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Abstract

Three experiments s\tudied the contefcts 'ih which two’
simultaneous sine tones, gliding up or down in pargllel, would
fuse 'to‘:f'orm a rich~sounding glide, or would be audible as two
indepe;dent sounds. The pair of simultaneous glides tended to
be perceived as separate when they were pre;:eded by another
gliding tone (or 'caj)“l;or') that acted to capture one of then

‘(’che ‘target’ gl\:’Lde) into a sequential stream. The pair of

simultaneous glides and the "captor" were rapidly alternated,

and the relation between the captor and target glides was

varied on three dimensions: (1) the frequency proximity be-

A

tween them, (2) their correspondence in glideh orien(tation and

" (3) their collinearity (when plotted on a logarithmic scale
, X

of frequency). The results suggested that frequency proximity

and common orientation, but not common "trajectory" (i.e.,

. collinqarity) play a role in causing the alternating captor

]

‘and target tones to be perceived as a sefuential streé.m. and
therefore in "decomposing" the complex glide. A possible
neural mechanism was proposed to account for the results,

and the functional role of such a mechanism was discussed.
g
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¥ IA DECOMPOSI®ION PERCEPTUELIE DE
SONS COMPLEXES COMPOSES DE GLISSANDI L
R \ .
SIMULTANES
) Somma.:}re

Trois expériences sont présentes dans le but d'étudier
l'influence du contexte sur la perception de deux sons sinu-

sofdaux simultanés, parallélement ascendants ou descendants.

Les expériences ont servi & examiner si ces sons &taient pergus

N . 4 [ - . 4 ®
comme un glissando compose ou etaient pergus comme etant in-

° P s 8 s ” s b
dependants. Les déux ‘glnlssaerl simultanés tendaient a €tre

pergus ééparément lorsqu'un autre glissando (ou 'capteur')
transformait 1l'un d'entre eux (glissando - c:.ble) en une sulte

s@quentielle. Les deux glissandi simultanés et le gllssando

" "capteur” furent rapidement alternés et la relation entre le

"capteur" et la "cible" fut variée sur trois dimensions:

(1) la proximité de leur fréquence, (2) la similarit€ de
7 4

1 orientation des gllssandl, (3) leur collinearité (evaluee

" sur une échelle logarithmique de frequence) Les résultats

suggerent que la proxlmlte de frequences et la' similarité
d’ orieﬁtat:l.on commune, mals nen la ressemblance de la

“trajectoire" (ie., colllnearlte), influence la perception

dgas sons "capteur" et "cible" altérnés. en les transformant

®
.en une suite séquentielle et jouent donc un role dans la

décomposition d'un glissando complexe. Une interprétation de

L 7 .
ces résultats suggérant un eventuel mécanisme neural est

proposée, et la fonction de ce mdcanisme est discutde.

" i1
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o

t

Our subjective experience tells'us that listening.to 'a mu-
sical passage or a gpeaking voice~-or in fact to any seq_uen'i:ial h
auditory pattern whi:ch changes in frequency over tixﬁe:-is analo-
gous to visually tracking a moving object through space. The,
notion that a,ﬁditory sequences "move" through a "pitch spaée",
much as tangible objects move in three dimensional space, was
raised in the early scientific literature by both Helmholtz
(1862/1954) and Koffka (1935/1963), and has appeared more re- ’
cently in\ a theory of auditory perception devgzl.oped by Jones'
(e.g., 1976). . ™~

Such an analogy has aroused bgth curiosity and skepticism
among those who study pefcep‘tual” pPhenomena-~-curiosity about why
the subjective experience of the analogy is so compelling, and -
sképticism because the notion has developed from descriptiongﬂ
of s;imilaritieé between the modalities which are more often
metaphorical than pﬁysical.» Yet recent experimental evidence

hags suggested that there is more than a metaphorical correspond-

- ence between both the pattern processing beﬁaviour and mech\a-

nisms of visual and auditory modalities (e.g., Julesz & Hirsh,
1972; Marks, 1978).
Outstanding among such a.nalogiés is the resemblance be-

tween auditory and visual perceptual drganization phenO))ena.

Such phenomena involve the organization of multiple events into

1
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(e.g. Koffka, 1935/1963; Rubin, 1921).

‘rated in frequency, listeners often report hearing not one,

J——. e 3

units of perception or "géstalts" . \The prlnClRleS underly:.ﬁg

More receﬂn‘b’ Yy, princi-

(e.g., Shirai, 1975; Uhr, 1973), suggest:mg that the pri iplag

provide good heuristlcs for parsing obgects out 2 complex mag

&,

Cumoub{:, perceptﬂ\al orgamzatlon in audition appears to ad-

here cl ely to predictions based on Gestalt laws, w 1ch were

developed primarily through studies of visual pa.‘t:tern

/

The law of } ximit d gimilarit

The Gestalt law of proxunlty and sn.m:.larity stated tha
", . . two parts’ J.n a ﬁéld will attraet each other a.ccordlng
to their degree of proxlml'by and equality” (Koffka,. 1%35/1963,
p. 166). The law descrlbes i;he tendency for similar visual
evenits to fuse into a \s;.ngle perceptual unit when they e in
close proximity. For exan{ple, it accounts for the fact that
the dots on the six-dot face of a die appear to form two! rows
(with 3 dots in each row), rather than :tllx\:r'ee rows (with  dots
in each row). The elemen‘ffs which are c;osé\s\z, (i.e., each “trip-

let" of do‘cé),\tend to be grouped together during the-act of

o ‘\
> N

perception. - - . N

\ .
\ C

Perceptual or zation by frequency proximity \\

Similarly, in audition it has been observec\i\ that\ when

listening to a melody composed of notes that are widely sepa-

o

AN

s




~ but a'pair of melodies; one consisting of the highelf.' tones and
Miller & Heise, 1950; Norman, 1967; Ortmann, 1926; Van Noorden, -

. come perceptually isolated from each other, while those in close

. tion of the higher—pltched elements frcm lower-pitched elements

" They suggested that §tre

attentive prpcesees which use the frequency relat;ons between

’ pitched tones, and dne containing only the low-pitched tones.

Instead, listeners seemed to report the order of events in a

one consisting of the lower tones (Bregman & Campbell, 1971;

1975). \I‘hus. events widely separeted in frequency-appeer to be~

frequency proximity eeem to group into single perceptual units.
Bregman and Campbell (1971) referred to such perpeptual isola-

in a tone sequence as “primary auditory stream segregation"

segregation resul’cs from pre—

tenes in an auditory sequence to organize the tones into per~

ceptual units, so that when bimodal distrlbutions of :E'requencies

are péesen’c in the sequence, i tends to be split into two per-
ceptual “stre.ams". This conclusion was supported by the c_:_'bserva-

tion that listeners errohe”ously reported the tempoz;al order of

sequences containing three imterleaved high and low range tones

to be a string fn which three high tones were followed by three
N »

low tones, or in v)hich‘three low tones were followed by three

high tones.' They suggested that these e neous judgments re-

It was proposed that the segregatlon of the sequence into two

streams prevented Jaisteners from a,'ttendlng to more t ‘one

stream at a time, and therefore. from tracking the veridical
\\

pattern consistmg of alternations between high and 1ow to

\\
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strean coriﬁaining three tones irr one range, and then of the -

stream containing the three other tones. Thomas and Fitzgibbons -

(1971) observed that such'difficul"‘cy in ordering sequences of
tones was a i’u;:;otion of both the frequercy separation and the
rate of ‘alternation between the tones. ' They repo;.'ty’ad that when
tones in a sequence were separated by less than a musical fourth,
subjects could *»correctly order the tones at a ra,pid 125 maee/
event rate. HoWevg?, tones at wider separations required pro-
gréssively slower p;:'esentation rates to be correctly ofdered.

A similar tradeoﬁ_betwem_tha_frequeﬂer separation of tones

and the rate of presentation of the tones has be_,,x:epoz:ted by —

i/ o

Van Noorden (1975). : !

Perceptual . groupingz based o oxinity in both-
vigual patterns ~ .
Similar observations about the iﬁability of subjects to

/

correctly judge the relations between wid;ly separated events

‘have been made using both auditory and visual stimuli. Kinney

(‘5.961) reported that-subjects not only had difficulty in tem-

' porally localizing a deviant tone (in frequency) ‘With respect

to othe(r tones in an auditéry sequence, but in horizontally

localizing visual events with respect to each other when they

were separated by a large vertical distance. Bregman and Achim

(1973) demonétrated that the spatially more separate visual

events in é rapid temporal sequence tended to gegregaté into
"streams” of perceived movements. The actual spatio-temporal
stimuﬂms pafbte»rn they used wag a repeating sequence of dota
presented at eight disorete positions on a’ vertical axis. !
The consecutive-dots altemated between the higher and 1ower

Tay,

w

g LS
BRCASTS & S ..
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of the eight positions, and the sequence was presented at three
( J different speeds, by varying/ the event rate between 5?. ll%b’
and 227 msecs/dot. At the slow speed, an j.llusion of motion i

A 4

" of one dot through an‘il.rregular pattern of motion (i $€., tnoving

. ‘ vl x/ .
‘ back and forth from high to low positions) was produced,\ How- ¥

ever, at h:.gher speeds, an ill'usion of motion occurred only be-
tween the events\ln the’ hlgher or 1ower positions, so that an
illusion of two moving dots was perceived--one moving between -

1

Thus, at rapid rates of presentation. the events tha.t were ‘ /

closest to each other (i.e., the sets of high or low dots) ap-

pea.red to group toge\ther, creating two "streams" of apparent
motion. | '
Such apparent mota.on resultthg from the preeentation of
rap:.d sequence\e of spa.tlally separated visual events is refer-
,, red to as the "phi" phenomenon (e.g.. Kolers, 1‘972)«.. It has
béen suggestad that suEh movement phenomena result :t‘rou the
™ actlvatlon ef mechamsms ormally i.hnvolved in the‘perc,eptioh\ ~
of true movement (F‘msby,zl 1972). The idgntification of cor-
t:.cal units in eats, which respond only to moving images o/n
b the. ret:.na, suggests the existence of neural organizations
~which permit the translation of the -successive images proz’ected
\\ - onto the retz.na. by a movmg object J.nto “the percept:.on of motion
(Hubel & Wiesel, 1959) To account for the *phi" phenomenon.
it is assumed tha.t such. mechanisms can also be tr:.ggered by
] v suceessive rapid stimulations of dﬁscrete regz.ons oi‘ -the reti-
/O ! . na.- One nay aleo speculete th,at such meehanisms are responei-

ble for the organization bf events into movi.ng Visual "gtreams”

oy )
\ e ¢ « ' ' - N —
v N : ! ‘ ‘ [

the higher’ posit:.ons, and one moving between the lower pcs:.tions. )

L d
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on the basgis of their proximity to each other. Perhaps“, such
mechanlsms are mo;'e sensitive to rapld " jumps" across nelghbour—
ing regions of the retina than to rapld jumps across dlstant
regions. Therefore, a rapid pair of visual events exciting
neighboupifmg regiens of the retina would trigger a "mox}ement
detecfor", resulting in the perceptioﬁ of movement between the
pair. K Rapid events more distant from each other might fall out-
side of the spatio-t\émporal receptive fields’ of such detectors,

and would thus not ind'uce the apiaarent motion phermenon. Pos—

.sibly, such mechanlsms account for the fact that at hlgh pres-

entation rates apparent movement was perceived only bef:ween the /
succe_ssn.ve high or successlve low elements in Bregman and Achim's
(1923) stimulus .array. The distance between }the successive higﬁ
and lo.w elements might have been too great to activate motion
detectors. ° u

Van Noorden (1975) has adopted the concept of "movement

detectors” to explain the tengi'e%for tones in rapid sequences
\ 2

" “to lose their temporal coherence, and to.group into streams on

the basis of frequency proximity. - He proposes that the audi-
tory system tracks changes in frequency with "?pitch-motion"
detectors which are more sensitive to " jumps" between.neigh-
boui'J:.ng frequency regions than to rapid jumps across large |
ranges in frequency. Therefore, only the shifts between suc-
cessive 'tones within .a critical fréquéncy range, at a giveh
rate of présentation, are conceived to excite "pitch-motion” y
detectors. "Pitch-motion" would thus be perceived oﬁly between

the tones inr;a sequence that were sufficiently close to each

other in frequén&y. No percept of temporal coherence between

it
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tones separated“by more than the critical range would dgvelop.~
As a result, instead of perceiving movement in pitch between
widély(gs?arated sequential tones, a percept of two separate
sources (or streams) of "movement” in pitch would occur. " Thus,
accordiné to Van Noorden's conception, the tendency for tone se-

quences to split into high- and low-range streams is viewed as

\3 failure in the capacity of the auditory system to track large,

rapid frequency changes. i -
However, Bregman's (e.g., l§78a, l978bxitheory attributes
a more ecological significance to "stream segregation".  He sug-

gests that the stream segregation phenomenon plays an édaﬁtive

.role in organizing rapid sequences of events. Accbrding to the

theory, each stream is the'psychological correlate of a physic-
ally distinct sound soﬁrce. This view follows from the fact
%hat in a natural context any single sound source tends not

to produce large and rapid shifts in frequency. Therefore,
naturally occurring waveforms -coﬁppsgd of elements widely sepa-
rated in frequency are often the product of a suﬁmation over -
many simultaneously active sound sources. Bregman propoées
that, perhaps, by organizing the sequential components of such
acoustic mixtures that are close in frequency into streams, the
auditory system also succeeds in extracting each of the original
sources out of the mixture. Thus, the tendency for rapid tone
sequences to segregate into perceptual streams on the basis of
frequency proximity may reflect a heuristic, which has eyolved
for the purpose of dgcomposing naturally occurring gcoustic mix-

1
tures into their component sources. The role of stream segrega-

‘tion may be to intezrate those acoustic components that probably’




——

arose from one source into'a single auditory stream. t
Instead of being viewed as a direct function of a speed/
frequency separation tradeoff between sequential events, "stream '

/
segregation” is viewed by Bregman as being a function of cohtext.

’d

By considering context, the auditorj"system is thought to esti-
mate the likelihoo‘d’ that any tone does or does not belong in a
stream with other tones. Such a role of contextual. information
was shown by. Bregman (19784) in experiments in which subjects
judged the streaming of the same two alternﬁing tones A and B,
when they were placed in different contextg. When A and B were
followed in a sequence by two tones (X and‘ Y) at a far lower fre—>
quency range, and the ABXY pattern was repeatedly cycled, A and

B were he/ard as grouping into one stream, while the low tones |
X and Y grouped into a second stream. ‘However, when X was
placed close in frequency to A, and Y close‘;ip frequency to B,

A and B we\x’:e heard as oc;:urring in separate streams. One stream
was formed of alternations of A and X, and the other of alter-
nations of B and X. Thus, the splitting apart of A and B de-

pended on the context of other tones, rather than on the abso-
§

lute frequency separation between A’ and B. N
If Bregman's view is.correct, thgn ba\r examining the factors 3

which induce sounds %o become perceptually isolated from each 1

other, we can hope to develop some understanding. of how the

‘auditory systém -parses individual sound sources out of a com-

plex auditory enviromment. However, much of the work which has

examined stream segregation tendencies has used sequences of
steady state tones as stimuli. Since a great many naturally. '

occurring squnds consist largely of glided frequency t;ansi:- oo
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tions, the current study sought to examine the factors which
induce sequences containiég frequency glides to group perceptu- ﬁ
ally into streams. Of interest was whether or not frequency
glides could be considered analogous to objects moving along spe-

01f1c trajectories.
The role of freguency glides in auditory perceptlon

Most of the 1nvest1gat10ns into the role of frequency glldes

1n audition have been conducted in research concerned with speech

-perception. In natural speech, the glided elements consist of

glided formant transitions. Formants result from the filtering
by the speech tract of complex waveforms generated at the vocal
chords. Glided formant 3ransitions are produced when the centre
frequency of the filtering mechanism ie continuously ad justed up
or down during speech production. For many &ears. it has been
proposed that. such glides play an important role in diffe¥enti-
ating the unites of speech, or phonemes, from each other (e.g.,
Libetman, Cooper, Shankweiler & Studdert-Kennedy, 1967). For -
example, the presence or absence of formant transitions has been
shown to influence the discrimination ofdvoiced and voiceless
consonants (Stevens & Klatt, 1974). Speech socpds containing
glides at the onset of voicing are deged\as being voiced, While
those lacking such glides are perceived as being voiceless.
Several more recent findings_euggest that glided transi-
tions also play an important role in maintaining a string of
speech sounds as a coherent stream, permitting the sounds to be
temporally 1oc§lized with respect to each cther. (If the souﬁds‘
split into separate streams, .such localization should become im-

possible. This effect would render a speech passage unintelli-

gible). For example, Thomas, Cetti and Chase (1971) observed

\

et
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that it was difficult for subj s to ju¢ge"the order of a se~
quence of véwel sounds created by splicing together portions of
.audiotape, each containing a difTerent vowel sound. In their
experiment,lthe temporal localization of each event relgtive to
the other events became difficult, suggesting that the sequence
segregat;d into more than one auditory stream. Perhaps, the
qualitative dissimilarity be#ﬁeen the sounds in the sequence,
resulting from differences in the frequency spectrum and other

acoustic attributes of each sound, caused the sounds to segre-

_gate from each other. Similarly, Warren, Obusuk, Farmer and

ﬁérren (1969) found that sequencés of synthetic speech-like
sounds required presentations as slow as 700 msecs/event to be
correctly ordered. Curiously, the perception of natural speech
demands a correct response to the o;dering of phoneme§ occur-
ring at rates as’high as 30 or 40 msecs/event. Apparently then,
the sequencés employed in poth experiments lacked a critical
propérty which must be inherent fin natural speech, one which
promotes Yhe organization of successive phonemes into a single
sequential stream. "Since the sequences in ﬁoth cases lacged
glided frequency transitions between successive events, it is
likely that glides are a good candidate for "the -property" which

) 2
maintains the coherence of a speech passage. In natural speech, —

"glides connect adjacent phonemes. Cole and Scott (1973) found

that removal of the glided transitions in consonant-vowel (Cy)
syllables caused the perceptual segregation of the consonant\
from the vowel when such syllables wefe‘rapidly repeated over
and over again. The finding supports the notion that part of
the role of glides in speech is to make the speech train more

coherent, and therefore more resistant to the tendency for
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‘at presentation rates far faster Epan those required to cause

by improving the temporal cocherence of the stream.

ree o g e e
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individual components to segregate dn the basis of differences

——

e
in frequency or other acoustic attributes. Glides might thus

ponents to group into a single stream (corresponding to a single

speaker's. voice), and which to segregate out of the stream.
:c Bregman and Dannenbring (1973{ showed a parallel phenomenon
to the Cole and Scott (1973) finding, using stimuli which were
in some sense:"pure tone analogs” to sequential CV syllables

indicate to the auditory system which of severalqsucce8§ive com- - '
(Note 1). They showed that alternating high and low tones con- #

nected by frequency glides resisted the "splitting" tendency,

the gegregation of an identical sequence of tones whach lacked
such*%lided‘transitions. As well, partial transitions which
simpi& "pointed" from each tone toward %pe adj£c§nt tone in the
sequence were sufficient to improve the coherence of the Stream
as(compared with the condition in which the frequency transition
from one tone to the next was completely diséontinuous. They .

