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Abstract 

PSYCHOLOGY 

Three experiments ~tudied the contexts in which two· 
, 

simul taneous sine ·tone,s, gliding up or down in parallel. would 

fuse to form a rich-sounding glide, or would he audible as two 
4f 

independent s~unds. The pair of simul taneous gIldes tended to 

be perceived as separate when they were preceded by another 

gliding tone (or 'captor') that acted to capture one' of them 

(the 'target' gIlde) into a sequential stream. The pair of 

simul taneous glides and the "captor" were rapidIy al ternated, 

and the relation between the captor and target 'glides was .. 
varied on three dimensionsl (1) the frequency prox~ity be-

i • 

" ( 

tween them, (2) thelr correspondence in glide orientation and 

(3) their collinearity (when plotted on a logarithmic scale 

of frequency). The resul ts suggested that frequency proximi ty 

and common orientation, but not cçmmon ''t'trajectory'' (i.e., 

, collinearity) play a raIe in ca~sing the ,alternating captor 
• 

and target tones to be perceived as a se"quential stream, and 

theref'ore i'n "decomposing" the complex gJ.ide. A possible 

neural, mechanism was proposed to account for the resul ts," 

and the functional. ro,le of such a mechWsm was' discussed. 
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LA DEC OMPOS l ~I ON PERCEP~ELLE DE -

" SONS COMPLEXES COMPOSES DE GLISSANDI 
\ 

SIMULTANÉs 

Sommaire 

PSYCHOLOGIE 
\ 

Trois expériences. -sont présentées dans le but d'etudier 

l'inf'1uence du contexte sur 1a p~rception de deux sons sinu-

soïdaux simul tan~s, parall~lement ascendants ou de sc en'âants . ~ 

Les ex:p'rienc~s ont servi à exam~ner 'si ces sons ~taient per~us 

comme un g1issando composé ou ~taient per<i~s comme ~tant in­

d'pendants. Les dèux 'g1issaiiêIl simultanes tendaient à être 
. , " perius separement lorsqu'un autre glissando (ou 'capteur') 

transformait l'un d'entre eux (glissando - cib1e) len une suite 
. ' -' / . s~quentielle. Les, deux glissandi sl.mul tanes et -le , gl~ssando 

,'''capteur'' furent rapidement al tern~s et 1a relation entre 1e 

, 

"capt~ur" et la "ci/ble lt fut vari~e sUF trois dimensions 1 

(1) la praximi t~ de leur fr~quence, (2) la similari t' de 
• Ii 

l'orientation des glissandi, (3)' leur ,col1ineari té ('valu6e 
, 

sur une échelle logarithmique de frequ~nce). Les rêsul tats 

sugg~rent, que la proximi t~ de fréquences et la' sirnilari te 
\ 

d 'orieritation commune, mais non la ressemblance de la 
~ 

"trajectoire" (l".e., collinearit'é), -influence 1a perception 
. " des sons "cap,teur" et "cl.ble" al ternes, en les transformant 

1;\ 

en une suite s3quentielle et jouent donc un ro1e dans la 

décamposi tion d'un glissando complexe. Une 1nterpr~tation de 
, . 

c'es 'resultats sugg~rapt/ un ~ventuel mècanLsme neural est 
, 

propo,see, et la fonction 
/ 

de ce mècanisme est discutee. 
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J INTRODUCTION 
\ . , 

Our subjective e'xperience tells" us that listening .to 'a mu­

sicaJ. passage or a speaking voice--or in fact to any sequential 

" audi tory pattern which changes in frequency over time--is analo:" 

gous to visually trac~ing- a moving object through space. Thé; . . 
notioJ?, that audi tory ~equ~nces "move" through a "pi tch space" , . . 

.! 

much as tangib~e objects move in three dimensi.onal space, was 

rai'sed in the early scientif'ic li terature by. both He lInho l tz 

(1862/1954) and Kof~a (19:35/196:3), and has appeared more re-

cently in a theory of' audi tory perception developed by Jones 

(e.g.,1976). " 
Such an anaJ,ogy has aroused both curiosi ty and skepticism 

among those who study perceptual" phenomena--curiosi ty about why 

the subjective experience of' the analogy is so compe11ing, and 

ské'pt~cism because the notion has developed f'rom descriptions. 

of simi1ari tiea betwee~ the modali ties which are more often 

me1:aphorical than physical. Yet recent experimentaJ. evidence 

has suggested that there is more than a metaphoricaJ. correspond-
. .. \ 

ence between both the pattern processing behaviour and mecha-

nisms of visual and auditory modalities (e.g., Julesz & Hi~sh, 

1972; Marks, 1978). 

Out standing among such analogies loS the resemblance be­

twee~ a~di tory and visual perceptual organi~ation phen';ena., 

·Such phenomena invo1ve the organization of muI tip1e events into 
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" 1 "' ~ 
uni ts of perception or ."gestaJ. ta". \The ,princJ.:~~~~ ~de~1yi:.~g. 

'1 
perceptual or~aniz~tion in vision wer thoroug described in 

the ~arly psychological t~ tera~re by. t e Ges-ta1 t sych010gists 

(e.g. Kof:f'ka, 1935/1963; Rubin, 1921). ~ 're recent' y, princi-. . , 

. p1es' resemb1ing those disèussed by the Ges 'tists ha: e been' suc­

, cess:f'ul.ly implemented in computer 'pattern r.,e ogni t~O!'l' vices 

• (elg., Shirai, 1975, Uhr; 1973), suggesting th t the l'ri ip1es," 
J . ' /. \ 

provide good heuristics for parsingobjects out f complex -mag 
\ 

curioù"lY, percept,\a1 organization in audition app ars to ad-

here cl~el'Y ta pred\ctions bas"ed on Gestalt 1aws," w 1ch ~~re 
d7veloped'\rimarilY t~rough studies of' visual p.att~rn 

The 1aw of ~ x· 
1 \ 

The Gestalt law of proximi ty and similari ty stated tha 
\ . 

.. \ if;" 

". • 1 two parts \in a fiUd will attract each other according 
, \ 

" ' 

to their degree of" \proximi ty and equali ty" (Koff'ka" 1<l35/1963, . ,\ .... \ 
p. 166). The 1aw deècribes the tendency for similar vlsual 

events to fase into a \\ngl~ perce~tual un~1; when they ~e in 

c·l.ose l'roximi ty. For eX~1e, i t a:C~'O~ts for the fact \ that 

the dots on the six-dot faC'\ ~~ a die appear to form two\ rows 

(wi th 3 dots in each row) '. ra~er than t;;"e.e rows (wi th ~I, dots 

in each row)'. The elements Whi~'are c10seS\f;, (i. e., each :'trlp-
, \ 

let" of dots) t\tend to be groupe togethe~ dm-ing the' act \ of 
. \, \ '::-perception. \ - , , \ 

\ , , \ 

Perceptual organization by freguenc;t{ proximi t~, 
\ ' 

\ 

Simil'arl.y, in audi ti on i t has been 0 bs~rvec:t tha when 

listening to a melodY--compo~ed of notes that are widel - ,~,'" 

'rated in,frequency, listeners often report hearing not 

\ 
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but a 'pair of IIl.e1odies J one consisting of the highe:r tones and 
l 

one' consisting of the lower ton~s (Bre~~ & Campbell ~ 1971 J 

\Miller & Hei~e, 19-50,· Nonan, 1967 J Ortmann, 19?6, Van Noorden, . 

1975) . ~us, events widely s&parated in frequency.appe~ to be-
" .' ' 

~ome perceptually isolated fr-om each other, while those in close . . , .. ' 
freque~ proximi ty seem to groU:p into single pt!!~ceptua1 uni ts. 

Bregman and C~pbe11 (1971) referred to such perpeptu81 iso1a-
, 

tion of the higher-pi tched e1ements :t'rom lower':"pi tched elements 

in a tone sequence as t'primary audi tory stream segregation". 

T~ey suggested that être ' se~egation results from pre­

attenti ~e pr9cesses which se the frequency relat~ons between 
" 

t~nes, in" an audit6ry sequenc te organize th~ tonès into per-

ceptual units. so that when bOmodal distributions of trequencies 
/ ,\ -

are p~sent in the séquence, i tends to ~e split into two per- , 
~ " 
"\ , ~ 

ceptual ··stre,ams't. This conclus on ws supported by the opserva-

t~o~ tha t \~tellers erroneously re orted the temp0t;al ord~r of 

sequences CO~ining three i.aterlea d high and low range tones 
, 

to be a string i~ which three high.to es were followed by three 
'\ 

low tones, or in ~hich' three low tones re followed by three 

high ton~s. They sutgested that these e neous judgm~nts re-
~\ ,,-

sulted fro~ the fact:t~~ the sequences tend d to be perceived 
,/ ... --'\" 

as ~ing two separate s~eams--one 'containin only the high- ' 
• • Il''' \ " • • ~ " 

pl. t~hed tones. and ,one contal.nl.ng only' the law-pl: ched tanes. 

It was proposed that the !!egrègat~on of, the sequenc into two 
. -" ~-f"I"' 

',j te' 

streams prevented ~isteners trom, a.ttenging to more t 
\ 

stream a t a time, and therefore, tr'ô~, t~aêking the 
, ,,,-,, ' 

pattern consisting of al ternations betw~en high and low to 
," \'0, 

Instead, listeners seemed ta report the orde.r of events in 

/ 

. 
f ,-
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stream containing three tones in one range, and then of the 
" 

stream containing the three other tones. Thomas and Fi tzgibbons ' 

(1971) observed that suchdiff'icu1tY in ordering sequences'of 
101 " t," 

tones was a tunotion of both the fr~quericy se»aration and' t~e 
• ' 1 

rate of 'al ternation between t,hè tones." They report~d that when 

tones in a sequence were separated by 1ess than a musical fourth, . 
subjects oould "iCorrectly order the tones at a rapid 125 -mlSeC/ 
event rate. However, tones at widel'" separations required pro-

,-

gr~ssivel.y slower presenta1:;ion ~ates to be correctl.y ordered. , 

A similar tradeoff-between tne frequeney sepm;ation of tones 

and the rate of presentation of the tones has b~ported. by -
., ~- -- ," 

Van Noorden (1975). 

, 

Perce'Qtua1.groUPing based on proximi'fY in bpth '~rY ang 

visual pa tt~ms 
/ 

Simil.ar observations- about the inabili ty of subjec-ts to 
c. 

correctly judge the relations between wide1y separated events 
, 

have been made uSing both audi tory and visual. stimuli. Kinney 

(\961) reported that· subjec'ts not only had diff1cul. ty in te~­
porally l.ocalizing a deviaht tone (in :frequency) /wi th r~spect 

to other tones in an audi -tory, sequence, but in, horizonta,l.ly 

localizing visual events ",i th respectto each other when they 

were separated by, a large ve~,tical. distance. Bregman and Achim . " 

J197:3) dfjmlonstrated that the spatially more separate visual 

e~ents in a rapid temporal sequence tended' to sagre.ga,te into 
, , 

r,- • ' Hstreame" ot perceived movements. The actual. spat10-temporal 

'stbtuiLus ,pattern' ,they use~ 'wa$1 a repeating seque~ce of dots 
,- . 

presented &lot eight dis,o-rete posl tions on a" vertical attiS. 
~ 

The conse'cutive' dots ~al~~rnaied between thè higher and \l.oW81' 

\ 
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" 

" 

} 
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" 
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. . . 
of the eight positions, and' the sequenée was prèsented,at· three 

" , , ,) 

different spèed's, b~ va:ry1ng/ the event ',rate be:t~een ~7~ li~. , 

·Md ./2,27 ,msecs/dot. At the s~ow speed; an illusion of moti'on 
1 

- , " \ 

. of one dot through an irregu~ar pattern' of mot.ion: (i .a." moving 
, .-/ 

a ,), • 

baclt and forth from ~igh ,to ~ow positions) wu produc~d\ How.. ,'t 

aver. at higher speeds, an i~l'Usion of motion occurred, eh,ly 'be­

tween the' eve~ts ln the 'hig~er or ~ower po si t~o~s. sa' that an, 

illus~on of two moving dots \vas percei,ved.--one moving be twe en , " 

the h~gher' posi ti9ns, and one moving oetweeri the' lower positions. 
) . l " ~ 

Thus, at rapid rates of presentation. the, events ,that were 
---,,7',- , ' • 

closest to each other' (i.e., the sets of high or ,low dots) ap-. . . 
. peared. to' gro~p .togetber. dreating two "streamé~" of apparent . , 

'. 

