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multitalker environment
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A priori information about the location of the target talker plays a critical role in cocktail party listening tasks,
but little is known about the influence of imperfect spatial information in situations in which the listener has
some knowledge about the location of the target speech but does not know its exact location prior to hearing
the stimulus. In this study, spatial uncertainty was varied by adjusting the probability that the target talker in a
multitalker stimulus would change locations at the end of each trial. The results show that listeners can adapt
their strategies according to the statistical properties of a dynamic acoustic environment but that this adaptation
is a relatively slow process that may require dozens of trials to complete.

One of the most difficult challenges faced by human
listeners is the so-called cocktail party problem of attend-
ing to what one talker is saying when other talkers are
speaking at the same time (Cherry, 1953). At the most
basic level, most of the cues that listeners use to perform
this cocktail party speech segregation task are based on
monaural features of the competing speech signals, in-
cluding such factors as the individual voice characteristics
of the talkers (i.e., F0, vocal tract length, speaking style,
etc.), the rhythmic and temporal cues related to the speech
utterances themselves (onsets, offsets, and prosodic cues),
and the listener’s a priori knowledge about the constraints
of the language and the context of the conversation. How-
ever, to the extent that these monaural cues can be used to
segregate the competing voices into different perceptual
streams, the ability to selectively focus attention on a sin-
gle voice in a multitalker babble can be greatly enhanced
by the binaural difference cues that occur when the com-
peting talkers are located in different directions, relative to
the listener (Hirsh, 1950). These binaural cues can also be
exploited in real-world communication systems that use
virtual source synthesis techniques to spatially separate
the apparent locations of multiple speech channels and
present them to the listener via stereo headphones (Cris-
pien & Ehrenberg, 1995; Drullman & Bronkhorst, 2000;
Nelson, Bolia, Ericson, & McKinley, 1999). However, the
size of the overall benefit provided by these binaural cues
depends, to some degree, on the amount of a priori knowl-
edge the listener has about the locations of the target and
interfering voices.

As a general rule, listeners are able to obtain substan-
tially greater performance benefits from the spatial sepa-
ration of the competing talkers when they know the loca-
tion of the target talker in advance than when they do not
know its location (Ericson, Brungart, & Simpson, 2004,

Koehnke, Besing, Abouchacra, & Tran, 1998; Shinn-
Cunningham & Ihlefeld, 2004). To this point, however,
most of the studies in which the effect that a priori infor-
mation about the target talker location has on multitalker
speech perception has been examined have been limited
to the two most extreme cases in which either (1) the lo-
cation of the target talker remains fixed for all the trials in
the experiment (the listener has perfect a priori informa-
tion about the location of the target) or (2) the location of
the target talker is varied randomly from trial to trial (the
listener has no a priori information about the location of
the target talker). The first case corresponds to the clas-
sical concept of selective attention, where the observer is
asked to focus attention on a single source of information
and to ignore any distracting inputs that might originate
from other objects in the perceptual field (Broadbent,
1958; Cherry, 1953). Similarly, the second case corre-
sponds to the classic concept of divided attention, where
the observer is asked to spread the focus of attention
across two or more sources and to respond to and process
information that might originate from any one of them or
even, in some cases, from more than one of them at the
same time (Howard-Jones & Rosen, 1993; Moray, 1959;
Spieth, Curtis, & Webster, 1954; Treisman, 1964; Yost,
Dye, & Sheft, 1996).

In the real world, most listening situations fall somewhere
between these two extremes. For example, multitalker lis-
tening tasks in command and control environments often
require listeners to monitor a number of different com-
munication channels for information that might originate
from any of the active channels in the system. Some chan-
nels might be more likely to contain useful information
than others, and the listener may have some access to some
a priori information about how likely the target stimulus
is to occur from any one particular location (Kidd, Arbo-
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gast, Mason, & Gallun, 2005), but all of the channels still
must be monitored at all times to ensure that high-priority
information originating from an unexpected source is not
overlooked. This situation contrasts somewhat with real-
world cocktail party listening environments, where listen-
ers generally know which talker to listen for and can use
verbal and nonverbal cues to guide their attention to the
new target talker when a break in the conversation occurs.
Even in these high-context conversational situations, how-
ever, there are instances in which a listener’s attention can
be drawn to highly relevant information originating from
an unexpected source, such as an unexpected mentioning
of his or her own name by a talker somewhere else in the
room (Moray, 1959). Thus, it can be argued that in real-
world situations, listeners rarely, if ever, have the luxury
of focusing their attention exclusively on one talker, while
ignoring the other speech signals in the environment.

In this article, we present the results of experiments de-
signed to examine how the dynamic properties of a mul-
titalker environment influence performance in cocktail
party listening tasks. In particular, the experiments were
designed to evaluate multitalker speech perception as a
function of the probability that a change in talker location
would occur at the end of any given trial of the experiment.
The results also provide insights about how listeners adapt
to expected and unexpected changes in the location of a

target talker that occur in multitalker listening situations.
In order to provide the listeners with a means of identi-
fying the target message without any advance knowledge
about which talker would say the target message or where
it would originate, we used a call-sign-based listening task
(the coordinate response measure, or CRM) in which the
target phrase was designated by the inclusion of a predeter-
mined target call sign. In the next section, we will describe
the design of the experiments in more detail.

