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Like humans, animals that use acoustic stimuli to perceive their world ought to be able to parse the
auditory scene into functionally significant sounds. The ability to do so ought to have significant
adaptive value when, for example, an animal can identify the sounds of a predator among other
natural noises. In earlier work it was shown that a species of songbird, the European starling, can
identify excerpts of both its own song and songs from other avian species when the songs are mixed
concurrently with other natural signals. In this experiment it is demonstrated that starlings can
segregate two synthetic pure-tone sequences when the sequences differ in frequency. Taken
together, the experiments show that at least one honhuman species is capable of auditory scene
analysis both for natural and for non-natural acoustic stimuli. This suggests in turn that auditory
scene analysis may be a general perceptual process that occurs in many species that make use of
acoustic information. ©1998 Acoustical Society of Amerid&0001-496628)03606-4

PACS numbers: 43.66.Gf, 43.66.LlRHD]

INTRODUCTION sented amidst the added distractors provided by a recording
of the dawn chorus, the cacophonous mixture of sounds of

People readily parse concurrent overlapping sounds intthany songbirds singing early on a spring mornifegg.,
separate functional auditory objects identified by a unique setlenwood and Fabrick, 1979; Kacelnik and Krebs, 1983; Sta-
of acoustic cues such as spatial location, spectral composier et al., 1996. Second, Wisniewski and Hul$&997) dis-
tion, and pitch(Bregman, 199D Because one can attend to covered that European starlings could not only learn to dis-
just one auditory object at a time, selective attention is im-criminate between many samples of the songs of two
portant for auditory scene analysis, as in the familiar ex4individual starlings, starling A and starling B, but most im-
ample of the “cocktail party effect”(Bregman, 1990; portant, could maintain that discrimination when song
Cherry and Taylor, 1954 The processes involved in audi- samples from a third individual, starling C, were added to
tory scene analysis have been studied over the past 25 yedssth A and B stimuli, and when additional songs from star-
or so, and the topic remains a very active area of research lings D, E, and F were added as further background distrac-
human audition(Bregman, 1990; Bregman and Campbell, tors. To be sure, discrimination accuracy by the test birds
1971; Darwin and Carlyon, 1995; Darwat al., 1995; Dowl-  decreased as more and more distractors were added to the
ing et al, 1987; Hartmann and Johnson, 1991; Newman andackground mixture, but individual identification was still
Jusczyk, 1996; Wood and Cowan, 199%lere we report  well above chance even with the target A and B songs mixed
prototypical auditory stream segregation by a nonhuman anieoncurrently with song samples from four other starlings.
mal, a songbird. European starlingSturnus vulgariswere  The basis on which the starlings were performing the scene
found, like humans, to segregate and organize perceptuallyanalysis remains to be identified, but the process appears to
serial tone pattern into two subpatterns on the basis of difbe robust when European starlings listen to natural sounds
ferences in tone frequency. like bird song.

There are few reports of auditory scene analysis by non-  Although it seemed sensible to begin a study of auditory
human animals. Yet the capacity to parse the auditory scergene analysis in nonhuman animals by using stimuli with
into significant objects—a predator’s rustle amidst other forecological significance, the available data do not establish
est sounds, for example—would surely convey significanthe process as a general auditory capacity even within the
evolutionary advantage. To our knowledge only two previ-single species studied to date. The question is whether or not
ous reports have appeared. First, Hudgel. (1997 found  the process is somehow unique to natural signals like bird
that European starlings could be trained to discriminate andong, or if scene analysis holds more generally for other
identify a sample of one species’ bird song presented coracoustic events, such as non-natural arbitrary stimuli. The
currently with a sample of another species’ bird song. Suclpresent experiment was directed to that latter issue.
species identification also held when the test songs were pre-
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Galoping hear the probe_ stimuli as sometimes the i_sochronous 1 stimu-

(One Freq.) m_m_m_m lus and sometimes the isochronous 2 stimulus. They should

therefore peck the key associated with the isochronous

stimuli. Presumably, furthermore, the tendency to respond as

: — — if the probe stimuli are isochronous should increase as the

Isochronous 2 size of the frequency change in the probe stimuli increases.