, 
Such apparent motion resulti1lg :t'rom the presentation 01' 

\ ,> 0' 

_ \ < A, /, 

rapid sequenc~' of spatial1y '~eparated viSual èvents is re:f'e~ 

. red to as the 'phi" phenomenon (e'. g . J Ko~ars, ~972),.· . I.t' bas' 
\( , ' 

that such. movement phenomena resÙlt !'rom .the bèen suggestad 
Il' , 

activat~on~ ~ec'hanisms rOrmallY involved in the perc;eption ' 

of true movement (PrisbYJ~ 1972). The id,rntification of cor-..... . 
",. , 01 _ 

"tical units in cats, which respond only to moving ~ges' o~ , 
" 

the, retina, ~uggests the existence otO 

neural, o.rganizations 

~'which permit the trans~ation of the -successive aages',proj'~cted 
() ,- '. ( " .' . 

onto the r~:tina by a"moving object intothe perceptiClll of motion 
- \ &- , ' ~~ - J 

(Huljel:- & ,Wie'sel~ 1959). 1'0 aocount for the "phi Il phet1ome~on, 

, i t i~' .. a~sœled 'that ,~Uèh 'meoha:riisms can~so be trigfei't~d ,1,Y' 
, '''' \ ~. ' , .. , ~ 

suc,ttessive ,rapid stimu.lati:ons. 01: dÎLscret'e .regions ot ·:the rati .. 
\ j u _ "" ' j ,..... \ ~, \ 

na." One may ~-SO., s'pecul,t~'.·~i "~h meCh~Snl~ ·a.tfe."r$$~~~~,~~" 
, '\ ,. _..., '\ .,. 

'Ole for the '?~gani"zation ~t evan~~i,rito i mo:ving Vi~~··fI streams'~ 

: ' i 
. , 

, , 

, : \ 
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" 

on the basis of their .proximi ty to each other. Perhaps", such 

mechanisms are more sensl tive to ràpid "jurnps" across neighbour­

ing regions of the retina ,than to rapid jurnps across distant 

regions. Therefore, a rapiù pair of visual events exciting 

neighbouring reg~s of the retina wouJ.d trigger a "movement 

detector", resul ting in the perception of movement between the 

pai'l'" ,.~Rapid events more dist8!lt from each other might fall out-
" side of the spatio-temporaJ. receptive fields: of such detectors, 

: t , 

and would thu~ not induce the apparent motton phe~omenon. Pos-

slb1y, 'such mechanisms account for the fact that at high pres-
'. '\ 

entati~n rates apparent movement was p~rce~ved onJ.y between the 

successive high or successive low elements in Bregman and Achim's 
, -

(1973) stimulus array. The distance between}the successive high 
c, 

and low elements migh~ have be~n too great ta activate 'motion 
, " 

'detectors. 

Van Noorden (1975) has adopted th'e concept of "movement 

detectors" to explain the tenÇ:~éY for tones in rapid sequences 
"" " -- 'to 10se their temporal coherencè" nd ta. group into streams on 

the ba~is of frequency proximi ty •. He proposes. that the audi-
~ 

tory system tracks changes in frequency wi th "pi teh-motion" 

detectors which are more sensi ti ve ta "jumps ft between. neigh­

bouring f'requency regions than to rapid jumps acrofls large 
\ 

ràhges in frequenpy. Therefore, 9n1y the shifts be~ween suc-
, -

c1essive tones within.a critical frèquency range,' at a' givefr 

rate of presentation, are conceived te excite "pi teh-motion" ) 

detectors. " "Pi téh-motion fi would thus be percei ved only between 
. 

the tones irva s~quence that were sUfficibntJ.y close to each 

other in ~requèn9.r' No percept of temporal coherence between 
~ 

6 

-
t.) ,.,. 
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, 1 

tones separated by more than the critical range would develop. 

As a result, instea~ of perceiving move~ent in pitch between 
1 

widely~arated sequential tones,/Cpercept o:f two separate 

sources (or streams) of "movement JI in pi tch would occur. - Thus, 
. ' 

according to Van Noorden's conception, the tendency for tone se­

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

a failure in the capacity of the auditory system to track'large, 

'" rapid frequency changes. 
/ 

However, Bregman's (e.g., 1978a, 1978b),. theory attributes 

a more ecological significance to "stream segregation". ' He sug­

gests that the stream segregation phenomenon plays an adaptive 
, 

,raIe in organizing rapid sequences of events. Acc~rding to the 

theory, each stream is the psychological correlate of a physic­

aIIy distinct sound source. This view follows from the fact 
. 
that in a natural cont~xt any single sound source tends not 

ta produce large and rapid shifts in frequency. Therefore, , ' \ 

naturally' occurring waveforms comp.os~d of elements widely sepa":' 

rated in frequency ar~ often the product of a sufumation over 

7 

1 
1 

Many simul taneously active sound sources. Bregman proposes 

that, perhàps, by organizing the sequen~ial components of such 

acoustic mixtures that are close in frequency into strftams, 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 prox:i:mi ty May reflect â ~euristic t which has .avol ved 
Î 1 

for the purpose of decomposing naturally occurring acoustic mix-
1 

tures into their component sources. The raIe of stream segrega-
" 

'tian May be to intigrate those acoustic components that probably' 

\ 
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arose fx:om one source into"a single audi tt>ry stream. 

Instead of being viewed as a direct function of a speed/ 

frequency separation tradeoff' between sequential events, "stre'am 
:l " , { 

segregation" 'ls viewed by Br~an as being a function of context.. 

By consi~ering context, the auditorY system is thought to esti-
, 

mate the likelihood that any tone does or does not belong in a 

stream with other tones. Such a role of contextual, information 

was shown by Bregman (1978d) in experiments in which subjects 

judged the streaming of the same two alternatipg tones A and B, 

when they were placed in different contexts. 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 pa t-ëern was repeatedly cycled, A and 
,/ 

B were heard as grouping into one stream, while the low tones 

X and Y grouped into a second stream. 'However,f when X was 

placed close in frequency to A, and Y close~ip frequency to B, , 
~ 

A and B were heard as occurring in separate streams. One stream 

was formed of al ternations of A 'and X, and the other of al ter­

nations of B and X. Thus, th~ spli tting apart of A and B de­

pended op the context of other tones, rather than on the abso­

lute frequency separation between A and B. 

If Bregm~'s view is,cor~ect, then by examining the factors 
~ ~ 

which induce sounds ~o become perceptually isoiated from each 

other, we can hope to develop sorne ~nderstanding. of how the 

-auditory system,parses individual sound sources out of a com-
.>. 

plex audi tory environment. However, much of the work which has 
, 

examined ~tream segregation tendencies has used sequences ~f 
steady state tones as stimuli. Since a great many naturally, 

< 

occurring s~urtds consist largely of glided frequency tlàhsi-

8 
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tions, the current study sought to examine the factors which 

induce ~sequences containing frequency glides to group perceptu­

al~y into streams. Of interest was whether or not frequency 

glides could be considered an~ogous to objects moving along spe-

( 

cific trajectories. 
The ro~e of freguency glides in auditory perception 

. 
Most of the investigations into the role of frequency glides 

1 

in audition have been conducted in research concerned with speech 

~perception. In natural speech, the glided elements consiat of 

g1ided formant transitions. Formants result from the filtering 

by the speech tract of complex waveforms generated~ at the vocal 

chords. Glided formant fransitions are produced when the centre 

frequency of the fi~tering mechanism is continuously adjuated up 

or down during speech production. For Many years. it has been 

proposed that, auch glides play an important role in di~ferenti­

ating the units of speech, or phonemes, from each other (e.g., 
l, 

Libetman, Cooper, ShankweiIer-& Studdert-Kennedy, 1967). For 

example, the presence or absence of formant transitions has been 
t 

shown to influence the disc~imination of voiced and voiceless 

consonants (Stevens & Klatt, 1974). Speech sounds containing 
\ (, 

glides at the onset of voicirig are judged\as being voiced, while 

those lacking such glides are perceived as being voiceless • 

• Several more recent findinga suggest that glided transi-
, ~ 

tions also play an important role' in maintaining a string of 

speech sounds as a coherent s~ream, permitting the sou~ds to be 

temporally loc~ized with respect to each other. (If the sounds 

split into separate streams, .. such localization should become im­

possible.This effect would render a speech passage unintelli­

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

9 

i 
1 

\ 
~ 

" 

'" 



( 

, . 

( ) 

that i t was p.ifficul t for ju~ge· the order of a se-

quence of vdwel sounds ereated by splicing together portions of 
, 

audio tape , each containing a different vowel sound. In their, . 

experiment, the temporal localization of each event relative to 
1 

the other events became diffieult, suggestlng that the sequence 

segregated into more than one auditory stream. Perhaps, the 

qualitative dissimilarity be~ween the sounds in the sequence, 

resulting from differenees in the frequeney speetrum and other 

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

_~ate _from each oth_er""-L.' _--"S ..... i .... m .... iIarly. _Warren, Obusuk, Fermer and 
\, 

Warren (1969) found that sequencèsfof synthe tic 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 ordering of phonemes oecur­

ring at rates as high as J9 or 40 msecs/event. Apparently then, 

the sequences employed in both e~eriments Iaeked a eritical 

property which must b'; inh~rent!n natural speech, o~e whlCh 

promotes the organization of successive phonemes into a single 

sequen~~al stream. uSinee the sequences in both cases 1ae~ed 

glided ~requency transi tions be'tween sucee ssi ve events tif is 

likely that glides are a good candidate for "the -propertyll which 

10 

/fi;:J 
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 eonsonant-vowel (CV) 
, 

"-
syllables caused the perceptual segregation of the consonant 

1 

from the vowel when such sy11ables were rapidIy repeated over 

and over again. The finding supports the notion that part of 

the role of gIldes in speech ls to make the speech train more 

coherent, and therefore more resistant to the tendency for 
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individual components to segregate dn the basis of differences 
c 

/ 
in frequency or other acoustic attributes. G1ides_migbt thus 

indicate to the auditory system which of severaI 'succes~ive com­

ponen~s to group into a single stream (corres~onding to a single 

speaker' g, voice), 'and which to sègregate out of the stream. 

Bregman and Dannenbring (1973) showed a paralle1 phenomenon . 
to the Cole and Scott (1973) fihding, using s~mul~ which ~ere 

, 
in some sense, "pure tone analogs" to sequential CV sy11ables 

(Note 1). They showed that alternating high and low tones con­

nedted -by -frequency glides resisted the "spli tting t
• tendency, 

, at presentation rates far faste~ jPan those required to cause 

the $egregation of an identical sequence of tones which lacked 

such tglided 'transi tions • As weIl, partial transi tions which 
/ 

simply "pointed" f~om each tone toward the a:djâc~'nt tone in the 
l> 

sequence were sufficient ~o improve the coherence of the stream 

as compared with the condition in which the frequency transition 

from one tone to the next was completely discontinuous. They 
\, 

suggested that the effect might indicate that auditory mecha-
) 

nisms f?lloW the continuity created by a glided or partially 

glided transition. Thus, in their experiment, the mechanisms 

~ight have become "primed" by the transi ~ions to correctly ~~i­

cipate the range in which eàch successive tone would fall, there­

by improving the tempGral coherence of the stream. 

Van Noorden (1975, p. 51) assume; that graduaI frequency 

Changes give better stimulation of "pitch-motion detectors" ... , 

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

Il 

1 

1 
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than do discontinuous changes. in frequency. Thus, ,in the 
~ , 

, ,.,,~r,gman and Dannenbring (1973) ~timuli, the gl~ded. transi tions 
, . ' 

b~tween sùccessive tones May have provided better stimulation 

o~ "pi tch motion detectors" than when discrete high, and low 

tones were alternated, causing greater temporal coherence ~f 

the stream in the glided transition conditions. 

The rol~ of continui ty in perceptua1 organization 

The preceding evidence suggests that continous changes in 

frequency over time contributé ta perceptual organization. by 

promoting the perceptual grauping of events which have such 
.... 

continuity between them.', The notion that continuity between 

successive events acts as a "binding force" in perceptual 

organizatian was first"stated'in the Law of Good Continuation 
~ 

(Koffka, 193.5). An instance of good continuation oaOurs when 

viewing a scene thrqugb the slats in a pick~t fence. The sen­

soryevents in the scene become'effectively slashed into smalI 

vertical strips. However, continuities (or 'good continua-
--

tian') between the ~mages on either side of the occlusion pro-

duced by eac~ slat in the tence cause the scene to be perceiv-. -

ed as a who~e. uninterrupted image. Principles analogous ta 

"good continuation" have been used with some- success in pro­

grams designed ta enable the computer recognition~of partially 

occluded objects'(e.g., Shirai, 1975). Continuity petween line 
. / 

segments on either side of an occlusion is taken by such pro-
1 

grams to indicate that the line segments are components of a 

1onger' uninterrupted line. 