\

suggested that the effect might indicate that auditory mecha-

nisms follow the continuity created by a glided or partially
glided transition. Thus, in their experiment, the mechanisms
might have become "primed" by the transitions to correctly an'ti-

cipate the range in which eadch successive tone would fall, there-

Van Noorden (1975, p. 51) assumeé;that gradual frequency

changes give better stimulation of "pitch-motion detectors”

1. Pure tone glides have been used as analogs to formant
transitions in speech on several occasions (e.g., Cutting,
1974; Gardner & Wilson, 1979).




C)

12

than do discontinuous changes.in frequency. Thus, .in the

_Bregman and Dannenbring (1973) gtimull, the glided transitions

bgtween successive tones may have ‘provided better stimulation
of "pitch motion detectors” than when discrete high and low
tones were alternated, causing greater temporal coherence of

the stream in the glided transition conditions.

P

The rolL of continuity in perceptual organization

+ The preceding evidence suggests that continous changes in
frequency 6ver time contribute to perceptual organization, by
promoting the perceptual grouping of events which have such
continuity between them;* The notion'that continuityebetween
successive events acts as a "Binding force; in perceptual
organization was first.stated in the Law of Good Conti;uation
(Koffka, 1935). An instance of good continuation océurs when
v1ew1ng a scene through the slats in a plcket fence. The sen-
sory events in the scene become effectlvely slashed into small
vertical strips. However, continuities (or 'good continua-
tion') between the images on either side of the occlusion pro-
duced by each slat in the fence cause the scene to be perceiv-
ed as a whole, uninterrupted image. Principles analogous to
"good continuation'" have been used with éome'success in pro-
grams designed to enable the computer recognition‘of partially
occluded objects (e.g., Shirai, 1975). Continuity between line
segments on either side of an occlusion is takén by suchm;ro-/
grams to indicate that the line\segments are components of a
longer' uninterrupted line.

"A notion analogous to "good continuation® ié embodied in

\,




a computer program de%éloped by Parsons (1976) to separate a

pair of overlapping speech sigpals.‘vPareons' system separates

. the signals eésentially by identifying the pair of fundamental

frequencies most likely to be associated with the acoustic spec-
trum at each of small, discrete moments in time, and by tracking
the frequency éhange in those fundamentals over time. The sys-
tem assumes that pitch w1ll not radically change from one seg-
ment/to the next, and uses a tracking algorithm to ensure con-
tinuity. The tracklng algorithm extrapolates from previous tra-
jectories of chanée in frequency over fime.aand therefore can
deal with situations in which the fundamental tracks from two

voices‘pross each other's paths. In such cases, the program
. )

simply extrapolates across the point of crossing, joining the

segment prior to the "crossing" with the one after the "crossing",

that maintains a continuous trajectory with the first segment.
The fact that such use of "trajectory" informatlon prov1des a
fairly successful éigorlthm for Qecomp081ng simul taneous speech
signals suggests that it may be import;nt for the auditory sys-~
tem, much like the visual system, to rely on "good continuation”
during perceptual organization processes. Thepgfore. in both
modalities certain events may act as "pointers" to subsequent
\events, so that the "pointed to" events become perceptually in-
tegrated with the "pointer”. However, to follow ? continuity in
the frequency change between successive events, (e.g.; in order
to extrapolate from one gliding segment onto another), thg/audi-
tory systém\musi‘fingt be capable of determining the rate of

ascent or descent ingfrequency over time dqring each glide.

© Otherwise, it would be impossible to detefminelwhethef or not
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the two segments were aligned on a continuous path.

~ The notion that the auditory system tracks goqtinupus
changes in frequency over. time, (or more specifically, the velo-
city of pitch change between sﬁccessive events), is a central.
component of a recent theory of auditory perceﬁtion discussed
by Jones, (19765 and Jones, Maser‘éﬂd Kidd (1978). The theory
proposes that the auditory system processes serial patterns by
mapping the pattern present in the incoming sigqal onto a pre-~
dictive cognitive structure, whiéh uses the velocity of pitch
. change between events to generate predictions about what events
should follow. The function of this mental structure is to
"prime"” appropriaté neural locales in anticipatién of the "to
be heard” pattern. When the pattern is consistent with thé‘in&\
ternal predictive structure, it is thought to be easily inte- \\\
grated into a coherent sequence.

Jones proposes that the predictive structure is generated
in accordance with the assumption th;t pitch chénge in all pat-
terns will be at a c;nstant velocity. Thus, within the context -
of any pattern, small changes in pitch are expected to occur
relatively close in tlme, while larger changes are expected to
occur further apart in time. Therefore, according to the theory,
when pattern% change at a uﬁiform ;elocity, they are easier to
pr cess serially since they malntaln a predictable pattern of

ex/’Belng predictable, the positions in time and in a
"pitch-space” of the elements of a. uniform velbéity pattern
will correspond to those anticipatgd by the internal predictive:
structure. Cognitive mechanisms "primed" to receive events at

the appropriate time/"pitch-space” locales easily integrate
) AN




. B T A — U U VO
v
t ~ . " B
» ;e : -
)
\
¢

T

/ ) “

the incoming serial pattern. Events which do not correspond

in time and in the "pitch-space" to the "primed" locales should
be more difficult to integrate into a §erial pattern. As a re-
sult, Jones éfcounts for "stream segregation” effects as being
due to a mismatch between anticipated and actually-occufrring
events. She proposes that those events in a sequence that’'do
riot match the predictive internal sequence (i.e., those which
denote a velociﬁy\gf change inconsistent with the velocity of
change between other events in the pattern) are not intggrated
into the sequence, and\fherefore "split off" into a separate
perceptual stream.

Some behavioural eyidence'does appear to support &ones'
formulation. Joneé (1976) reported that memory for patterns in
which pitch change was at % constant velocity was better than
that for patterns in whicﬁ\the velocity of change was inconsisf—
ent. In addition, Heise and Miller (1951) showed that when a
tone d;viated too far from the trajectory implied by a pattern
of tones, the deviant tone "split away" froﬁ the' pattern. _éuch
an effect is perfectly consistent with predictions made b&
Jones' theéry. The\pitch distance between the deviant to;e and
its predecessor would have demarcated a jump in pitch dat a velo-
¢ity inconsistent with the chaﬁgp predicted’byhthe anticipatory
cognitive mechanism, on the basis of the velocity of pitch
change between the previous tones in the sequence: As a result,
the -mechanism would fail to integrate the deviant tone with the
rest of the pattern. |

A frequency glide can be viewed as a serial pattern com-
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posed of successive excitations of adjacent frequency regions.
4

Since exponential changes in frequency are thought to produce
linear changes in’ sub jective pitch (Bekesy. 1960), a glide in

A

which the rate of frequency change across equal moments in

_ time is exponential should have a uniform velocity of pitch

change. Such a glide should, therefore, represent an .easily

ﬁ tant velocity" pattern. Segéences of such glides,

processed "co
aligned so that e rate of pitch change in each glide is con-

tinuous with that of the previous' glide, should thus also prq-

duce éasily integrate

o

constant velocity patterns. Accqrding
to Jones' theory, the a ould thus be sensitive
to a common trajectory" o ‘pitch\change ver time between s?c-
cessive.gli@es, since common ‘rajectory nec ssarily’eéuates with
a constant velocity of change.

Recent elec%réphysiologica; data suggest that neﬁral units
which might perform some of the functions required to track the
trajectory and veloecity of frequen;y change in auditory events
do exist. As well, this evidence reveals that the anal y be~
tween pattern pr009551ng in auditory and visual modallties
exlsts not only at the level of behaviour, but also at the 1
of neural structures.

!

Evidence for "movement detectors” in the visual and auditory

The identification of ﬁeural‘units in the -visual cortex of
the cat, which respond selectively to the projectior onto the
retina of lines in specific positions and -atr specific orienth
tions (Hubel & Wiesel, 1965), spawned numerous feature detec-\

tion theories which proposed that even complex percepts were

" ¥6




‘been reported (Barlow, Hill & Levick, 1964).

-t

-
o’

built of various combinations of simple compénent features )
reéistered in cortical units tuned to specific types of stimu- -
lation (e.g., Milner, 1974). Detectors capable of registering
movement hdve{also‘been located in the\visual systeﬁ. For ex;

ample, in rabbits, retinal ganglion cells which f&gf:fd to both

the orientation and speed of moving image on tpe retina have
" Analogous neural units exﬁibiting speci icity\fo auditory
stimuli which "move" in frequency (i.e., frequency-modulated
to?es)~have been found in the cochlear nuclei of cats (Evans &
Nelson, 1966; Erulkar, Butler. & Gerstein, 1968) and of rats
(Mgller, 1974), and in the inferior colliculus of cats (Nelson,

Erulkar &'Bryan, 1966) and rats/(Clopton & Winfield.rl L),

: Orientation-specif’cit& is revealed by cells in the cat brain

which respond only to unidirectional frequency modulation. Such

q

responses have been observed in both cortica;‘units (Evans &
Whitfield, 1964; Whitfield & Evans, 1965), and at the level of
the sppérior'coliiculus (Nglson.zErulkar & Bryan, 1966).
Whitfield and Evans (1965) identified cortical units in cats,
whicharesponded only to ramped frequency ﬁodulation. The units
showed nearly no response to sinusoidal frequency médulaiion or
to steady state stimulation within the sensitive region. While
gsome units 6f this type responded"ﬂ;oughoﬁf the whole cycle of
ramp wave stimulatiofr most of the units responded only to part'
or all of one half of the ramp mocdulation c¢ycle. In other words.mw‘
the response was to the ugidiréctional'frequency chanée in up-

ward or downward ramps.

Vartanian (1974) suggested that the unidirectional speci-

*
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ficity of certain neural units can be explained by the temporal
and spatial character\is-rtics of latei', inhibition from side-
bands active upon the units. Through stimulati/on ‘of unidirec-
ti/bnally—responsj.vei units with steady-state tones, he observed
asymmetries in litefal inhibition, depending on whether a tc;ne
at the centre frequency of tﬁe responsive region was precededﬁby
a tone in ‘ct{e frequency region above or below the maximally. re-
s'pgnsive region of the unit. The strength of the inhibitory ef-
fect was also a functi%p of the temporal separation between jthe‘
tones. Hence, a glide passing through the . unit's responsive
région at a specif-ié rate in one ‘di‘reéction should inhibit the
firing of the celi. while a glide at the same rate in the op-
posite directibn should permit the unit to fire cbntiz}mously

as long as the stimulus remained within the cell's receptive.

field. ( |

Behavioural evidence for the role of such neurons in proc-

essiné unidirectional frequéncy sweeps has been shown by Kelly

and Whitfield (1971). 1In their study, cats were trained on a

shock avoidance paradigm. Frequency modulated ramps in one +
direction were used as the "safe" sigrial, and ramps in the op-
posite direction were used as the "warning" signal. The dis-

crimination of the two signals was “greatiy impaired in animals

‘with large bilateral ablations of auditory cortex, and could

not be relearned to preoperative baseline levels. However,

animals with th‘e same types of lesions have been ,shov;n to re-
tain their ability to discriminate high and low tones (Diamond
& Neff, 1957). 'Th;refore. coz\‘ticafl lesions may remove neurons

required to identify un;idirectional frequency modulé.tion. while
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lee.ving lower CLevel neurcns required for s:.mple pitch discrimi-
nation intact. The presence of some resz.dual ab:.l:.\ty to dis-
criminate the upwarc} and downward sweeps was explained as a
proba.ble reflection of the actior; of ‘intact ﬁeuronsu‘in the
supe‘ri'or colliculus, capable o‘f coding suc}x sensozey properfies
as the orientation of glides. T , S

Tﬁeee is some evicience ,sgggesting that similar neurons
showing specificity to unidirectional ffeqﬁ’ency m‘odulation’
exist in humans. Gardner and Wilson (1979) report selective
adaptation’ te unidirectional glides, oﬁ a two—in‘t;ervai foroed-
cﬂ;ice task. They us’ed'unidirec‘cional 75 msec. linear sweeps,
modulated bereen ‘26 and 1 o4 KHz. sgRi‘;pea'l:ed preeentation of
sweeps in ei‘l’:her direction yielded direction—-speciﬁc .adapta-
tion. Thereilore. adaptation to upward sweeps produced a tempo;—
rarily elevated detection threshold for upward frequency glides.
while adaptation to downwaz% sweeps yielded a similar 1nerease

in tpe detection threshold f

d sweeps. The changes in
threshol@. suggest that adaptativn to/u{w/erd or downward fre-

.quency glides resulted in the fat§gue of detectors tuned speci-

fically to glides of one qrie;ata:tio or the other. Presuéﬁ\{gly,
thé detection threshold for glides of that orientation was ele-
vated until the appropriate neural units had recovered.

“a p'ossible function for a neyral mecheniem respon‘éive to
unidirectional glides in freq‘@éncy( is Suggested by a finding
reported by Delattre, Liberman and Coo’per_ (1955). They showed
that the direction of the second formant (F2) transitibn enables

1

» h 3 L] @
discrimination of different stopsconsonants. Hence, the se-

n 1

lective response of rieural units to upward or doﬁg:";rd fre-

w “ !
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quency-modulation may pla% a role in the discrimination of
speech sounds. \

Vartanian (1974) demonstrated that cortical units in rats,
which were sensitive to unidirectional frequency modulation,
were riot only tuned %5 specific frequency ranges, but also to
spegafic rates of frequeécy change. Hence, there is some evi-
dence fofna peural substrate capable of performing the functions
of "pi?eh—motion" detectiqn or the trabkihg of theu"ffajectory"
or ‘velbcity of pitch change. Furthermore, the very fact that
‘human sugjects can discriminate subtle differences in the rate
of ascent or déscent in frequency of glides (Nab¥lek & Hirsh,
1969; Pollack, 1968) suggesté that such mechanisms are present

in the human auditory system. Although the auditory system ®

. could monitor differences in the rates of frequency change in

4

glides of equal duration“by compariﬁg the differences between

initial and ré;min frequencies of the glides, rather than by

by Tsumura, d Nimura (1973) suggests that this is not

: compariﬁ“{thz\act al velocities of frequency change, a flnding

the case. They %ound that detectlon .tresholds for glided fre-

. quency tran51tlons dlffered from those for frequency transi-.

3

tions which began and ended with steady state segments. - This
dlfference was taken to indicate two separate modes for proces-
81ng frequency tran31tlons. In the former tase, they proposed
that auditory mechanlsms mlght actually track the rate of fre-
Quepﬁy change. while infmhe latte? case, ‘a comparison of the
initial and terminal fregquencies might have been used. There-
fore there is some support for the notion that the auditory

systems of animals and humans are directly reéponeive to the

3
o

\



B e TN

e

et o —— RISz A o e ewen o

rate of frequency change in glided’ tones.

Possible influe;l-xces of glides during the perceptual organiza-
tion of auditory sequences

The preceding evidencé suggests several hypotheses con-
cerning the factors which should induce sequences of glided .
tones to group sequentially, or to éegregate perceptually into
separate streams. Béth behavioural and neurophysiological evi-
dence indicates that the auditory system‘ is sensitive to the
orientation of unidirectional frequency glides, even at very
brief presentation durations. Therefore, one might hypothesize
that orientation information should play an important role in
determining whether glides should group together perceptually.
Visual patterns cqmposed of identical elements, some at‘one
orientation and the others at another orientation:: ?t?nd to
split perceptually into a figure-ground relation (Beck, 1972).
The elements at one orientation become a "figure", 'and the
remaining elements become the "ground". Similarly, one might
expect that a group of gones with one glide rorientation might
segregate perceptuallyfrom tones in the same sequence which.
had a different oriengation.

_Bregman's (1978a, 1978b, 1978c, 1978d) data leads to the
alternate speculation that for sequences composed of glided .
elements "stream" formation WO}uld be a function of the distri-
bution of events 1{1 different frequency ranges, much as it ap;r
pears to be for sequences composed of ‘steady state tones. His
suggestion is that if a successién of tones occurs in tyvo or

more restricted ranges of frequencies, this provides evidence’
/ .

»
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that a sequence should be segregated into two or more streams.

Hence, one would anticipate that a sequence composed of. glter-

nating glides in different frequency ranges ;Nould segregate into

separate streams, whereas one composed of glides in the same
frequency range should'group into a single sequential stream.
However, Bregman and Damnenbring's (1973) data suggests
that continuity in the frequency transition between high and
low tones in a sequence reduces the tendency for the sequence
to "split"” into high and low streams. Therefore, continui‘cy
in the frequency cha;lge between successive events in a sequence
appeai‘s to reduce "stream segregation" effects. Thus, the audi-
tory system may follow the "trajectory” of a glided transition,
so that the glide can act as a ''bridge" across disparate fre\-
quency ranges. A similar speculation follows from Jones'
(1976) theory, which predicts that a sequence of events sharingu
a common "trajectoi;y" (or continuity in the direction and ve-
locity of frequency change) bettveen them should be grouped per-
céptually into a single streanm, @ince the velocity of pitch
change would be constant throughout such a sequence. Hence,
collinear frequency glides (i.e., glides aligned on the same

trajectory when plotted on a logarithmic scale of frequency)

might be predicted to group sequentially into a Bingle stream

despite the fact that they occur in different frequency ranges.
I;‘ the‘ auditory system tracks trajectories of frequency change,
each glide would "point to" the subsequent giide.

The current study was designed to examine whe‘{:her conti-
nuity in the frequency change in succeésive glidesl (i.e., /com-—‘

mon trajectory), similarity of the frequency range occupied by

[P DR PR RS AR
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successive glides, or \common orientations of frequency change
between successive glides makes a stronger contribution toward
maintaining a sequence of glided sounds in a single stream.

Therefore, the study would permit the evaluation of the some-

what conflicting expectations discussed above.