(One Freq.) J I . I I . I I That is so because the tendency for stream segregation to
occur is a functior(at least for humansof the magnitude of

the frequency difference between the two streafdan

Isochronous 1
(One Freq.)

Amplitude

Time T Y Y T S O T Noorden, 1975 If, however, streaming fails to occur, the
(100 msec Intervals) birds ought to peck the key associated with the galloping
stimulus because the probe stimuli have a galloping temporal
Probe structure.
Stimuli We now turn to the experiment that tested these theoret-
(Two Fregs.)

ical predictions.

FIG. 1. Schematic diagram of the experimental plan. Each filled quadranglé'- METHOD
at the top of the figure represents a time-amplitude plot of a single-A Subiects
frequency sine tonée.g., 1000 Hz The sine tones are arranged to form "™ |

three stimulus sequences with which the starlings were trained initially, a The subjects were ten adult male European starlings
galloping stimulus and two isochronous stimuli, isochronous 1 and isochro-,

nous 2. The sequence below the time line represents a Probe stimulus. Wi(ﬁtu.mus vulgaris of U”"”PW” age Catht_ in the_ wild n?ar
the probe stimuli, there are two frequencies in the sequence(sage1000  Baltimore, MD. The starlings were kept in a mixed aviary
Hz) represented by the filled quadrangle, and @y, 1710 Hrrepresented  containing approximately 50 starlings of both sexes, zebra
by the stippled quadrangle. Note tha_t although the overall temporal structyrﬁnches (Taeniopygia guttath and ring doves(StreptopiIia

of the probe stimulus has a galloping pattern, the use of two frequencies. . » .
turns the probe stimuli into two intermixed isochronous stimuli—on the 1SOri@). The starllngs_ were fed Commer0|a| poultry starter
assumption that stream segregation takes place. (Start and Grow, Purina, Inc., St. Louis, M®upplemented
periodically with raw spinach. None of the birds had prior
experience with operant conditioning procedures. During the
experiment, the birds’ access to food was controlled to en-
sure that body weight was approximately 85%adflibitum
eight before each experimental session.

Three starlings failed to complete the experiment: one
died and two failed to reach the criterion for initial baseline
discrimination learning. Thus seven birds completed the ex-
gre]zriment and are included in the analysis.

originally by Van Noorden to study stream segregation in
humans(Van Noorden, 1976 The basics of the strategy are
outlined in Fig. 1.

Subjects, European starlings in this case, are first trained
to make one respongpeck, say, the left key for food in an
operant taskin response to a galloping stimulus. The gal-
loping stimulus(displayed at the top of Fig.)ls so termed
because the pause introduced after every third tone adds
accent that makes the stimulus sequence seem to “gallop”
like the hoof beats of a race horse to human Iisteners—B' Apparatus
especially at relatively fast tempos. At the same time, the  During experimental sessions, each starling was tested
starlings are trained to make another respdpsek, say, the inside an IAC, Inc(Bronx, NY) model AC-3 sound attenu-
right key) when they heaeitherthe isochronous 1 or isoch- ation chamber(80 cmx60 cmx60 cm interior dimensions
ronous 2 stimuli. During initial discrimination training, all containing a speaker, response panel, and two feeders. The
stimuli are presented at a single frequency; therefore theesponse panel formed one wall of a 2880 cmx30 cm
birds learn the discrimination solely on the basis of the temstainless steel weld-wire cage that housed the bird. Two

poral structure of the stimuli. 2.8-W light bulbs behind a translucent screen on the rear
Once this initial discrimination has been learned, occawall indirectly illuminated the chamber.
sional probe stimulidisplayed at the bottom of Fig.) lre The response panel was a 2680 cm sheet of 2-mm-