'A notion analogous ta "good continuation" is embodied in 

12 
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a computer program deve10ped by Parsons (1976) to separate a 

pair of overlapping speech sigpals. ,., Parsons 1 system aeparates , " 

" 

the signal.,s essential1y by identifying the pair of fundamental -

trequencies most likely to be associated with the acoustic spec­

trum at each of small~ discrete moments in time, and by tracking . 
the frequency change in those tundamentals over time. 'The sys-

tem assumes that pitch will not radically change trom one seg-.. , 
ment to the next, and uses a tracking alg9rithm to ensure con-

tinuity. The tracking algorithm extrapolates from previous tra­

jectories of chanke in frequency ~~er time, ,and therefore cati 

deal with situations in whlch the fundamental tracks trom two 

voices 'pross each other' s :paths. In sucl"\ cases, the program 
~ 

simply extrapolat~s across the point of crossing, joining the 

segment prior to ~he "crossing" Wi th the one after the "crossing", . . ' 
that maintains a continuous trajectory with the tir st segment • .. 
The tact that auch use 01:' "trajectory" information provides a 

fairly successful ~gorit~ for decomposirig simu1tan~ous speech 
, \ 

signals suggests that it May be important 1:or the auditory $Ys-
" tem, much like the visual system, to rely on "good continuation" 

during perceptual organization processes. Therefore, in both ..., 

modalities certain events may act as "poil,lters" to subsequent 

\events. so that the "pointed to" events~become perceptually in­

tegrated wi th the "pointer". However, to :follow a continui ty il). 
\ 

the frequency change between successive events, (e.g., in order 

ta extrapolate trom one gliding segment onto another), the/audi­

tory syst~m\must':firpt be capable of determining the rate of 

~scent or descent in "'f.requency over time during each glide. 
... .~ 

Otherwise, it would be impossible to de termine whether or not 

13 
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t"he two segment.s were aligned on a continuous path. 

The notion that the audi tory system tracks ~o~tinu,ous 

changes in frequency over.timè, (or more specifically, the velo­

city of pitch change between successive events), is a central. 

component of a recent theory of auditory perception discussed . \ 
~ l ' • 

by JoneBn (1976) and Jones, Maser and Kidd (1978). The theo,ry 

proposes that the auditory system proeesses serial patterns by 

mapping th~ pattern present in the incoming si~al onto a pre-
, \ 

di~tive cognitive structure, which uses 'the velocity of p~tch 

change between events to generate predictions about what events 

should follow. The fUnction of this mental structure is to 
, 

"prime" appropriate neural locales in anticipation of 1;he lita 
, . 

14 

be heard" pattern. When the pattern is consistent with thé i~ 

ternal predictive structure, it is thaught ta be easily inte- ~ 
grated into a coherent sequence. 

Jones proposes that the predictive structure is generated 

in accordance with the assumption that pitch change in all pat~ 

terns will be'at a constant velocity. Thus, within the context 

of any pattern, small changes in pitch are expected to occur 

relatively close in time, while larger changes are expected to 
l 

oceur further apart in time. Therefore, according to the theory, 
" when patterns change at a uniform velocity, they are easier to 

, . ~ -
prr:ess serlally since they maintain a predictable pattern of 

ch e..../'" B'ei~g predic table, 'the positions in time and in a 

"pi tch-space" of the elements of a, uniform veloei ty pattern . 
will correspond to those anticipated by the internal preaictive' 

structure. Cognitiye mechanisms "primed" to receive events at 

the appropriate time/"pitch-space" locales easily integràte 

\ 
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the inco~ing seri al pattern. Events which do not correspond 

in tilDe and. in the "pitch-space ll to the "primed" locales should 

be more difficul t to integrate into a serial pattern. As a re-. 
sult, Jones afcounts for "str:~am segregation" effects as being 

due to a.mismatch between anticipated and actually-occurring 

events. She proposes that those events in a sequence that'do 

not match the predictive interna! sequence (i.e., those which 
! 

denote a veloci~f chang~ inconsistent with the velocity of 

change between other events in the pattern) are not integrated 
1 

into the sequence, and-therefore "split off" into a separate 
.' 

perceptual stream. 
. \ Some behavioural eV1dence does appear to support Jones' 

. 
formulation. Jones (1976) reported that memory for patterns in 

~ which pitch change was at a constant velocity was better than 
-.! 

that for pa~terns in which the velocity of change was inconsist-

ente In addition, Heise and Miller (1951) showed that when a 

tone deviated too far from the trajectory' imp1ied by a pattern 
h 

of tones, the deviant tone "split away" from the' pattern. Such 

an effect is perfect1y consistent with predictions made by 

Jones' theory. The pitch distance between the deviant tone and 

its predecessor wou1d have demarcated a jump in pitch a~ a ve1o­

eity inconsistent with the chang~ predicted by the antieipatory 

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 gllde can be viewed as a serial pattern com-

t 

\, 
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posed ot successive excitations of adjacent frequency regions. 
J. 

Since exponenti81 changes in frequency are thought to produce 

linear chang~s in subjective pitch (Békésy. 1960), a glide in 
, 

which the rate of frequency change across equal moro-ents in 

time isoexponential should have a uniform velocity ot pi~ch 

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

processe~ "co~~ant ve.loci ty" pat~ern. Se,auences of such glides. 

aligned so that e rate of pitch change in each glide ls con­

tinuous with that 0 the previous\ glide, should thus also prQ-

duce easily integrate constant velo i ty patterns. .According 

to Jones' theory, the a itory syste~ ould thus be sensitive . -' 

to a common ,"trajectory" 0 pi tch, change ver tilDe between suc­

cessive.glides, since common rajectory nec ssarily'equates with 
.. 

a constant velocity of change. 

Recent elec~ophysiologic~ data suggest t t neural units 

which might perform some ot the tunctions required to traek the 

trajectoryand velocity of frequ~~cy change in audito Y'events 

40 exist. As well. this evidence reveals that the anal y be­

tween pattern processing in auditory and visual modalities 
. ) 

~xists not only at the level ot behaviour, but also at the l vel / 
\, t .... 

\ 
ot neural structures. 

1 

Evidence for "movement detectors" in the visual and audi tory 
Systems 

, 
The identification of neural units in the~isual/cort~x of 

the cat, which respond selectively to the projectiorronto the 

retina of lines in specifie positions and-avspecific orient~~ 
, 

tions ÇHubel & Wiesel, 1965), spawned numerous feature detec-

tion theories which proposed that even complex percepts were 

\ 

\ 

\ 
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built of various eombinations of simple component tea~es 
\ 

registered in cortical unit~ ~uned to specifie types of atimu-' 

lation (e.g. J. Milner, 1974). Detectora capable of registeri~ 

movement hàvefalso,been loeated in the visual sy~te~. For ex~ 
ample, in rabbits, retina! ganglion cel s whieh r~pond ta both 

the orientation and speed of moving image on the re ina have 
• , c , 

been reported (Barlow, Hill &',Levick, 1964 

. Analogous neural units eXhibiting s~ecf 
1'" 

stimuli which "move fi in frequency (i. e ., freq 

to~es) ·have been found in the cochlear nuele! 
l '/ 

Nelson, 1966, Er41kar, Butler-& Gerstein, 1968) 

auditory 

ulated 

(M~ller, 1974), and in the inferior co1li~ulus of ca s (Nelson, 
- , 

Erulkar & Bryan, ~966} and rats (Clopton & Winfield. 1 4). 

Orientation-specifx61ty ls reve:red by cella in the cat b~ain 
which reapond on1y to unidirectional frequency modulation. Such 

'l-

responses have been observed in both cortical.units (Evans & 

Whitfield, 1964, Whitfield & Evaps, 1965), and at'the level'of 
. 

the superior co111culus (Nelson.:Erulkar & Bryan, 1966). 
1 

Whi tfield and r;vans (1965) identified cortical uni ts in e,ats, 

'" which responded only to ramped frequency modulation. The units 

showed nearly no response to sinusoidal frequency modulation or 

to steady state stimulation within the sensitive region. While . 
~ome units bf this type responded~oughout the whole cycle of . . 

ramp wave stimulatiotPr most ot the uni ts responded only ta part 

or all of one half of the ramp modulation cycle. In other words, 

the r.e.aponse was ta the unidirectional frequency change in up­

ward or downward ramps~. 

Vartanian (1974) suggested that the unidirectional speci-

;' 

" 
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fici ty of certain neural uni ts can be' explained by' the temporal 

and spatial characterlsties of later:d inhibition trom side- ' . 
bands activ~ upori the un~ts. Through stimulation of ~diree-

1 

tiônally-responsfve units with steady-state tones,'he,obsèrved 

asymmetries in Ilte~al inhibition. dependirig on whether a t~ne 
,; (1 

at the centre t.requency of the responsive region was preceded by 

atone i,n the t.requency reglon above or be10w the maXimally -re­

sponsive region of the unit. Tl1e strength of the inhibitory et­

fect was also a ~etib~ ot the temporal separation between the 

tones; Henee, a glide passing through -t.:p.e, unit 's· responsivè 
, 

region at ~ specifie rate in one direction should inhibit the 
{ ..., 

firing of the cell, while a glide at the seme rate in the op-

posite direction should permit the unit to fire' continuously 
1 

as long as the stimulu~ remained within the cell's receptlve. 
~ 

'field. 
r. .. 

Behavioural evidence for the role of such ~e~ons in proc-
. 

essing unidirectional frequeney sweeps has been sho~ by Kelly 

and Whi tfie1d (1971). In their stùdy, cats were trained on a 

shoc.k avoidance paradigm. Frequency- modulated ramps in one ./" 

direction were used as the "safe" signal, and ramps in the op­

posi te direction were used as the tlwarning" signaJ.. The d1$-
, ~ 

crimination of the two signals was greatly impaired in animals 

with large bi1ateral ablàtions 'of auditory cor~ex, and eould 

not be re1earned to preoperative base1ine levels. However. 
/ ... 

~ 

animals wi th the same types of ~esions have been shown to re-

tain tneir ability to discriminate high and low ton~s (Diamond 

& Nett. 1957). 
. . \ ~ 

Therefore. cortical ~esions may remove neurons 
, 

required to identify unidirectional trequency modulation. while 

. \ 
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leaving lower ~evél neurons required for gimp1e pitch discrimi~ .. , "".. .' 

nation intact, The presence of~ome residual ~bil~ty to dis-
, -

criminate thé upward and downward sweeps was e~lained as a 
c • 

probable reflection of the action of 'intact neurons'in the 
. 

sup~rior colliculus~ capable of coding such sensory properties 

as the o~ientation of g1ldes. 

Tnere is some evidence ,suggesting that similar neurons 
\ ... ~ \ 

, -
showing ~ec1:fic,i ty to, unidirèctiOral_ frequèncy, ~odulation 

exist in ~umans. Gardner and Wilson (1979) report selective 

adaptation', to unidlrectional glides, on a two-interval. fot'o.ed­

choice task. They used' unidirectional 75 maec linear sweeps. 

modulated berween ,~ and ~.04 KHz. ~~peated ~re~entation of 

~weeps in either di~ection yielded di~ection-specific.adapta-
, . . 

tion. There~ore.ad~Ptation to upwa,rd sweeps prÇ)duced a tempo:-
l ' _ ~ ! 

rarily elevat~d detection threshold for up,ward i"requency glidés, 

while adaptation ~o downwar);~wëeps yielded a similar ,increase 

in tpe detection threshoJ.d fOP-"'1!(5Wrntar,d ·sweeps, The changes in 

thresholc?- suggest tha t adapta t to _JJ.-l\~d or downward fre... ' 

,quency glides resulted in the fa "gue ofdetect~rs tuned ~peci-
.• r 

fical~y to g1ides'of one orientatio or the o~her. Pre~ly, 

thé detee~idn threshold for glides'of that orientàti~n -was ele-
1 f . ' , 

vated until,the appropriate neural units had recovered. 

A possible function for a ne~8.J. mechanism responlsive to 
" . 

unidi.rectional glides in f'r~èncy' ls ~ggested by a find'ing 

reported by Delattre, Llberman and Cooper (1955). They showed 
• 

that the direction of the second formant (F2) trans~tibn enables 
Il ' 

discrimina tian ~f dirierent stoP(' c onso";"'t~ • l!énee • tl>~ ~se- ! 

lect1ve .respli>nse of neural units to ~Pward :;r d:r f're-

'. 
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quency-modulation May p~ay a role in the discrimination of 
l' 

speech sounds. 

Vartanian (1974) demonstrated that cortical units in rats, 
• 

which were sensitive ta unidireetional frequency modulation, 
. -

were not oruy tuned to specifie frequency ranges, but also to 
'(, 

specifie rates of frequency change. Hence", ther'e' is some evi-

dence for a neural substrate capable of performing the functions 
, 

of "pi teh-motion" detectiQJl OF the tràèJcillg of the "trajectory" 
.4 

or veleci ty of pi teh change. 'Furthermore, the very f'aet that 
\ 

'human subjects can discriminate subtle differences in the rate 

of ascen~ or déscent in trèqueney of glides (Nab~lek & Hir~h, 

i969; P.ollaokr~1968) suggests that such mechanisms are present 
• 

in the_human auditory system. Although the auditory syst~m . , ' 

coulet monitor differences in the rates of' frequenc'y c'hange in 
" ,,' 

glid~s of equal duration by comparing the differences between 
.. . /' -~ " 

ini tial and (érmin frequencies of' the glides, rather than by 

compar~ng~ act ~ velocities of' f'requ,eney change, a ,finding 

by TSUmura: ~ne d Nimura (1973) suggests ~hat this is not 

the case: Th~;}jund that deteetion.tresholds for glided f're­

quency "transitions differed from those for frequency transi-. , , 

,tions which began and ended wi th steady state segments. "This 
1 

difference was taken to indicate two separate modes ~or proces­

sing frequency transitions. In the f'ormer case, they proposed 
---- ~')" ' 

that auditory mechanisms might actually track tAe rate of' f're-

qUirry ~hange, while in ?the latte:: case, "a eomparison of the 

initial and terminaJ, .t'requencies m~ght have been used. There­

fore there is some' support for the notlon that the auditory 

systems' of animals and humans are direct1y re$po~sive to the 

20 
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rate of frequency change in glided,f tones. 

