. At a TMR of 0 dB, where all the talkers are masking talkers in the stimulus.
speaking at the same level, the total power present in the The results from the modulated noise masking condi-
masking speecfrelative to the target speecits 0 dB in the tions indicate that energetic masking was probably not a con-
2-talker condition, approximately 3 dB in the 3-talker condi- trolling factor in any of the listening conditions tested. Per-
tion, and approximately 4.8 dB in the 4-talker condition. Fig-formance in the conditions with two or three modulated
ure 2 plots performance in the different-sg¢ap row), same- noise maskerstriangles in Fig. 1 was substantially better
sex(second row, same-talkethird row), and noise-masker than in any of the conditions with a corresponding number of
(bottom row conditions of the experiment as a function of speech maskers. The modulated noise maskers contained
TMR (left column and as a function of SNRight columr). roughly the same temporal distribution of energy as the
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voice relative to the levels of the individual masker
voices. The right column shows the results as a function
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fidence interval§+1.96 standard erroysn each condi-
tion.

40

20

3-Talker
Correct Responses (%

100

80

60

40

20

4-Talker
Correct Responses (%

100
80

60

40

-0~ ™M
—-O- TN
—&- TMM

0 —A— TMMM

-18-15-12-9 6 -3 0 3 6 9 12 -18-15-12-9 -6 -3 0 3 6 9 12
Target-to—Masker Ratio (dB) Signal-to—-Noise Ratio (dB)

20

Noise Masker
Correct Responses (%

speech signals, but their performance curves were consitie TMM and TMMM configurations fell between those for
tently shifted 3 dB to the left of the easiest speech maskethe single modulated noise masking conditi@) and the
configurations teste@DD, TDDD), and as much as 12—15 continuous(unmodulatefl noise masking condition§TN).

dB to the left of the more difficult speech masker configura-This is essentially the same pattern of performance reported
tions(TTT, TTTT). In other words, the modulated noise sig- by Bronkhorst and Plompl992 for speech intelligibility as

nal had to be 3-15 dB more intengi@ terms of overall the number of speech-modulated noise maskers increased.
RMS powej than a multitalker speech signal to produce the

same amount of masking. Although the time-frequency en-
I. EXPERIMENT 2: MASKING EFFECTS OF TWO

ergy .d|str|but|ons in the modulated noise maskers were no OMPETING TALKERS WITH DIFFERENT TMRS
identical to those in the speech maskers, it does not seem

likely that they were different enough to account for these  In the first experiment, all of the masking voices in the
differences in masking effectiveness. Thus, there is reason ttimulus were presented at the same level relative to the tar-
believe that some form of nonenergetic masking was occurget speech. In many real-world listening situations, however,
ring even in the performance curves at negative SNRs in theéhe target and masking voices are all at different levels. In
3-talker and 4-talker conditions. The roles of informationalorder to determine how intelligibility is affected by differ-
and energetic masking in multitalker speech perception arences in the TMRs of the different masking talkers, a second
further explored in Experiments 2 and 3. experiment was conducted in which the levels of two mask-
When the number of modulated noise talkers was ining talkers were varied independently. In half of the trials,
creased at a fixed SNR, overall performance systematicallgoth masking talkers were the same sex as the target; in the
decreasedFig. 2, bottom right pangl It is likely that this  remaining trials, one masking talker was the same sex as the
occurred because the temporal distribution of energy wagarget and the other was a different sex.
more uniform when the number of modulated noise masker
was increased and the listeners were less able to listen to t Methods
target phrase between “the gaps” of the masking signal The procedures used in the second experiment were
(Bronkhorst and Plomp, 1992The performance levels in nearly identical to those used in the first experiment. The
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FIG. 3. Percentage of correct color and number identifications in Experiment 2 as a function of the relative levels of a same-sex masgkéagkerade

and a same- or different-sex masking phrédasker B. The five panels represent different relative levels of Masker A. In the leftmost panel, Masker A was
presented at a level 6 dB lower than the target talker, and in the rightmost panel Masker A was presented at a level 6 dB higher than the targetiphrase. With
each panel, each symbol represents a different relative level of Masker B. The two curves in each panel represent same-sex and differentrddaskeces fo