then introduced during ongoing trials with the training thick stainless steel equipped with three response keys and
stimuli. Unlike the training stimuli, the probe stimuli contain two 4.5 cnX6 cm openings that provided controlled access
two frequencies arranged as shown in the figure, but the tente food hoppers. The keys were 2-cm-diam plastic disks at-
poral structure of the probe stimuli is just like that of the tached to microswitches; keys were spaced 6 cm apart in a
galloping stimuli. Note that the frequency changes in thehorizontal row. Each food hopper opening was 4.5 cm below
probe stimuli provide the basis on which auditory streamthe left- and rightmost keys. A Bose 101 loudspeaker was
segregation might take place because the frequency changemunted above and behind the response panel. A PC micro-
restructure the probe stimuli, potentially, into one or thecomputer generated sound stimuli from its hard disk drive
other of the two isochronous stimuli. That is, if stream seg-through a Data Translation model 2801 D/A converter. The
regation does occur, and if selective attention holds for starstimuli were then fed to a Crown model D75 amplifier and
lings as it does for humans in auditory scene analyais then to the speaker in the test chamber. The computer also
tenable proposition that nevertheless remains to be testadonitored the response keys, house lights, and food hoppers,
directly in future research with starlingghe birds ought to and collected data.
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Stimuli for Baseline Discrimination (3549 frequency changes within the sequence.
Between Isochronous and Galloping Tone Patterns The stimuli were created with SoftSynth SOftWEﬁFEa-
body Conservatory, Baltimore, MDon a Macintosh IIx
Isochronous Galloping Stimulus computer, digitized with 16-bit accuracy at a 20 kHz sam-
Patterns Pattern Frequency . . .
pling rate, and stored in PC format on computer disk for
DX XXX XXX X X 1000 H on-line retrieval. The stimuli were played through the
Ezix:---x Tx . i i 000 Hz speaker at a level of 69 dB SPL as measured by a Rion sound
level meter placed at a location approximately at the level of

(DA-A-A-A- AAA-AAA- 1050 Hz

Q) A-eeAnaeAnnn a bird’s head in the test chamber.
EBEZ_B_'BB_‘_%___ BBB-BBB- 1710 Hz b. Procedure
()c-c-c-C-  C€CC-CCC- 4538 Hz 1. Shaping

@@---C-o-Cre- Birds were trained initially to peck the keys in the appa-

ratus by attaching a small amount of food directly to the
center key. In the first 2-h shaping session, pecks to the cen-

Stimuli for Test Probes ter key were rewarded with access to one of the food hoppers
for 2 s. In the next session on the following day, pecks to the
Pattern Frequency Difference center key followed by pecks to the left or right key were
rewarded with 2-s food access at the left or right hopper,
AXA-AXA-AXA- 1050 Hz and 1000 Hz = 50 Hz respectively. In the next session, baseline discrimination be-
gan.
BXB-BXB-BXB- 1710 Hz and 1000 Hz = 710 Hz
CXC-CXC-CXC- 4358 Hz and 1000 Hz = 3538Hz 2. Baseline discrimination

FIG. 2. Details of the stimulus patterns used in the experiment. The birds  In the baseline discrimination task, the starlings were
were trained initially to discriminate between one galloping and two iso-tested in the apparatus for 2-h sessions, 6 days per week.

chronous baseline patterns. On any trial, the tones in a given stimulus paBil’dS initiated a trial by pecking the center key. This resulted
tern were of constant frequency, but over the course of training, the birds

were exposed to patterns containing four frequencies: 1000, 1050, 1710, atd playback of a 10-s tone stimulus with either the galloping
4538 Hz. The stimuli for the test probes, shown at the bottom of the figure(p=0.50) or the isochronousp& 0.50) stimulus structure.

were combinations of the 1000-Hz tone with the other three frequencies. Al\\/ithin the isochronous stimuli, the isochronous 1 and 2
probe stimuli had a galloping temporal structure. stimuli appeared with equal likelihood. Pecks to any of the
keys during the 10 s while the stimulus played had no con-
sequence. The first peck following the 10-s observation pe-
riod led either to 2-s access to food or to a 12-s time-out

The stimuli were created from repeated sine tones wittperiod during which the house lights were turned off. Left or
frequencies of 1000, 1050, 1710, or 4538 Hz. Each tone wakght pecks, counterbalanced across birds, were rewarded
100 ms in duration and began and ended with a 10-ms lineawith food following a galloping stimulus or either of the two
amplitude ramp. Successive tones either followed one arisochronous sound stimulus, respectively. Incorrect pecks led
other immediately or were separated by intertone interval$éo the time-out period, and the trial then repeated until the
that varied according to experimental conditiofidg. 2).  bird performed correctly. If the bird did not peck any key for
Tones and intertone intervals repeated to form a stimulus thdtO-s following the listening period, the trial ended and the
was 10 s in total duration. Each 10-s stimulus began andtimulus was repeated on the next trial. There was a 250-ms
ended with a 2-s linear amplitude ramp. interval between trials.