J
v

The paradigm employed in the clu_z;gent study

In order to examine the roles of trajectory, frequency
range, and \orientation inférmatién in the perceptual grouping
of sequential glided tones, the study used a modification of a
paradign first used by Brégman and Pinker (1978). The paradigm
exploits the fas:t that synchrony between the onsets and offsets
of sine tones ;t different frequencies causes the tones to "fuse"
together (Dannenbring & Bregman, 1978; Rasch,1978). Several sim-
ultaneous sine tones are thus heard, not as a series of simulta-
neous events, but as a single complex tone with a "rich" spec-
tral texture. Individual sine tones with asynchrohous onsets
or offsets (of more than 20 msecs) can be "heard out" of such
mixtures, ﬁe@pite the fact tha:t they overlé.p in time with each
other. Thus aiie auditory system appears to use spectral changes
over time in order to separate indi;ridual components out of a
mixture. When an acoustic mi;cture containing energy at several
frequencies is preceded or followed by energy isolated at only
one of those frequencies (fx), the auditory system seems to
assume that the fx energy does not belong with the other con-
ponents' of the mixture. Instead, it is heard as a separate
spure tone agaihst a background mixture formed of the remaining
components. Per:f.‘ectly simul‘!:an\eous tones provide no such.evi-

dence, and are heard as a "fused" complex.

23‘
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Bregman and Pinker (1978) utillzed the tendency for sim-
ultaneous pure tones to "fuse" 1n1:o spectrally "rich" units to
show that a priori evidence can be used by the auditory system
to decompose complex tones into their sine tone compbnents. In
their- experiments, a complex tone (composed of 'tv7'o sine compon-
ents at different frequencies) was rapidly alternated‘with a
pure tone (or 'cal;:cor' tone) with an adjustable frequency.

They found that when th_e frequency of the pure 'captor' tone
was close to that of one of the components in the complex tone,
the complex became decomposed. Rather than sounding like a
single "rich" tone, -its two sine components were heard as dis-
tinct elements. Furthermore, the component close in frequency
to the "captor" tone tended to group into a sequential stream
with the "captor”. The second sinusoidal component of the com-
plex to?e was heard as é pure tone, in a separate streanm. Aé
the frequency of the adjustable tone was made more distent from

the "target" tone in the compiex. the streaming effect disap-

_peared. Now, the simultaneous components in the complex re-

mained "fused", so that the whole sequence sounded like the ‘
a}lternation of a pure and a "rich" tone. )
Bregman and Pinker's study reveals an important competi-
tion betweer; two éuditory grouping tendencies. Simultaneous
events with synchronous onsets and offsets show a "vertical”
tendency, which draws events at different frequencies togethér
into a single “rich- sound:.ng" event. At the same time, sequen~
tial events at nearly the same freciuency exhibit a mutual se-
quential attraction which tends :to draw the events into a

"stream”. Their experiment showed that as the adjustable

L
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"captor" tone came close enough in frequency to the "t/arget"
component of the complex tone, the sequential grouping tendency

between the' pair of rapidly alternating "captor" and "target"

“tones became stronger than the "vertical" fusion between the

two simultaneous components. As a result, the "target"™ tone -
was drawn out of the complex, and ‘\into a "horizontal” stream
with the adjustable "captor" tone.. - >

In the current study, a reliable measure of the relative
stréng‘bh of sequential (horizontal) grouping betw;en successive
frequency glides was reguired. To develop such a measure,
Bregman and Pinker's (1978) paradigm was modified to meet the
demands of the current study. Instead of steady state tones,
a pure tone glide was rapidly alternated with a complex glide
which consisted of two synchronous sine tones (modulated in par-

allel) . Thus, by varying the relation between the single glide
(or 'captor' glide) and the "target" glide in the complex, it

« would be *possible to examine how that relation influenced sequen-

tial grouping between the cai)tor and target glides. The str;ngth
of sequential grouping would be reflected by the rgﬁ%plting re-
fiuc;ion in the "vertical fusion between the target élide and A
the glide in synchrony with it. Hence, a fairly sensitive
measurement of the " "horizontal" group};ag\ strength between cap-

tor and target tones could be achieyed.




U,
i

ATV o R S

S e [ p— o

EXPERIMENT I
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Introduction

The first experi was designed to examine the roles of

trajectory, frequedcy proximity and orientation information in
determining the sequentiall' uping of successive frequency
glides. For the purpose of\this experiment, the frequenc;y prox-
imity between the glides was _defined b\ the distance\in frequency
between the average frequencies (on a logarithmic scale) of L;a:irs
of glides. As discussed above, the stimuli were analogous to
those used by .Bregman and Pinker (1978), but differed in that all
sine tone components in the stimuli were frequency glides rather
than steady state tones, as shown in Figure 1. In Figure la, 1b
and lc, a simple frequency-gliding sinusocid is followed by a com-:
plex tone formed from two frequency-gliding sinusoids Y and 2. \
The present experiment attempted to "capture” the glided target
component Y imbedded in the two-component glide complex YZ by
rapidly alternating the glided "captor” tone X with the glide com-
plex. Asg in Bregni and Pinker's study, the perceived decomposi-
tion of 'l':he complex tone into its sine tone compo(nents would in-
dicate that sequential streaming between ‘captor (X) and target
(Y) tones had occurred. /

The relation between the captor tone and the target tone in
the complex was manipulated ih several ways: (1) To promote a
sequential captor-target grouping based ‘on trajectory informa-
tion, the glided tones were situated in different frequency
ranges so that/ they were collinear wheﬂ plotted on a logarithmic

scale of frequency (see Figure la). Thus, each captor glide

2¢
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. Pigure 1., A graphlc representation of stimulus patterns

f used to compare the effects of (4) common
trajectories, (B) common frequency ranges snd
orientations, and (C) different orientationsa
between captor (X) and target (Y) tones, The
tone labelled Z is designed to "fuse" wit@




e e ——— T

Q

“pointed" upward or downward toward the subsequent target tone,
which continued the trajectory created by the captor into a-
higher or lower frequency range. If the auditory system extra-

polates from a trajectory of frequency change, this might tend
- .

L

to cause the captor and target to be-organized into a sequential
stream. (2) To determine whether or not the sequential grouping
of successive glides is more strongly gov?rned by such trajectory
information than it is by the similarity between the frequency
ranges occupied by the glides, a second condition wé.é designed
in Which captor and target tones were not collinear, but instead'
glided across identical frequency ranges ( see Figure 1b). Such
a pattern might promote sequentigl groﬁping of captors (X) and
targets ('Y) on the basis of the i‘requency proxifnity between thenm.
By comparing the decomposition effeét in these »{:Wo conditions, it
could be determined whether "frequency proximity" or "trajectory”
informatio-n was the more crucial determinant of the sequential
grouping of captors and targets. .

To determine whether the respective ofien’?ation of sucqessive
glides plays a role in promoting sequential grouping, or whether
the sharing of a common frequency range between successive glides
is sufficient to induce such g/rouping, a pair of captor and tar-
get tones was also made to glide across the same frequency range,
but so that the captor had an opposite crientation to that of the
target, as do the X and Y tones in Figulfe lc. Therefore, by' com=-
paring the $equen1’:ial (captor—farget) grouﬁing tendencies induc-
ed by patterns such as those in Figﬁres 1b and lc, possible influ-
ences on sequential grouping effects which were due solely to the
respec!'tive oriéntations of captor and target glides could» be /

isolated. <

28




S e e -

P

B L ey

&

-~ . o e e e n e e e

4

r R

o Ay T TR TN G N

Finally, the effect of \)\Lgi;rent tone durations was examin-~
gro

ed to determine whether any ing tendencies (based on fre-
quency proximity, trajectory, or orientation) were dependent
on the rate of alternation between the sequential events. By

using longer tone durations, the alternation rate of tones in

- a sequence was made slower. Shorter tones were used to produce

a more rapid alternation rate. It was expected that the llonger
aurations would allow more time for :trajectory information to
accumulate, since more time would be availab}e in which to
monitor the veldcity of frequency change durlng each glide.
Therefore, sequences consisting of the longer duration tones
wer&xpected to promote sequential grouping in the condition
containing collinear glides, if the auditory system extrapo-
lates from the trajectory of a gliding tone . Alternately,
high alternation rates between events have been shown to en-
courage stream segregation based on frequency proximity
(Bregman, 1978c; Dannenbri;ag & Bregman, 1976; Van Noorden, i
1975). The sequences composed of shorter tones might thus ac- '
centuate the sequential streaming of X and ¥ in conditions

favouring “"frequency proximity"” effects, and in turn increase

the decomposition of the YZ complex.

Me<thod ' '

\

Subjects. Twenty-four volunteers, all of ‘whom were university

v

students ranging in age from-20 to 28, were tested. All ano-

jects reported having normal hearing.

[

~

~
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Apparatus. Tones were synthesized digitally on a Digital
Equipment Corpération (DEC) PDP-11/34 computer. The computer
control of stimulus generation was enabled by the use of a
goftware package entitled MITSYN, developed by Henke (197%).
?he package enébles a complete range of audi#ory stimulus'paﬁg-
meters to be specified, and permits the synthesis of polyphonie
signals. Digital signals were transformed by a DEC AAll-K 12-
bit digital—to~anaiog converter énd 6utput through a DEC Labora-
tory Peripheral Accelerator (model No. LPAll-K). High frequency
components, produced during digital-to-analog conversiog of the
signals, were filtered out with a Rockland 851 filter, with a:
low-pass cutoff of 4000 Hz. All ﬁaveforms, frequencieql\ampli-
tude envelopes, and timing of tones wére controlled byvth; com-
puter.

Stimuli were recorded difectly from one output channel of
the computer onto audio tape using an AKAIMGX-thD-SS tape re-
cordér{ The resulting monophonic tapes were played'back on a
Sony TC—6g'tape deck amplified by a Pioneer SA-850011 amplifier.
The output signal was presented binaurally over Sennheiser HD-
ﬁlh stereo headphoﬁes. All presentations of experimental stim-
uli were conducted in an Industrial Acoustics 1202 audiometric
chamber. To measure the loudness of the stimuli, a flat-plate
coupler @as uéed to connect the headphones to a General Radio

B

Type 1551~C sound-level meter.

Stimuli. All tones used in stimulus sequences were sinusoidal. i
The frequency glides consisted of egponential changes in fre-
quency. The amplitudes-of all tones had réughly exponential

attacks and decays of 10 msecs which rose and fell while the

AN
N




o r

e VN A T N h e

JrOR e

~ -
Sem

s

AN
tones glided in frequency. All tones in the "slow alternation” .
condition had 230 msec dur;.tion (including the rise and fall
times), and tones in the ';rapid ternation” condition had 130
msec durations (including the rise and fall times). In both
conditions, 20 msec silences sep‘ar\lated the tones.

All tones glideg across *sligh-i:ly less than one half an
octave, and were situated in ene of the five half-octave inter-
vals between 256, 362, 512, 724, 1024 and 1448 Hz. The manner -
in wlii::h different combipations of tones gliding across e:.ch of
the intervals were used to generate different experimental con-
ditions is shown in Figure 2. The schematic representation of
glides in the figure can be taken to represent tones with either
130 or 230 msec durations. To generate the 130 msec dupation
‘tones, glided tones which traversed the desired half octave
interval in 150 msecs were gated oi‘f after 130 msecs/ To pro-
duce 230 msec tones, frequency glides which traversed the de-
sired he.lf octave interval in 250 msecs were gated off after
230 msecs. Thus a sequence formed of successive tones of
‘either duration always had 20 msec silences between the tones.
The procedure also ensured that any sequence formed of a pair
of ascending or a pa&r of descending tones from adjacent half
octave inter;vals would allgn itself perfectly along a single
trajectory when the tones were separated by 20 msecs (as showng
“by the pairs of tones labelled T and Y in the figure). The
trajectory relation will be‘ described more fully below.

To facilitate the suﬁse/quent description of stimulus pat-
t}erns, tones will be referred to by the interval in which they

fell, even though they were gated off shortly before having

f -
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A graphle representation of the stimulus patterns used
in Experiment 1. The captors (T, FPS, SS and FPD) are
shown in dotted lines, Captors when the upper component
"of the ascending complex was the target (Y) are shown in
"a" above, Captors for the lowsr component are shown in

"p", and those for the descending complex ars shown in
ltcll and "d". B ,
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traversed the entire interval. In the ﬁgure; the five helf'oc-

tave intervals are referred to as Range 1l to Range 5 from lowest . S
to highest in frequency. Therefore, glides in either dlrection.
falllng within the lowest half octave interval, will be referred'

to as ascendifxg or descending "Range 1" tones, those within the
second lowest half octave w:.ll be referred to as ascending or -~
descend:.ng "Range 2“ tones, and so on. -The ppair of synchronous
tones (Y and 2) whi:ch formed the complex glides were always situ-

ated in Range 2 an;l Range 4. To produce an upward -gliding com-

" plex, a pair of tones were glided upward across Ranges 2 and 4.

Similarly, to produce e downward-gliding complex, a pair of tones
were glided downward across the same two ranges. Thus, the pair

of tones in each complex modulated upward or downward in .parallel,

at a separation of one octave. The result:.ng signal was a glided

} y

complex tone cohtamlng the fundamental fréquency- and first har-

monic. The exact synchrony between onsets and offsets of the

t .
tones was found (during pretesting) to be sufficient to cause the

o
tones to be perceived as a single "rich" frequency -glide when

heard in isolation from other tones. \ L
In different conditions, either the upper or 1»ower of the

synchronous-tones acted as the: “;arget“ tone. The tone that act-

ed as “ta.rgetkls always labelled Y. and 't:he other tone Z. Sev~ ‘

eral captor tone op’c:x.ons are shown with dotted lines in ‘bhe/ f‘ig-

‘-ure. "Only one such option was used in each condition. /First_.

the set of "captors" which had the upper tone of the as ending
complex‘'as a target will be described (see Figure z)a’)

< g
To produce a condition in"which the captor glide. Ma.s relat-




N

- B TR rET—— s,

(Y) in Rénge 4 was preceded by an ascending pure tone glide cros-

sing Range 3, so th?t the tones formed a perfectly straight line

when plotted on a logarithmic scale of frequency. Such relations”

between captor and target tones will be referred to as "Traject-

ory" (T) groupings, and the appropriate captor is labelled T in

“ghe figure. By shifting the captor tone to Range 4, while leav-

ing its duration and orientation identical, a captor whigch fell
in the same range as and with the same glide orie?tation as the
targetﬁtone was produced. The captor conditions inawhichfthe
captor had thé same orientation and range as the target will be
referred to as "Frequency Proximity/Same Orientation® (FPS)
groug}ng (s?e Figure 2a). To produce a glided cap#or whose ori-

©

entation was opposite to that of the Range 4 target glide, but

[a]
" which fell in the same frequency range as the target, a tone

gliding ddanard across Range 4 was used. (This condition will be

o
referred td as "Frequency Proximity/Differenmt—Orientation” (FFD)

grouping (see Figure-2a).

“The FPD condition. also permitted a test of the hyﬁofhesis
that the proximity betwéen the terminal frequency of the captor”
and the onset frequency of the target tone might be a crucial
factor in attractiﬁg the target tone 'into a sequential grouping.
FPD captors were situéted so that the separation in frequency

between the end of the captor and the ‘beginning of Y was -identic-

al to the separation in frequency (on a logarithmic scale) be-

' tween the end of the Trajectory (T) conditon captor and the

beginning of the subsequent "target" (see Figure 2a). In both
conditions, this difference in frequency was relatively small.

On the other hand, in the FPS condition, the terminal frequen-’

34
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cies of captors and initial frequenéies of target tones were
very disparate.” Therefore, should T and FPD conditions show
more evidence than the FPS condition that éequential streaming
of captor and targetltones was occurring, then it would suggest
that the separation Setween the terminal ‘frequency of the captér
and the initial frequency of Y did play a role.in causing a se-
quential attraction between the pair of tones. In addition', any
differences between results on T and FPD conditions could not be
attributed to inequalities in the frequency separation between
the end point of the captor and onset point of the subsequent
tone, since the separation in the two conditions was identical.
Those T, FPS and FPD captors which were designed to attract

the lower component of the ascending complex are shown in Figure

2b. The captor tones were related to the target in the same man- -

ner as were the cap?ors describe& above. Figures 2c'and12d show
how these three tyﬁes of capt;rs were created. so as to capture
either the upper or lower glide from a descending complex. The
aséending and descending complex conditions were symmetrical to
’each other. To produce each stimulus sequence, one of the cap-
tors was repeate&ly alternate& with one of the complex glides.

It should be pointéd out that there was a slight imbalance
between various T conditions. Remember that each condition shown
in Figure 2 should be conceived as being a continuous alternation
of - the captor tone anl the complex glide YZ. Note that in the.

_ T conditions shown iﬁ7Figures 2a and 2d, the captor (T) falls
between the ranges occuﬁied by tones ¥ and Zt‘ Therefore, con-
tinuous cycles of the“pgtterﬁ not onlyﬁplaced T and Y on the

same trajectory, but also placed the Z and T, tones of consgﬁu—

3 : ’ L
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tive repetitions of the pdattern on collinear patlis (see Figure
3a).” In the T grouping shown in Figures 2b and 2c, T is above

or below the ranées in which Y and 2 fall. These patterns there-~

, fore allow only tones T and Y to become aligned on a common tra-

%

jectory (see Figure 3b). Nevertheless, in the T condition both
'organizations (T.with Y and Z with T) potentiate the decomposi-
tion of the mixture, if the auditory system extrapolates from

-

tone T to tone Y (or from tone Z to tone T) as the pattern is
repeatedly cycled. |

In order to keep the trajectory relation perfect on both
slow and fast alternation conditioné the longer duration glides
had to be made to cover a slightly larger freguency range than
short duration glides. Were the exactness of the range covered
by both long and short duration glides not_sacrificed in this man-
ner, then the tréjectory between T condition captors and targets
would have had to be imperfect at one of thé alternatioh rates,
(see Figure 4). The dotted line in the figufe'shows the imper-
fect trajectory (extrapolated from the capfo? glide) which would
have resulted in the T condition if the longér duration captor
tone was made to‘éover the same frequency range in 230 msecs és
that covered by the shorter duration captor in 130 msecs. A way
to alleviate this problem would have been to ingrease the tempor-
al separation between the captor and target tones on thellonger ,
duration condition. However, since such ‘'an increase in time be-
tween tones might also }educe the tendency for them to grouprse-
quentially, by making them perceptually more separate, this

alternative was not considered viable.