B, as indicated in the legend. The error bars represent 95% confidence interta86 standard errorsn each condition.

speech signals were selected randomly from the CRM speedf Masker B was increased at a fixed level of Masker A
corpus, adjusted to the correct TMR according to the RMSmoving from left to right within each panel of Fig..3A
powers of the target and masking speech signals, electronihree-factor within-subject ANOVA conducted on the
cally combined, output through a DAGTucker—Davis arcsine-transformed individual listener results for the factors
DD1), and presented to the listeners diotically over headof Masker A TMR, Masker B TMR, and Masker B Sex veri-
phones. The listeners then responded with the color anfled that the main effects of Masker A TMR and Masker B
number coordinates contained in the target phrase addressgMR were both significant at thp<0.001 level.
to the call sign “Baron.” In general, performance was degraded more by the ad-
The target-masker configurations used in the second exition of a same-sex Masker B when the level of the same-
periment were somewhat different than those used in the firgfex Masker A was lower than the level of the target voice
experiment. Every stimulus presentation contained three diftleft panel of Fig. 3, and was degraded more by the addition
ferent talkers: the target phrase; a same-sex masking phragea different-sex Masker B when the level of the same-sex
(Masker A) presented at a levételative to the targgtof —6  Masker A was higher than the level of the target vdidght
dB, —3dB, 0 dB, 3 dB, or 6 dB; and a same-sex or different-panel of Fig. 3. The three-factor ANOVA conducted on the
sex masking phrasévlasker B presented at a levéfelative  results showed that this interaction between Masker A TMR
to the targetof —9 dB, —6 dB, ~3dB,0dB, 3dB, or 6 dB. and Masker B sex was significant at t{pe<0.001 level
In all, a total of 45 unique target-masker configurations WETgF 4 400~ 3.454). Traditional theories of energetic masking,
tested in the second experiment. based on the spectral overlap of the target and masking sig-
Eight paid volunteer listener@ males, 5 femalespar-  npajs, and informational masking, based on the qualitative
ticipated in the experiment. All eight were also participantssimilarity of the target and masking signals, would predict
in the first experiment. Each listener participated in a total ofpetter performance in the TSD condition at all levels of
1200 trials, divided into six blocks of 180 trials each plus\jasker A. The superior performance that occurred in the
one additional block of 120 trials. Within each block, the 755 condition when Masker A was 6 dB more intense than
trials were randomly distributed across the 45 different posipe target phrase seems to be directly related to the odd-sex
sible target-masker configurations. The total experiment wagjstraction that occurred at TMRs near 0 dB in Experiment 1.
completed over a two-week period, with each listener particiapparently listeners are more susceptible to distraction from
pating in 1-2 blocks of trials each day. an odd-sex talker than to interference from a same-sex talker
when they are listening to the quieter of two same-sex
voices. This increased vulnerability to distraction may be
Figure 3 shows the percentage of correct color and numrelated to the intense concentration required to selectively
ber identifications as function of the relative level of Maskerfocus attention on the quieter of two same-sex talkers, which
B for each of the five different relative levels of Masker A is inherently more difficult than listening to the more intense
tested in Experiment 2. The results have been averagddlker in the stimulus. Apparently the presence of a more
across the eight listeners used in the experiment, and they asalient different-sex voice makes it difficult to remain fo-
plotted separately for the conditions with a same-sex Maskegused on the quieter of two same-sex talkers.
B (circles and those with a different-sex Masker B It is not clear why the performance advantage of the
(squares These results show that the percentage of correct'SS configuration over the TSD configuration did not extend
responses systematically decreased when the relative level tf the case where all three talkers were presented at the same
either of the two masking voices was increased. This can bkevel (center panel of Fig.)3 as it did in Experiment 1. One
seen from the decrease in the percentage of correct respongasssible explanation is that the listeners were able to learn
that occurred when the relative level of Masker A was in-that the target phrase was never spoken by the odd-sex talker
creased at a fixed level of Masker (Bioving from the left in the TSD configuration of the second experim@t it was
panel to the right panel of Fig,) Znd when the relative level in the TDD configuration of the first experimerand that

B. Results and discussion
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100 - — - ' negative SNRgsee Fig. 2 The large improvements in per-
Different—Sex Masker B (TSD) formance that occurred with almost negligible increases in
SNR in these curves provide strong evidence that informa-
tional masking plays an important role in 3-talker speech
perception—energetic masking alone would not be expected
to generate such large changes in performance with such
small changes in SNR. These curves also suggest that our
ability to attend to the quieter talker in a 2-talker stimulus is
“fragile”: performance in this task appears to drop off pre-
cipitously as soon as a third talker becomes audible, even
when that talker has a negligible effect on overall SNR of the
100/— " ’ + ’ stimulus.