The tones and intertone intervals were combined to form  The birds were tested in two groups. In the first group
one stimulus type that had a galloping rhythm and two othe{n=2), baseline stimuli constructed with all four frequen-
stimulus types that had an isochronous rhyttiigs. 1 and cies were usedp=0.25) beginning with the first session of
2). The galloping stimulus consisted of repeated sequencdsaseline training. In the second group=5), the four fre-
of a group of three consecutive 100-ms tones separated bycuencies were introduced one by one in an order partially
100-ms intertone interval. One isochronous stimulis®-  counterbalanced across birds. When a bird demonstrated sta-
chronous ] consisted of 100-ms tones separated by 300-méstically significant acquisition of the task with one fre-
intertone intervals. The other isochronous stimuligechro-  quency, stimuli at another frequency were added to the pool
nous 2 consisted of alternating 100-ms tones and 100-m®f baseline stimuli. This was repeated until birds were dis-
intertone intervals. Both the galloping stimulus and the iso-criminating baseline stimuli at all four frequencies.
chronous stimuli for the initiabaseline discriminatioriask For the second group of birds, once a bird reached an
contained tones of a single frequen@yig. 2. For probe  acquisition criterion of 80% correct or better for three con-
stimuli used for later testing, each stimulus containedsecutive sessions, the reward probability for a correct re-
1000-Hz tones and tones of either 1050, 1710, or 4538 Hzponse was reduced over four or five sessions so that only
(Figs. 1 and 2 Thus, the probe stimuli consisted of se- 80% of correct responses led to food reward. This was to
guences containing smab%), intermediatg71%), or large  prepare the birds for nonreinforced probe trials in later probe

C. Stimuli
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sessions. Once a bird performed at the 80% correct criterion 100
for three consecutive sessions at this reward probability,
probe sessions began. For the first group of birds, probe ses-
sions began without the reduction in reinforcement levels for
the baseline stimuli.
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domly (p=0.33). In the first group of birds, 20% of the ok Sl
trials in a probe session were galloping probe trials, and the o
remainder were baseline trials. One hundred per cent of cor-
rect responses to baseline stimuli were rewarded. Pecks to & & & OQ& %Q& \& v
either the left or right key in response to a probe stimulus S e & P AT
were rewarded. In the second group of birds, 10% of the N e
trials in a probe session were galloping probe trials, and 90% Initial Baseline Galloping
of correct responses to baseline stimuli were rewarded. Pecks Baseline  During Probe Probe Stimuli

Training Sessions (frequency difference)

to either the left or right key in response to galloping probe
stimuli led neither to reward nor punishment. Probe sessionsiG. 3. The two left pairs of columns show the average probability
were continued in both groups until each bird had responde(ﬁSEM) that a starling pecked the key associated with the isochronous
to at least 100 of each type of probe stimulus in the ﬁrststimuli for isochronous and galloping stimuli during initial baseline training

. . . and on trials with baseline stimuli during sessions that included probe trials.
group of two birds, and until each bird had r65p0nd8d to aﬁ'he three columns at the right of the figure show the average probability

least 20(range 20-8y of each probe type in the second (+SEM) of pecking the isochronous key when galloping probe stimuli
group of five birds. occurred containing sine tones that differed in frequency by 50, 710, or 3538
Hz.

E. Data analysis

. . . correspondingly low response probability of pecking the iso-
The probability that a bird responded to the gaIIOpmgchronopus ke;? i//vhen gaFI)IopingpstimuIi oyccurpred. Ags Fig. 3

and isochronous stimuli as if they were isochronous was de-

termined for each daily session during initial baseline train—ShOWS’ that was true both for mean probabilities over the last

ing. The data averaged over the last three sessions of basse-days of initial baseline training and for baseline trials dur-