Possible inf1u~ces of glides during ,the perceptual organiza­
tion of auditory sequences 

The preceding evidence suggests several hypotheses con­

.cerning the factors which should induce sequences of glided 

tones to group sequential1y, or to segregate perceptually into 
" 

separate streams. fjoth behavioural' and neurophysiological evi-
. 

dence indic a tes tha t the audi tory system is sensi ti ve to the 

orientation of unidirectional frequency glides, even at very , 
brief presentation durations. Therefore, one might hypothesize 

that orientation information should R1ay an important role in 

deter.mining whether glides should group together pereeptually. 

Visual patterns composed of identical- elements, sorne at one 
~~ 

oriQntation and the others at another orientation, 'tend to 

split perceptually into a figure-ground relation (Beek, 1972). 

The e1ements at one orientation become a "figure", 'and the 

remaining elements become the "ground". S?-milarly, one might 

expect that a group 0tones with one glide f orientation might 

segregate perceptuall t'rom tones in the saroe sequence which. 

had a different orien ion . 

. ~regman' s (1978a, 1978b, 1978c, 1978d) data leads 'to the 
~ 

alternate speculation that for sequences composed of glided 

elements "stream" :formation would be a funetion of the distri­

bution of events ib different 'frequency ranges, much as it apf 

pears to be_ :for sequences composed of steady state tones. His 

'suggestion is that if a succession of tones occurs in two or 

more restricted ranges of :frequencies, this provides evidenee' 
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that a sequence should be segregated into two or more streams. 

Rence, one would anticipate that a sequence composed of'. ~ ~er­

nating glides in dif'ferent frequency ranges would segregate into 

separate streams, whereas one composed of glides in the same 

frequency range should group into a single sequential stream. 

However, Bregman and Dannenbring' s (1973) data suggests 

that continui ty in the frequency transition between hîgh and 

low tones in a sequence reduces the tendency for the sequence 

to "split" into high and low streams. Therefore, continui ty 

in thé f'requency change between suecessi ve events in a sequence 

appears to reduc~ "stream segregation" effects. Thus, the audi­

tory system may follow the "trajectory" of ~ glided transi tian, 

sa that the glide can act as a '-bridge" across disparate fr~ 

quency ranges. A similar speculation follows from Jones' 

(1976) theory, which predicts that a sequence of events sharing 

a common "trajectory" (or 'continuity in the direction and ve-
l 

loci ty of' frequency change) between them should be grouped per-
o 

ceptually into' a single stream, ~ince the veloei ty of pi tch 

change would be constant throughout such a sequencr . Hence, 

collinear frequency glides (i.e., glides aligned on the sarna 

trajectory when plotted on a logarithmic scale of frequency) 

'might be predicted ta gtoup sequential.ly into a ~ingle stream 

despi te the tact that they occur in dif'f'erent frequency ranges. 

If the audi tory system tracks trajectories of' frequency change t 

each glide woul.d "point to" the subsequent gl.ide. 

The current study was designed to examine whether conti­

nuit y in the frequency change'in successive glides (i.e., com­

mon trajectory) , similari ty of the frequency range occupied by 

" 
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successive glides, or common orientations of frequency change 

between successive glides makes a stronger contribution toward 

maintaining ~ sequence of g~ided sounds in a single stream. 

There:fore', the study would permit the evaluation of the some­

what conf~icting expectations discussed above. 

1 

The paradigm employed in the current study 

In order to examine the roles of trajectory, frequency 

'" . range, and orientation information in the perceptual grouping 

of sequential glided tones, the study used a modification of a 

paradigm :first used by Bregman and Pinker (1978). The paradigm 

exploits the fart that synchrony between the onsets and o:f:fsets 
ff-' 

" p 

of sine tones at dif:ferent :frequencies causes the tones to "fuse 1. 

together (Dannenbring & Br egman , ~978; Rasch,1978). Several sim­

ultâneous sine tones are thus heard, not as a series of simu1ta­

neous events, but as a single complex tone wi th a "rich" spec­

tral texture. Individual sine tones with asynchronous onsets 

or offsets (of more than 20 msecs) can be "heard out" of such 

mixt~es, ~i te the fact that they overlap in time .with each 

other. Thus thr audi tory system appears ta use spectral changes 
1 

over time in arder to separate indi vi dual camponents out of a 

mixture. Wh en an acoustic mixture containing energy at severa! 

frequencies is preceded or followed by energy isol~ted at only 

one of thos~ frequencies (fx), the auditory syste~ seems to 

assume that the ~ energy does no~ belong with the other com­

ponents of the mixture. Instead, i.t is heard as a separate 

:-pure tone agaihst a background mixture formed of the remaining 

components. Perfectly simul taneous tones provide no auch. evi-
, ...... 

dence, and are heard as a "fused" complexe 

• 
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Bregman and Pinker (1978) utilized the tendency for sim-
o 

u1 taneous pure to~es to "fuse" into, spectrally "rich" uni ta to 

show that a priori evidence can be used by the auditory system 

to decompose compl,ex tones into their sine tone component~. In 

their·experi~ents, a comp1ex tone (composed of two sine compon-
1 

ents at different frequencies) was rapidly .alternated"with a 
11-

pure tone (or 'captor' tone) with an adjustable frequency. 

They found that when the frequency of the pure 'captor' tone 

was close to that of one of the components in the complex tone, 

the comp1ex became decomposed. Rather than sounding like a 

single "rich" tone, ·i ts 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 

wi th the "captor". The second sinusoidal component of the com­

p1ex tone was heard as a pure tone, in a separate stréam. As 
. . \ the frequency of th~ adJustable ~one was made more d~stant from 

the "target" tone it;l the complex, the streaming effect disap­

peared. Now, the simultaneous components in the complex re­

mained "fused ", so that the who1e sequence sounded like the 
\ 

aJ. ternation of a pure and a, "rich t
• tone. 

Bregman and Pinker's study revèals an important competi-
, 

tion between two auditory grouping tendencies. Simultaneoua 

events wi th synchronous onsets and of'fsets show a "vertical" 

tendency, whic'h draws events a t diff'erent' f'requencies together 

into a singl·e "rich-sounding t
' event. At the same time, sequen-

• 
tial events at nearly the same frequency exhibi t a mutual se­

quential attraction which tends rto draw the events into a 

"stream". Their experiment showed that as the adjustable 
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"captor" tone came close enough in frequency'to the "target" 

component of the complex tone, the sequential grouping tendency 

between the' pair of r~pidly al ternating. "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 

wi th the adjustable "captor" tone. 

In the current study, a reliable measure of the r~1ative 

strength of sequential (horizontal) ~ouping between successive 

frequency glides was required. To develop such a measure, 
! 

Bregillan and Pinker' s (1978) paradigm was modified to meet the. 

demands a:f the current study. Instead of steady state tones, , 

a purè tone glide was rapidly alternated ~ith a complex glide 
U 

which consisted of two synchronous sine tones (modulated in par-

allel). Thu~f by varying the relation between the single glide 

(or 'captor 1 glide) and the' "target Il glide in the complex., i t 

would be~ossible to examine how that relation influenced sequen­

tial grouping between the captor and target glides. The strength 

of sequential grouping would be reflected by the r~~nIting re-
l fJ~r. 

duc~ion in the "vertical - fusion between the target glide and 

the glide in synchrony wi th i t. Hence, a :f'airl'y sensitive 
'. \ 

measurement of the ~horizontal Il group~g strength between cap­
,1 

tor and target tones could be achiejfèd. 
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trajectory, 

EXPERlMENT l 
ft 

Introduc tion 

to examine the roles of 

proxim' ty and orientation information in 

determining the sequential of successive frequency 

glides. For the purpose. of eriment, the f'requency prox-"------. 
imi ty between the g1ides was defined b the distance\in frequency 

between the average f'requencies (on a logarithmic scale) of pairs 

of glides. As discussed above, th~ 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, lb 

and lc, a simple frequency-gliding sinusoid is folloYled by a com­

plex tone f'ormed from two f'requency-g1iding sinusoide Y and Z. 

'/~ 

The present experiment attempted to "capture lt the glided target 

component Y imb~ de~ in the two;-component glide complex YZ by 

rapidly alterna ti g /the glided "captor" 'tone X wi th the glide com­

plex. As in Bregutr and Pinker's study, the perceived decomposi­

tion of' the complef tone into i ts sine tone components would in­

dicate that sequential streaming between captor (X) and~B.rget 

~y) tones had occurred. 

The relation between the captor tone and the target tone in 

the complex was manipulated in several ways 1 (1) To promote a 

\ sequentia; captor-target grouping based ·on trajectory informa­

tion, the glided tones were si tua ted in different frequency 
/ 

ranges so that they were collinear when plotted on a logari thmic 

scale of' frequency (see Figure" la). Thus, each captor glide ' 
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- ~ 

' ;~ 

L ~ , - - - ----,---"-~,~ ~~L,~~~~~.~.~.~~,- ~-l~~~ - -~-----...._---_. -"'---_ ....... _------



1 
f 

i 

1 

( : 

( 

" 

" , 
_,,~f'f "y-. __ "'f" .... ~''''~~'' .. '''''''''~r->.-.. _-...( ___ ...... __ ' ... _,.f..-__ .. " ... ,."'_ ... .-_,.." ....... _....., __ .. ____ ~_ ...... __ ~ .. ~_~ 

, ~ 

"pointed" upward or downward toward the subseque~t target tone, 

which continued the trajectory created by the captor intQ a· 

higher or Iower frequency range. If the audi tory system 'extra­

polates from a trajectory of frequency change, this m~ght tend 
f(' 

to cause the capt.or and target to be' organized into a sequential 

stream. (2) To de termine whether or not the sequential grouping 

of successive glides is more strongly governed by such traj ectory 
J 

information than i t is by tl;le simi1.arity between the f'requency 

ranges occupied by the glides, a second condition was designed 

in wliich captor and target tones were not collinear, but instead 

glided across identical frequency ranges (see Figure lb). Such 

a pattern might promote sequential grouping of c~ptors (X) and 
/ 

targets (y) on the basis of the frequency proximi ty between them. , / 

" 
By comparing the decomposition effect in these -two conditions, it . 
could be determined whether ilf'requency proximi ty" or "trajectory" 

information was the more crucfal de terminant of' the sequential 

grouping of captors and targets. 

To determine whe_ther the respective orientation of successive , -
glides plays a role in promoting sequential grouping, or whether 

the sharing of a common f'requency range between successive glides 

is suf'f'icient to induce such grouping, a pair of' captor and tar-
// 

get tones was also made to glide across the same frequepcy range, 

but so that the captor had an opposite orientation to that of' the 

target, as do the X and Y tones in FiAe lc. Therefore, by com­

paring the ~equential (captor-target) grouping tendencies indue..\. 
" 

ed by patterns such as those in Figures lb and le, possible influ­

ences on séquential grouping effects which were due solely to the 
, 

respective ori-éntations of' capter and target glides could be 

iselated. \ 

----""!J .... -----... -.----..... -,,-..--- "-.. ". -... ------~-
,_ ~ 1 
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Final1y, the effect of ~erent tone duratioIl.s was examin­

ed to determine whether any gro~ing tendencies'ibased on fre­

quency proximity, trajectory, or orientation) were dependent 

0!l the rate of al ternation between the sequéntial events. By 

using longer tone durati~ns, the al ternation rate of tones in 

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

a more rapid al. ternation rate. It was expected that the longer 

durations would al10w lll,ore tilDe for 'trajectory information to 

accumulate, since more time woul.d be avai1abfe in which to 

moni tor the veloei ty of frequency ~han~e duri~ each glide. 

Therefore, sequences consisting ot the longer duration tones 

wer~xpected to promote sequential grouping in the condition 

containing collinear g1ides, if the audi tory system extrapo-

1ates :t'rom the trajectory ot a gliding tone. Al ternately, 

high al t ernat ion rates between ev~nts have been shoVlp;' to en­

courage stream segregation based on trequency proximity 

(Bregman, 19780; Dannenbrlng & Bregman, 1976; Van Noorden, 

1975) . The sequences composed of shorter tones might thus ac­

centuate the sequential streaming of X and Y in conditions 

favouring "frequency proximi ty" effects·, and in turn increase 

the decomposi tion of the YZ complex. 

Method . \ 

Subjects. Twenty-four vOlunte,ers, all of,!iwhom were university 

students ranging in age :t'rom -20 to 28, were çtested. All s~­

jects reported having normal hearing • 

29 
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Apparatus • Tones were synthesized digitally on a Digital 

Equipment Corpôration (DEC) PDP-l1/34 computer •. The computer 

control of stimulus generation was enabled by the use of a 

software package entit~ed MITSYN, developed by Henke (197~). 