Same-Sex Masker B (TSS) In conditions where there was no abrupt increase in per-
formance with respect to SNRopen symbols in Fig. %
there was a clear distinction between the performance curves
for the TSD configuration shown in the top panel of Fig. 4
and the performance curves for the TSS configuration shown
in the bottom panel of Fig. 4. In the TSD configuration, the
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O TMR of A=6 dB vertical positions decrease systematically as the relative level
sol b TMRofA=3cE | of Masker A was increased. These curves show that perfor-
¢ TMR of A=—3 dB mance in the TSD configuration depended on both the indi-
A TMR of A=-6 dB vidual levels of the masking talkers and the overall SNR of
R T 3 0 : the stimulus. However, the curves in the lower panel of Fig.
Signal-to-Noise Ratio (dB) 4 suggest that performance in the TSS configuration de-

FIG. 4. Performance in Experiment 2 plotted as a function of SNR. The to;pendEd almost eXCIUSively on the overall SNR of the stimu-
panel shows the data from the TSD configuration, and the bottom pandUs. The individual levels of the masking talkers had little
shows the data from thE_ﬁTSS ffllnfiglgri;imés\/&gg;;zhtgﬂ:|i;?eeg:ferenimpact on the results, and the data from the TSS configura-
fﬁé\:‘?:ezjelg\?esle;‘tl\q:sekg: /:rreelgtiveevfo the targetshown in the Iegen%.The tion We'je CIUStere.d into a tight distribution, suggesting an
filled symbols represent points where Masker A was presented at a level th&MOst linear relation between overall SNR and the percent-
was 12 dB or more higher than the level of Maske(sBe text for details ~ age of correct identificationdinear correlation coefficient
The error bars represent 95% confidence interyalk 96 standard errorin r=0.99. A seemingly related result was found in the 3- and
each condition. 4-talker same-sex configurations of Experiment 1. Specifi-
cally, a given SNR led to similar performance for both the
they adopted a strategy of selectively ignoring the odd-se8-talker and 4-talker same-sex configuratigsse Fig. 2,
talkers in the TSD configurations of Experiment 2. The re-second panel, right columriThese results suggest that mask-
sults of a third experiment, which is discussed later, willing signals consisting of two or more same-sex talkers are
show that listeners are able to selectively ignore the odd-segffectively grouped together into a single same-sex, multiple-
talker when they have priori knowledge about the sex of talker masking signal. When the overall SNR of the stimulus
the target talker. is less than 0 dB, the impact of this multitalker masking
The results shown in Fig. 3 are replotted in Fig. 4 as anoise on performance is primarily determined by its total
function of overall SNR. In other words, each symbol in Fig. power and not by the number or levels of its component
4 represents one of the symbols shown in Fig. 3 plotted as @lkers.
function of the ratio of the RMS energy in the target speech
to the RMS energy in the combined two-talker masking sig-
nal. Different symbols have been used for each level of
Masker A, and the data for the TSS and TSD conditions have
been plotted in separate panels. In both the TSS and TSIV. EXPERIMENT 3: SELECTIVE AND DIVIDED
configurations, the resulting performance curves increasedTTENTION WITH 2, 3, OR 4 COMPETING TALKERS
abruptly with respect to the SNR whenever Masker A was
presented at a level that was 12 dB or more higher than the When listening to multiple competing speech messages,
level of Masker B(filled symbols in Fig. 4. It is likely that  a distinction must be made between divided-attention tasks,
these abrupt increases occurred because the combined signdlere the listeners must simultaneously monitor all the
from the target talker and Masker A was intense enough tepeech channels for pertinent information that might come
render Masker B inaudible, effectively reducing the TSS androm any of the competing talkers, and selective-attention
TSD listening tasks to the much easier 2-talker TS listeningasks, where the listeners knaavpriori which talker they
task. Thus, the curves in these configurations may reflect ghould listen for and they are attempting to focus their atten-
transition from the relatively low level of performance that tion on the target talker while ignoring the masking talkers
occurs in 3-talker listening at negative SNRs to the relatively(Yost, 1997; Yoskt al,, 1996; Abouchacret al, 1997. The
high level of performance that occurs in 2-talker listening atCRM-based speech perception test that was used in Experi-
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ments 1 and 2 is, in effect, a combination of these two types 100 T T 1
of tasks: initially, the listeners must divide their attention % 8o} I_DM