. - L Ing probe sessions. To be sure, the initial baseline discrimi-
line training were used to assess discrimination at the end of =. e i .
- X . . - nation task was difficult, requiring a mean of 8296 trials
training, prior to the introduction of probe stimuli. Accurate : o
A - . o (range 5368-13 45%or the birds to reach criterion. Never-
discrimination was indicated by a high probability of a re- . : o
theless, once acquired, the birds maintained stable perfor-

sponse on the key associated with isochronous stimuli when

. : : mance on the baseline task at a high level of accuracy.
an isochronous stimulus occurred, and a corresponding low . 9 y
Most important, when frequency changes were intro-

probability of a response on the isochronous key when %uced within the galloping stimuli on probe trials, there was

galloping stimulus occurred. The birds never failed to re- roaressively higher probability of 1 nding t rob
spond, and correction trials were excluded from the analysisa.1 progressively igher probability of respo g to a probe

) . . stimulus as if it were isochronous the larger the frequency
For sessions that included probe trials, the mean prob- . ) o
change between successive tones in the probe stimuli. For a

ility th i imul if i . .
ab|.|tyt at a bird rgsponded to a probe stimulus as if it W(?reSO—Hz frequency change there was little change in the prob-
an isochronous stimulus was calculated over all probe trials

for that bird, and then averaged across birds. Also, for comz-iblllty of a response to the isochronous key, but as the fre-

. . , guency difference increased from 50 to 710 Hz to 3538 Hz,
parison purposes with baseline performance, mean perfoE-

mance with baseline stimuli across birds during probe ses-he propabmty of pecking the isochronous key whe_n the
sions was calculated. probe stimulus occurred approached that for the baseline iso-

A preliminary analysis revealed no significant differ- chronous stimuli. Therefore, when frequency differences be-

ences between the data for birds in the first and Secon’gveen tones within the probe stimulus were sufficiently large

. . on probe trials, the starlings apparently reorganized the gal-
groups that were tested with somewhat different procedure?(,)loi?]g stimulus perceptua?ly inptg o n(rytwo) ?sochronousg

z?]atljyastii;from the two groups were combined for furtherstimuli_(Fig. 1), attended to one or the other, and requnded
accordingly—an example of auditory stream segregation at

work.
Statistical analysis amply supports these conclusions.
During baseline training, all starlings achieved a highThe starlings first learned accurate discrimination of the
probability of pecking the response key associated with isobaseline stimuli and then maintained that discrimination dur-

chronous stimuli when isochronous stimuli occurred, and dng sessions with probe trials. A two-way within-subject

Ill. RESULTS
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analysis of variancéANOVA) on the probability of pecking tween two stimulus groups. Once again, the data support this
the isochronous key for isochronous and galloping stimuliprediction. The tendency of the starlings to respond to the
during initial baseline training and over baseline trials duringgalloping sequence as if it were isochronous was an increas-
probe sessions yielded a significant difference for isochroing function of the frequency disparity between the tones of
nous as compared with galloping stimufi(1,6)=361.70, the two putative isochronous streams within the galloping
p<0.001. No other effects were significant, indicating nostimulus.
reliable evidence for a change in discrimination performance  The process of selective attention is one of the hallmarks
on baseline stimuli during sessions with probe trials. of stream segregation. Observers can attend to one or the
For large frequency differences on galloping probe tri-other of two ongoing streams, but not to both at the same
als, the probability of producing responses associated witfime. Although we have no direct evidence that selective
isochronous stimuli was very similar to that observed forattention was taking place between the high- and low-
baseline isochronous stimuli. A one-way within-subjectfrequency streams on probe trials, the data are not out of line
ANOVA on the probability of pecking the isochronous key ith that idea. Presumably, the starlings were hearing one of
that included(a) data for baseline stimuli during probe ses- the two isochronous streams as an isochronous 1 stimulus on
sions and (b) the three frequency-difference conditions some probe trials, and as an isochronous 2 stimulus on others
yielded a significant difference among the means for condi(Figs_ 1 and 2—or perhaps shifting attention between the
tions, F(4,24)=24.557,p<0.001. Subsequent Tukey’s tests g stimuli within a trial—but we do not know for sure. This
showed significantly greatep(<0.05) probability of peck-  jssue could be settled by introducing a third response contin-
ing the isochronous key during baseline trials as comparegency into baseline training. Starlings would be trained to
with the gallqplng probe stimuli mcqrporatmg a small 50-Hz peck one key for a galloping stimulus, a second key for an
frequency difference. However, with the larger 710- andisochronous 1 stimulus, and a third key for an isochronous 2
3538-Hz frequency differences on galloping probe trials, thesiimylus. During subsequent probe trials with galloping
difference between the probability of an isochronous regimyii containing sufficiently different frequencies, the star-
sponse on baseline trials with isochronous stimuli and ofings should always show a low probability of responding to
probe trials with galloping stimuli was not significantly dif- 4 key associated with galloping stimuli, but might well
ferent (p’s> 9.05). S distribute their responses from probe trial to probe trial be-
Comparisons among the probe stimuli themselvegyeen poth isochronous keys—on the assumption that selec-