The package enables a complete range of auditory stimulus para-
I , 

meters to be specified, and permits the synthesis of polyphonie 

signals. Digital signals were transformed by a DEC AAlI-K 12-
.~ 

bit digital-to-analog converter and output through a pEe Labora-

, 30 

tory Peripheral Accelerator (model No. LPA1l-K). High frequency( 

compon~nts. produced d~ing digi tal-to-analog conversio~ of the , : 

signals, were :f'iltered out with a Rockland 851 filter, with a' 

low-pass cutoff of 4000 Hz. AIl waveforms, frequencies, ampli-
u ~--

tude envelopes, and .timing of tones were control1ed by ,the com-

puter. . ' 
-

Stimuli were recorded directly from one output channel of 

the computer onto audio tape usin~ an AKAl u GX-400D-SS tape re-' 

corder. The'resulting monophonie tapes were played back on a 
~. , 

Sony TC-65 tape deck ampli:f'ied by a Pioneer SA-8500ll amplifier. 

The output signal was presented binaural l'y over Sennheiser HD-

414 stereo headphones. All presentations of experimental stim­

uli were condueted in an Industrial Acoustics 1202 Audiometrie 

ehamber. To measure the loudness of the stim~i, a flat-plate 

coupler ~s u~e~ to ~onnect the headphones to a General Radio 

Type 155l-C sound-leve~ meter. 

Stimuli. All tones ueed in stimulus sequences were sinusoidal. 

~ The frequency glides consisted of exponential changes in fre-
• 

quency. The amplitudes -of all tones had roughly exponential 
.- ...-

attacks and decays of 10 msecs which,rose and fe11 wh~le the 



: , ( 
1 : 

1 1 
l' 
1 

,1 

1 : 

~ 
1 , 

~ 1 
1 

\ 

/ 

~fiWllr~.' __ 

" 

\ 

tones glided in :f'requency. Al1 tones in the "slow al ternation" , 

condi tion had 230 msec duration (including the rise and fall 
o 

times). and tones in the "rapid ternation" condition had 130 
f 

msec durations (inc1uding the ris and fall times). In both 

conditions, 20 msec si1ences sep~~ted the ~ones. 

Al1 tones glided across' slightly 1éss than one half an 

octave, and were situated in one of the fiye half-octave inter­

vals between 25,6, 362, 512, 724. 1024 and 1448 Hz. The manner ' 

in wliich different combinations of tones gliding across each of 
J 

the intervals were used to generate different experimental ?on-
. 

d~tions is shown in Figure 2. The schematic represe~tation of 

glides in the figure can be taken to re:present tones wi th ei ther 

130 or 230 msee d~ations. To generate the 130 msée du,ration 
" 

jtones. glided tones which traversed the desired half octave 

interval in 150 msecs were gated 'off a~ter 130 msecs/. To :pro" 

duce .230 msee tones, frequency giides which traversed the de­

sired half octave interval in 250 msecs were ga ted off after 

230 msecs. Thus a sequence formed of successive tones of 

ei ther duration àJ.ways had 20 msec silences between the tones. 

The procedure also ensured that any sequence formed of a pair 

:of ascendlng or a palr of descending tones trom adjacent half 

octave intervals would align itself perfect1y along a single 

tr~jectory when the tones were separated by 20 msecs (as shown( 

C'by the pairs of tones 1abe1led T and Y in the figure). The 

trajectory\relation wi1l be deseribed mo're fu11y bë'low. 
/ 

To facilitate the su~s~quent description of stimulus ,pat-

terns, tones will be referred to by the inter,val in which they 
, " \ 

fel1, even thaugh they were gated off shortly before ,having 

31 
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Figure 2. 

) 

A graphie representat10n or the stimUlus )Jatterns used 
in Experiment 1. _ The oaptors. (T, FPS, 58 and FPD) are 
shown in dotted 1.1nes. Captora when the upper oomponent 

. of the as cending oompl ex ~waB the targe t (y) are shown in 
"a" above. Captora ror the lower eomponent are shown in 
"b", and those for the desoend1ng oomplex are shown in 
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traversed the entire interval. In the figure, the fi ve half' oc-

tave intervals are referred to as Range ,1 to Range 5 tram lowest 

to highest in :f'requency. Therefore, glides in ei ther direction, . . 
"" fal.l.ing wi thin the lowest half oc tave interval, wil.l be referreq 

to as ascendili.g or descending URange l. il 0 ton~s, those wi thin the 

second lowest half octave will be referred to as ascending or 

descending URange 2" tones. and so on. ,The ,.pair of Sfllchronous 

tones (y and Z) which formed the compl.ex glides were always,situ-

ated in Range 2 and Rat}ge 4. To produce an upward-g1iding com-
0, , 

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

Similarly t to produce a downward-gliding complex, a pair' of tones 

were giided downward across the same two ranges. Thus, the pair 

of tones in each' compiex modulated upward or downward in .parallel, 
y , 

at a separation of' one octave. The resul ting signal was a glided 
" ;' 

complex tone eorttaining the fundamental. tréquency,~and first. har-

monie. The exaet synchrOnY between onsets and offsets o.:f the 
l , 

tones was found' (during pretesting) to be sufficient to cause the 
el ' 

tones to be perceiyed as a single "rich" trequency -glide when 
, 'JI -

heard in isolation from other tones. , \ 

, 

In different conditions, ei ther the upper or l.ower of the 

synchronous/tones acted as the' "target" tone. The tone that act­

ed as IItarget~is' always labelled Y 1 and the other tone Z. Se.:V-
1 

eral.ù captor tone options are shown wi th dotted lines in the ,fig-
, / 

o ,ure. /Onl.y one such option was used in eac'h condi tion. ~s1;, 

the set of ·:captors" which had the upper tone ot ~~" a~{~nding 
/ " 

complex' as a target will be desc::r;ibed (see Figure ~. 
- / j 

To produee a condition in/which the capt/gl.ide:')NaS rela .. 

ed by a c ommon traj ec tory to tone Y. the asa.énding targe t t e / 

.>< .. //~ 

':"r>-;-;,q:it;i7~- "Y' 
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(Y) in R~ge 4 was preceded by an ascending pure tone gl~de cros-

sing Range ), so that the tones formed a perfectly straight line , 
.... 

wh en plotted on a logar,i thmic scale of frequency. Such relations ~ 

between captor and target tC!nes will be referred to as "Traject-

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

'~fi-g:ure ~ By shifting the captor tone to Range' 4, while leav­

ing i,ts duration and orientation identical, a captor whiçh fell 

in the sarne range as and with the saœe glide orientation as the 
~ 

target tone was produced. The captor conditions in which the 
-

captor had the same orientation and ran~e as the target will be 

ref'erred to as "Frequency Proximi ty/Same Orientation" (FPS) 

grouping (see Figure 2a). 
" 0 cr 

To' produce a glided cap~or whos~ ori-

entatibn was opposite to that of the Range 4 target glide, but 
1J 

. which fell in the same :f'requency range as the target, atone 

gliding dà~ward across Range 4 was used. (This condition will be 

referred t~ ;as "F;~quency " Proximi ty /Differe~rienta tion Il (FPD) 

grouping (see Figure- 2a). 
. 

-The FPD condition.also permitted a test of the hypothesis 

that the proximity betwéën the terminal frequency of the captor~ 
. . 

and the onset frequency of the target tone might be a crucial 

factor in attracting the target tone ,in,to a sequential grouping. 

FPD captors were situated so that the separation in frequency 

between the end of thè captor and the 'beginning of Y was .identic­

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

. tween the end èf the Trajeètory (T) conditon captor and the 

beginniIlg of the subsequent "target.. (see Figure 2a). In both 

~ conditions, this difference in frequency was relatively small. 

On the other hand, in the FPS oondi tion, the terminal frequen-" 

\ 
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cies of captors and initial frequencies of target tones were 
, 

very disparate.- Therefore, should T and FPD conditions show 

more evidence than the FPS condition that sequential streaming 

of captor and targe~_, tones was occurring, then i t would suggest 

that the separation between the terminal"frequency of the captor 

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 résults 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 , sinee the separation in tne two conditions was identical. 

Those T, FPS and FPD captors which'were designed to attract 

the lower,component, of the ascending com~lex are shown in Figure 

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

ner as were the captors described above. Figures ?c'and 2d show , 

how these three types of captors were created.so 'as to capture 

either the upper or lower glide from a descending complexe The 

ascending and descending complex conditions w~re symmetrical to 

each other. To produce each stimulus sequence, one of the cap-

tors'was repeatedly alternated with one of the complex glides. 

It should be pointed out that there was a slight imbalance 

between various T conditions. Remember that each condition shown 

in Figure_ 2 should be concei ved as being a continuous al ternation 

of-the captor tone and the complex glide'yZ. Note that in the 

T conditions shown in Figures 2a and 2d, the captor (T) talls 

between the ranges occupied by tones Y and z~ Thérefore, con-
, 

tinuous cycles of the~p~ttern not only placed T and Y on thé 

same trajëc tory , but also placed the Z and T. tones of cons~-
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tive repetitions of the pâttern on collinear paths (see Figure 

Ja) " In the T grouping shown in Figures 2b and 2c, T is above 

or below the ranges in which Y and Z fall. These patterns there-

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

jectory (see Figure 3b). Nevertheless, in the T condition both 

'organ1zations (T,with Y and Z with T) potentiate the decomposi­

tion of the mixture, if the auditor{ system extrapolates from 

tone T to tone Y (or from tone Z to tone T) as the pattern is 

repeatedIy cycled. 

In order to keep the trajectory relation perfect on both 
1 

slow and fast- altèrnation conditions the long~r duration glides 

')6 

had to be made to cover a slightly larger frequency range than 

short duration glides, vIere 'the exactness of the range covered 

by both Içng and short duration glides not sacrificed in this,man­

ner, then the trajectory between T condition captors and targets 

would have had to be imperfect at one of the alternation rates, 

(see Figure 4), The dotted line in the figure shows the imper­

fect trajectory (extrapolated from the capt~ glide) which would 
; 
• 

have resulted in the T condition if the longer duration captor 

tone was made to cover the same frequency range in 230 msecs as 

that covered by the shorter .duration captor in 1)0 msecs. A way 

to alleviate this problem would have been to inçrease the tempor­

al separation between the captor and target tones on th~ longer _ 

duration condition. However, since such Jan increase in time be-

tween tones might also reduce the tendency for them ta groupfse­

quentialIy, 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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scale) of ascending and descending glides or each duration was 
- -~. -

" identical. However, ascending gliqes began at the lower frequen-
'. 

cy limit of the appropriate halt octave interval, decaying just 

prior to reaching the upper limit, and descending glides began at 

the uppe~limit 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 tacilitated the design of 

collinear glides, caused thè actual ranges crossed by asce~ding 

and descending glide~ to be slightly different. This meant that 
" 

the frequency range covered by FPD captors was slightly differ-
, 

ent trom the range covered by the corresponding target tones 
r 

which had opposi té orientations. While in the FPS condition, cap- 'J 

-
tors and targets had the sarne orientation and therefore covered 

the sarne frequency r~ge, FPD captors covered slightly hig~e~ fre­

quency ranges in the ascending complex conditions (see Figures 2a . 
and 2b), or slightly lower ranges in the descending complex condi-

tions-(see Figures 2c and 2d) than the range covered by the re-
, 

spective target tones. Thus any differences between FPS and FPD 

~onditions would confound orientation, effects with a slight in­

equality in,the frequency proximity between captor and target 

tones across the two conditions. 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 

proc~dure us~ to generate the glides caused such small inac­

curacies, they were considered negligible, ~d the p~ocedure also 
1 

permitted great accuracy on the trajectory conditions. It was 

---w--'--------- -~----.,--- ---- _. -- _._--
~, 
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therefore considered justified to sacrifice accuracy on the fre-
\ 

quency dimension somewhat in favour of accuracy on tne trajectory 

dimension. 
/' 

The precise frequency ranges traversed by all frequen-

cy glides used are shown in Table 1. 

A final condition, using steady state tones as captors, was 

introduced to de termine whether flfi'equency proximi ty" ei'fects.:re-
,,' 

quired the ~ernating tones to be qualitatively similar (i.e., 

glides), or whether the presence of a nonglided captor 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 referred to as "Steady State Control fi (SS). 

Captor tones in the SS control condition w~re situated at the mid-
" dle frequency (on a logarithmic scale) of the interval in which 

the target tone fell. Therefore, to attempt to "capture" the 

upper tones in either ascending or descending complexes, the SS 

cap;~ors were set at 861 Hz, and to attempt to capture lower tones 
\ ~ 

in ei ther,.complex, the captors were set at 431 Hz. By setting 

the trequency values for the S3 captors at the midpoints of the 

intervals in which upper and lower tone~ in each complex were 

.s~ tuated, the SS captors would always be equal1y close to the 

Middle frequencies of targe·t~lides regardless of whether the 

targets were ascending 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 i t would be clear that the 'qualitative similari ty 

between tones in ,a sequence (i.e., whether theyare glided or 

40 , . 
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Table la Frequency ranges subten~ed by the frequency glides in~xperiment l 

Tone Dura tion 1 SHORT (130 msecs) 

Orientation. Ascending' Descending 

,.,... 
RANGE 1 256 - ~)9 Hz 

RANGE 2 36,2 - 480 512 - 386 
: 

RANGE 3 512 - 679 724 - 546 

RANGE 4 724 - 960 1024 - 773 

RANGE 5 1448 - 1092 
.. 