across all of the competing talkers to determine which one is§ col- ' *

directly addressing the call sign “Baron;” then, they must §4O_ B r

selectively attend to this target talker in order to extract the g Lol i

color and number coordinates from the target phrase. It is§ *[ || ||| ||| I{l rﬂ rvp |
however, possible to change this CRM listening task into a 55 oo 7000 TSDI TSOD Tssf) S Ten en
selective-attention task by providing the listeners veitpri- Different-Sex Maskers  Mixed-Sex Maskers  Same-Sex Maskers

ori information about the vocal characteristics of the targefc. 5. Percentage of correct color and number identifications in the selec-
talker. In order to examine the effects of selective and ditive and divided attention conditions of Experiment 3. All data were col-
vided attention on multitalker speech perception. a third exlected with a TMR of 0 dB. The error bars represent 95% confidence inter-
. P P P ! . vals (=1.96 standard errorsn each condition.
periment was conducted that compared performance in a task
where the listeners knew the vocal characteristics of the tar-__ .. . - .
. B ) I . conditiong was randomized across the six different listeners
get talkera priori (the “selective-attention” conditionand a : :
. : _used in the experiment.
task where the listeners had no knowledge about the identity
of the target talker prior to hearing the stimul(divided
attention plus selective attention; the “divided-attention
condition. The results of the experiment are shown in Fig. 5. Each
pair of bars compares performance in the divided attention
task to performance in the selective attention task for a dif-
The procedures used in the third experiment were veryerent target-masker configuration. The data have been
similar to the procedures used in the first and second experjrouped separately for configurations with different-sex
ments. The target and masker phrases in each trial were ramaskers, configurations with mixed-sex maskers, and the
domly selected from the CRM corpus, equalized, electroniconfigurations with same-sex maskers. _
cally summed, and presented to the listeners diotically over ~In general, performance improved when the listeners
headphones. The listeners then identified the color and nunytere provided witha priori information about the character-
ber coordinates used in the target phrase containing the caftics of the target voice. A two-factor within-subject
sign “Baron” by moving the mouse to the appropriate col- ANOVA on the arcsine-transformed individual data for the
ored number on the CRT of the control computer. factors ofa priori information and target-masker configura-
Six paid volunteer listeners participated in the third ex-{ion showed that the main effect af priori exposure to the
periment. All six had previously participated in Experimentt_arget voice was significant at the<0.001 level €q0)
1, and five of the six were also participants in Experiment 2.~ 32.278). This improvement was, on average, substantially
A total of nine different target-masker configurations larger in the different-sex and mixed-sex masking configura-

were used in the third experiment: two 2-talker configura—tions _(+12% and+10%3 respectively,_ avera ged across all
tions (TS and TD; three 3-talker configurationdSS, TSD, the dlfferent—sex_ and m[xed-s_ex coonflguratlpnsan in the
and TDD); and four 4-talker configuration§TSSS, TSSD, Same-sex masklng conflgura_tlohs4/o). The improvement
TSDD, and TDDD. In all of these configurations, the overall was also substantially larger in the 3-talker and 4-talker con-