METHOD

Experimental Design

In real-world listening environments, the ability to extract infor-
mation from a target speech signal in a multitalker mixture can be
influenced by an almost limitless number of possible factors. In this
study, we focused our experimental design on three variables that were
believed to be likely to influence performance in a dynamic cocktail
party listening task: (1) the number of competing talkers and the spatial
locations of those talkers, (2) the probability of a change in target talker
location at the end of a trial, and (3) the manner in which the listening
configuration changed when the target talker moved to a new location
(which we refer to as transition type). The three variables will be de-
scribed in more detail below.

Spatial configurations. Two factors that have a major influence
on overall performance in cocktail party listening tasks are the number
of competing talkers and the locations of those talkers, relative to the
listener. A total of five different spatial configurations were tested in
this experiment (see Figure 1). Two of the configurations involved two
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Figure 1. The five different spatial configurations that were used in the experiment: two-talker-close, two-talker-far,
three-talker-close, three-talker-far, and four-talker. The arrows in the figure illustrate the transition probability model
that governed changes in the location of the target talker in each condition. At the end of each trial, the target talker
(indicated by the angular location in bold type) remained in the same location with a probability of 1 — p (where p was
the transition probability for that condition) and changed to one of the other locations with a probability p/(n — 1)
(where n was the number of competing talker locations in that condition). See the text for further details.
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competing talkers: a two-talker-close configuration, in which the talk-
ers were located at £5° in azimuth, and a two-talker-far configuration,
in which the talkers were located at =90° in azimuth. Another two
configurations involved three competing talkers: a three-talker-close
configuration, with talkers at —15°, 0°, and +15° in azimuth, and a
three-talker-far configuration, with talkers at —90°, 0°, and +90° in
azimuth. The final configuration was a four-talker configuration, with
competing talkers located at =90° and £30° in azimuth.

Transition probability. Within each of the spatial configura-
tions shown in Figure 1, the dynamic aspects of the multitalker lis-
tening task were varied by manipulating the probability p that the
target phrase would move to a new location at the end of any given
trial. This transition probability scheme is illustrated in the form of a
Markov model by the arrows in each panel of Figure 1. In each case,
the current location of the target talker is indicated by the shaded
circle, and the arrow looping back to that location indicates the prob-
ability of the target’s remaining in the same location on the next trial
of the experiment (1 — p). The arrows drawn from the target location
to the other locations indicate the probability of the target talker’s
moving to that new location on the next trial of the experiment. On
any given transition, the target was assumed to be equally likely to
move to any of the other talker locations in the configuration, and
the total probability of a transition’s occurring was set to the transi-
tion probability value p. Thus, the probability that the target would
move to any particular location on any given trial with » competing
talkers was equal to p/(n — 1). In the two-talker and four-talker con-
figurations, these p values were 0 (no transitions), 1/8, 1/4, 1/2, and
1 (transitions on every trial). In the three-talker configurations, these
p values were 0, 1/6, 1/3,2/3, and 1.

Transition type. Three different types of transitions were also ex-
amined in the experiment. The first type of transition was designed
to approximate a somewhat natural real-world cocktail party situa-
tion in which talkers remain in fixed positions over the course of the
conversation but the source of the most pertinent target information
moves from talker to talker in an irregular pattern. Thus, a Type I
transition block consisted of a set of trials on which the falkers re-
mained in fixed positions but the target phrase moved to a different
talker at a different location whenever a transition occurred.

The second type of transition was designed to simulate a situa-
tion in which the listener knows who the target talker is but does not
know where that talker is located. Thus, a Type II transition block
consisted of a set of trials on which the target phrase was always spo-
ken by the same talker (who was randomly selected at the start of the
block) but the location of that talker changed whenever a transition
occurred. Also note that the locations of the other competing talkers
were randomly changed whenever a Type Il transition occurred.

The third type of transition was designed to simulate a situation
that might occur in a command and control task in which a listener
is required to monitor multiple channels of radio traffic but has no
way of knowing which talkers will be speaking on which channels
or which channel will contain the most relevant information at any
given time. There is reason to believe that operators who work in
such environments could greatly benefit from the use of a spatial in-
tercom system that uses virtual audio display technology to cause the
different speech channels of the system to appear to originate from
different locations, relative to the listener’s head. The Type III condi-
tion was designed to replicate the level of performance that might
occur with this type of spatial intercom system. Thus, the Type 111
transition block consisted of a set of trials on which the different
competing talkers were randomly assigned different locations on
every trial but the location of the target phrase changed only when
a transition occurred. The only restriction on the randomization of
the talker locations was that the identity of the target talker had to
change every time a transition occurred (i.e., the target phase could
not move to the same talker at a different location; it always had to
move to both a different talker and a different location whenever a
transition occurred). Thus, on one trial in the Type III condition, a
listener might hear Talker 1’s voice at —90° (the target location),
Talker 2’s voice at 0°, and Talker 3’s voice at +90°. On the next trial,

all of the talkers would move locations even if no transition had oc-
curred, so the target phrase would stay at —90° but would now be
spoken by Talker 2, Talker 3 would now be heard at 0°, and Talker 1
would now be heard at +90°. In practical terms, the main contrast
between the Type I1I condition and the other two conditions was that
the talker locations and the target talker identity changed on every
trial, whereas the talker locations and target talker identity in the
other two conditions changed only when there was a change in the
location of the target talker (a transition).