'" 

-..../ 
" 

~ (230 msecs) 

Ascending Descending 

256 --347 Hz 

362 - 490 

512 - 693 --
724 - 981 

/ 

./ 

, " 

... 

512 

724 

1024 

1448 

- 378 

- 535. 

- 75<6 

1069 
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not) is not required before sequential grouping will occur. 

By virtue of the f'act that "Trajectory" captors fell in a 

different frequency range from the "Frequency Proximity (FP) 

captors, i.e., FPS, FPD~ and SS (see Figure 2), differencès be­

tween the T condition and the others were confounded with pos-

sible effects due simply to the frequency range in whioh each 

captor fell. However, the fact that the stimuli were designed 

so that each set -of captprs appeared in both high and low fre-

quency ranges addressed this problem. 
\ ~ 

Since within each captor 

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

in the l'1igh range and one in the low range, any s~mple effects 

of frequency range co~ld be discriminated from effects due to 

the captor typé itself. 

It can be séen that sequential captor-target grouping, in 
, 

any of the patterns shown in Figure "2, would be antagonistic ta 

the fusion, or vertical ,grouping of' Y and Z. Therefore,' should 

any of the patterns represented in the figure be heard as the . ______________ v~ 

alternation of a pure and complex f'requency glide, it could be 

inferred that tones Y and Z had remained "fused", and thus, that 

the sequential c~ptor-target attraction was insufficient to over­

come the tendency for the synchronous tones (y and Z) to f'use to­

gether. However, should sequential streaming of captors and tar­

gets oceur, then the two-component eomplex would become decompos­

ed into its separate sine tone elements. As a result, the pat­

tern should be perceived as containing two streamsl one consist­

ing of the rapid al ternations of captor and target tones, and 
, " , .,. 

the other'consisting of slower repetitions of Z-Z-Z-, etc. 

Thus, the percep~ obtained in each case served as a criterion 
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which listeners could use to evaluate the séquential grouping 

tendency in each condition. 

Four stimuli were generated for use in practice trials • 
• 

These stimuli were analogous to the stimuli labelled T and FPS 

in Figures la and lb respect~vely, and SS and T in Figures le 

and Id respectively. However, all frequencies of tones were 

shifted somewhat from those used in actual testing to avoid spe­

èif~c carryover effects. Therefore, the praetice trials were 

similar, but not identical to the. respective experimental stim­

uli. The first two practice trials described were presented at -,., 

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

the 230 msec avent 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 

'ca~tor type', 2 levels of 'orientation of the complex glide', 
/' , 

and 2 levels of 'frequency range of captor'), each synthesized 

at twp "al ternation rates". Each trial conslsted of a warning 

beep, followed two seconds l~ter by 30 repetitions of the pure­

tone/complex-tone sequence. A six second silence separated the 

trials. The four pract1ce trials were recorded at the begin­

ning of each randomization. 

While the frequency response of the auditory system ia not 

, fIat over the whole frequency range, covered by the tones in the 

~timuli described above (Fletcher & Munson, i933), no attempt 

was made to equalize the subjective loudness of the toneà over 
, '~r>' .. 

the 'who le '·range . It was felt that since'the Trajectory and Fre-

quency Proximity captor tones appeared in high and low ranges, 

any effects resulting from differences in Ioudness between tones 
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at different ~equencies could easily be detected and separated 

from other effects. Stimuli we~e presertted so that the pat~erns 

had a mean intensi ty of approximately 80 dB SPL when measured ' 
, ./ 1 on the sound-level meter •. 

Procedure. Subjects were treated individually, and testing was 

conducted in the audiometric chamber. All instructions were pre-
1 

'v' sented on a typewri tten 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 simul taneous glides. A diagram': depicting , 
" 

suc~ a pattern accompanied the instructions. The term frequency 

glide was defined as a sound which consisted of a continuous up­

ward or downWard shitt 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 wére 

told to calI one such percept "fused ft (when only two tones were 

audible on each cycle of~the pattern) and the other "decoDlPosed If 

(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 a re­

sponse sheet containing a 7-point scale for each tr~al~ The scale 

was labelled FUSED ,a~the low end, and DECOMPOSEO at the high end. 
, 

They were told to give a rat1ng of four when the sequence sounded 

ambiguous, or seemed to fluctuate ,bêtween the two types of group­

ings. The instructions also war:ned that the sequences would be 
-:;~ 

presented at twa speeds, and that cere should be t~en ta avaid 

'" 
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confUsing the changes in speed for rhythm~c differences between 

the possible percepts which could result from eaéh sequen~e. 

Once" the subject had read thè instructions, the four prac-
../~(r( 

tice trials were presented, and the subject's ratrngs of these 

trials examined. If the subject failed ta recognize any differ­

ences between the four patterns, the qualitative di~ferences be-

.- tween "fusion" and "decomposi tion Il were described again and the 

same four practice tr.ials repeated. All but two ~ubjects report-
1 

ed hearing difference~ between the sequences by the second pre-

sentation of the practice trials. The two subjects who could 

hear no di~ferences were rejected from the experiment. 
1 

All experimental conditions were presented (32 trials) with . ' , ~ 

no interruption. Equal numbers o~ subjects were tested with each 

of the four randomizations o~ trial orders. Subjects were ran­

dOmly ~ssigned to one of-the four orders, with the restriction 

that only six subjects were run on each randomization~ 

The data measyte ~anâ analysis 

o 
~, 

Subjepts' ratings were sorted into experimental conditions, 

and analyzed in a four-way' analysis of variance wi th repeated 

measures on all f'acto;rs. The anSl.ysis tested two levels of 
" ; 

centêrnation rate", two levels of 0 the orientation of' the glide 

complex (-i.e. t upward or downward). -the two "f'requency ranges of' 

captors" (i.e., whether -th-e càptors were from the high or low 

range sets), and the ~our "captor types" (i.e., T, FPS, FPD and 

S5). Two subjects accidentally omitted one response each during 

the testing session. The missing data points were replaced with 

ce!I means. To compensate for the estimation of missing values, 
/ ,.. 
1 

1 
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two degrees of freedom were subtracted from all error terms 

(see Table 2). 

Re sul ts 

Figure S shows means for each of the "captor type" factors 

when presented in both high and low frequency ranges, as weIl as 

overaJ.l means at each level of "captor type". ~'ihile the ratings 

on each pair of FPS, SS and T captor conditions were nearly~ iden- __ 

tical regardless of whether the captor was in the high 0t low 

range, the FFD condition appears to have produced higher ratings 

of decompo'~i tion wh en the captor was high rather than low range. 
- -

The difference Was sufficient to produce a significant interaction 

of ":frequency range of c~ptor" and "captor type·· factors, le}. 67) = 
2.84, .12 < .OS. The values at' differ,ant levels of the "câptor 

\ 
type" factor for each level, o'"f the "range of captor" factor . ~ 

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

ally lo~ in the "Traie-ctory" and FPD conditions (i te., relative­

iy fused), while FPS and-SS captors yielded higher ratings (i.e., 

more decomposed). The ovérall means for ca~tor conditions (shown 

in dotted lines) suggest a similar pattern. The main effect of 

··captor type" was very reliable, l( 3, 67) = 9.73, :Q< .0001. 
~ 

Howèver, to analyze the main effect of "captor type" in ~ 

form uncontamina-;ted by influences :f'rom the "frequency range of 

captor" factor, tests of simple main effects using Satterthwai te' s 

degreas of f'reedom and pooled erro'r' terms were perfornied on the, 

me ans resulting from the interaction of the two factors (Winer, 

1962). The simple effect of "captor type" when only high: range 
1) 

> "captorCmeans were tested was signif'icant, lC3, l?S) = ,).78, 

12 < .OS· Similarly, the simple effect of "captor type" was 

1 
1 

/ 
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Tabie 21 Summary table of the 4-:;way analysis or variance (alternation rate x 

-orientation of g1ide comp1ex x range of captor x captor type) performed 
< on decomposition ratings 

(1 

Source SS df MS' F p 
~ 

;t< 

- Al ternation Rate (A) 49.68 
Èrror 202.82 

1 49'.68 
23(21)+ 8.82(9.96)+ 

5 .63(5 .Jl~)t'" 0.0263«.05)+ 

Orientation ef 
G1ide Complex (0) 4.E6 
-Errer '73 .69 
A x 0 19.01 
Error 108 .44 
l ' 
Range of Captor (R) -23.67 
Errer _ 152 .47 
AxR 
Error 
o x R 
Error 

\ 

15·99 
86.18 

2·37 
50.48 

A x 0 x R 0.11 
Error ' 83.22 

'" 

1 
23(21) 
1 

23(21) 
l. 

23(21) 
1 

23(21) . 
l 

23(21) 
1 

,23(21} 

4.56 
,3.20(3.51) 

19·01 
-4.71(5.16) 

23.67 
6.63(7.26) 

15·99 
3.75(4.10) 
2·37 
2.19{2.40) 
0.11 
3.62(i.96) 

Capter Type (CT) 184.,34 3 61.45, 
\-- Errer' 42).23 69(67) 6.13(6.32) ... , . 

A X (CT) ,.76 3 0.92 
Error 203.0) ,69(67) 2.94~3.03) 

1.42((30) 0.2450(n.s.) 

4.03(J~_ 0.0566(n.s.) 

3·57(3.26) O.07l.5(n.s.) 

4.27(3.90) 0.0503(n;s.) 

1.0~(0)99) o • 3096 ( n • s • ) 

0.0,3(0.0,3) o .8609(n.s.) 

" 10.02(9.73)- O.QOOO«.oooi) 
) ~-

0.65(0.63) 0 • .5842(n.s.) 
; 

0.75(0.73) - O·5251(n.s.) 
\ 

Ox (CT) , '7 .74 3 2 .58 
Error - 236.99 69(67) j.4,{3.S4) , 
A x 0 x (éT) 22.08 3 '7.36 2 .2~(2 .19) \ 0 .o~~(n.s.-") 
Error . #1 22.5 .10 1 69{ 67) 3 .26( ';3.36) \ " 

R x' (CT) 29.35 ~ 3 9.78 2.92{2.84) \.0400~.05) 
,/ Error 230.92 69(67) 3.35(3.45) \ \\ 
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Table 2--Continued 
( . 

source 55 df~ __ .. MS ___ .F _.P 

~ X il X (CT) ,.89 
B~r 

. 275.86 
6~(67)+ g:&~(4.12)+ 0.49(0.48)+ .0.6899(n.s.)+ 

~: \' 
9 x R x (CT) 0.,56 
Error . 202.54 

:3 0.19, 
69(67) 2.94(3.02) 

o .9789(n.s.) 
• 

--

p 

6.16 ~ ~ 0 x R x (CTI ' 
Error 196.88 

:3 2.05 ' 
69(67) 2.85(2.94) 

~ , 

'., 
--.. 

• 1 + Adjusted for missing data points 
t, 

.;-
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CAPTOR CONDITION 

H = high range 
L= low range 

-r- -.::. mean of H & L 

The Mean ratings (decomposi tion) et eech l evel of 
the "captor type" factor for both high and low 
range captors. The overall mean et each 1 evel of 
the "captor type" factor is shown in dotted I1nes. 
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significant on a test involving only the low range captor means, 

F(), 125) = Il.25, 12 < .01. None of the dif'f'erences between the 
• 

pairs of' mean, (i.e. ~ high and lo_w range captors), at each levei 

of "captor type" approached statistical significance on tests of 

the 'simple effect of "range of captor", except for the differ­

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

l(l, 80) .= 10.82,12< .01. Although results in the FPD condition 

appeared to be affected by the "range of captor" factor, the fact 

that the main efféct of "captor j;ype" produced such a high F val­

ue, relative to that for the interaotion of "captor type" and 

"range of' captor lf factors, in conjunction wi th the tact that the 

simple effect of "captor type" was significant at bath levels of 

the t/range .. factor, suggests that the main effect of "captor type" 

reliab1y reflects true diff'erences between captor conditions. Tt 

is, therefore, suggested that the main effect ,of "captor type" 

does not misrepresent differences be;tween the conditions by ob­

scuring important effects which resul t from the interaction of 

"captor typelt and "range of' captor" factors. 
\ 

A set of Tukey tests were performed on pairs of means contri-

buting ta the main effect of "captor type", to examine the dif­

ferences between specific captor conditions m0:t;e fully. -To de­

termine whether or not the conditions in which cap tors and tar­

gets fe!.J. 'in the same frequency range (i. e . t FPS 1 SS and FPD) ... , , 

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

captors and targets fell in diff'erent ranges, each of the former 

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

condition means differed significantly, 9,(4. '67) = 6.28, 12<.01. 