: : figurations (+12% and +9%, respectively than in the
RMS power of each competing talker was normalized to the‘2—talker configuration$+4%). The only two voice configu-

same level as the RMS power of the target talkerrations in whicha priori information did not produce a sub-
(TMR=0dB). The target-masker configurations were ran- A :
. ) . stantial improvement in performance were the same-sex
domly selectedwith replacementprior to each trial of the 5 3o ang 4-talker conditiond's and TSS§ The relative
experiment. Note that the divided attention conditions repli- ¢ tiveness of the priori voice information in these
cated a subset of the conditipns collected in Experiment Lame-sex conditions can be explained by a closer examina-
when the target-to-masker ratio was 0 dB. _ tion of the distribution of incorrect responses in the experi-
~ The experiment was divided into two different condi- ent The data plotted in Fig. 6 show the proportion of trials
tions. In the divided-attention condition, the target talkers injy \which the listeners incorrectly responded with both the
each block of 180 trials were selected randomly from thécgjor and number coordinates spoken by one of the masking
eight talkers in the corpus. In the selective-attention conditg|kers in the experiment. The top panel shows the proportion
tion, the same target talker was used in all of the 180 trials iyt responses that matched one of the masking talkers of a
each block, and, prior to beginning data collection in eachyifferent sex than the target talker, and the bottom panel
block, 10 training trials were provided in which only the shows the proportion of responses that matched one of the
target talker was presented. This enabled the listeners to benasking talkers of the same sex as the target talker. These
come familiar with the characteristics of the target voice.data show that tha priori voice information provided in the
Each listener participated in eight blocks of 180 trials in theselective attention conditions led to a substantial reduction in
selective-attention conditiofone for each of the eight talk- the number of different-sex confusions, but had no meaning-
ers in the corpus and four blocks of 180 trials in the ful effect on the number of same-sex confusions. This result
divided-attention condition. The ordering of the two condi- indicates that most of the useful information the listeners
tions (and of the different talkers in the selective-attentionwere able to obtain frora priori exposure to the target talker

, B. Results

A. Methods
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Experiment 3. In the divided-attention condition, perfor-
mance was significantly worse in the TSD configuration than

in the TSS configuration, and significantly worse in the
TSSD configuration than in the TSSS configuratiom
<0.05, two-tailedt-tests. In the TSSD configuration, odd-
] 1 sex distraction was so strong that the listeners were signifi-
L ‘ii ' T | 11 cantly more likely to respond with the color and number
S N W 53 1A spoken by the odd-sex masking talk@5%) than with the
B DR TR T EhD | 1SS color and number spoken in the target phrd$6% (p
Different-Sex Maskers Mixed-Sex Maskers . . . o
_ <0.05, two-tailed-tesd. In the selective-attention condition,
however, there was no meaningful difference between the
[ Selective Attention . -
TSSS and TSSD configurations, or between the TSS and
7] TSD configurations. Odd-sex distraction is apparently only a
factor when the listener is forced to simultaneously monitor
all of the competing call signs to find the target call sign, and
it does not occur when the listeners know they should ignore
the odd-sex talker prior to being exposed to the stimulus.
This may indicate that odd-sex distraction occurs because the
listeners tend to initially focus their attention on the more
FIG. 6. Same-sex confusions and different-sex confusions in Experiment alient odd-sex talker n the stlmulus, which _frequently
Same-sex confusions occurred when the listener’s responses included bagauses them to miss the information presented in the target
the color and number spoken by one of the same-sex masking talkers in tfﬁhrase. When they know priori that they should not listen

stimulus. Different-sex confusions occurred when the listeners’ respons .
included both the color and number spoken by one of the different-sei[SO the odd-sex talker, they perform no worse in the odd-sex

masking talkers in the stimulus. The error bars represent 95% confidend®1asking configurations than in the same-sex masking con-
intervals(=1.96 standard errorsn each condition. figurations.

The distribution of incorrect responses in Experiment 3

was the sex of the target talker. They were not very good aan also be used to evaluate the influence of energetic mask-
exploiting the subtle variations in the voices of the same-seX'd N multitalker listening. Mutual energetic masking be-

talkers used in the experiment. This would explain why thelween the competing talkers in the stimulus should be great-

performance improvements in the selective attention condi€S! when all of the S|multaqeous talkers are speakmg at the
ame level, as they were in Experiment 3. If this mutual

tion were much smaller in the same-sex configurations thail i :
in different-sex and mixed-sex configurations. energetic masking were powerful enough to make the com-