Figure 2 provides illustrated examples of each of these three types
of transitions in the four-talker listening configuration. The leftmost
panel of the figure illustrates the situation just prior to a target talker
transition from Talker B at Location 2 (30° to the listener’s left) to a
different target talker at Location 3 (30° to the listener’s right). The
second panel shows the situation after a Type I (talkers fixed) transi-
tion: In these transitions, the four talkers (A—D) remain fixed at their
respective locations, and the target phrase moves to a different talker
with a different fixed location (C in this case). The third panel shows
the situation after a Type II (target talker fixed) transition: In these
transitions, the target talker (B) moves to the new target location, and
the other talker locations change randomly after each transition. The
final panel shows the situation after a Type Il (random talker loca-
tion) transition: In this case, the talker locations change randomly
after every trial, with the restriction that the target phrase always
changes to a different talker whenever a transition occurs.

Subjects

A total of 9 experienced paid volunteer listeners with normal
hearing participated in the experiments. All but 2 were right handed.
Seven of them participated in all of the experimental conditions. One
participated only in the two-talker and three-talker spatial configu-
rations, and the last one participated only in the four-talker spatial
configuration.

Apparatus and Stimulus Generation

Speech materials. The experiment was based on the CRM, a
call-sign-based intelligibility test that has been used in a number
of previous listening experiments involving two or more simulta-
neous talkers (Brungart, 2001a, 2001b). The CRM phrases were
taken from the publicly available CRM speech corpus for multi-
talker communications research (Bolia, Nelson, Ericson, & Simp-
son, 2000), which contains phrases of the form “Ready (call sign)
go to (color) (number) now,” spoken by four male and four female
talkers with all possible combinations of eight call signs (“arrow,”
“baron,” “Charlie,” “eagle,” “hopper,” “laker,” “Ringo,” and “tiger”),
four colors (“blue,” “green,” “red,” and “white”), and eight numbers
(1-8). Thus, an example phrase from the CRM corpus would be
“Ready baron go to blue six now.”

In this experiment, the stimulus presented to the listener always
consisted of a mixture of two, three, or four phrases that were ran-
domly selected from phrases spoken by male talkers in the CRM
corpus: a target phrase, which was randomly selected from the
phrases containing the call sign baron, and one, two, or three com-
peting phrases, which were randomly selected from the phrases with
a different call sign, color, and number than the target phrase. Note
that all of the target and competing phrases were equalized to have
the same overall RMS power, which was roughly equivalent to 75 dB
SPL in the headphone-presented stimuli used in this experiment. In
order to balance for differences in the intelligibility of the different
talkers, only two of the male talkers in the corpus were used in the
two-talker condition, and only three of the male talkers were used in
the three-talker condition. Note that all of the phrases in the corpus
were synchronized so that the onset of the word “ready” occurred at
the same time in all of the competing sentences. No effort was made
to synchronize the onset of the color and number keywords within
the individual competing phrases.

Spatial processing. The spatial configurations used in the exper-
iment were implemented over headphones with head-related transfer
functions (HRTFs; Wightman & Kistler, 1989b) designed to repro-
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duce the spatial audio cues that would normally occur in anechoic
space for sound sources at each of the talker locations shown in
Figure 1. Virtual acoustic simulations of this type have been shown
to produce multitalker listening performance that is comparable to
the free field without the need for an anechoic chamber or a compli-
cated apparatus for generating the spatially separated speech signals
(Best, 2004; Brungart, Ericson, & Simpson, 2002; Brungart & Simp-
son, 2002; Brungart & Simpson, 2003; Crispien & Ehrenberg, 1995;
Drullman & Bronkhorst, 2000; Hawley, Litovsky, & Colburn, 1999;
Hawley, Litovsky, & Culling, 2004; Shinn-Cunningham, Schickler,
Kopco, & Litovsky, 2001). In this experiment, the HRTF processing
was accomplished with a digital signal processor (TDT RP2) that
convolved each competing speech signal with two different HRTFs,
one for the left ear and one for the right ear. This HRTF processing
was done at a 50-KHz sampling rate with 128-point HRTF filters
(provided by TDT) that were measured in the ears of a live female
listener (Subject S.D.L.) at the University of Wisconsin by Wight-
man and Kistler (1989a).! The HRTF-processed signals from each
competing talker were then digitally summed and presented to the
left and right ears of the listener over stereo headphones (Sennheiser
HD-520). Note that no headtracking was used in this study, so the
apparent locations of the virtual sources remained fixed in location,
relative to the listener’s head, independently of any head movements
made during the experiment.