The size of the excursion in frequency (on a logarithmic
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A representation of the difference between various
"Trajectory" groupings., In (A) above a trajectory
set by T is continued by Y during the first cycle,
and that set by Z is continued by T in the second
cycle., In (B) only T and ¥ are aligned on a common
trajectory.
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A representation of the faulty traJectory which
would have resulted between X and Y had X covered
the same frequency range in both "alternation I
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scale) of ascending and déscending glides of.each dupﬁfgpn’was
identical. However, ascending glides began at the lower ?requen—

-~ ¢y limit of the appropriate half octave interval, decaying just
prior to reaching the upper limit, ana descending glides began at
the upper 1imit of the appropriate half octave interval, decay-
ing just prior to reaching the lower limit (see Figure 2). The
procedure, which was used because it facilitated the design of
collinear glides, caused the actual ranges crossed by ascending
and descénding glides to be slightly differe?t. This meant that
the frequency range covered by FPD captors was slightly differ-
ent from the range covere@'by the corresponding target toneé
which had opposite orientations. While in the FPS condition, cap-
tors and targets had the same orientation and tﬁerefore covered
the same frequency range, FPD captors covered slightly highg; fre-
quency ranges in the ascending complex conditions (see Figures 2a
and 2b), or slightly lower rangés iﬁ the descending complex condi-
tions (see Figures 2c and 2d) than the range covered by the re-
spective targef tones. Thus any differences betwegn FPS and FPD

// gonditions would confound orientation.effects with a slight in-
equality in.the frequencyﬁproximity between qaptor and targét
tones across the two cénditions. However, such a small discrep-
ancy was considered unlikely to create any observable differences
between the conditions. (Nevertheless, Experiment II included
a replication of the FPS and FPD conditions and such discrep-
ancies between the tones' ranges were avoided). Although the
procedure use@ to generate the glides caused such small inac-

+ curacies, they were considered negligible, aqd the procedure also

‘permitted greét accuracy on the trajectory conditions. It was
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therefore considered justified to sacrifice accuracy on the fre-
quency diﬁension somewhat in favour of accuracy on the trajectory
dimensiorr, The precise frequency rangés traversed by all frequeni
cy glides used are shown in Table 1.

A final condition, using steady state tones as captors, was
introduced to determine whether "frequency proximity" effects¢?g-
quired the gtternating tones to be qualitativel& similar (i.e.,
glides), or whether the presence of a nonglided cathr tone with
energy inside the frequency range encompassed by the target glide
would be sufficient to induce sequential captor-target grouping.
This condition will be feferred to as "Steady State Control" (SS).
Captor tones in the SS control condition were situatedaat the mid-
dle freqﬁency (on a logarithmic scale) of tﬂe interval in which
the target tone fell. Therefore, to attempt to "capture" the
upper tones in either ascending or descending complexes, the SS
captors were set at 861 Hz, and to attempt to capture ;ower tones
in é&thez«pomplex, t;e captors were set at 43i Hz. By setting
the frequency values for the SS captors at the midpoints of the
intervals in which upper and lower toneg in each complex were
situated, the SS captors would always be eq%?lly close to the
middle frequencies of target glides regardléss of whether the
targets were éscending or descending, despite the slight discrep-
ancy between the ranges subtended by the ascending and descending
glides (see Figure 2). Should the SS condition show effects of
sequential grouping (i.e., decomposition of the two-tone com-
plex), thén it would be clear that the qualitative similarity
between tones in a sequence (i.e., whether they are glided or

/
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Table 1l: Frequency ranges subtended by the frequency glides in_Experiment I

Ione Duration: SHORT (130 msecs) “ LONG (230 msecs)
Orientation: Ascending’ Descending Ascending Descending
RANGE 1 256 - 839 Hz - 256 - -347 Hz -
RANGE 2‘,‘\ ”362 - 480 - 512 - 386 362 - 490 512 - 378
RANGE 3 512 - 679 724 - 546 512 - 693 724 - 535
RANGE & 724 - 960 1024 - 773 72l - 981 1024 - 756
RANGE 5 I 1448 - 1092 - 1448 - 1069

e i s
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not) is not required before sequential grouping will occur.

By virtue of the fact that "Trajectory" captors fell in a
different frequency range from the "Frequency Proximity (FP)
captors, i.e., FPS, FPD, and SS (see Figure 2), differences be-
tween the T cgndition and ‘the others were confounded wiﬁh pos-
sible effects due ;gﬁply to théﬁfrequency range in which each
captor fell. However, the fact that the stimuli were designed
so that_each set of captbrs appeared in both high and low fre-

quency ranges addressed this problem. Since within each‘c;ptop

condit}oﬁ (i.e., T, FPS, FPD and SS) two captors appeared, one

in the high range and one in the low range, any simple effects

rd

of frequency range could be discriminated from effects due to
the captor typé itself.

It can be séen that sequential captor-target grouping, in
any of the patterns showﬁ in Figure 2, would be antagonistic to
the fusion; or vertical grouping of Y and 2. Therefore, should
any of the patterns represented in the figure be heard‘as the

TN

alternation of a ﬁure and complex ffequency glide, it could be

inferred that tones Y and Z2 had remained "fused”, and thus, that _
the sequential captor-target attraction was insufficient to over-
come the tendency for the synchronous tones (Y and Z) to fuse to- .
gether. However, should sequential streaming'of captors and tar-

gets occur, then the two-component complex would become decompos-

r

ed into its separate sine tone elements. As a result, the pat-
tern should be perceived as containing two streams: one consist-
ing of the ré@id alternations of captor an@ntarget tones, and
the other'conéisting of slower repetitions of 2-Z2-Z-, etc.

Thus, the percept obtained in each case served as a criterion

AN
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which listeners could use to evaluate the sequential grouping
tendenpy in each condition.

Four stimull were generated for use in practice tfiais.
These stimu;i were analogous to the stimuli labelled T and FPS
in Figures la and lb respectively, and SS and T in Figures lec
and 1d respectively. However, all frequencies of tones were
shifted somewhat from those used in actual gestingAto avoid spe-
cific carryover effects. Therefore, the practice trials were
similar, but not ident;cal to the. respective éxperimental stim-
uli. The first two practice trials dggcribed were presented at

the 130 msec event rate, and the latter two were presented at

~
-

the 230 msec event rate. . .

Audio tapes were prepared containing four different ran-
domizations of 32 trials each. The 32 trials represented the
16 conditions shown in Figure.l, (consisting of 4 levels of
‘captor type', 2 levels of ‘'orientation of the complex glide',
and 2 iévels of 'frequency range of captor').leach synthesized
at twp “alternation rates”. Each trial consisted of a warning
beep, followed two seconds later by 30 repetitions of the pure;
tone/complex-tone sequence. ,A six second silence separated the
trials. The~four practice tfials were recorded at the begin-
ning‘of each randomization.

While the frequency response of the auditory system is not

" flat over the whole frequency range covered by the tones in the

stimuli described above (Fletcher & Munson, 1933), no attempt

was made to equalize the subjective loudness of the tones over
ST

the ‘whole ‘range. It was felt that since the Trajectory and Fre-

quency Proximity captor tones appeared in high and low ranges,

v

any effects resulting from differences in loudness between tones

!
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at different frequencies could easily be detected and separated

from other effects. Stimuli were preserited so that the patxérns )
had a mean intensity of approximately 80 dB SPL when measured

on the sound-level meéﬁr.—

Procedure. Subjects were treated individually, and testing was
conducted in the audiometric chamber. All instructions were pre-
sented on a typewritten form. Subjects were informed that they
were participating in an experiment concerned with the perceptu-
al grouping of auditory patterns containing frequency glides.
They were told tha@ on each trial they would hear 30 repetitions
of a pattern consisting of alternations of a pure tone frequency
glide and a pair of simu;taneous glides. A diagramgdepicting_‘
such a pattern accompanieé the instructions. The term frequency
glide was defined‘as a sound which consisted of a continuous up-
ward or downward shift in frequency. The alternate percepts -~
which the patterns could produce (discussed earlier) were describ—
ed to the subjects with the aid of diagrams. The subjects were
told to call one such percept "fused" (when only two tones Qere 7
audible on each cycle of\the patfern) and the other "decomposed"
(when three tones were audible on each cycle). To indicate their
judgments of the strength of fusion or decomposition heard in each
sequence, subjects were instructed to rate each sequence on é re—‘
sponse sheet containing a 7-point scale for each trial. The scale
was labelled FUSED'a&@the low eﬁd, and DECOMPOSED at the high end.
They were told to give a rating of four when the sequence sounded
ambiguous, or seemed to fluctﬁate/bétween the two types of group-
ings. »The instructions also warned that the sequences would be

. v B
presented at two speeds, and that care should be % en to avoid

\
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confusing the changes in speed for rhythﬁic differences between
the possible percepts which could result from each sequence.

Ogsg‘the subject had read the instructions, the four prac-
tice trials were presented, and the subject's ratings of these
trials examined. If the subject failed to recognize any differ-
encés between the four patterns, the qualitative differences be-
tween "fusion" and "decompositjon" were described again and the
same four practice trials repeated. All but two\subjects report-
ed héaring differences between the sequences by the second pre-
sentation of the practice trials. The two subjects who could
hear no differences were rejected from the experimeqt.

All experimental conditions were presented (32 trials) with
no interruption. Egual numbers o£ subjects were ?ested with each

of the four randomizations of trial orders. Subjects were ran-

domly assigned to one of.the four orders, with the restriction

Q

that only six subjects were run on each randomization.

The data measgggfénd analysis

Subjects' ratings were sorted into experimental conditions,
and analyzed in a four-way analysis of wvariance with repeated
measures on all factors. The analysis tested two levels of
"%I%érnation rate", two levels of the orientation of the glide
complex (i.e., upward or downward), the two “frequency ranges of
ghptors“ (i:e., whether the captors were from the high or low
range sets), and the four “"captor types" (i.e., T, FPS, FFD and
SS). Two subjects,accideﬁtaily omitfed one response each during
the testing session. The missing data points were replaced with

cell means. To compensate for the estimation of missing values,
// ~

!
I




o v e WO AN

et e vt e e TR SRR YTV e A0 . Py,

TN

»
- "captor 'means were tested was significant, E(3, 125) = 3.78,
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two degrees of freedom were subtracted from all error terms

(seé Table 2).

Results

Figure 5 shows means for each of the "captor type" factors
when presented iﬁ both high and low frequency ranges, as well as
overall means at each level of "captoz; type". While the ratings
on each pair of FPS, SS and T captor conditiohs were nearly’ iden- ;
tical regardless of whether the captor was in the high or low -
range, the FPD condition appears to have produced higher rgtings
of decomposition when the captor was high rather than low range.
The difference was sufficient to produce a significant interaction
of "frequency range of captor" and "captor type" factors, F(3, 67)=
2.84, p<.05. The values a{;} different 1évels of the "cdptor

\

type" factor for each level. of the "range of captor" factor
s

shown in Figure 5 suggest that decomposition ratings were' gener-

ally low in the "Trajsctory" and FPD conditions (i.e., relative- {
iy fused), while FPS and SS captors yieldea higher ratings (i.e., ;
more decomposed). The overall means for captor condit;lons (shown
in dotted lines) suggest a similar patterp. The main effect of j
“captor type" was very reliable, F(3, 67) = 9.73, p< .0001.

" However, to analyze the main effect of “"captor type" g.n a
form uncontaminated by influences from the “frequency range of
captor“ factor, tests of simple main effects using Satterthwalte 8
degreas of freedom and pooled error terms were performed on the.
means resulting from the interaction of the two factors (Winer,

1962). The simple effect of “captor type" when only high range

p<.05. Similarly, the simple effect of "captor type” was

[
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Table 21 Summary table of the 4-way analysis of variance (alternation rate x
“orientation of glide complex x range of captor x captor type) performed

- on decomposition ratings

[

\

Y
#
Mt o

s

i

Source sSs arf MS F _ P
Alternation Rate (A)  49.68 1 49,68 63(5. )% © 0.0263(<.05)*
Error 202.82 23(21)* 8.82(9.66)* 50353 3(.05)
Orientatlon of ' -

Glide Complex (0) 4,56 1 . 4.56 1.42(1.30) 0.2450(n.s.)
Error 73.69 23(21) 3.20(3.51) .
AxoO 19.01 1 19.01 %.03(3.6 0.0566(n.s.)
Error , 108 .44 23(21) 4.71(5.16) Q\“ -
Range of Captor (R) -23.67 1 23.67 3.57(3.26) 0.0715(n.s.)
Error . 152.47 © 23(21)  6.63(7.26)
A xR 15.99 1 15.99 L.27(3.90) 0.0503(n.s.)
Error 86.18 23(21) 3.75(4.10)
0 xR 2.37 17 2,37 1.08(0%99) 0.3096(n.s.)
Error 50.48 23(21) 2.19(2.40) v :
A xO0XR 0.1 1 ©0.11 0.03(0.03) 0.8609(n.s.)
Error " 83.22 ° 23(21)  3.62(3.96) :
Captor Type (CT) 184.34 3 T 61.45 10.02(9.73)- 0.0000(<.0001)
Error ' 423.23 69(67) 6. 13(6 32) -
A x (CT) 5.76 3 0.92 0.65(0.63) 0o .5842(n.8.)
Error 203.03  69(67) 2.94(3.03)
ox (CT) 7.74% 3 2.58 0.75(0.73) ° 0 5251(n.s. )
Error - 236.99 69(67)  3.h3(3.54) -
A x 0 x (CT) . 22.08 3 ?.36 : 2.26(2.19) 0. 08§5(n s,
Error - . 225.10;€ 69(67) 3.26(3.36) -
R x (CT) 29.35 3 9.78 2.92(2.84) .ouoo .05)
Error 230.92 69(67)  3.35(3.45) o
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Table 2--Continued i ]
. Source \ ss ___ df _MS : F 2
Axrx(cD) - 5.89 3 0.96 0.49(0.48)* 0.6899(n.s.)?
Brror ° ] 275.86  69(67)* k.oo(%.12)*
© xR x (CT) 0.56 3 0.19 , 0.06(0 {06) 0.9789(n.s.)
Error . 202 .54 69(67) 2.9%(3.02)
AXDOxRx (CT)( 6.16 3 2.05 . '0.72(0470) = 0.5438(n.s.)
Error . 196.88  69(67) 2.85(2.94) o

Adjusted for missing data points
- .

g’




MEAN RATING (decomposition):

Figure 5.
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CAPTOR CONDITION ﬂ
H=high range
L= low range
~--=meanof H& L

The mean ratings (decomposition) at each level of
the "captor type" factor for both high and low

range captors. The overall mean at each level of
the "captor type" factor 1s shown in dotted lines,
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significant on a test involving only 'thé low range captor means,
F(3, 125) = 11.25, p <.01l. None of the differences between the
pairs of mean, (i.e., high and low range captors), at each level
of "captor type" approached statistical significance on tests of
the “simple effect of "range of captor”, except for the differ~

inces between high and low range captors in the FPD condition,

F(1, 80) = 10.82, p<.0l. Although results in the FPD condition

appeared to be affected by the "range of captor" factor, the fact )
that the main effect of "captor type" produced such a high F val-
ue, relative to that for the interaction of "captor 'l;ypé" and
"range of captor" factors, in conjunction with the fact that the
simple effect of "captor type" was significant at both levels of
the "range" factor, suggests that the main effect of “captor type"
reliably reflects true differences between captor conditions. It
is, therefore, sugges{:ed that the main effect of “captor type"
does not misrepresent differences between the conditions by ob-
scuring important effects which result from the interaction of
"captor type" and "range of captor” factors.

A set of Tukey tests were perfo;med on pairs of means contri-
buting to the main effect of "captor tyi)e ", to examine the dif-
ferences between specific captor conditions more fully. To de-

-

termine whether or not the conditions in which captors and tar-

‘%gets fell 'in the same frequency range (i.e., FPS, SS and FFD)

yielded higher ratings than did the T condition, in which the

captors and targets fell in different ranges, each of the formér

- means was tested against the T condition mean. The FPS and T

condition means differed significantly, Q(4, 67) = 6.28, p<.0l.

Similarly, the difference between SS and T means was significant,

~ R a
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Q(%, 67) = 5.71, p<.6l. However, FPD and T means did not differ
reliably, Q(4%, 67) = 1.40, n. s. To examine ‘Wwhether or not the
lower score on the FPD condition could be attributed to the fact
that the captor glided in the opposite direction to the target
tone on that condition rather than in the same direction as in
the FPS coﬁdition, the difference between FPS and FPD means was
tested, and found to be significant, Q(4, 67) = 4.88, p<.Ol.
Similaply, -the difference between SS and FPD conditions was
found to be ‘slignificant. Q(4, 67) = 4.31, p< .05. The difference
between FPS and SS means was not significant, Q(%, 67) = 0.57, n.s.
Table 3 shows means for each "captor type” at both levels
of "alternat}ion rate". Note. that the mean ratings on all captor
conditions are higher (i.e., more decomposed) in the fast alter-
nation rate condition. It appears then that the faster alterna-
tion of tones (or ‘s“;horter tones) produced unii:ormly more decom-
position than did the slower alternation condition (or longer
tones) ‘regardless of which captor type was invoived. The main ef-
fect of "alternation rate" was significant, F(1, 21) = 5.1k,

< .05. The interaction of "alternation rate" and “captor type"

.factors was not significant, F(3, 67) =0.63, n. s.

Discussion
- &

‘ Since subjects probably-adjust their use of a judgx;ent scale
to match the range of differences present in any set of stimul’i,
the actual numerical ratings reported above can be taken to indi-
Sate no more than a relative judgment of the ?‘15}}2\ or decomposi-
tion heard in each sequenc:e.~ Neverthe]:ess. the differences be-

tween conditions can be used to make several inferences about the

¢

strength of sequential grouping in various conditions.
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“(;} Table 3: Mean ratings on each captor condition at each
level of the "alternation rate"” factor

CAPTOR TYPE

. FPS ss- FPD T

Rapid

(130 msecs/

event) 4,16

5.03 5.12 3.86

- Slow

(230 msecs/

event) 4,61 4.31 3.71 3.50

B
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The tests of simple effects performed on the means thét con-
tributed to the interaction of the "frequency range of captor"
with the "captor type"” factors suggest that the only significant
component of the interaction occurred in the FPD condition. High

range FPD captors produced higher ratings of decomposition than

did low range captors (see Figure 5), suggesting that the sequen-

tial attraction between high range FPD captors and targets (as.
shown in Figureg 2a and 2c) was stropger than 7that between law
range FFD. captors and targets (as shown in Figures 2b and 24).

The target tone for high range captors was always the upper har-

e

monic of the two-tone complex, whereas the low range captor's
target was the fundamental. One might, therefore, explain the
result by supposing that it is easier to extract a harmonic from
a complex mixture, than it is to extract the fundamental. Such
a phenomenon has been observed previously (Bregman, A. S. Person-
al communication, June, 1980).