Similarly. the difference between S3 and T meane was significant., 
(J 

\ 

,: 

• 
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g (4, 67) = 5.71. .Il < ',01 • However. FPD and' T means did not dif'fer 

reliab1y, ~(4, 67) = 1.40, n. s. To examine ~hether 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 condition, the di:tf'erence between FPS and FPD means was 

tested, and found to be significant, .Q( 4, 67) = 4.88. l! < ,Ol. 

Simi1arly"the difference between SS and FPD conditions was 

found to be significant, .Q(4, 67) = 4:31, .u< .05. The dif'ference 

between FPS and SS means was not sign1ficant, Q{4. 67) = 0.57. n.s. 

Table :3 shows means for each "captor type" at both leve1s 

of' "al ternation rate". Note. that the mean ratings on all captor , 

condi tions are higher (i. e., more decotnposed) in the fast al ter­

nation rate condition. It appears th'en that the faster al tema­

tion of tqnes (or ~horter tones) produced uniformly more decom-

~ - position than did the slower al ternation condition (or longer 

tones) / regardless of' which captor type was invol ved • The main ef­

fect of "alternation rate" was significant. F(l, 21) = 5.14, 

\ 

~< .05· . Tl?-e interaction of' "al ~ernation rate" and '''captor type" 

,factors was not significant. l(J. 
[ 

67) = 0.63. n. s. .. 
Discussion 

..- ~ 

Since subjects probably' adjust their use of a judgment scale 
'-

to match the range of' dif'f'erences present in any set of stimuli, 

the actual numerical ratings reported above can be taken to indi­

cate no more than a relati ~e judgment of the fusion or decomposi-
r-- _ __ ~J' 

/ 

tion heard in each sequence, Nevertheless, the differences be-

tween conditions can b"e u.sed ta make severa! inferences about the 
/ 

strength of' sequential grouping in various·conditions. 

• 
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Table Ja Meàn ratings on each captor' condition at each 
level of the "alternation rate" factor 

Rapid 
(130 msecs! 
event) 

Slow 
(230 msecs! 
event) 

FPS 

4.61 

CAPTOR TYPE 

SS- FPD T 

.5.12 4.1.6 3.86 

4.31 

\ 
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The tests of simple effects performed on the me ans that 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 FED condition. High 

range FPD captora produced higher ratings of decomposition than 

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

tial attraction between high range FPD captora and targets .cas, 

shown in Figure~ 2a and 2c) was stro~er than that between, low 

range FPD captors and targets (as shown in Figures 2b and 2d) • 

The targe.t tone for high range captors was always the upper har-
----{. 

monic of the two-tone complex, whereas the 10w range captor's 

target was the fundaD1ental. One might, therefore. explain the 

resul t by supposing that i t 'is easier to extract a harmonie from 

à complex mixture, than i t is to extract the fundamental. Such 

a phenomenon has been 'observed previously (Bregman, A. S. Person­

al communicatiop, June, 1980). 

To be consistent wi th· such a supposition, high range cap­

ters shou1d have yielded stronger decomposition effects on al1 
\ 

r 

captor conditions. However, the ratings d'n FPS. SS and T condi-

tions do not show suah range-re1ated effects. Perhaps the.in­

consistency ia due ta the tact that the aequential attraction . 
between FPS and SS captors and targets, which yi,elded hl.gh de-

c.empesi tien ratings, was sufficiently s·trong to extract ei ther 
. r 

the fundamental or harmonie wi th equal facili ty. ,IOn the other 

hand, T captors, which yielded low decomposition ratings, May 

have produced such' a weak sequential attraction to their target 

tones that neither high or lew range captors showed a decomposi­

tion effect. ' According to this reasoning, FPD captora must have 

'. 



( 

( 1 

exerted only a weak "pull" on the subsequent target tones. Such 

a weak attraction would be influenced by how strongly the fWnda­

mental or harmonie of' the two-tone eomplex resisted being extraet­

ed from the complex. The resul t could, therefore, be interpreted 
\ , 

as auggesting that FPD captora exerted a weaker sequential attrac-

tion to targets than did FPS or S5 captora, but a atronger attrac­

tion than did the T captors. Thus, while the dif'f'erence betweeil 

FPD and T conditions was not statistically significant, the pre­

ceding explanation leads to the deduction that the ,T éondition 

May have yielded slightly lower decomposi tion than did the FPD , 
condition. 

Similarly, the overall Mean rating on the T condition was 

significantly lower than that on both FPS and SS· conditions. 
/' 

Therefore, there is evidence to suggest that the T condition cap­

tors grouped more poorly wi th the targeta than did the FPS, S8 

and possiéTy the FPD condition captors. In the FPS t S5 and FPD 

conditions, captors fell in the same f'requency range as their 

targets, while the T captors fell in di:f'ferent ranges from their 
\ ' 

targets. There:f'ore, the lower judgments of decompoaition in the 
/ 

'T condi tian suggest that the fFeqUlm~Y proximi ty between captors 

and targets, assessed by comparing the similarity between' the 

frequency ranges occupied by the successive tones,. generally dom­

inated over trajectory information in determining the sequential 
o 

grouping of the tones. The proximity between the offset frequen­

cy of the captor and the onset frequency of the target was clear­

ly of minor importrunce in determi~ng sequential 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 

smaller than thé \corresponding di~tances 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 mechanism, these resul ts iml>ly 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 wi th the previous event. As a re­

s~, the captors generally attracted tar~ts best when they were 
" 

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

captors that fell in the same range as the targei tone in the 

complex were su:t"f'icient to "tune", the audi tory system to the 

range in which the target fell, 'permitting it to isolate the 

" target trom 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 i t is for the ,grol.l.ping of steady state 

tones (e.g. Bregman & Camnbe11, 1971, Bregman & Rudnicky, 1975. 

Van Noorden, 1975). With respect to glided sounds, the prox­

imity between successive tones appears not to be determined by 

comparing the temporal1y closest f'requency components of. the 

tones (i.e., the terminal frequency of one tone and the initial 

trequency of the subs~uertt tone), but by comparing more global 

descriptions of the frequency characteristics of each tone. 

Any "priming" ef'f'ect of' trajectory which would sensi tize the 

system to events which continue, the path seit by previous events, 

seems to be smaller than the frequency proximity effect. Th~s 

in the Trajectory condition, the 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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trajectory of the captor tones so as to capture the subsequent 

target tones (which showed good continui ty wi th the captors )/; . 
Instead, the condition in which captors and targets fell in dif­

ferent ~anges yielded a low level of decomposi tion (i.e., low se­

quential grouping of sinusoïdal compollents), as one might pre-.. 
dict if relying soJ.ely on a frequency proximi ty-based descrip-

tion of the audi tory grouping mechanism. ;rt appears then that 

the audi tory system characterized each glide as exci ting a spe­

cific frequency range, rather than as "pointing to" a specifie 

range. 

If the responsi ve region exci ted by atone led only to the 

prediction that a subsequent event should excite that same region, 

then one would expeçt FPS and FPD condi tians to have yi~lded al­
,,~ 

MOSt identical results, since "captors" and "targets" sha'red- vir-
A • 

tually the same frequency range in both candi tions. - Since the 

, FPS condition yiel.ded a significantly higher mean rating (i .e., 

greater decomposi tian) than that on the FPD condition, i t appears 

that another factor was active. Possibly, the fact that FPD cap­

tors and targets had opposite orientations biased against sequen­

tial grouping, despi te the cammon frequency range of both tones. 

Therefore, the IIsimilari~1I of successive tones, in terms oi' their 

glide orientation, may play a role in sequentiaJ. grouping deci­

siolJ.s. One might, therefore, sUppose that information extracted 

by "orientation-specific" glide detectors, analogous to those 

identified by Evans and Whi tf'ield (1965) is used during sequen­

tial g;r:ouping operations. 
if 

There:f'ore. a possible argument consistent wi th al]: the find .... 
\ ' 

ings of the current experiment ia that the audi tory system deter-
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mines both the frequency range and the orientation of frequency 
, 

glides. Thus. whil.e the frequency proximi ty between successive 
// 

glides influences how w~ll they will group sequentially J the cqr-

respondence in orientation of the gl.ides may modulate frequency-
~ , 

based grouping decisions. As a resul. t, glides wi th correspond­

..ing orl'entations would group better than those wi th noncorrespo,nd-

~ng orientations when the frequency proximi ty between the glides 

(averaged on a logari thmic scale) was equal.. On the other hand, 
-

when the glides were far apart (as in the T condition). even 

those Cff 'l\;he sarne orientation would not readily group into a se­

quence, since the frequency-based component' of the grouping de-
..' .6 • \1. • l' 

C~Slon would b~as agalr1st sequentlal greup~ng of the tones. 

It shoul.d be recalled that t~e apparent d,iff'erence due to 

the correspondence in orientation between captors and targets in 

the 'FFS and FPD conditions is conf.ounded wi th the slight dis­

crepancy between the frequency ranges covered by FPD captors and 

target tones (see Stimul.i section). Since such a discrepancy 

could have biased ~n favour of frequency-based streaming in' the 
, 

FPS condi.t\on, in which the ,captors and targets shared identical 
1 

ranges, the\difference must be interpreted with caution'. However, 

should the ,ball di screpancy between the rang~s c overed by cap- / 

tor and target tenes in the FPD condi tien have produced the l.ower 

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

O'veral.l rating on the T condition, in which the captor and target 

tones shared no common range at all, is oruy slightly lower than 

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

range in oommon (see Figure 5). The differenqes in ratings be- 1 

tween 'FPS, FPD and T conditions B+e, theref'ore, not proportional. 

~r'" , _, ___ , . ________ ......\---.. -,.,-.. 
.. ' . .' --,,-------------­
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to the differences between the frequency range~ covered }?y cap­

tor~ and target tones in the three conditions. Therfore, i t ls 

suggested that the difference bet~en FPS and FPD conditionà 
t 

cannot be attributed to the difference b~tween the freq?ency 

ranges of .the captoI"s and targets in the latter condition. A 
/ , 

more reasonable explanation is the one offered above, that the 

relative orientation of the glides accounts for the dit'ference."-

An alternate explanation for the dit'ferences between cap­

tor conditions in the current e~ent follows t'rom the Brady, 

House and Stevens (1961) findi~g that the subjective pitch of a 

short duration frequency glide i8 identified with the terminal 

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

primarily by its'termlnal trequendy, then captors and targets 

in the FPS condition, which terminated ~n the same frequency, 
~ 

would have had sUbjectively identical pitches. Similarly, the 

SS captors would be perceived as having near1y 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 progresaive~y more disparate pitches trom 

the pitches of their targets, since the terminal trequencies of 

,captora and targets became progressi vely further apart in the 

FPD and T condi tio'ns (see Figure 2). If audi tory grouping mech­

anisms lnduce greatest aequential grouping between tones that 

have the Most similar SUbjective pitche~, then the differences 

~ pitch discussed above might account for the observed resu1ts. 

An experiment to be reported below attempted to isolate whether 

or not.the correspondence between terminal frequencies of suc-
.\ 

cessive glides could have been a relevant factor in inducing 

/sequential ~ouPing betwee~ the glides in the current stud~ . 

.. 
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While the Il al ternation rate" factor did not interact wi t~ 

any o'ther factors, i t did yield a significant main effect. The 

higher alternation ~ate~uced ,~iformly 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 ih terms of'the size of their fre­

quency ranges as well as ~in terms of their durations (see Figure 

4), there ia no apparent reason to suppose that auch differences 
1 

in frequency range would cause ,such an effect. Therefore, the 

di!ference can probably be attributed to well-known speed­

re1a~ed grouping tendencies. Generally, it has been found that 
. \ 

inoreasing the speed of' alternation between high and low fre-

/quency tones also increases the tendenoy for the tones to segre­

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

Bregman, 1976; r Van Noorden, 1975). < For thi~ reason, the flrapid 

alternation" rate in the current experiment should have been ex­

pected to ,produoe more frequency based sequential streaming, and 

hence more deoomposi tion than the "slow al ternation" rate. How­

ever, when the experiment was designed, it was reasonable to as­

sume that the hyPothetical traj~ctory effect would accumulate 

more evidence~en tones were langer ~d therefore one would ex­

pect slow rate,s to favour such an effect. It is interesting to 

note that, somewh~t counter-in~uitively. the slowalternation 

rate did not improve sequential grouping tendencies in the Tra­

jectory condition relative to those at the rapid alternation rate 
, l 

(see Table 3). The uniformi ty of the decrease in decomposi tion 

at the slow rate, therefore. supports the notion tha~ the tra­

jectory effect did not oocur at all. Instead, the resul t seems 

fi 
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to reveal a reduction in only one grouping tendency--based on 

the similari ty in frequency range occupied by successive events 

and influenced by the rate of/alternation of ev:ents--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-
/ 

~y~ shown the weakest sequential grouping, but even more 

so at the-:~"al~!=~n ~ate. • 

It shoula be pointed out that i t is possible that the stim-
1 

uli used in the current experiment may have biased s~ightly 

against trajectory effects. Remember that each stimulus ·was a 

repeating cycle. Note in Figure 2 that i t is possib~~ for the 

Trajectory captors, which always occupied their own separate fre~ 
" 

" 

·quency r~e, to have attracted each other into a single hori- '---" ,,- ' 

zontal stream consisting of T-T-T-, etc., as the sequence was 
. 

repeated. Since the ~arget (Y) was out~ide of the range occupi-

ed by Tf, the T-T a ttrac tion may have been sufficient~y strong te 

overpower any mutual attraction between T and Y, thereby prevent­

ing decomposi tion of the sequence in the T condition. Such com-

peti tion between 

Bregman {19?8d}. 

in the Frequency 

" 

alternate organizations was shown to occur by 
~'" \ , 

Al ternately, no such possibiii 1;y was present 
~ . 

proximity co~ditions, since tJie target (y) 

always fell between each" pair or captors and at the same frequen-{ 
/ 

cy range as each captor (s e ~Figure. 2). The tendency for captors) 

to group into a separate tream should thu~ have 'been eliminatecy 
.j 

in ,Frequency Proximi ty endi tions • 

Furthermore. i t i possi ble that the acoumulÙ1o'; of + 
tion which would pro ote the sequential att:raction of captors and 

• 
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targe-ts into a single $tréam may have been greàtest "in the 

Frequency Proximi ty condi tions . In the, Frequency\Proximi ty con-
" " "'..,.. ~. 

di tians, evidence favouring séquential captor-target grouping 

could .accumulate between' cycJ.es. sinee' a single sequen:tial 
\ 

~tre8m composed of captor-Y-captor-Y. e~c.. was potentiâted. 