Experimental Procedure
The data collection was divided into blocks of trials, with each
trial consisting of a single presentation of a set of phrases from

the CRM corpus (lasting roughly 2 sec) and each block consisting
of either 40 trials (in the two-talker conditions) or 60 trials (in the
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three- and four-talker conditions). The data were collected with the
listeners seated at a control computer located in one of three quiet
sound-treated rooms. The listeners were instructed to listen for the
target phrase containing the call sign “baron” and to use the mouse
to select the color-number combination contained in that target
phrase from an array of colored digits displayed on the CRT of the
control computer. Once that selection had been made, the experi-
mental program determined whether a transition should occur prior
to the next stimulus presentation, reassigned the locations of the tar-
get and competing talkers accordingly, and initiated the next trial in
the sequence. The listeners were not provided with any information
about the spatial configuration, transition type, or transition prob-
ability prior to the start of each block of trials, and no correct answer
feedback was given at the end of each trial of the experiment. Note
that the listeners were given as long as they wished to make their re-
sponses and that the stimulus in the next trial always started approxi-
mately 1 sec after the mouse click that completed the response in
the previous trial. Although total trial time was not measured in this
experiment, previous results in similar experiments have shown that
each trial in the self-paced CRM task takes an average of roughly
5.24 sec to complete, with a standard deviation of 0.8 sec.
Performance in the experiment was expected to vary with both
the identity and the location of the target talker, so care was taken to
make sure that these two factors were balanced across the different
conditions tested for each listener in the experiment. In the Type I
and Type I1I transition conditions, in which the target talker identity
changed randomly throughout each block, one block of trials was
collected with each possible initial target location, with a random
distribution of initial talker locations in each block (see the top panel
of Figure 3). This resulted in two blocks of trials in each two-talker
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Figure 2. Examples of the three types of target transitions tested in the four-talker configuration of the experi-
ment. The four letters A, B, C, and D represent the four different talkers, with the bold text indicating the current
location of the target talker. See the text for further details.
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condition, three in each three-talker configuration, and four in each
four-talker configuration. In the Type II transition conditions, the
target location changed randomly within the block, but the target
talker identity did not. Thus, in those conditions, one block of trials
was collected with each possible target talker identity, with a random
distribution of target talker locations (middle panel of Figure 3).
Again, this resulted in two blocks of trials in each two-talker con-
figuration, three in each three-talker configuration, and four in each
four-talker configuration. There was also one special case that oc-
curred when the transition probability was equal to zero in the Type |
and Type II blocks. In these conditions, neither the target talker nor
the target identity ever changed over the course of a block of trials.
Thus, it was necessary to test all possible combinations of initial
target talker and initial target location in these conditions (bottom
panel of Figure 3). This resulted in 4 blocks of trials in the two-talker
conditions, 9 blocks in the three-talker conditions, and 16 blocks in
the four-talker conditions. However, because there was effectively
no difference between the Type I and the Type Il transitions in the
zero transition probability conditions, the same blocks of data were
used to analyze both conditions. Across all the spatial configurations
and transition probabilities, this set of initial conditions resulted in
a total of 60 blocks of trials in the two-talker conditions, 96 blocks
of trials in the three-talker conditions, and 68 blocks of trials in the
four-talker conditions for each subject. The data were collected in
20- to 30-min sessions over a period of approximately 3 months.
Each of the 8 subjects participated in the three-talker condition first,
then in the two-talker condition, and finally in the four-talker condi-
tion. This resulted in a grand total of 12,240 trials for each of the 9
listeners who participated in the experiment.

RESULTS AND DISCUSSION

ANOVAs were conducted separately on the data from
the two-talker, three-talker, and four-talker spatial con-
figurations of the experiment. In the two-talker and three-
talker cases, three-factor ANOVAs were conducted, with
the factors of spatial separation (closely spaced or widely
spaced talkers), transition type (I, II, or I1I), and transition
probability (the five values of p used in that configura-
tion). In the four-talker case, only one spatial configu-
ration was used, so a two-factor ANOVA was conducted
on the factors of transition type (I, I, or III) and transi-
tion probability. In each case, the percentages of correct
color and number identifications in each condition were
calculated separately for each listener, normalized with
an arcsine transform, and subjected to a within-subjects
repeated measures ANOVA. The results of these analyses
show that at the & = .05 level, the main effect of spatial
configuration was significant in both the two-talker and
the three-talker conditions [F(1,7) = 8.56 and 69.0, re-
spectively]; the main effect of transition probability was
significant only in the three-talker and four-talker condi-
tions [F(4,28) = 36.91 and 17.92, respectively]; and the
main effect of transition type was significant in the two-
talker, three-talker, and four-talker conditions [F(2,14) =
18.52, 24.21, and 9.77, respectively]. There was a mar-
ginally significant interaction between spatial configura-
tion and transition probability in the two-talker condition
[F(4,28) = 2.78, p = .046], but no other interactions were
significant. Thus, we will disregard the interactions and
will focus our discussion on the three main effects, each
of which will be discussed in detail below.
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Figure 3. Pictorial representation of the initial conditions used
in each block of trials in the three-talker configurations of the
experiment. The letters within the braces represent the possible
talkers (a, b, or ¢) that might occur at that location at the start
of a block of trials. The capitalized letters represent the possible
locations and identities of the initial target talker.