To be consistent with such a supposition, high range cap-
tors shciuld have yielded stronger decomposition effects on all
captor conditions. However, the ratings on FPS, SS and T condi-
tions do not show such range-related effects. Perhaps the.in-
consistency is due to the fact that the sequential attraction
between FPS and SS captors and targets, which yi\eldead high de-
composition ratings, was sufficiently strong to extract either
the fundamenfal or harx;onic with equal facility. On the other
hand, T captors, v/vhich yielded low de;:omposition ratings, may
have produced such- a weak sequential attraction to their target
tones that neither high or low range captors showed a decomposi-

tion effect. According to this reasoning, FPD captors must have

i
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exerted only a weak “pull"” on the subsequent target tones. Such
a weak attraction would be influenced by how strongly the funda-
mental or harmonic of the two-tone complex resisted being extract-
ed from the complex. The result coulq, therefore, be interpreted
as suggesting that FPD captc;rs exerted a weaker sequential attrac-
tion to targets than did FPS c;r SS cé‘.ptors. but a stronger 'attrac-
tion than did the T captors. Thus, while the difference between
FPD and T conditions was not statistically significant, the pre-
ceding explanation leads to the deduction that the .T condition
may have yielded slightly lower decomposition than did the FFD

condition.
Similarly, the overall mean rating on the T condition was

significantly lower than that on both FPS and SS conditions.
There:/f"ore,\ there is evidence to suggest that the T condition cap-
tors grouped more poorly with the targets than did the FPS, 5SS
and possiB‘:L'y the FPD conditi’.on captors. In the FPS, S8S and FFD
conditions, captors fell in the same frequency range as their
targets, while the T captors fell 1n different ranges from their

targets. Therefore, the lower judgments of decomposition in the

/
T condition suggest that the frequenty proximity betiween captors

and targets, assessed by comparing the similarity between’ the
frequency ranges occupied by ‘éhe successive tones, .generally dom-
inated over trajectory information in d?termining the sequential
grouping of the tones. The proximity between the offset frequen-
cy of the captor and the onset frequericy of the target was clear-
ly of minor importaﬁce in determining sequen*l':ial grouping effects.
Otherwise, the T and FPD conditions in which the distance in fre-
quency between the captor's offset and the target's onset was

o
s

smaller than the \corresponding distances in FPS and SS condi-

<
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tions should have shown the highest rather than lowest ratings.
As a reflection on the auditory system's role as a predict-

ive méchanism, these results imply that a priori events "prime" ’

. the auditory system to predict the occurrence of subsequent

events in the same or a similar frequency range, rather than
events which are continuous with the previous event. As a re-
sul\t, the captors generally attracted targets best when they were

in the same frequency range as their targets. Presumably, the

captors that fell j.n the same range as the targe% tone in the
complex were sufficient to "tune” the auditory system to the
range in which the target fell, permitting it to isolate the
target from the glide complex. The current findings, -therefore,
support the notion that frequency proximity between events is a
major determinant of sequential grouping when stimuli contain ‘fre-
quency glides, much as it is for the grouping of steady state
tones (e.g. Bregrnén & Campbell, 1971; Bregman & Rudnicky. 19753
Van Noorden, 1975). With respect to glided sounds, the prox-
imity between successive tones appears not to be determined by
comparing the temporally closest frequency components of. the
tones (i.e., the terminal frequency of one tone and the initial
frequency of the subsefuent tone), but by comparing more global
descriptions of the :t‘requencs‘r characteristics of each1 tone.

Any "priming" effect of trajectory which would sensitize the
system to events which continue the path set by previous eventé.
seems to be smaller than the frequency i:roximity effect. Thus

in the Trajectory condition, th;- glide complex was apparently

‘heard as being more fused. The relative: inferiority of the T

condition in inducing the decomposition of the two-tone complex -
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suggests that the auditory system failed to extrapolate from the
trajectory of the captor tones so as to capture the subsequent

( target tones (which showed good continuity with the captors)~
5 Instead, the condition in which captors and targets fell in dif-

ferent ranges yielded a low level of decomposition (i.e., low se-—

quential grouping of sinusoidal components), as one might pre-

-
. dict if relying solely on a frequency proximity-based descrip-

tion of the auditory grouping mechanism. It appears then that

B

the auditory system characterized each glide as exciting a spe-
cific frequency ra.nge'. rather than as "pointing to” a si:ecific
range . '
If the responsive region excited by a tone led only to the
prediction that a subsequent event should excite that same region,
' ‘then one would expegi:. FPS and FPD conditions to have yielded al-
’f ~ most idenijical results, since "captors" and "targets" shared- vir-
tually the same‘ frequency range in both conditions.. Since the
" FPS condition yielded a significantly higher mean rating (i.e.,
greater decomposition) than that on the FFD condition, it appears
b | that aﬁother factor was active. Possibly, the fact that FPD cap-
| tors and targets had opposite orientations biased against sequen-~
f tial grouping, despite the common frequency range of poth tones.
Therefore, the "similarit\y" of successive tones, in terms of\tpeir
b glide orientation, may play a role in sequential grouping deci-
| sions. One might, therefore, suppose that information extracted
by "orientation-specific" glide detectors, analogous to those
identified by Evans and Whitfield (1965) is used during sequen-
tial g‘rouping operations. |
Therefore, a possible argumént consistent with all the find-

N
ings of the current experiment is that the auditory system deter-
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mines both the frequency range and the orientation of frequency
glides. Thus, while the frequency proximify between successive
glides influences how well they will group sequentially, the co,r;:
respondence in 9rientation of the glides may modulate frequency-
based grouping ciecisions. As a result, giides with correspond-
~Ng ori;entations would group better than those with noncorrespond-
ing orientations whén the frequency proximity between the glides
(averaged on a logarithmic scale) was equal. On the other hand,
when the glides were far apart (as in the T condition), even
those Qf the same orientation would not readily group into a se-~
quence, since the frequency-based component of the grouping de-
cision would bias against sequential grouping of the tones.

It should be recalled that the apparent difference due to
the correspondence in orient.ation between captors and targets in
the FPS and FPD conditions is confounded with the slight dis-
crepancy be'tween the i‘requenéy ranges covered by FPD captors and
target tones (see Stimuli section). Since such a discrepancy
could have biased in favour of frequency-based streaming in the
FPS condi.ti‘on, in which the captors and targets shared identical
ranges, the\difference must be interpreted with cautiofr. However,
should the all discrepancy between the ranges covered by cap~ -

tor and target tones in the FPD condition have produced the lower

. ratings in that condition, it is difficult to comprehend how the

overall rating on the T condition, in which the captor and target
tones shared no common range at all, is only slightly lower than

that on the FPD condition, in which the captors shared a large

/

range in common (see Figure 5). The differences in ratings be-

'i:ween-FPS, FPD and T conditions are, therefore, not proportional
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; An experiment to be reported below attempted to isolate whether
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to the differences between the frequency ranges covered ,py cap-

tors and tazlget tones in the three conditions. Therfore, it is

guggested that the difference between FPS and FPD conditions

cannot be attributed to the difference between the freqpency

ranges of .the captors and targets in the latter conditign. A

more reasonable explanation is the one ;)ffered above, th‘ét the

relative orientation of the glides accounts for the difference.’ :
An alternate explanation for the differences between cap-

tor conditions in the current e;;;zEPent follows from the Brady,

House and Stevens (1961) finding that the subjective pitch of a

short duration frequency glide is‘ identified with the terminal

frequency of the glide. If the pitch of a glide is determined

primarily by its terminal frequendy, then captors and targets

in the FPS condition, which terminated on the same frequency,

would have had subjectively identical pitches. Similarly, 5i:he

SS captors would be perceived as having nearly the same pitch as

the targets.: since they fell only slightly above or below the

terminal frequency of the targets. The FPD and T captors would %

be perceived as having progressively more disparate pii:ches from

the pitches of their targets, since the terminal frequencies of

.captors é.nd targets became progressively further apart in the :

FPD and T conditions (see Figure 2). If audi‘tor& grouping mech-

a.riiéms induce greatest sequential grouping between tones that

have the most similar subjective pitches, then the differences

IEVald
in pitch discussed above might account for the observed results.

or not. the correspondence between terminal frequencies of suc-
. .
cessive glides could have been a relevant factor in indueing

/Sequential grouping between the glides in the current study.
| AN

.
1
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;quency tones also increases the tendency for the tones to segre-
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\ . ~
While the "alternation rate" factor did not interact wittx

any other factors, it did yield a significant main efi’ect. The
higher alternation rate ’Iyeéuced uniformly more decomposition
across all captor conditions than did the lower alternation rate
(see Table 3). Although the tones in each "alternation rate”
condition differed slightly in terms 6f’ the size of their fre-
quency ranges as well as in terms of their durations (see Figure
4), there is no apparent reason to suppose that such /differences
in frequency range would cause .Ssuch an effect. Therefore, the
difference can probably be attributed to well-known speed-

related grouping tendencies. Generally, it has been found that

increasing the speed of alternation between high and low fre-

gate into separate sequential streams (e.g., Dannenbring &

Bregman, 1976; Van Noorden, 1975).- For thi\g reason, the "rapid -
alternation” rate in the current experiment should have been ex-
pected to produce more frequency based sequential stréaming, and
hence more decomposition than the ';slow alternation”" rate. How-
ever, when the experiment was designed, it was reasonable to as-
sume that the hypothetical trajectory effect would accumulate
more evidence when tones were longer and therefore one would ex-
pect slow rates to favour such an effect. It is interesting to
note that, somewhat counter-intuitively, the slow alternation
rate did not improve sequential grouping tendencies in the Tra-
Jectory condition relative to those at the rapid alternation rate‘

(see Table 3). The uniformity of the decrease in decomposition

at the slow rate, therefore, supports the notion that the tra-

jectory effect did not occur at all. Instead, the result seems
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to reveal a reduction in only one grouping tendency-—"based on
the similarity in frequency range occupied by successive events
and influenced by the rate of s alternation of events--which was
effective 'across all conditions. In line with this reasoning,
the captors and targets in the T condition, which were further
apart in frequency than those in any other condition, should al-

-~ -

way\hay\e shown the weakest sequential grouplng. but even more
so at thewon rate.
It should be pointéd out that it is possible that the stim-

" uli used in the current experiment may have biased slightly
against trajectory effects. Remember that each stimulus-was a;
repeé,ting cycle. Note in Figure 2 that it is possible for the
Trajectory captors, which always ocgupied their own separate fre-
‘quency range, to have attracted each other into a sinéle hori- —
zontal stream consisting of T-T-T-, etc., as the sequence was
repeated. Since the target (Y) ';vas outside of the range occﬁpi-
ed by T, the T-T at:traction may have been sufficiently strong to
overpower any mutual attraction between T and Y.‘ thereby prevent-
ing decomposition of the sequence in the T condition. Such com-
petition between alternate organizatlons was shown to occur by
Bregman (1978d). Alternately, no such poss:.b:.llty was present
in the Frequency Proximity conditions, since the target (Y) '

always fell between egch’pair of captors and at the same frequen-{

|

cy range as each captor (sge QFigurea 2). The tendency for captors}

to group into a separate stream should thus have been eliminateqf
onditions. B
possible that the accumulation of infcy%k

o

tion which would promote the sequential atiraction of captors and

in Frequency Proximity

0 Furthermore , 1t i
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targets into a single gtream may have been greglt\est ‘in the
Frequency Proximity conditions. In the;oFrequencj\Proximity con-
ditions, evidence favouring éequential captor-target grouping
could ,atécumulate between cycles, since a single sequential
stream composed of captér—‘r—capt‘:or-Y, ‘etc., was potentidted.

On the other hand, in the Trajectory condition, the evidence

favouring a trajectory grouping may have accumulated orily within

cycles, since the trajectory started afresh on each cycle. This
presents a possible bias, since it has been shown that sequen-
tial streaming effects are a function of the amount of informa-
tion favouring seqﬁential grouping which is accumulated duz:.’;.ng

* any auditory sequence (Bregman, 1978c),u e

Experiment III attempted - to replicate the finding that fre-
quency proximity information is sup_eribr to trajectory informa-
tion at inducing sequential ca\.\ptof-_-targe‘t streaining ef:l?ects. _ |
Safeguards were taken to eliminate the potential biases against

trajectory effects present in the current experiment.

7

. EXPERIMENT IT
. Introduction ‘ .
,In’ Experiment I, the results on the FPS and FPD conditions
suggestég that the correspondence in glide orientation between

captor and target glides migixt affect sequentidl. streaming of
the gil;ides. It is, therefore, possible that auditory grouping

. mechanisms compare the diz:ection of frequency change in succes-

sive glides to make decisioné concerning the. sequeﬁtia,.l grouping

S
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-of the glides.. However, there was an alternate explanation for

the observed effect/. As discussed earlier, Brady et al. (196l1)
have shown that the perceived pitch of“a short duration glide is
associated with the glide's term:ma.l frequency. Si:nce the FPS

AN

captor and target glldes had the same terminal frequencies. they
may also have been perceived as having identical pitches. Cap-
tors and targets in the FPD condition, which had different ter-
minal frequencies. may have been perceived as having ciif:t‘erent
pitches. If sequential grouping mechanisms "prefer" to group
more similarly pitched events into sequential streams, then it

may explain why sequential grouping was stronger in the FPS than

in the FPD condition. While the Brady et al. (1961) finding pro-

vides a direct reason to suspect that a disparity between the
terminal frequencies of successive glides alone might reduce

the sequentlal grouping of the glides, there is rxoil reason to as-
sume that a disparity between the initial frequencies of succes-
sive glides might not also inf]luence their sequential grouping
tendencies. Therefore; the streﬁger,sequentie.l streaming of
FPS captors a;;d targets over that of FFD captors and targets
might be attributed solely to the fact that the former ha_d the
same iﬁitial frequex}cies. while the latter had different initial
frequencles. . . o ’ ‘!
The second experiment attempted /to separate possible ef-\

fects of the correspondence in orientation of successive glides

~on their tendency to form sequential streams from possible in-~

fhuences due to the correspondence between the terminal or ix
itial frequene:.es of such glidep on sequential stream fomatlon.
A s \;;:;ilar paradigm to that used in Experiment I was employed.

\ ]

<
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However, instead of examining only two levels of correspondence
between the orientations of the captor and target tones (as in
the FPS and FPD conditions of the previous experiment), five
levels of correspondence, were used. Figure 6 graphi‘&,;.lly depicts
how the five different levels were broduced by'varying the orien-
tation of the captor in each condition. The figure does not show
the third tone which was present in each pattern, a glide paral-

lel to, and simultaneous with the target tone. Since the tones
in different conditions had different slopes.' when plotted on a
logarithmic scale of -frequency over time, the different condi-
jbions w:'l.ll be freferreli to as "slope conditions". It was predict-
ed that a monotonic decrement in "decgmposition'{ would occur aé
the slopes of the captors and targetls were made less correspond-
ent. However, the captors.and targets in different slope condi-
tions also differed in 'l;erms of the degree of correspondence be-
tween their initial and terminal frequencies. Figure 6 depicts
the f(act that as the slopes of the captor and target tones be-
came more dissimilar so did thé initial and terminal frequenrcies
of the tones. In order to isolate possible effects of slope from
any effects resulting solely from the frequency separation between
captors and targets (measured at the:%.r initial or terminal frequen-
cies), the current experixl;ent also employed steady state (SS) captor
tones. On different conditions,J an SS captor was placed at either
the initial or terminal frequency of the target: By usiné SS cap-
tors it was possible to evaluate three conflicting hypotheses,

as follows:

(1) The “terminal g;' equency” hypothesis
One might hypothesize that only the terminal frequemcy of

L}
_ a short glide is used during perceptual grouping operations.

A3
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A represe tation of five captors with slopes pro=
greéssiv ore unlike that of -a target tone., The
vertical lines at the right demonstrate how the dif-
ferenca in frequency between the terminal frequen-
cles of) the captor and target tones increases as the
slo of the tones become less correspondent, The
ver i al lines at the loft show corresponding increas-
es in ‘?T dirfference between initial frequencies of

!

the captor and target tones across the "slope condi-~
tions"
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If so, a monotonic decrement across the slope conditions might,

be attributed to the increasing separation between the'?erminal

frequéncies of the captor and target glides across the conditions.

However, if perceptual grouping operations consider only the ter-

minal frequencies of glided tones to afrrive at sequential group-
ing de;isions, then the frequency relations between a target
glide and a glided captor ending at the same frequency would ap-
pear to be the same (toithe perceptual grouping mechanism) as
the relations between the same target and an SS captor situated
at its terminal frequency- The strengbh of the sequential at-
tragtion between both pairs of events should thus be identical.
By the same reasoning, an SS captor at the terminal frequency of
the target glide should attract the target more strongly than a
steady state captor /t its initial frequengy. since the percep-

tual grouping mechghism would judge the first captor as being

closer in frequengy to the target than the latter one.

L

(2) The "initialjfreguencx“ hypothesis
If only the initial frequencies of successive glides are
considered during sequential grouping operations, then the pre-
dicted monotonic decrement across the slope conditions might be
attributed to the fact that the differences between the initial -
frequencies of _the cap%g; and target tones also increased across
the conditions. However, to be consistent with such an argument,
the difference between the fr;quency of a steady state tone and
thé initial frequency/of a target glide should have much the same
effect on sequential grouping of the tones as the difference be-~

tween the initial frequencies of the target glide and a glided

captor. Thus, an 55 captor situated at-the initial frequency

e
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of a target glide should attract thé,target at least as strongly
as would a glided captor with the same initial frgguency as the
target. In addition, an SS captor at the initial frequency of
the target glide should group be%ter with the target than an SS
captor at its terminal frequency. 1
(3) The "slope" hypothesis , \\!/7 . |
If the predicted monotonic decrement across the various

slape conditions is attributable to an additional infiuence of
the correspohdence in slope between captors and targets, then SS
captors at either the initiailor terminal frequency of a target
glide should not groﬁp as strongl&ﬂwith the target, as a glided
captor which had the same slope as the target. The additional~

o

‘'slope information provided by’the glided captor should increase

the sequentiai grouping tendency on that condition.

Whether the results_éf the experngnt were consistent with
one or the other of the above hypotheses would therefore provide
a means of isolating whether the correspondence in slope or the

correspondence between initial or terminal frequencies of suc-

cessive glides was more relevant to decisions concerning the se-

quential grouping of the glides. Since 'the effect of the two
alternation rates used in the previous éxperiment\did not inter-
act with the "captor type"” variable, only one alternation rate
was employed in"the current .experiment. It was also arbitrarily
decided té attempt to capture only the upper component of the

two-tone glided complexes..