showed that the probabilities of pecking the isochronous Key e attention between the two streams would vary from trial
for the 710- and 3538-Hz probe stimuli were both signifi- 1 ja) (or even from time to time within a trial until the

cantly greater by Tukey test than the probability of an iso-

chronous response to the 50-Hz probe stimup’s( oqhond to the stimulus stream associated with one isochro-

<0.001). Interestinglly., there was no sign_ificant differencenous key as compared with the other could be introduced in
between the probability of pecking the isochronous keymany ways and might be interesting to explore from the

given a 50-Hz probe stimulus, and the probability of peCkingpoint of view of selective attention, and so would the intro-

the isochropogs 'key given a galloping baseline.stimuhus ( duction of spatial location as a cue correlated with different
>0.05). This indicates that a 50-Hz frequency difference ONtoams

galloping probe trials was insufficient to cause stream segre-
gation to occur. It would be interesting to know from future A. Auditory scene analysis as an adaptive
research the frequency difference on galloping probe trialf§henomenon

natural stimuli, birdsong in particular, to support the claim

IV. DISCUSSION that auditory stream segregation is a general process in at

These data, to our knowledge, provide the first observaleast one avian species and, we venture to guess, in others
tion of auditory stream segregation in nonhuman animals ofHulse et al, 1997; Wisniewski and Hulse, 198 MWhether
non-natural, arbitrarypure tong stimuli based on frequency Or not auditory stream segregation is a general process with
differences. The interpretation of our results is straightfor-boundaries extending beyond avia@®d humansremains
ward (Bregman and Campbell, 1971; Bregman, 1990; Vanto be determined. However, the potential significance of the
Noorden, 1975 Gestalt principles hold that sounds of com- process for evolutionary development in species that uses
mon frequency will group together. The stimulus structuresacoustic information certainly suggests that auditory scene
we used on probe trials provided the possibility that twoanalysis, in some form, is probably quite common.
separate streams, marked by different temporal structures, For example, although not cast specifically in terms of
could form on the basis of common frequencies withinscene analysis, there are suggestions that auditory object for-
streams, but different frequencies between streams. The datgation in the sense of scene analysis has been observed in
show that grouping did indeed occur, as measured by a shifireen tree frogge.g., Gerhardt, 1989, 1992; Gerhardt and
in the starlings’ perception of the temporal structure of aKlump, 1988 and in chorusing insectée.g., Otte, 1974
stimulus sequence from galloping to isochronous with theamong other species, where the identification of a potential
introduction of frequency differences between adjacent tonemate in a “noisy” background is of singular importance.
in the stimuli. Furthermore, grouping tendencies should béhe problem arises not only when individuals must be iden-
more pronounced the larger the frequency difference betified in a chorus of other individuals of the same species, but

moment when a response decision was madebias to
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also when important sounds are “degraded” by the contextance of peripheral channeling, especially frequency and spa-
(e.g., forest or city sounglsn which they occurDabelsteen tial location, in the development of stream segregation and
et al, 1993. McGregor and Dabelstegi996), in their dis-  Klump (summarized in Klump, 199fas stressed the role of
cussion of communication networks in birds, clearly impli- comodulation masking release in hearing signals in noise.
cate scene analysis as a process in avian auditory interaklump and Langemani1995 showed that European star-
tions. Any circumstance in which auditory communication lings demonstrated comodulation masking release for signals
(or the detection of functional auditory object®iust take in background noise for rates of amplitude modulation of the
place in an acoustic environment that is full of ecologicallynoise not unlike those found for background sounds in the
relevant noise provides a likely place to look for scene analybirds’ natural habitat50 H2). Also, Schwartz and Gerhardt
sis at work. An especially interesting comparison would be(1989 found spatially mediated release from masking in
to examine auditory objects that require long as comparetteefrogs. We do claim, however, that selective attention, es-
with short time constants for integrating functionally useful pecially of functional auditory objects, implies a central pro-
information, e.g., bird song lasting several seconds or moreess in the acoustic domain—based especially on Gestalt
as compared with a single loud alarm call. The former maygrouping principles or other high-level processes—that plays
be more amenable to streaming and scene analysis than thesignificant role in auditory scene analysis. That is espe-
latter. cially true for natural signals in the everyday world in which
both human and nonhuman animals live.
1. Noise versus distraction in auditory stream
segregation of functional auditory objects