Spatial Configuration

Figure 4 shows the overall percentages of correct color
and number identifications in the CRM task as a function
of the location of the target talker for each of the five spa-
tial configurations tested in the experiment. From these
results, we can make the following observations.

Overall performance decreased as the number of com-
peting talkers increased. Averaged across all the condi-
tions, performance dropped from about 92% correct
responses in the two-talker conditions to 72% correct re-
sponses in the three-talker conditions and to 62% correct
responses in the four-talker conditions. A post hoc analy-
sis (Fisher LSD) of the individual scores of the 7 subjects
who participated in all three conditions revealed that these
conditions were significantly different from one another
at the p < .05 level.

Overall performance was better in the widely spaced
spatial configurations than in the closely spaced spatial
configurations. Averaged across all the target talker loca-
tions, overall performance in the two-talker-far configu-
ration was about 3 percentage points better than that in
the two-talker-close configuration. Performance in the
three-talker-far configuration was about 11 percentage
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points better than that in the three-talker-close configu-
ration. Thus, not surprisingly, it seems that listeners do
better overall when listening to competing talkers who are
spaced far apart than when listening to competing talkers
who are close together.

Overall performance was better when the target phrase
originated from the leftmost or rightmost talker locations
than when it originated from the central target talker lo-
cations. On average, performance in the three-talker and
four-talker conditions was roughly 20 percentage points
better when the target originated from the leftmost or
rightmost target talker positions than when it originated
from the more medial positions tested. A post hoc analysis
(Fisher LSD) confirmed that this difference was signifi-
cant at the p < .05 level. This performance difference is
likely related to the fact that target speech signals pre-
sented from these extreme spatial locations are more in-
tense than any of the signals from the other, competing
talkers at the ear closest to the target talker (thus affording
avery favorable signal-to-noise ratio at the listener’s “bet-
ter ear” [Ericson et al., 2004; Zurek, 1993], as well as a
larger interaural time delay), whereas those presented at
more medial locations are masked by those from the more
intense, interfering talkers at both of the listener’s ears.

Overall performance was substantially better for talker
locations in the listener’s right hemifield than for loca-
tions in the listener’s left hemifield. On average, perfor-
mance was almost 25 percentage points better for target
talker locations on the listener’s right side than it was for
target talker locations on the listener’s left side. In part,
this difference is probably related to the general ten-
dency for the speech-processing centers of the brain to
be specialized in the left hemisphere. Previous research

has demonstrated left-hemispheric specialization for the
auditory-processing centers that govern speech produc-
tion (Broca, 1861) and speech perception (Kimura, 1961),
and a number of previous cocktail party listening experi-
ments have shown that listeners are substantially better at
attending to speech presented in the right hemifield than
to that presented in the left hemifield (Bolia, Nelson, &
Morley, 2001; Brungart & Simpson, 2003; Ericson et al.,
2004). The result may also reflect a general bias on the
part of the listeners to selectively focus their attention on
talkers located to their right.

Transition Type

Figure 5 shows how overall performance varied with
the target transition type. The bars in the figure repre-
sent the results only from those blocks of trials on which
transitions actually did occur (i.e., where the transition
probability was greater than 0). In order to test the sig-
nificance of these results, a two-factor ANOVA with the
factors of number of talkers and transition type was con-
ducted on the individual subject scores from the 7 subjects
who participated in all the conditions of the experiment.
The results of this ANOVA revealed a significant effect
of transition type [F(2,12) = 32.149, p = .00002], and a
post hoc analysis of the results (Fisher LSD) indicated that
all three transition types were significantly different from
one another at the p < .05 level.

When the results for the different transition types are
compared, it is apparent that the listeners performed best
in the Type II transition blocks, in which the same target
talker was used throughout the block of trials. This result
is not surprising, because the listeners in Type II blocks
should have been able to learn the characteristics of the

100 —

N0 7

80

60 -

50

40

Percent Correct Responses

20

10

-5° 5°  -90°90°
Close Far
Two Talkers

-15° 0° 15°
Close Far
Three Talkers

-90° 0° 90° -90°-30°30° 90°

Four Talkers

Target Talker Location

Figure 4. Correct color and number identifications in the coordinate
response measure task as a function of the location of the target talker in
each spatial configuration tested in the experiment. The error bars show
the 95% confidence interval for each data point.
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target talker and to use this information as a help in fol-
lowing the target phrase across transitions. Similar per-
formance advantages have been reported in other experi-
ments in which conditions in which listeners had a priori
information about the identity of the target talker have
been compared with conditions in which no information
about the target talker’s voice was provided to the listener
(Ericson et al., 2004).