There is also a relatively simple explanation for why thep.etin.g spegch messages inaudible, one would expect the dis-
a priori voice information produced less improvement in thetr]butlon pf incorrect responses to be rapdom across all of the
2-talker conditions than in the 3- and 4-talker conditions Jifferent incorrect colors and numbers in the response set. In
When a multitalker speech stimulus contains only two talk_thls experiment, however, the incorrect responses were not

ers, listeners really only need to attend to one of the two Cal||fandomly distributed: virtually all of t_he listeners’ color and_
signs in order to successfully identify the color and numbernumber [Tesponses were present in one of the maskln_g
in the target phrase. If they happen to initially focus their.phras.(':'s in the stimulus. The percentage .Of res.ponses.contam—
attention on the correct talker, they can simply maintain theif"d €ither a cdolc(;r Lcl)or/a_numberfnto; contaflped Itr'] the ft'TuJu,S
focus on that talker for the remainder of the carrier phrase. IEever.exc?eseTh o In any ct) € con |glura |tons FS'EI n
they happen to initially focus their attention on the wrong xperimen t. these perc?n ages fare Zmols nelg Igtll de n
talker, then by elimination they know that the target call sign©°MParison to the percentages of randomly selected re-
was spoken by the unattended talker and they simply need onses one would expect to contain a color or number not in
: . o ¢ )
switch their attention to the other voice for the remainder of:'© stimulus, which would range from 50% in the 4-talker

the carrier phrase. Alternatively, listeners may be able to at(_:onﬂguranons to more than 85% in the 2-talker configura

tend to the incorrect voice for the entire stimulus and then:['ons' This suggests that at least some, and perhaps all, of the

realizing it was the wrong voice, retrieve the coordinates offompeting voices were audible in the multitalker stimuli of

the correct voice from their short-term auditory memories. InthIS _expenment when the TMR was 0 dB, gnd that, most_ .Of
e incorrect responses resulted from the listeners’ inability

either case, the use of the process of elimination to reduc@ . )
the 2-talker divided-attention task into the much easief® segregate the Farget phrase from the masklyn.g ph(&ses
selective-attention task could explain why performance wit formational maskinpand not from thg listeners” inability to
two talkers was not much different in the selective and"€®' the target phragenergetic masking
divided-attention conditions.

One important difference between the selective- and
divided-attention conditions is that tlepriori voice infor- vy SUMMARY AND CONCLUSIONS
mation provided in the selective-attention condition essen-
tially eliminated the odd-sex distraction that occurred in Ex-  The results of this study may help to reveal some of the
periment 1 and in the divided-attention conditions ofstrategies listeners use to process monaural speech signals

n
o
T
+
!

(=]
T

w

Different-Sex Confusions (%)
o

o

w
=

T

N
L5
T

n
o
T
-

I i
1SS Tsss TSD  TSDD _ TSSD
Same-Sex Maskers Mixed-Sex Maskers

Same-Sex Confusions (%)
S o

v

o

2536 J. Acoust. Soc. Am., Vol. 110, No. 5, Pt. 1, Nov. 2001 Brungart et al.: Multiple simultaneous talkers



with two or more competing talkers. One of the most impor-talkers on the basis of vocal characteristi¢®esten and

tant findings is that there are fundamental differences in th@lomp, 1990; Drullman and Bronkhorst, 200docation

multitalker speech perception task when the target talker isDrullman and Bronkhorst, 2000; Hawlegt al, 1999;

more intense than the masking talkers and when one or MOkErispien and Ehrenberg, 1995or onset time(Freyman

of the masking talkers is more intense than the target talkept g1, 1999, the CRM speech task used in Experiments 1
Target level higher than masker levéithen the target-  anq 2 of this study uses a randomly selected target talker that

to-masker ratio is positive, performance is generally besf jqenifiable only by the use of the call sign “Baron” in the

when the target voice is qualitatively different than the maSk'target phrase. This introduces a substantial amount of uncer-

ing voices. Different-sex maskers degrade performance Ie%ﬁinty about the identity of the target talker both in the call
than same-sex maskers, and same-sex maskers degrade per portion of the carrier phrase and in the color-number

SI
formance less than same-talker maskers. Performance aIS(9

generally increases with the number of competing '[alkerfortion of the carrier phras€) Although the listeners know
when the overall SNR of the stimulus is fixed the positions of the call signh and coordinate words within the