Method

Subjects. Twenty-four volunteers, ranging in age from 20 to 37
were tested. All subjects‘reported having normal hearing, and

&
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were drawn from the same population as were subjects in Expepi-

merit I.

Apparatus. All equipment used dupring synthesis and presentafion

of stimuli was identical to that employed in Experiment I.

) /
Stimuli. All tones used in the stimuli for this experiment were
sinuéoidal; and frequency glides were exponential. Theptonés
were 230 msecs long, including roughly exponential attacks and

r

Aecays of 10 msecs (which rose and fell as the tones glided in

. frequency) . Successive tones were separated by 20 msec silences.

To generate two-component glide complexes which modulated upward
or downward in frequency, theoffequeﬂﬁy of two sinusoidal tones
was modulated up or dow in parallel (on an exponential scale)
for half an octave. To produce "ascending” glide complexesd, the
upper/tone began at 724 Hz, and}the lower tone began an qctafe
below, at 562 HQ. The two tones glided upward to respectivé ter-
minal frequéncies of 1024 Hz and 512 Hz. To produce "descending"
glide complexes, a pair of sine tones were modulated downward in

frequency; the upper tone gliding from 1024 Hz to 724 Hz, and
y .

the lower tone gliding from 512 Hz to 362 Hz. The pair of up-

N

per and pairof 1loWer tones in both ascending and descending
glide complexes traversed identical frequency ranges. Figure 7
shows the pairs of synchronous tones. The target in each bair
is-labelled Y, and the other tone Z.

Five captor tones with different slopes, were genefated.
So that all five tones would fall within the same frequency range

as the target tone ii.e., the upper component' of each complex)

and have the same centre frequency (on a logarithrﬁic scale), the

i

s A
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A graphic representation of stimulus patterns used
in Experiment 2. The solid lines Y and Z depict the
ascending complex, and dotted lines Y and Z depict
the descending complex, For the former, the approp-
riats captors are labelled in solid lettering, and
for the latter, captors are labelted in "hatched"
lettering. The figure shows dne cycle of a continu-
ously repeating pattern. :
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five frequencies which divided the interval covered by the target
tone (i.e., 724 to 1024 Hz) into four equal‘intervals (on a loga-

rithmic scale) were calculated. In this manner, five frequencies

e

(724, 790, 861, 939, and 1024 Hz) which would serve as the end -~
points for captor toﬁes were generatéd. These frequencies were
used to generate a set of captors representing a continuous
rangefof correspondence in slope to the target tones in both as-
cending and descending complexes (see Figure 7). The captors

are 1a$elled X in the figure. In both ascending and dgscending
complex conditions, the captor labelled A had &n identical slope
to that of the target (Y). The remaining captors (i.e., B, C, D,
and E) had slopgs progressively more disparate to that of Y, with
E having a completely inverse slope to that of Y. The/middlé con-
dition C had zero slope. It, therefore, consisted of a steady
state captor at the mid frequency (on a logarithmic scale) of Y.
Since the different slopes were praoduced by "rotating“ the cap- |
tor glides in equal increments around a central frequency (on a
logarithmic sca;e). any differences between conditions could not
be agFounted for by differenceé in the centre frequency of the

various events.
To permit a test of the "initial” and "terminal_ frequency"”

hypotheses discussed above, two g%éady state captors, placed at
the initial and terminal freqqgncies of both asceﬁding and de-
scending targets, were also usSed. \These captors will be called
High Range Steady State (HSS) and Low Range Steady State (LSS),
respectively (see‘figure 7). - An interaction of the HSS/LSS fac-

tor with the "orientation of glide complex” factor would indicate

- that the target glides were more strongly attracted to a captor

matching either their terminal or initial frequencies.
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To generate practice trials, four stimuli analogous to the
ascending complex A and E conditions and to the descending com—&
plex C and B conditions were generated (see Figure 2). To re-
ducelépecific carry-over effects; all frequencies were altered
so that stimuli used on practice trials were différent from ex-
perimental stimuli.

Four different‘randomizations, each containing 42 experi-
mental trials, were recorded on audio tape. The 42 trials con-
sisted of three replicatiops of each experimental condition (i:e..
7 levels of "captor type” at each of the 2 levels of "orienta-
tion of glide complex”). Each trial was preceded by a warning
beep, and consisted of 30 repetitions of one of the pure-tone/
complex-tone cycles. The trials were separatéd by six seconds
of silence. The four practice trials were recorded at the begin-
ning of each randomization of trial orders. Subjects were ran-
domly assigned one of.fhe four randomized orders, with the re-
striction that six subjects were run on each randomization.

To ensure ‘that all tones in the stimuli were equal in sub-
jective loudness across their entire range, the loudness of a
sine tone (which was ramp modulated at 1 Hz -across the entire
frequency range emplo&ed in the stimuli described above) Qas
measured at the headp@ones.' The output was found to be flat at

80 dB SPL. Human auditory frequency response is also known to

‘be flat at 80 dB SPL across the same frequency range (Fletcher &

Munson, 1933). - A presentation of experimental stimuli at 80 dB
S?L would therefore ensure that all tones in the stimuli were -
about equal in subjective loudness (at least on average for a

group of normal subjects). No individual audiograms were taken.

-

s
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Procedure. Instructions and treatment of subjects were alﬁbst ‘
identical to th;se in the previous experiment. The task remained
similar, and an identical seven-point rating scale, labelled

FUSED a; the lower end and DECOMPOSED at the upper end, was used.
Of course, instructions pértaining to the differences in alterna-
éion rate of stimuli used in thewprevious exgeriment were dropped.
Subjects were also informed that the more rapidly alternating

pair of pure tones which would be heard in "decomposed" stimuli . _
would always be heard in the higher frequency range, with an iso-
lated tone heard half asvoften in the lower range. Again, fused '
stimuli were described as sounding like an even alternation of .
pure and rich-sounding events. Practice trials were presented

in the same manner as in Experiment I. All 42 trials were pre-

sented in one session.

The data measure and analysis )

The subjects' ratings were sorted into experimental condi-
tions, and the totals of ratings on the three replications in
each condition were anglyzed in a two-way analysis of variance
with repeated measures on both factors. vThe factorsutested were
two levels of “orientation of the glide complex” (i.e., ascend-
ing or descending) and seven levels of “captor type”, five of
which represented the correspondenée in slope between cdbtors and
targets (i.e., A, B, C, D.‘and E) and two of which represented the
SS captor conditions (i.e., HSS and 1SS). Subjects occasionally
placed their rating marks ;pr two trials on the same copy of the
fatiﬁg scale on thgir response sheet, and as a result both re-

sponses had to be dropped. The missing data poiﬁts (8 in all)

)

t
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were repléced with cell means. To compensate, 8 degrees of

lfreedom were subtracted from each error term (see Table 4).

Results

The overall mean ratings on captor conditions 4 through E
are shown in Figure 8. The data suggest that as the correspond-
ence bhetween tﬁe slopes of captor and target tones was reduced
(across conditions A through E), so ratings of perceived decom-
position diﬁinished.- The main effect of the “captor type” fac--
tor was highly significant, 2(6,“130) = 6.35, p<.0001. A test
for monotonicity performed on the means fo£ the five "slope” con-
ditions showed the apparent trend deéﬁribed,above to be very re-
liable, F(1, 130) = 11.&3, p <.001. “In addition, the inté}action
of the “siope factor” (when weighted for monotonic trend across
conditions A through E), and the "orientation” fagfor was tested,

and found not to approach statistical significance, F(l, 130 ) =

0.49, n. s. In this manner, the consistency of the monotonic
trend across conditions A through E in both ascending and descend-
" ing complei conditions was confirmed. The F-values derived dur-

ing tests of deviations from monotonicity (across conditions A

through E) are shown in Table 4. No significant deviations from
monotonigity were observed. Despite the absence of sighificant
deviations from monotonicity, a more liberal test was used to en-,
sure that the apparent ugward shift dh condition C was not due toi
more than simple error va;iance. The observed mean at "C" was
fested against that predicted'by a straight line fit to the W

data, using a t-test for the difference between a mean and a con-

starit (i.e., by setting,#he constant.to the value' predicted at

t
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captor type) performed on decomposition ratings

i

. Table 4:; Summary table of the 2-way analysis of variance (orientatlon of glide complex X

M mone vt s b =2

t
P e et

&} ) :
Source- SS ar . MS j\jF ho)
Orientation of ' ' ' + ' +
Glide Complex (0). 97.04 97 .04 3.36(2.19)"  0.0799(n.s.)
Error 664 .84 23(15)+ 28 91(44 32)*
Slope (S) 631.95 6 105.32 6.75(6.35) "~ 0.0000(<.001)
Error 2154 .61 138(130) 15.61(16.57) - .
Linear 189 .51 1 189.51 12.14(11.43) <.001(<.001)
Error 2154 .61 138(130) 15. 61(16 57)
Quadratlc 12.20 1 12.20 0.78(0.74) n.s.(n.s.)
Error 2154.61 138(130) 15.61(16.57) | T e
Cubic 8.15 1 8.15 0.52(0.49) n.s.(n.s.)
Error 215k .61 138(130) 15.61(16.57) '
Quartic 23'79 1 23079 L 1152'(115“’) n.S.(n‘S.)
Error 2154.61 138(130) 15.61(16.57)
0 xS ’ 148,08 6 24 .68 2.12(2.00)  0.0550(n.s.)
Error E 1607.86 . 138(130) 11.65(12.37) \
8S/LSS x 0 115.87 1 .8 : : . <.01(<.01
g?rrﬁ-s , 1603 86 138(130) 1% 62(12 37) 9.95(9.37) <01 ) )
Siope (monotonic) x O 6.03 ) 6.03 0.52(0.49) nis.(n.s.) .
Error - 1607.86 136(130) 11.63(12.57) b
HSS ascending versus ' <
. A descending . 64.84 1 6% .84 5.57(5.24) <.05(<.05)
Error - ° 1607 .86 138(130) 11.65(12. 37)
1SS descending versus -
A descending 340.00 1 340.00 29.18(27.49) <.001(<.001)
Error g 1607 .86 138(130) 11.65(12.37)
) e
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e Source Ss ____df Ms ___F D .

HSS deéc,ending'irersus
A descending 1.79 1 1.79 +
;0 Error , 1607.86 138(130)* 11.65(12.37)

LSS ascending versus

[N PN

0.15(0.15)" n.s.(n.s.)?* SR

A ascending . 98.58

/ 1 98,58  8.46(7.97) <.01(<.01)
f Error : 1607.86 138(130) 11.65(12.37)

2

~
+Ad.*ustec_i for missing data points . : : o
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"C" by a linear fJ.t to the end points of the curve) The differ-
\

' ence was- found to- be nonsignificant, t(46) = 1. 82, n. s. There-
fore, the apparent upward shift in condition C was probably not

due to any ssrstematic influences on the mean,

Table 5 shows ‘thé means on HSS, ISS and A captor conditions,
for both ascending andwglﬁescenaing taré:‘ets. The siimulus pattern
for the condition associa:ted with each mean is also shown. .From
Table 5, it appears that each captor produced greater sequentiel
grouping with its target when at the initial rather than termi.nal’
frequency of the' target. The HSS captor yielded a hifher rating

on the descending target condition, wh]i‘le the LSS captor(ylelded

a hi“gther rating on tﬁe ascending target condition. To determine
‘the reliability of the apparent effect, the interaction of the -

HSS versus LSS factor with the ascending versus descending tar-

get factor was’ tested on a planned contrast, and found to be sig-

x

nificant, F(1, 130) = 9,37, p< .01, Despite the interaction,

- LSS means were rrever higher than/ HSS means regardless of whether

/ I3

the ta.rgeL tone was ascending or] descending.) There:t‘ore. it ap-
pears that it was not- sole]fy the presence of a captor tone a‘
either the 1nitial or terminal frequency o:f each target which

accounts for the results. Ins‘tead, the HSS captor appears A

: have been generally superior at :mducing the isolation of both

. r.ascending a.nd descenﬂing targets from ., the two~componertt complex.

despite the fact tha‘t lt was situated at the terminal frequency
of the former and at the 'iniitial frequency of y;he latter.
It wag also desired to determs.ne whether all the SS captors

tended to produce smaller decomposition effects than the condi-

‘tion A captors. Such a difference would suggest “that the aor- -
, . » ~

| I's
& . P -
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Table 5! Mean ratings. on HSS, ISS and A captors when alternated
with either the ascending or descending glide complexes.
(The pattern associated with each condition is shown
oo . above each mean. Whether the S5 captor was at the
“w terminal or initial frequency of the target glide is
also indicated). e
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respondence in slope between the A captors and targets itself
provided additional information, over the correspondence in

thelr 1n1t1a1 or terminal frequencies, to favour sequential

grouping of captor and target tones in that condition. The rat-

ings on the SS captor condifcions, when the captors were at their

targets' initial frequencies (i.e., HSS in the descending com-
Plex condition, and LSS in the ascending complex condition) do
not both appear to be as high as the A condition means for the
corresponding targets (see Table 5). Planned comparisons re-~

vealed that while the "HSS-descending" condition mean was not

significantly different from that on the "A-descending"condi- .

tion, F(1l, 130) = 0.15, n. é., the "LSS-ascending" condition

mean did differ reliably from the "A-ascending" mean, F(1, 130 =

7.97, p <.01. The results suggest, therefore, that the SS cap-
tors at the initial :frequenr‘:i/eds of -t:argets'were not uniformly

as good at attracting ascending and descending targets as were
the corresponding A captors. / .

‘vf The results shown in Table 5 also suggest that both “ter-
- LY
minal frequency" captors yielded lower scores than the A condi-

tion captors. To determine whether or not they did so reliab-

ly, two additional planned comparisons were performed , The \
difference be'bween the mean 3;‘11‘ the condition 1n which the HSS
captor was at the ferminal frequency of ¥ (i.e., the HSS-
ascending complex conition) was tested agains‘l: the mean on
the A condit:.on for the ascending complex. The HSS ‘mean was
significantly lower than the A mean, F(l, 130) = s5.24, 2%5

As well, the mean on the condition in which the LSS captor was

v
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at\the terminal ﬁequency of Y (i/./e., the ISS-descending complex
condition)‘ was compared to the A-~descending complex condition,
and found to be reliably lower, F(1l, 130 = 27.49, p< .00l1.

Since the number of comparisons performed on the data in
the cu:;_;re;it expe:riment is quite l\arge, the probability that a
significant effect might ha;re resulted simply by"chanée is also
quite high. However, the significant F-values on the compari-

sons fell well above the critical value required to declare each

- effect significafxt. Therefore, the effects can be considered

to be fairly reliable.

_ﬁ\//'

_ Discussion o
The data are consistent with the conception tha’t. the

strer;gth of sequential grouping between succeséive pure tone
glides is a diréct function of the.correspondence between the
slopes of the glides. As the slopes of suyccessive glides were
made less equivalent, perceived decomposition (i.e., sequential
X-Y grouping) diminished linearly (see Figure 8). However, to
accept the notion ﬂ:at the relative slopes of successive glides
affected their sequential ‘grouping tendencies, it must be shown
that the correspondence between the terminal or initial frequen-
cies of the glidés alo)ne in di?fer’ent conditions was insuffi-
cient to have produced the observed effects. ' '

| The results on the HSS and LSS captor conditions at each
level of the "6rientation of glide complex” factor (see Table 5)
éan be used to infer that the teﬁmina.l frequencies of the target

glides alone were not important in determining their attraction

-




& e S AT AT 4 L D B A v AP 10Tt roam 1o

f/‘

80

to other glides’? or steady state events. Each of the SS captors

yielded lower decomposition ratings when at the terminal frequen-

cy of the target than when at the initial frequency. In addi-
tion, both "terminal frequency" captors yielded lower ratings
than the corresiaonding A condition’captorsk. | Therefore, the two
criteria éstabiishe;l to accept the "terminal frequency” 0hypothe-
sis discussed in the Introduction were not met.

The results shown in Table 5 do, however, suggest that the
initial frequency of a glide may play a greater role than its
terminal frequency in causing the glide to be attracted to o?:he/D
auditory events./ However, if the perceptual grouping of a glide
with other events was based solely on the glide's initial fre-
quency, then one would expect tha'l:“the SS captors would have

:

yielded consistently higher scores when at the initial rather

1

U R
than terminal frequency of their targets. Clearly, this was not

so, since the HSS captor at the terminal frequency of the ascend-~

ing ‘target glide yielded at least as high a score as that of the
1SS captor at the initial frequepcy of the same target. (see
Table 5) . Furthermore, one would predict that if for the pur‘-
pose of perceptual grouping only the initial frequency of ‘a ﬁ
glide'is éonsidered, then each SS condition in which the captor
had the same frequency as the initial frequency of the target
(i.e., 'HSS-descending complex' and 'LSS-ascending confplex' con~ -
ditions) should have yielded identical results to tﬁe. A condi-
tion with the corresponding target (since the captors and targets
had the same initial frequenpieé in both A conditions). The fact
that one of the "initial frequency" captors (i.e., the LSS cap-

tor in the ascending complex cgn&ition) yielded a significantly
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lower score than that on the corresponding A condition suggests
/ - -
that the correspondence between the initial frequencies of the

captors and targets in the A condition alone cannot account for
the higher decoﬁposition,rating (or higher sequential grouping)
on that condifion. There is therefore reason to rejgct the
"initial frequency"” hypoth981s. \

‘Thé apparent superior1t§\of each SS captor in attracting '
Y, when at Y's initial rather than terminal frequency (gee=fable
5) may be attributable not to the;initial frequency factor per
se, but rather to the fact that each "initial frequency" captor
nearly “connected up" in frequency with Y (see Table 5). It is
reasonable to assume that a captor which continuously excited
the frequency region corresponﬁing to the region in which Y be-~
gan, right up until just prior to the onset of Y, would have
ﬁrovided a strong cue tp enable the auditory system to isolate
Y from the éomﬁlex. ‘The "terminal frequency" SS céptors. which
insteadk"connected up” at the end of 9, may not have provided
such a cue. In the "initial frequency" SS captor condition the
auditory system would have been primed for the occurrence pf Y,
while in the "terminal frequency” ¢ondition, the cue would have
arrived only after the occuirence of Y. I? the cue is not as
effective retroactively, then this might account for the fact
that each captor When in the initiai fréquency position appeared
to attract Y better than when in the terminal frequency position.
To account for the overall superiority of the HSS captors over
the LSS captors in attractlng Y, one mlght suggest that each
captor's attraction to Y may have competed w1th 1ts attraction

to 2. THerefore, the HSS captors, which wegb always further
- . ! . Y

¢
i

’
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from 2, may\have been less affected by such a competitive attrac-
tion than the 1SS captors) " The HSS captors v.iE;u_lTi_ thus be some-~
what advantaged in attracting Y. The combined eff;cts (i.e.,

the captors' 'connection' to Y and the competition from Z2) may
acq‘ount for the fact that the SS cap‘tor that "connected up" with

Y and was far from 2 (i.e., the 'HSS-descending complex' captor)

. yielded the highest decomposition rating (see Table 5). However,

since the experimental design was not symmetrical with respect
to the distance in :E‘requency between HSS -and LSS captors and. Z,
this speculation cannot be verified.