A somewhat more unexpected result is that the listen-
ers consistently performed better in the Type I1I transition
blocks (in which the talker locations changed randomly on
every trial) than in the Type I transition blocks (in which
the talkers remained at fixed locations throughout the
block). This may suggest that the listeners were learning to
associate the target phrase with the talker assigned to the
current target location and that this incorrect association
made them less able to shift their attention when the target
phrase unexpectedly moved to a new target talker at a dif-
ferent location. Since the target talker changed on every
trial in the Type III blocks, the listeners never learned to
make an association between the target phrase and any
particular talker and, thus, were better able to respond
when transitions occurred.

Transition Probability

Figure 6 shows overall performance as a function of
the transition probability p in each condition of the ex-
periment. As is suggested by the results of the ANOVA,
transition probability had no effect on performance in the
two-talker condition of the experiment. The reasons for
this are not completely clear. In part, it may be accounted
for by a ceiling effect, but it may also be related to the fact
that the two-talker CRM task can be performed success-
fully with a process of elimination strategy in which the

listener attends to the call sign spoken by one of the talkers
and chooses either to maintain attention to the same talker
if the call sign is “baron” or to switch attention to the other
talker midsentence if the call sign is not “baron.” The
adoption of this strategy could explain why the listeners in
the two-talker configurations were relatively unimpaired
in their ability to perform well in the CRM task, even in
blocks of trials with high transition probability values.

A process of elimination strategy would not work as
well in situations with more than two competing talk-
ers, because the listeners would have no way of knowing
which phrase to attend to once they realized that they had
been listening to a talker who had spoken the wrong call
sign. This may explain why transition probability had such
a large impact on performance in the three-talker and four-
talker configurations of the experiment. In each case, the
percentage of correct responses decreased by roughly 20
percentage points as the transition probability increased
from 0 to 1. Roughly half of the total decrease in perfor-
mance occurred when the transition probability increased
from 0 to the smallest positive value tested (from 0 to 1/6
in the three-talker case and from 0 to 1/8 in the four-talker
case). This suggests that cocktail party listening is pro-
foundly impaired when the situation changes from one
in which there is no uncertainty about the location of the
target talker to one in which some uncertainty exists. Once
a small amount of uncertainty was added to the situation,
additional increases in the transition probability produced
more gradual decreases in overall performance.

Adaptation

Up to this point, we have restricted our analyses of the
effects of transition probability on multitalker listening
to an overall analysis of performance across blocks col-
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lected with different underlying p values. However, addi-
tional insights can be obtained by examining performance
with a finer grained analysis of the effects that transitions
had on performance in the CRM task over the course of
a block of trials. For example, it is possible to examine
how listeners adapted to sudden changes in the position
of the target phrase by collapsing the data across all the
different transition probabilities tested and plotting overall
performance as a function of the number of consecutive
preceding trials with the same target talker location as
that in the current trial (as illustrated by A in Figure 7).
Figure 8 shows the results of this analysis. The individual
data points in the figure were generated by sorting all of
the individual trials in each talker configuration by the
number of preceding trials with the same target location
and dividing those trials into bins containing a minimum
0f2,000 trials each. The mean performance levels for each
bin were then plotted as a function of the mean number of
preceding fixed-target trials across all the trials included
in that bin. Thus, the data points with an abscissa of 0
represent the mean performance level that was obtained
in those trials immediately following a transition (the first
trials presented at a new target location after a transition).
The data points with an abscissa of 1 represent the second
trials after transitions, those with an abscissa of 2 repre-
sent the third trials, and so on. A number of observations
can be made from these results.

Overall performance was worst in trials that imme-
diately followed a transition. In all three talker config-
urations tested, trials that occurred immediately after a
transition produced significantly fewer correct responses
than did those that occurred two or more trials after a
transition.

Overall performance improved rapidly for the first three
to four trials after a transition. In all the configurations
tested, mean performance increased quickly for the first

few trials following a change in target location. This in-
crease was greatest for the three-talker configuration (an
increase of approximately 15 percentage points), slightly
smaller in the four-talker configuration (10 percentage
point increase), and smallest in the two-talker configura-
tion (roughly 3 percentage points). This relatively rapid
learning curve likely represents the number of trials that
the listeners required to realize that the target talker had
moved from the previous location and to determine the
new location of the target talker.

In the three- and four-talker configurations, perfor-
mance continued to improve systematically until roughly
30 consecutive trials had occurred with the same target
talker location. In the conditions with more than two
talkers, a slow learning process seemed to continue for
dozens of trials after the listeners had already adapted to
the change in the location of the talker.2 This slow adapta-
tion process suggests the possibility that the listeners were
gradually shifting their listening strategy from one that
was based on the assumption that the target talker might
move to a different location at any time (and thus required
them to divide their attention across multiple source loca-
tions) to one that was based on the assumption that the
talker would never move from the current location (thus
allowing them to selectively focus their attention only on
this location). More evidence for this kind of gradual shift
in strategy will be provided in the next two sections.