Target level at or below masker levaihen the target- CRM phrases, the phrases themselves contain no contextual

to-masker ratio is negative, performance is much worsdhformation. Thus, all three critical wordgall sign, color,
when there are three or four competing talkers than whe@nd numbermust be correctly identified to correctly respond
there are only two competing talkers. Overall performance ish the CRM talk. This is in direct contrast to natural speech,
generally less dependent on target-masker similarity than it iwhich contains contextual clues that can be used to recon-
at positive TMRs: performance is still best in the different- struct sentences even when some of the words in the sen-
sex conditions, but there is little difference between thetences are unintelligiblg3) All of the critical words in the
mixed-sex and same-sex masking conditions, and, in SOMERM are aligned to occur almost simultaneously, which
cases, listeners can be severely distracted by a single maskould almost never happen in natural spee@).The key

ing talker that is different in sex than the other talkers in thegglor and number words in the CRM are drawn from small
stimulus. This odd-sex distraction effect is strongest when al,gcapularies of relatively dissimilar words. This allows lis-
of the competing talkers are presented at the same level, aRgdners to correctly guess the right color or number even when

probably occurs because listeners have a natural tendencytliqey are only able to hear a small portion of the phonetic

|n!t|ally focus their attention on the most salient talker in &;iformation in the word. For example, the color “green”
stimulus. When the maskers are all the same sex as the

; ould be distinguished from the other colors in the CRM
talker, performance depends almost exclusively on the SN g ither by the initial ¢ ) th |
and not on the number or individual levels of the masking orpus either by the initial consonant soufae), the vowe

talkers (ee), or the final consonant sourd). Thus, listeners are able

When the SNR of the stimulus is fixed and the listenerd® COTectly identify the color green from any one of these
are givena priori information about the voice characteristics thrée phonetic components even if the other two are ob-
of the target talker, performance generally improves only inScured by energetic masking. This phonetic redundancy
mixed-sex and different-sex listening conditions. Most ofMakes it possible to measure informational masking effects
this improvement results from a reduction in the number owith the CRM in listening configurations where the target
responses matching the different-sex masking voices in thepeech would be rendered completely unintelligible by ener-
stimulus. The number of same-sex confusions is unaffectegetic masking in many other speech perception tests. Be-
by thea priori exposure to the target voice. Prior information cause the CRM is so highly tuned to measuring informa-
about the voice characteristics of the target does, howevetional masking, the results of this experiment should be
effectively eliminate odd-sex distraction. viewed not as a general indicator of the role informational

There is also evidence that most of these effects resulhasking plays in all multitalker speech tasks, but rather as an
from informational masking rather than energetic maskingjsolated study of the effects of informational masking in a
Performance in these experiments was substantially worse gbntext where energetic masking is relatively unimportant.
the speechTmasklng conditions than in Fhe conditions with &  perhaps the most intriguing aspect of these findings is
corresponding number of modulated noise maskers. In addj,o fragility of our ability to attend to the quieter of two

EII'(K/InR O?Ig daBsma:I 'nurcwj"nber c?f thhg |hncorrect ;espons;a; ?tt_] imultaneous talkers. It is apparent from these results that the
VIR 0 contained words which were not present in e, o -4 nisms humans use to focus their attention on the qui-
stimulus. Although energetic masking certainly played some . .
; X . ; eter of two talkers are severely disrupted as soon as a third
role at the lowest TMRs used in this experiment, in most . . . .
. . talker becomes audible in the stimulus. Further research is

cases it appears that performance was most influenced

b : ) . :
informational masking. In light of these results, it is impor- r%eeded to determine how listeners focus their attention on

tant to note that the particular speech test used in these e{1e auieter talker in a 2-talker signal and why they are no
periments(the CRM is likely to be substantially more sen- longer able to do so when a third talker is added to the
sitive to informational masking than other types of speectstimulus. A thorough understanding of this process might
tests that have been used in previous multitalker experitacilitate the development of algorithms for unmixing speech
ments. At least four factors contribute to this sensitivity)y ~ signals at negative SNRs that would be tremendously benefi-
In contrast to most other multitalker speech tasks, which useial in the development of advanced hearing aids and speech
a target talker that is easily discriminated from the maskingecognition systems.
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