Among c?.ptor conditions A through E, the captors that yiéld—
ed the highést decomposition ratings (e.g., condition 4) did not

. “ .
" *"conneet up” with Y in the same manner as the "initial fre$uency"

SS captors. It is, therefore, likely that a different factor.
from that active on the SS condi’;ions was largely rgsponsible for
the captor-target grogpiing in the other conditions. Possibly
the co_rrespondence in slope between the captor and target tor}_es
in each condition was such a factor. Perhaps, when the slopés
of successive/glides corresponded, a bias in favour of sequen-
tial grouping occurred and when t‘ho; slopes did not.correspond a
biag against such grouping developed.

~ . The main piece of evidence whic} was used to reject the
"initial frequency" hypothesg.'s was the relatively low score of
the ‘finii;ia.l frequency” LSS condition. Since a competitive a\t-
traction from 2 may in part account for the low score observed
on that condition, we must be cautious in completely disco‘unting
the hypothesis. However, Brady, et al.’s (1961) finding, which
suggests a dominant role of the terminal frequency of é‘glide

~,
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in perception, questions the plausibility of the notion that the

_ initial frequency of a glide dominates during'perceptual group=

*

ing. Furthermore, the idea :that Z may have competed with Y for.
the attré.ction of the LSS captor is highly speculative. Even if
true, comparable attractions from Z on the captors in conditions
A through E might have caused any effects of Z to cancel out
across the conditions. Therefore, while further research is
requii'ed before the "initial frequency" hypothesis can be unequi-
vocally rejected, the notion that the relative slopes of the
tones was involved in producing the effects observed in this

experiment is preferred at this time.

»

EXPERIMENT IIL

Introduction ' )

In Experiment I, the results suggested  that frequency prox-
imity information dominates over any effects of trajec\tory in-.
formation in determining which successive events will group into
a sg.ngle sequence. However, several possible accounts for the
observed inferiority of trajectory effects over frequency prox-
imity effects at inducing sequential grouping of gli&ed tones
were raised earlier. To recapitulate, it is possible‘/that the
hypothetical trajectory effect is simply weaker than the fre:men-
cy proximity effect. Therefore, in an ;xpepiment in which \
strong ffequency préximity effgcts wére in competition with weak-
er tréjectory effec?s, the weaker effects would have rated at

the low end of the rating scale, even if they were perceptible.

to subjects, since subjects we\re probably just comparing one
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. overshadowed the weaker ones. Second, as was
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condition with anozher.' The stronger effects would simply have
X:inted out i:n the

Discussion of Experiment I, the possible tendency for captors in

the "Trajectory” condition to. group with each other sequentially -

may have competed with any captér-"carget grouping tendency.:“
Since the "Frequency Proximity"” sfin;uli used in Bxperiment I
woulc} have provided far less opportunity for su captor-captor
grouping, they may have been slightly more conducive to sequen-
tial captor-target grouping.r Finally, it was pointed out earli-
er that cumulative perceptual evidence supporting sequential
grouping may have been greater in the "Frequencjf Proximi ty"
conditions than in the “Trajectory" conditions’ employed in
Experiment I. 1 |

The following experiment attempted to eliminate these po-
tential confc:unds, while 8till examining the relative contribu-
tions of frequency proximity and trajectory information to the
sequential grouping of successi_.\ve frequency glides. Again,' the
stimuli consistgd of a single glide, followed by a glided com-~
pléx containing a pair of gynchronous glides.. To maintain equal
grouping tendencies on the basis of slope, the slopes of captor
tones and of ‘tones in the complex were always made identical.
Since no effects directly due to the direci’(/:,ion of the complex
glide had been found in previous experimen'lts. all glides were
arbitrarily orien‘ced‘upwa:qd. As a measure of sequential group-
ing of successive tones, it was arbitrarily decided to try to
capture- the lower tone (or fuﬁdamenta.l) of the glide complex,
and thereby to try to decompose the complex tone. Instead of

J )
presenting continuous cycles of the pattern, repetitions of

-
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the pure tone/complex tone sequence were separated by four sec-

- (. onds of silence. Bregman (1978c) has suggested that the stream-
| ing mechanism aceumulates evidence over successive— events, and
N uses the cumulative strength of this evidence to generate a pro-
bability statement concernlng_ -}“ww likely it is that a series of
events belong’ in a single stream. The introduction of a four
second silent ir;terval was found to clear most bias favouring a
particula:n: stream formation, which had devel,oped due to previous- J
}y‘accumula'ted information, Therefore, by imbedding a four
second silence between each /repetition of_ the captor/targ-e’t pair
in the current experiment, it was presumed that any ‘cendeney for
the sequen‘éial grouping of tones 1n success:we cycles to oceur,
would be eliminated. The only remalm.ng tendencies would thus
! be those for "within cycle" groupings. The introduction of

silent pauses between repetitions of the patterns should. thus

serve two endss (1) It would eliminate the possibili‘bi‘ of cap-

B

tor to captor groupings between cycles of the stilmulus pattern,
and (2) ‘the accumulation of evidence favouring either trajectory
or frequency proximity groupings would be equalized aefoss con- 4
ditions, Presumably, any m‘echanism‘accumulating evidence for
either potential grouplng would be reset following each four-
second silence. Hence repet:.tz.ons of the patterri were not in-
tended to promote streaming ef"fects, but were simply eniployed

to enable subjects to hear each pure tone/compex tone sequence ‘ .
often enough so that they could make a reliable judegment of

whether each presentation of the sequence was “"fused" or "de-

& compased” ' » ’n‘?
To reduce the tendency for stronger effects to “"wash out"

the %pothetmally weaker trajectory effect, captor toneg were

P r STV 0 Ayl 53 gl gty
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positioned in seven different frequency regions, ranging from a
reglon equal to that of the target tone (1.e., the fundamental
of the glide complex) to one far below it (see Figure 9). The
captor at the fourth of these seven positions was situated so
that it and the target tone aligned themselves on the same’ tra-
jectory. It was presumed th;.t if it wg.s only the frequency prox-
imity, between the captor and target (asseséed by judging the
proximity between their average frequenciefs) that iniiluenced
their mutual sequential attraction, then the strength of se-
quential grouping would diminish as the distance between the cap-
tor and target was increased. Therefore, one would predict a

decreasing amount of capturing with increasing distancé between

~ the captor's and the target's frequency’x"egions. Alternately,

if trajectory information also played a role in attracting the

/
target to the captor, then the single *K"Trajectory" condition

should deviate from the smoothly decreasing trend, such that
the meén on the “Trajectory" condition would be higher than
that predicted. by a line fit to the data. Such a result would
reflect the fact that the influence of é"trajectory ‘effect"had
become added to the effect of frequency proximity on that condi-
tion, causing the mean for the "Trajectory” condition to be in-
flated. Since the two effects should be additive in such a
sitt;ation, any “tra.jestory effe;t” should become visible "on
top of" th°e frequenéy proximity effect. ~

* Due to the fact that stimull were not presented in continu-
ous cycles, it became very difficult to achieve clear ‘decomposi-
tion efifect“s- Présumably, such effects require the accumula-

tion of evidence over repeated ¢ycles, as suggested' by Bregman
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tFigure ©. A graphic representation of stimulus patterns in
Experiment 3. Captors are labelled X, the target
'Y, and the third tone (designed to fuse with Y? ;
1s labelled Z, The figure shows one oycle of a L
continnously repeating pattern. ‘ ]
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Q(l978c) . Howeve\r, during p]:‘et:es-t:i.n‘gl it was found that decom--

A wpe AR ey et
|

position of the mixture was perceptible when a single alterna- '
tion :gf captor and comple:g glides nas prgsénted at a 130 msec
event rate (with 20 msecs of silence between the tones) . Since
slower rates would not vield clear decomposition on a single .
presentation of the pure tone/complex tone peir, only the fast -
\prate was employed in this eXperiment. At" the 130 msec rate, the

tones were still clearly audible as frequency glides, and hence

e Pt ot A RV KNS AW LA T Sk v e

it was felt that the hypothetical trajectory ‘effect should still

. be operative.

| } '\
§ . Method

Subjects. TIwenty volunteers, ranging in age from 19 to 29 were A
tested. All subjects reported having normal hearing, and were

drawn from the same population as those employed in previous

experiments . \ ) , -

_pw All equipment used during the synthesis and preaenta-
tion of stimuli was identical to that employed in_ the previous

experiments. | . - ;

Stimuli. All tones were sinusoidal, and f:equency glides were

exponential. _Egch tone ha.d a 130 msec duration including a 10 msec
exponen‘biaiA attack 4nd decay of amplitude (fising and failing as y
the tone was glided). ' Each stimulus pattern consisted of a s
tone followed 20 msece later by a pair of éimultaneous tones.

To generate a rich sounding two-tone complex, the frequency

(«3 | . of each of a pair of synchronous s;l.ne 'kones was modulated upward

in frequency, in parallel. for just under ‘one ha.lf an octave.

Y
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In this experiment, the upper tone glided from 1448 to 1919 Hz,

and the lower tone glided one octave lower, from 724 to 960 Hz.

During pretesting, the compléx was judged to sound like a single .

rich-sounding glide, when heard in isolation from other tones.
To produce captor tones’ vhich would precede the complex,

and potentiate a sequential grou:ping between themselves aﬁd the
lower component of the two-tone mixture, seven @ifferént glided
sine tones, all with identical durations and slopes to the tones
in the complex, were ﬁsed. To p;:gﬁce strong frequency prox-
imity grouping, a glide identical to the lower comiponent in the
complex tone, (i. e.. ranging from 724 to 960 Hz), was used,

This ¢condition will be referred to as condition A (see Figure

9) .. Note that in this pattern a sequentia.l grouping ‘of the cap- .

tor (X) and target (Y) should cause tone 2 to be heard as an

‘isolated high pitched event.. To create a stimulus pattern’ which,‘

would favour a grouping on the Vasis o:t‘ the . trajec tory between
the captor and target to 8, a captor. tone (X) was glided from.
512 to ﬁ79 Hz. As a result}) the capji;or (X) and target. (Y) were
alj.dgned. ‘oh pregisely the same trajectoi'y on & 1Q§arithmic‘scale
of frequency. This condition is labelled condition D(t) in
Figure 9. The latter condition was produced essentially by
gating on ané. off a si;lgle‘ lb;xg :requer;cij:glide,,g'liding from
the captor onset fr’equenéy (512 Hz) to the target. offset fre-
quency (g,é_o HZ) . Thus it was assured that the captor and tar-
get were aligned on precisely the game trajectory. |

Captors in condi‘tion B and C consisted of tones glided

from 645 to 855 Hz and 5?5 to- 762 Hz, respec'blvely. Similarly. ‘

B g iy o Yot t ow aad dimpiaveabm )

“ tﬁre“ captor conditions were generated in which the captors

R \ : . .t

89




. it -
* practice trials were similar but not identical to experimental "

" ed of two warning beeps, followed by two seconds of silence.

' presented, with four seconds of silence between the repeti-

j¥ ]
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fell below the D(t) captor in frequency. Condition E, F and G

captors gli:’ded from U456 to 604, 406\'1:0 539, and 362 to U480 Hz,
‘respectively. fn this manner, all glides employed fxa:ci equal
slopes, and traversed the same distance on a logar:.thm:.c scale
$"oft‘ frequency. Captors across conditions A through G, became
progressively further in frequency from the target tone in
equal increments (on a logarithmic scale) . The.glicie complex
remained the same in all conditions. .

"Four praqt:‘g\c:e trials, analogous to the patterns shown as
condiEions A, B, D(t) and G in Figure 8 were generated. How-~
ever all frequency ranges of tones were altered, so that the

i

trials. Four randomizations of trial orders$ were recorded on 0

audio :bapq with each randomization consisting of 21 trials

o

o

(i.e., 3 replications of each of the 7 captor tone conditions).
The four practice trials were recorded at the beginning of each j

randomization in the order A, G, B and D(t). Each trial consit- ’,1

b

Subsequently, eight repetitions of one ‘stimu'lus pattern were °

tions. - A single beep was used to signal the beginning of a six
second response period b:atweeri successive trials.\

The upper tone in each two-—tone complex, which ranged from
1448 %o l9l9 Hz, fell in 2 reglon of heightened frequency re-
sponse at roughly 80 dB SPL, accordlng to valuesffﬁ plotted on % ]
the FletcRer-Munson curve (Fletcher & Munson, 1933) Thus gt

the upper tone was probably heard as being louder than any of

\
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the other tones, However, since this loudness difference wis

-
o

constant across &1l conditions, and no attempt to ~capti1i'e e
upp@r tone %E?\a e in ar:y experimental condition, 11: was ngt
neceasa;ry to ad just the loudness of the tone. All captor and.
target tones fell within the’fr‘equency region between 362 and |
960 'Hz. The auditory system shows a flat frequency‘response at
80 4B SPL with:’;.n this range . ‘The respon‘se of playback equipmjent
was measured a*t;° “the headphones, and was also found to be flat
for an 80 dB sine tone glided up and down across the entire 362
to 9601Hz range . Thus, all captor and target tones” had equal

subjective loudness (on average for a group of normal é.ubje‘cts) .
$

P;ocgddre In this experlment,a sub;jects were aga.ln asked to §

éudge whether stimuli contalmng a pure tone glide followed by

a pair of simultaneous glides were heard as: —belng "fused" or

"decomposed”. The. subjects were told 'l:hat "decomposed" stimuli
would sound like a pattern containing a pair of rapiq glides in
the low frequency range, with a third isolatéd sound audible in

the higher range. "Fused" stimuli were described as sounding

. like a pair of glides, one sounding pure and one sounding rich.

Two diagrams depicting "fused" and "decomposed" patterns accom-
1\>anied the explanation. Subjects were informed that they would
hear eight repetitions of each pattern, and that each- presenta-
tion of the pattern would be followed by a four second silence.

The subjects réquired considerably more exposure to prac-

tice trials than they had required in previous expériments before‘

they could recognizé any decomposition effects at all. The pro-

cedure employed to train subjects on the task was as follows:

e
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The first px:actice trial (analogous to*condition ‘A in Figure

9) was presented. Although this stimulus represented a "strong-

ly decomposed” pattern, the effect was bsubt,le, and difficult to -

hear on the first‘expos}tre ., Only one subject rated the stimulus
as being decompoéed on the first presentation. For every other
"subject, the same trial was repeated (approximately 4 times)
until the subject reported héarf‘mg three \clearly audible tones.
,i‘hen the remaining three practi;:e trials were presented. If the
subject- felt uncertain about qﬁalitatiye differences be{:ween"
the stimuli, all four practice triais were presented once more.
By thig point, all subjects reported th?,t fhey could hear three
tones in some sequence; and only two tones in the others, ea/ccept
for one who was rejected from the exﬁerimén§.

All experimental conditjons (21 trials) were presented in
a single session. Sﬁi)jects were randomly assigned one .of the
four randomized orders, with the réstriction that five subjects

were run with each order. , P d

The da'i:a measure and a.ngxsis

Subjects’ rat‘ings were sorted into experimental conditions,
and the totals of ratings on the three replications in each con-
dition were analyzed in a one-way ANOVA with repeated\nfeasures

on the seven levels of “captor position” (see Table é).

Results ' .

Figure 10 shows the mean rating for each of the seven cap-
tor conditions. The data suggest that there wasg a monotonic

decrement in the ratings correlated with increasing separation
g

Id
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Table 61 Summary table of the l-way analysis of variance performed on decomposi- .

a¥

tion ratings in Experiment -III

-

I ,./'

Source SS - df NS F D
Captor Type (GT) 991.14 .6 16&.19 11.61 . 0.0000
~ Error - 1622,00 114 . 14,23 : ’
Linear 949,00 1 949 .00 66.70 0.0000
Error 1622.00 114k - “1k.23 _
" Quadratic 0.0 1 0.10 0.01 me, O
Error 1622.00 114 14.23 :
Cubic 0¢08 l Oo087 0001 n.s. -
Error 1622.00 114 14.23 .
Quartic 27.12 1 27,12 1.91 n.s.
Error 1622.00 11k 14 .23 , '
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Figure 10.  Meap ratings (decomposition) at each level of
"captor type". ‘The "hatch marks" indicate the

expected region for the mean.at D(t), given Jthe
existence of a "trajectory effect”. >
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. ed nonsignificant values.

in frequency betwefen captor and target tones (across conditions

A through G). %‘here appears to-be no upward deviat:l.on from the .

‘trend in the D(t) condition. Th:Ls negative result suggests that
"‘tra;jectory effect" did not raise' the rating on the latter con-

ditz.on. by add:.ng a separat‘e influence favouring decomposition.

(The ‘hatch marks in Pigure 10 indicate the expected region for

the mean at D(t), given ;:he. existence of a ’tréjec\tory effect’).

The main effect.of”captor po\sifcion” was very reliable, F(6, 114) =

11.61, p< .000L. A trend analysis was performed on the data,

and resul'ting F-values are shown :z.n | Table 6. . Note that while a

significant linear trend resulted from the' analysis, F(1, 114) =
66.70, p< .0001, all tests for deviations from linearity yield-

£
IR

Discussion

The results of this experiment are very clear cut. E T;1e
strength of sequential grouping of successive glides appears to
have beenﬂa direct function of the frequency‘ proximity bét‘ween
the glides. As the captor and éarget glides were made more dis-
tant from each other in mean frequency, the ratings for the pat- ‘
terns became lower (i.e., less "decomposed '), suggesting that .‘
sequential g;:'oupin§ 6f the captors and tar/gets became weaker

across the conditions. This result, therefore,’ corresponds to

- the findings of Experiment I, which suggested that glides more

. Proximal to each other in mean frequency are grouped more strong-

ly into sequential streams. . )
No evidence was obtained to suggest that the auditory sys-

tem tracks from the trajectory of one gliding sinuscid onto a

N\ - R
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" subsequent sinusoid maintaining the same 'tr’ajectory of change.

- It is, therefore, suggested that the audit ry system does not
use trajectory,,information during those auditory grouping pro-
cesses that we;}gh antagonistic sequeptial and "vertical” group- °

'y . . . .
ing tendencies; at least, such use of trajectory information“has

not been detectable by the 'n;earls employed in the current experi-

4

| ~. ment, or in Expern.ment I.