In the foregoing connection, we wish to make a distinc-B. Neurophysiology and models of auditory scene
tion between noise as is it usually conceived in psychoacousnalysis

tiCTQ" a”‘?' noise—we pr efer the te@istraction—as itis con- Finally, we note briefly that the demonstration of robust
ceived in the analysis of functional, perhaps ecologically,,itory scene analysis in a nonhuman animal provides a
relevant, audltory. stimuli. The distinction is put tangentially ready source of neurophysiological information with which
relevant for the simple two-stream segregation phenomenofy ¢qnsirain models of auditory scene analysis that are cur-
we report here, but it has important implications for audltoryrenﬂy under rapid developmete.g., Beauvois, 1996; Beau-
scene analysis broadly con§trued. vois and Meddis, 1991; McCabe and Denham, 1997; Todd,
In psychoacoustics, noise generally refers to a broadyggg. \yang, 1996 The songbird brain has been under close
band spectrum of some kind, at some level, of which whités. iny for some time, especially because of significant
noise is a prime example. Such noise has random StUCtUG o ral and chemical changes that take place annually in a
throggh time. .Psychoacou_sucs is replete, of course, W|tr|‘;]eura| song control system unique to songbifelsy., Ball
stud_les of auditory per.ceptlon modulat_ed by such noise. I%ng Hulse, 1998 Consequently we know a great deal about
auditory scene analysis, however, “noise” is perhaps besfyo neyra circuitry that is involved in the learning and pro-
conceived as the auditory scene—a collection of auditony,qion of bird song, and advances are forthcoming rapidly
objects that have potential functional or v_ecologlc_al signifi-; | understanding the neural basis of song perception. There-
cance(Bregman, 1990 In that context, auditory objects are fore, research designed to study directly the neural control of

different from noise; that is, when parsed from the auditory,,jitory scene analysis in songbirds may be especially help-
scene by the auditory system, they have a location, a pitch, @ i formulating models of how auditory scene analysis
spectral structure, perhaps a name, and so on, in a real worlﬁiﬂkes place

Perhaps most important, auditory objects are usually acoustic

signals that flow through time with a predictable serial or

temporal structure from moment to moment, such as the syn-

tax of speech or of bird song. That is not to say that auditor&' CONCLUSIONS

objects cannot be treated as noise in the psychoacoustic e have demonstrated that European starlings show au-
sense. One can obtain frequency spectra and their associaﬁgqq)ory stream segregation for sequences of pure tones that
levels for any collection of sounds. A critical difference, differ in frequency, and that the magnitude of the Segregation
however, is that a pool of auditory objects provides an opeffect is a function of the size of the frequency difference
portunity for activeselective attentiommong individual ob-  petween the streams. When combined with earlier data from
jects in the pool, and this is important for the perception ofstarlings that have demonstrated segregation of ecologically
functional, ecologically significant auditory events in a realrglevant auditory signalirdsong, the present data support

world. the conclusion that auditory scene analysis plays a general
role in the auditory perception of at least one avian species. It

2. Central versus peripheral factors in auditory scene seems reasonable that the scene analysis process is poten-

analysis tially significant for many nonhuman species that must parse

Although we stress the role of central factors associatethe world into significant auditory events. Moreover, the
with attention in auditory scene analysis, we do not intend talemonstration of robust auditory scene analysis in a nonhu-
say that some of the principles of basic psychoacousticeman animal provides a potentially fruitful source of neuro-
might not also play a significant role. For example, Hart-logical information that should facilitate the construction of
mann and Johnsofi991) have stressed the potential impor- formal models of scene analysis.
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