Negative Priming

The data shown in Figure 8 demonstrate the effects that
prior trials with the same target talker location had on per-
formance in the dynamic CRM listening task. However, it
is also helpful to look at the influence that prior trials with
a different target talker location had on a listener’s ability
to react to a change in the location of the target talker.
Figure 9 shows the effect that exposure to consecutive



DyYNAMIC MULTITALKER LISTENING 87

preceding trials with one target talker location had on per-
formance in the first trial immediately following a transi-
tion to a different target location. These data points were
generated by sorting all of the individual trials in each
talker configuration by the number of preceding trials
with the same target location and dividing those trials into
bins containing a minimum of 500 trials each. The mean
performance levels for each bin were then plotted as a
function of the mean number of preceding fixed-target tri-
als across all the trials included in that bin. In other words,
the data points in Figure 9 show performance on trials im-
mediately following a transition as a function of the num-
ber of consecutive trials with the same target location as
the one that occurred prior to that transition (as shown
by B in Figure 7). In all the configurations tested, there
was a strong negative correlation between the number of
consecutive trials with the same target talker location prior
to the transition and the performance level achieved in the
trial immediately following the transition. This is a classic
negative priming effect: The consecutive trials with the
same target location gradually built up an expectation that
the target phrase would remain in the same location in
subsequent trials, and this expectation made the listeners
less able to react quickly when there was an unexpected
change in the location of the target talker (Tipper, Brehaut,
& Driver, 1990).

In the two-talker and three-talker configurations, the
effects of negative priming increased monotonically with
the number of static trials prior to the transition. However,

in the four-talker configuration, the effects of negative
priming plateaued after approximately four consecutive
trials. No further decrease in performance was observed in
transition trials preceded by sequences of more than four
consecutive stimulus presentations with the same target
location.

Strategic Adaptation

Figure 10 shows the mean level of performance in tri-
als immediately following a transition as a function of
the transition probability used in each block of trials. In
the two-talker and three-talker configurations, there was
a clear positive correlation between the level of perfor-
mance achieved in trials immediately following a tran-
sition and the transition probability used in each block
of trials. A two-factor ANOVA conducted on the scores
of the individual subjects for the factors of number of
talkers and transition probability revealed that this main
effect was significant at the p < .001 level [F(13,18) =
11.007]. This result stands in stark contrast to the sys-
tematic decrease in overall performance with increasing
transition probability shown in Figure 6. This result is im-
portant because it implies that the listeners in the experi-
ment were able to adapt their listening strategies in order
to maximize overall performance in each of the dynamic
listening environments tested in the experiment. In lis-
tening environments in which transitions were relatively
infrequent (e.g., p = 1/8), the listeners adopted a listening
strategy that performed well when the target talker stayed
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Figure 7. Talker location as a function of trial number for a block of trials in
the three-talker-far configuration with a transition probability of 1/6. Point A
illustrates how the data were categorized for the analysis of adaptation shown
in Figure 8, which plots performance as a function of the number of preced-
ing trials with the same target talker location. Point B illustrates how the data
were categorized for the analysis of negative priming shown in Figure 9, which
plots performance for trials immediately following a transition as a function
of the number of preceding trials with the same target location. In each case,
the shaded circle represents the analyzed trial, and the arrow indicates how the
number of preceding trials was calculated for type of analysis.
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in the same location for more than one trial but performed
relatively poorly on trials in which the target talker hap-
pened to unexpectedly move to a new location. In listen-
ing environments with very frequent target talker transi-
tions (e.g., p = 1), the listeners adopted a strategy that
was optimized to accommodate changes in the location
of the target talker. Although the details of these listening
strategies are difficult to determine from these results, the
results from the three-talker configurations, in particular,
suggest that listeners are quite good at analyzing the dy-
namic properties of the current listening environment and
using this information to choose a strategy that maximizes
overall performance.

One intriguing aspect of the results shown in Figure 10
is that the listeners did not seem to be able to adapt their
listening strategies to account for different dynamic listen-
ing environments with four simultaneous talkers. Perfor-
mance on trials that immediately followed a transition in
the four-talker configuration was virtually identical at all
the transition probabilities tested. This may suggest that
there is some fundamental limitation that prevents listen-
ers from adopting strategies that efficiently cope with fre-
quent changes in target talker locations in more complex
environments with more than three simultaneous talkers.

Learning

In the previous section, we noted that the listeners in
the two-talker and three-talker configurations seemed to
be able to adopt listening strategies that were optimized
for different dynamic listening environments that were
encountered in each block of trials. Because the listen-
ers were not provided with any a priori information about
these dynamic listening environments, this result implies
that the subjects were able to learn the properties of the en-
vironment over the course of each block. Figure 11 shows
mean performance as a function of trial position within
a block of trials (in effect, the learning curve) for each
configuration of the experiment. The data are shown sepa-

rately for the 1st, 2nd, 3rd, and 4th trials of each block, and
the data for trials that occurred 5 or more trials into each
block have been pooled together into bins with a minimum
of 5,000 trials in each bin.