1
° 4

The f:.nding is somewhat contradlctory to a result described

“«
e o e g e R R T Y A s s 1 o
v

. by,‘Bre man and Dannenbring (1973). ‘They showec}‘ that sequences

of alternating ‘gh"a'.nd' loy tones would remain in'a single stream
at high present tion rates if short frequency gl'ides at the onsets
and- offse'ts of/ each tone made the tones "point" to each other.

} High and low 'éones with no such glz.de/s were found to segregate

1nto separe.te streams when pnesented in otherwn.se identlcal se-

quences. It was suggested that the result reflected a "tra;ectory-

like” eﬁ‘ect. in which the tracking of the rapldly alterna'tlng se-

S T e U STt o e . et s S o i £ S U AL et W
€

quence of tones was fac:.litated by -the glides which served to
\ , sensitize the auditory system to the frequency region in which
each subsequent tone would occur. However, the effect can also

be explained in terms of freqtiency proximity., The short glided

segnent on each'tone, "pointing” to the subsequent tone, also '
made the tones effectively closer in frequency. Given the re-
sult of the current experiment, which shows no evidence for a

e .
trajectory effect, and much evidence for frequency proximity ef-

T fects when stimuli consist of 'alternating frequency glides, it

is probable that freciuency proximity effects” accounted for - - ;

i ot
Ry
P

(v -y Bregman and Dannenbring‘'s finding. -

i |

N ‘ / ‘
The inability to detect trajectory effects betiween glided
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tonés -in the current study is cons:.steﬁ{t with a result reported
by Halpern (1977) . She found that listeners could not fully
Erack\ either one of a pair of ascendlng: and descending sine tone
giides whicin crossed each other's paths:at their mid-points.
Llsteners tended to track the first part of ‘the ascending glide
to the crossing poin',t, and then to folldiw the second half of the
descenﬁlng glide back dgwn, or to begin ‘l?y following the down-

ward glide part way and then to follow the second half of the

.ascending glide back into the hiéher range . Ig either case,

the trajectory of a single.glide appeared not to be extrapolat-
Gcross the point of/cressing The result, therefore. supports
the notion that’ the role of traaectory informati.on in the percep- :
tual organization of @udltory patterns contairu.ng gl:l.des is mi.m.-
mal in comparison to frequency-based grouplng tepdencies. -

One factor may restrict the generality of results in the cur-
rent éxperiment. Since the duration of each glided tone was fair-
ly S};.Oi‘t, there may have been little time for the auditory sys-
tem to have accumulated ini‘orn;ati.on describing the 'lzrajerftory of

each toné . It is, therefore, possiblenthat a traje¢tory effect

. might have been achieved had longer toneg been uded. .However,

" .the durations of tones*used in the current study were somewhat

longer than thA\aierage durations of glided formants which occur
in speech. Therefore, if the tracki:né of trajectory information
is to have any practical significanée in a normal auditory en-

virorment, such information must be processed ver&y rapidly . v
Thus, even if a trajectory effect would cause a sequential at-

traction between sinusoidal. glides of long d'urationsz it is dif-

ficult td imagine what the practical significance of such a phe~'
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nomenon would be. However,'glided.transitions in sxieech are

? ( , coritinuous wi}:h the sﬁ:‘eecl_'x train, while the glides in the gurrent -
experiments were discrete. It is possible that.the auditory sys-
’tem s sensitivity to continuous traaectory information, d:.ffers
from tha.t for trajectories between da.scontinuous evﬁnts. : Per-

B haps the auditory sysyem can uge trajectory information. but

simply cannot extrapolate from a trajectory across a silence.

Therefore, had the captor and target tones in the traaectory con-

s U T B ot W A ORI IS s ymt

ditlons been cont:.nuous (i.e., one.long glid::.ng tone), tra,]ect— ’

ory information may have sucoeeded in separatihg the target

R A XM} e

from the complex tone. Further research isy therefqre; requi,red )

N .

to determine whether or not themauditory system can utilize tra-

[—

© Jectory information as a predictive device during the processing

«
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of continuous events. X ‘ - . N~
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The curgen\t study has shown that a pair of simuitaneous

gliding sinusoids/fqan be perceived either as a single "rich"

event or as separate sinusoidal "events. Whether the pair of

tones - is percéived in one way or the other depends on the fones'

¢

1 1 .
relations to other sinusoidal events which precede and follow

them. By altermgting the simultaneous glides with either a

At

sinusoidal: glidé, or a steady state sine tone which fell within

a similar frequency range a.s one of the smultaneous components. g

a bias against fusion of the simultaneous sn.nusoids and in favour
(_»\, of sequen‘tial streaming of successive sinusoids was generally . '

pro@uced’. There was also some evidence to suggest that the
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séquential bor;ding gtneﬁgtlf betweeh successive glides, when in >

L3

the same freduency range, may be modulated Ey the corf'eépqndence

]

in slope of the glides. However, no evidence ‘was developed to

" suggest that successive glided toﬁes, aligned on-a common tra-

%

o
e
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jectory tend to attract each other sequentially..

If we aslsume that when successive tones ir; a seqﬁericé do
not group seguentially, it is because the difference between
their frequencies falls above so£ne criterion value, then’ these
results, taken together, suggest a specific conclusion. ,The dif-
'g‘?e:l:'épce in frequehcy between successive glided toqés a,ppe‘étrs ‘tc;
be mo're directly a functiqn of the differénce be‘\;‘ween averaée
measures of each tone's frequency, than the difference in fre- .
quency between the end point of one tone and the c';nset poip‘t of
%ﬁé gubseduent tone. The expla:;;a'.tioxy would account f.or the fa‘st
that, in the current experiments, when a pair of alternating |
glides fell in c{lfferent frequency ranges, they £id not group \‘\
sequentially, even when the frequency change within the second \‘\

tone was perfedtly continuous with that of the first tone. In \

such a case, the difference /in frequency beﬁ;ween the tones \

N \

(bé.segl on their average fréquenéies)' would simply have been in-
terpreted as being too la;.rge. .One can reformulate the specula- '
tionlaboveoby proposing ‘thP.t "inter-tone" change ('i‘n frequency)
is determined ‘independently o:t" "intra-tone" clhange. (g's a result,

mecham.sms which assess the extent of frequency change between

»

°d1.screte tones, poss:.bly by comparing an average measure of the

frequency of each tone, would be insensitive to a continuity in

4 jthe pattern of ‘change. created by the succesgi\:re frequency com-

1
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ponents within each of the tones. Perhaps. the percept of

change within a tone (1.e. " '1ntra-1:one' change) is detected

. at a completely different level,  and in a completely different

manner from charige between tones (:L.e., 'in'l:er-'bone' change)

.Mechanisms sensit:.ve to "intra-tone" frequency change might
also be able to detect the slope, or traaectory of change m.th:.n
a gliding tone. The results of Experiment II suggést that the

'auditory system might possess such sensitiv)ity to'aiffereﬁce's/

in the slopes of glided tomes. However, Experiments I and III
suggest that the system is unable to extrapolate from thé tra-

same 'tfﬁajectory. Therefore, trajectories exislfting between col-

jectory o:‘E' one glide onto a subsequent glide v;Zich maintains the \,

linear gliding tones appe‘ar not to be siinple extensions of the

- trajectory within each of the tones. This finding again sug-

P

[ A \ - '
gests that “intra-tone" 'properties are treated as being distinct

wfrom “inter-tone"” properties by the audltory systém.

. To account for the apparent distinction between "intra-"

and "inter-tone" properties, we may speculate 'l:l;at aud:.tory
mechanisms ' that describe "inter-tone” relations are’ autonomous
from those that descr\:ijbe "iﬁtra-tone"' relationsri. Pex:haps at one
stage of crganization auditory mechanisms only track information
abou& contlnuous changes (e.g., in frequency) occurm.ng within ‘
discrete “tones. -The d:.scontinuii_:y (in amplitude or in frequen- -
cy) betwee'n successive tones might Efminate such tracking pro-

cesges, and usher in a computation which generates a "summary"

P AN R
. of the changes occurring within each tone. Each calculation

would therefore result in ifzfor\mation “pertaining only to the
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fi'/equency components of a specific tone (e.g.,' an averag'e-fre- I

quency), or the components relations to each other wi‘bhin the .

o

tone (e.g., whether they comprise a ris:mg or falling glide) ’

etc. Perhaps, when the auditory system progresses to a descrip-
tion of "inter-tone" relations., the "summaries" of “intra-tone"
proper-eies become the raw information for a. subseqt;ent 1eve1 of
compufzations.* "Inter-tone" relations might thus be detérmined

by comparing the "summary" for each tone to tha.t for each other ,
tone in a sequence. As a resuli;v—aze—lations between d}.screte ‘con- |
ponents of successive tones, (e g., whether or not the temi.nel
frequency of one tone was close in frequency to the onset fre- )
quency of 't:he _subsequent tone) would be "innsible” to the sys-~
ten at this stage, since such relat:.ons would have been obscur-\
ed by prevq.ous averaging processes. If auditory grouping mecha-
nisms operate’ by determining ":Ln'ber—tone " rélatlons on the basis )
of such summary“ descriptions, this mlght explain why the oi-
served "stremn:.ng eﬁ‘ects" appeared to be based on the "glob
siml;frit:.gs in the characteristics of successive tones in a
Sequence (e.g., .the:.r correspondence in‘ ffequency range and

slope) rather than on continuities between the tones.

A ‘possible physiological substrate for such mechanisms -

" Hypothetical mechanisms which {vould underlie such operations

" ean be deséribed,-*‘ as 'fellewsz T}{e locations in which informa.tion

about each tone in a sequence is accumulated can be conceived to
consist of regions in the central nervous system tha'B represent
events occurring along the ba,eilar membrane . A frequency analysis -
perfomed on any signal wot’zld result in the deécript:x.on of fre-

N
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quency components of. the signal a'é each moment in "tim'e. Dia;

cfm‘clnulties in the signal occurring at the onset or offsét )
of each discrete eyent wduld be demarcated as regions in which

the energy shifts abruptly to a new level, or is absent for ‘a.

periodv of time. ITf one such—'event was a giidéd tone, then it‘
would result. in the represe’ntation ( of a continuous spatio~
péttern'of displacement along a region of the membrane, bdund,ed

L -

by an on'se% and offset discontinuity.

$

_tector" to become temporarily lrefrao,ctor‘yf Therefore, a sub-"

J.S required - that _an 1ntegratlon of in:rormation over each con-
'tinuous pat'bem of displacement (correspondlng to ap s:mgle
glide) be performed, but not over dn.scontinuous port:.ons of the
patiern (i. €y not across successlve tones) . ,Such 1ntegratz.on
mlght be performed by "glide detectors” analogous to those de-— ’
scribed by Evans and ﬁpmﬁem (1965) and Vartanian (1974) .

that the firn.ng of each “detector" would be restrlcted only to

the cont{nuous pat‘tern of dlsplacement produced by a s:.ngle

gliding tone, 11: is proposed that a discontinuity in amplitude

qﬁ' in frequency'. at tt}g offset of a gllder'would"causg -the "da-

sequeht gli'dé » even if it foilowed the same "frajectory set by

the first glide would not excn.te the same "*detector". Such an
organizatn.on would accQum: for the apparen’c absence of frequen-
cy. tracking between success;we collinear glides.\ and would ex-'
plain why a pair of coll:.near glides appéa.r not 'k(o be perceived
as forming a single continuous @‘a;ectory. e é ’é,’mgla glide~

sensn.tlve unit could be fired by a.pair of collinear gliding

tones whidh fell within -I:he responsive reg:.on of the uni‘b.

Po-account: for the . Sbservationé—of the cumm:—study“—rt“'“ o
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then the common trajectory between the tones would certainly

be coded. Tyafﬁsuch trajectory appea§§|not to be/detected, sug-
gests that some mechanism similar to thé‘one described above
prevents succeésive tones from activating a single glide-
gsensitive unit). The firing of any 81ng1e “gllde detector"” is,
therefore, conceived to code only the sensory features of a
discgete glided tone. Such features would include its frequen-
cy range, and its rate and direction of fréquency change. 1In
other wor&é, the "detector" would code the "infra-;one" pro-
perties of tﬁg glidepdiscusseé above. } |
Auditory grouping mechanisms might utilize information -

coded in such a manner to determine how a complex signal com-

_ posed of discrete glides should be organized perceptually. Such

processes might simply compare the coded features of-successive

toneg‘in a seq&énce and group the events with the most similar

."codes" into a stream. Information describing the proximity

between the *frequency ranges of"™ suéQe331ve glides and their -
NN

,8imilarity in terms of slope would’ bé\readlly available from a

comparison of the "codes" embodied in the firing of different
»glide détectors". Hence, frequency proximity i;formation and
slope infgrmation would be expected to plgy a substantial role
in determining the strength of sequential grouping of glided
tones. However, a simple comparison of the coded features of
succes31ve collinear tones (such as those 1n the 'T'~“conditipns
of the previous experlments) would simply result in the detet-
tion of the fact that the tones occupied different frequency
raﬁges. Therefpre, the grouping mechanism might organize such
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tones into a weak sequential stream. Such a stream would not

remaln 1ntegratedguggn'ccmpetlng with strong/”vertlcal" group-

.

ing tendencies.

The functlogal role of su such mechanismg | ﬁ? o -
Through the restricted use of only information concerning

the frequency proximity between suctessive events, and the cor-

, ﬁ - o AR
respondence between events on dimensions such as slope, tHe audi- »

tory system may meet at least two demands placed on it, whepjfb-

quired to separaie interleaved cohponents from separate sound’

G

sources into perceptual streams. According to Bregman'§ (l9?8a)

S

theory, sounds with similar frequ®figies have a.higher probabiii- v
ty of resulting from one sound sourcé than do sounds with dis-
similar frequencies.. By organizing'sounds with different fre-

quencies into separate streams, the auditory system is, therefore,

likely to produce an apﬁropriate'organization of a sequence con-
taining sounds at different frequencies. Another high probabili-
ty occurrence is that sounds which accidentally fall within the

same frequency rapge, but which arise from separate sound sources

have different characteristics on other aco?stic dimensions (e.g:,.
their slope of frequency change, loudness, ampkitude envelop?, ‘
etc.). Therefore, by also comparing such features of succes-

sive events, qualitatively dissimilar events (which are likely

to have arlsen from separate sound ,sources) may be perceptually

%solated from each Oth\Ry even if they share a common frequency

-

L]

range.

w However, single sound ﬁgurces are also capable of generat-

ing sequences of sounds which differ in terms of their slopesw
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of frequency change, loudness..etc.,‘(e.g., a human voice).
Therefore, the segregation of sounds on the basis of such dif-
ferenceé must be performed conservatively. A conservative heu-
ristic fo; seéregatingadissimilar sounds wh%ch fall in the same
frequency range would be to tentatively keéé %he events in a
single stream, unless higher probability groupings with'other

sounds can be found which would cause the dissimilar events to

be isolated from each other in different perceptual streams..‘\‘

For example, in the current experiments, one can conceive that

KDLl

when captor (X) and target (Y) tones fell‘in the same range,

but had very different slopes, there was some negative bias on
sequential grouping between the X and Y tones, making the group=
ing weak and tentative. The presence of an alterpate "vertical"
grouping between Y and Z would have been taken as the preferred

B

grouping option in such a cése, since it separated Xiand Y.

When there was no such bias against sequential X-Y grouping
(i.e., when X and Y had the same slopes),gthere would be less
reservation about a sequential X-Y grouping. The X-Y grouping

would, therefore, have been given precedence over the Y-Z group-

ing. Therefore, the auditory system is conceived to consider

the ié&atlve weighting, ®avouring all avallable grouplngs before

arriving at final grouping decisions. N

- N 3
Ther% is no compelling reason to assume that the successful

organization of components from different sound sources in

streams would not alsc be faciXitated by the tracking of tra-

jectories traced by sequential events. Furthermore, the prdgranm

developed by Parsons (1976) to segregate simultaneous speech sig-

nals indicates that trajectory information may be useful in de-,

,w,_{ S
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composing mixtures composed of such signals. Therefore, the

gpparent absence of "trajectory effects" in the current study
;hould not be taken to deny the possibility that trajectory in-
formation may be used in some contexts by perceptual grouplng
processes. Thégcurrent study does, however, suggest that no
extrapolation from the trajectory of one sinusoidal glldg_onto
another such glide o@éhrs.

| In summary, the turrent results suggest that there may be

ihdependent levels of description in “thie auditory system. For

example, ét one level, the relations bétwggn the successive fre-
quency components which comprise a élided tone might be describ-
ed. At such a level neural computations might abstract such

properties as the velocity of frequency change within the glide,

the frequency range of the glide, etc. Perhaps at a higher

level, the information derived from these calculations is used
in a new set of computgfions which describe the relations be-
tween successive tones in a sequence . At such a level “inter-
tone" relations may be abstracted fr&m,the sequence. The results
of the current study imply that information extracted at the

*intra-tone" level of description may be immiscible with in-

level. Thus, “intra-

formation éxtracted at the "inter~tone”

tone" trajectories do not appear to extend onto “inter-tone®

trajectory, and "intra-tone" frequency relations appear to be
irrelevant to the determination of "inter-tone" frequency rela- |

"tions.

This may account for the fact that the current results
appear to be somewhat in confliect with predictions based on
Jones'

(1976) model of perceptual organization. She predicts



cates the need for caution whéﬁﬁﬁi;:Zi:ing theoretical con-
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: . /
that a constant wvelocity of pitch change between successive

events should promote the perceptual organizgtion of such events
into a single perceptual stream. However, the predictioﬁ refers
directly to the velocity of change between tones in‘a sequence
(i.e., fo ‘inter-tone' velocities of pitch change). Since the
"constant velocity patterns" ;E’the current study (i.e., in the ~
'Trajectory" conditions)bwere created by keeping the velocity '
of chahge constant within each of a pair of gpccessiveAcollinéar
velocity), the velocity of change in the stimulus may have been
processed py mechanisms very different from those proposed by
Jones to process "inter-tone" velotities. Since there is no
reason to assume that patterns in which “intra-tone" vel&city
is constant should also result in strong perceptual organiza-
tions, the ébsence of a "trajectdry effect" in the éurrent
study does not neceséarii} refute Jones' model. 1t does, at
least, however suggest that "intra-tone" properties differ sub=
stantially féﬁm "inter-tone" properties. ' -
That the auditory system may make such distinctions indi-‘

A=

. .
structs céhcerning organization sses in audition. For

clearly, the accuracy of any generalizations about perceptual
grouping operations within the auditory system may be limited

-

to a specific level of organization.
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