In the two-talker configurations, there was no indica-
tion that any significant amount of learning occurred over
the course of each block of trials, which may have been the
result of a ceiling effect in the data. In the three- and four-
talker configurations, the results indicate that the listeners
improved quickly for the first 8—10 trials in each block but
that they received no further benefit from obtaining more
than 10 trials of listening experience with the same dy-
namic listening environment. This suggests that listeners
require only a brief exposure to successfully tailor their
listening strategies to the dynamic properties of an unfa-
miliar listening environment.

Spatial Filtering

In general, increasing the spatial separation between the
competing talkers tends to improve performance in cock-
tail party listening tasks. However, there is some evidence
to suggest that increasing the spatial separation between
the talkers might, in some cases, actually decrease perfor-
mance on trials that immediately follow a change in the
location of the target talker. Rhodes (1987), for example,
has shown that the time required to shift auditory atten-
tion to a new spatial location is a linearly increasing func-
tion of the angular displacement between the new and the
old source locations. On the basis of Rhodes’s result, one
might expect target talker transitions in the present experi-
ment to cause a greater drop in performance when they
involve large changes in the angular location of the target
talker than when they involve smaller changes. However,
there is little evidence in the data to support this conclu-
sion. Figure 12 shows mean performance on trials that im-
mediately followed a transition as a function of the size of
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the angular displacement from the previous target location
to the new target location. In order to balance for the effect
of talker location (e.g., Figure 4), the data were averaged
only across those trials on which the target was located
at the leftmost or rightmost talker locations in the cur-
rent spatial configuration. As an example, the numbered
arrows on the diagram on the right side of the figure show
how the angular displacement would be determined in the
four-talker configuration in transitions in which the target
talker moved to the leftmost source location (A) from one
of the three other possible source locations (B, C, or D).

The results of this analysis show no reliable correla-
tion between the size of the angular displacement that
occurred during a target talker transition and the impact
that the transition had on identification performance in
the next trial following that transition. Although there is
no way to know for certain why angular displacement did
not have an effect on performance, it is likely that the rela-
tively slow time course of the CRM task, which consists
of phrases that are roughly 2 sec in duration and total trial
times on the order of 5.25 sec, may allow listeners more
than ample time to successfully shift their attention to a
new spatial location over the course of a single stimulus
presentation.

SUMMARY AND CONCLUSIONS

Although dynamic effects have been largely ignored
in previous studies of cocktail party listening, the results
of the experiment presented here demonstrate that the
dynamic properties of the listening environment can sig-
nificantly impact a listener’s ability to extract informa-
tion from a target speech signal masked by one or more
simultaneous interfering voices. Not surprisingly, the
results indicate that listeners generally perform better in
listening environments in which the target talker tends to

remain fixed in one location than in environments where
the target talker changes locations frequently. This im-
provement in performance for infrequently moving target
talkers can be attributed primarily to the listener’s ability
to learn the location of the target talker and selectively
focus attention on that location. However, the number of
trials required to complete this process was surprisingly
long: In the three- and four-talker configurations of this
experiment, performance improved systematically until
the listener had heard as many as 30 consecutive trials
with the same target talker location. Also, although the
selective focusing of attention on a single talker location
clearly improved performance overall, this improvement
came at a cost: Focusing on one target location gener-
ally degraded the listener’s ability to correctly respond
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when the target speech signal unexpectedly moved to
a different target location. The listeners did, however,
appear to have some control over this adaptation pro-
cess: In blocks of trials in which the target talker moved
frequently, the listeners seemed to be able to divide their
attention across multiple talker locations in order to re-
spond appropriately to changes in target location. They
also seemed to be able to learn the optimal strategy for
the current listening environment relatively quickly;
their performance generally plateaued after only 10 tri-
als of exposure to a given dynamic environment. Overall,
these results suggest that the strategies listeners use in
cocktail party situations are relatively fluid. Listeners
constantly assess the dynamic properties of their sur-
rounding environments and use this information to shape
their listening strategies in order to optimize their overall
performance. Future models that attempt to characterize
the role of attention in the cocktail party problem will
need to account for these dynamics.
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NOTES

1. Although these HRTFs were nonindividualized and, thus, would be
expected to produce somewhat less accurate broadband source localiza-
tion than would be achieved with individualized HRTFs or with free-
field sound presentations (Wenzel, Arruda, Kistler, & Wightman, 1993),
there is evidence that nonindividualized HRTFs, such as the ones used
here, perform nearly as well as individualized ones in multitalker speech
perception tasks that rely primarily on low-frequency speech stimuli
(Drullman & Bronkhorst, 2000; Nelson et al., 1999).

2. No such effect was seen in the two-talker configurations, but this
may have been the result of a ceiling effect in the data.
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