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

favouring' a trâjectory grouping may ha~e .8CQumu1ated oJily wi thin 

cycles, since the trajectory star'ted atresh oh each cycle. This 

presents a possibJ.e bias, sinee' i t has been shown ~hat sequen~ 

tial streaming eff~cts are a function of the amount of· informa­

tion f'avouring sequentia1 grouping which is acc\IDI~ted d"':i"ll 

. any audi tory sequence (Bregman, 1978c) ~ '" 

Experiment III attempted. to replicate the :f'indtng that fre-
1 

quenc~ proximi ty information is sup.erior ta trajectory informa­

tion at inducing sequential c~ptor-targe't streaming effects. 
" . ,,' 

'" ~afeguard~ were tàken to elimi~te the potentiaJ. blases against 

trajectory effects present in the current experiment. 

, EX PERIMENT II 

r Introduction 

In Experiment 1. the resuIts on the 'l'PS ahd- PPD conditions 

suggestê~ that the correspondence in glide orientation between 
~ '. ' . 

1 • 

captor and target glldes migh t affee t sequentià1., streaming of 

.the glides. It is, therefore, possible that audttory- grouping 
\li 

mechanisms e'ompare the dl:~ec~ion of freq"uency change in su~ces-

sive g1ides to make declsions eoncerning the,sequentiaJ. grouping 

61 
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. of the glides •. However, Ithere was an al ternate explanation for i ' 

the observe~ effecl As discussed earlier, Brady et al. (1.961) 

have shown that the perceived pitc~ Ofé~ short duration glide is 
~ 

associated wi th the g1.ide 's terminal. frequency. Since the FPS 
" "~ J 

captor and target glides 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

minâl frequencies. may have been perceived as 'having different 

pi tches. If sequential. grouping mechanisms "prefer" to group 

more similarly pitched events into sequential streams. then it 

may explain w~y 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 disparit~ between the 

termi~ frequencies 'of successive glides alone might reduce 
"\ 

the sequential~grouping of the glides, there~is no reason to as-

sume that·a di spari t y betwëen the initial frequencies of succes­

si ve glides might nÇ>t al.so influence thelr sequenti;al gr9Uping 

tendencles. Therefore, the stronger~sequential. streaming of 

FPS ca:ptor~ and targets over that of FPD captors" and targets' 

might be attributed sQ~eIy"to the tact that the former h~d the 

same in! tial frequencies. whil~' the 1.atter had different in! tial 

frequencies. . . (/ 

" The second experiment attempted 'io separate possible ef-
l , 

fects of the correspondence in orientation of successi~e glides 

.on their tendency to fo~ sequential streams from possible in­

~ences due to the correspondence between the te~na1 or i\ " 
itial frequencies of s~ch gllde, on sequential" stream formation. 

• ,~~ . ~ 1 

A @l1.ar paradigm to that used in Experiment I was employed. 
\ J 
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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 candi tions of the previous experiment), fi ve 
,<-

levelsof correspondence, were used. Fi~ 6 grapHïéally depiets 

how the five different levels were produced by varying the orien­

t tation of the captor in each condition. The figure doe~ not show 
-

the third tone whieh was present in each pattern, a glide paral-

leI to, and simultaneous with the target tone. Since the tones 
~ 

in different eondition~ had different slopes, when plotted on a 

_ 1 ~ogarithmic seale of-frequency over time, the different condi-

tions will be referred to as "slope conditions". It was predic't-
f 

, 

ed that a monotonie decrement in "decgmposi tion Il would occur as 

the slopes o~ the captors and t~rget~ were made Iess correspond­

ent. However, the captors and targets in different slope condi­

tions also differed in terms of the degree of correspondence be-

tween their initial and terminal frequencies. Figure 6 ~depicts 
~ 

the fact that as the slopes of the captor and target tones be­
l 

came more dissimilar so did the initial and terminal frequencies 

'1 

P'; 
. ~ , 

, 
\ 

" ~ 

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 their initial or terminal t'requen-
) 

cies), the current experiment also employed steady state (SS) captor 
J' 

tones. On different conditions, an SS captor was placed at either 

, the initial or terminal frequency of the target. By using SS oap­

tors it was poss~ble ~o evaluat~ three conflioting hypotheses, 

as followsl 
(1) TM ':temiMl freguencY" hYDothesis 

One might hypothesize that only the terminal frequeJlll'CY of , 
a short,glide ls used during perceptual grouping operations. 

------.--~-------- --~------,---~--
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A represe tation of five captors wlth slopes pro­
gr~ssiv Y' ore unllke that of "'a target tone. The 
ve~tlc l 1lnes at the r1ght demonstrate how the dl~­
t'erènc in frequencl between the ~er.minal f~equen­
cles 0 the captor and t~get tones increases as the 
slope ot the tones become lesrl correspondent.· The 
vertl al 11ne8 at the 1att show correspondlng lncreas­
es in r\ dlt.t'erence bet_een lnl'tlal t'requencles of 
the cap or and _ targe t tones across the "slope' condi-"' 
tions" • 
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If so, a monotonie 'decrement across the slope conditions might, 

be attributed to the increasing separation b~tween the terminâl 

frequencies of the captor and target glides across the conditions. 

However, if perceptual grouping operations consider only the ter­

minal frequencies of glided tones to arrive at sequential group­

ing decisions, then the frequency relations between a target 

glide and a glided captor ending at the same frequency would ap-
~ . 

pear to be the same (to the perceptual grouping mechanism) as 

the relations between the sarne target and an SS captor situated 

at its terminal frequency. The strength of the sequent~al at­

traction between both pairs of events should thus be identical. 
1 

By the same reasoning, an SS captor a t the terminal frequency of 

the target glide should attract the target more strongly than a 

steady state captor t its initial frequency, sinee the percep­

tual grouping mech ism would judge the first captor as being 

to the target than the latter one. 

(2) The "ini tial/ freguency" hypothesis 

If only the initial frequ~ncies of successive glides are 

considered during sequential grouping operations, then the pre­

dicted monotonie decrement across the slope conditions might be 
\ 

attributed to the fact that the differences between the initial 

frequeneies of ~he ea~ttir and target tones also increased across 

the conditions. However, to be consistent with such an argument, 

the difference between the frequency of a steady state tone and 

the initial frequeGcy)of a target glide should have rouch-the same 

effect on sequential grouping of the tones as the dif!erence be­

tween the initial frequencie~ o~ the target glide and a glided 

captor. Thua, an SS captor situated at·tne initial frequendy 
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of a target glide should attract the ,target at least as strongly 1 

as would a glided captor with the sarne initial frequency as the 

target. In addition, an SS captor at the initial frequency of 

the target glide should group better with the target than an SS 

captor at its terminal frequency. 

(:3> The "slope" hypothesis ""1 
If the predicted mo~otonic decrement acros the various 

,1 

slope conditions is attributable to an additi~nal influence of 

th~ correspondence in slope between captors and targets, then SS 

captors at either the initial or terminal frequency of a target 

glide should not group as stronglY,with the target, as a glided 

captor which had the same slope as ~he target. The additional-
1 / 

'slope information provided by the glided captor should increase 

the sequentiai grouping tendency on that condition. 
, , 

Whether the results of the experiment were consistent with 

one or the other of the above hypotheses would therefore provide 

a me ans of isolating whether the correspondence in slope or the 

correspondence between initial or terminal frequencies of suc­

.c~ssive 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 experiment, did not inter­

ac t wi th the "captor type" variable f only one alterna tion ra te 

was employed in the current.~xperiment. It was also arbitrarily 

decided to attempt to capture only the upper compone~t of the 

two-tone glided complexes •. 

Method 

Subjects. ' Twenty-four volunteers,' ranging in .age :t'rom 20 to 37 

were tested. All subjects reported ha~ing normal 'hearing, and 

\ 
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were drawn from the sarne population as were subjects in Expe i­

metit I. 
\ 

Apparatus. Al1 equipment used du~ing syn~hesis and presentation 

of stimuli was identical to that emp10yed in Experiment I .. 

1 

Stimuli. A11 tones used in the stimuli for this experiment were 
t 

sinu'soidal, and frequency glides~ were exponentià1. The tones 

were 2)0 msecs long, inc1uding rough1y exponential attacks and 
- ~ . 
decays of 10 msecs (which rose and fe11 as the tones glided in 

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

To gener~te two-component glide complexes which modulated upward 

or downward in freq~ency, the°frequency of two sinusoida1 tones 

was modUlated up or dowrl' in paral1e1 (on an exponential sèa1e) 

for half an octave. To produce "ascending" glide oomplexes, the 

upper tone began. at 724 Hi, and the 10wer tone beg~ an ~ctave 
1 1 

, below, at 362 Hz. , The two tones glided upwar~ to respective ter-

minal frequencies of 1024 Hz and 512 Hz. To produce "descending" 

glide complexes, a pair of sine tones were modu1ated downward in 

frequencYJ the uppér tone gliding from 1024 Hz to 724 Hz, and 
1 

the lower tone gliding from 512 Hz to )62 Hz. The pair of up~ 

per and' pair,o~~èr tones in both ascending and descending 

glide complexes traversed identical frequency ranges. ,Figure 7 

show~ the pairs of synchronous tones. The target in each pair 

/ is 'labe11ed Y, and the other tone Z. 

Five captor tones wi th dif:t'erent slopes,' were generated. 

So that all :t'ive tones would t'al1 within the sarne frequency rang~ 

as, the target tone (Il. .'e., the upper component" of eaoh complex) 

and have the sarne centre frequency (on a logari thmio sc ale ), the 
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TIME ) 
A graphic representatio~ ot stimulus patterns used 1 

in Exp,eriment 2. The solid lin,s Y and Z depict the 
aacending complex, and dotted lines Y and Z depiet 
the descending complex. For the t'o;MZ1er •. the approp­
r1ate captora are labelled in sQ11d lettering, and 
for the latte'r, captora are .1·.~bel3:ed fn Itilatched" 

v ~ letter1ng. The figure ahowg one cycle of' a cont1nu- ç 

ously repeating pattern. 



---~~----

\ 

r 
l, 

five frequencies which divided the interval covered by the target 
, 

t.one (i. e., 724 to 1024 Hz) into four equal intervals (on a loga-

rithmic scale) were calcu1ated. In this manner, five frequencies 

(724, 790, 861, 939, and 1024 Hz) which would serve as the end // 

points for captor tones were generated. These frequencies were 

used to generate a set of captors representing a'continuous 

range of correspondence in slope to the target tones in both as­

cending and descending complexes (see Figuré 7). The captors 

are 1abelled X in the figure. In both ascending and descending 

complex conditions, the captor labelled A had an identical slope 

69 

to that of the target (Y). The remaining captors (i. e., B,' C, D, 

and E) had slop~s progressively more disparate to that of Y, with 

E having a completely inverse slope to -that of' Y. The ,middle con­

dition Chad zero slope. It, therefore, consisted\of a steady 

state captor at the mid frequency (on a logarithmic scale) of Y. 
J 

$ince the diff'erent slopes were pro.<;iuced by "rotating" the cap-

tor glides in equal increments around a cen~ral frequenc~ (on a 

logarithmic scale), any differences between conditions could not 

be accounted for by differences in the centre f'requency of the 
• 

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

..:: "'-f. 
hypotheses discussed above, two steady state captors, placed at 

the initial and terminal frequencies of' both ascending and de­

scending targets, were also used. \ Theae captora will be called 

High Range Steady State (HSS) and 10w Range Steady State (15S) , 
, 

respectively (see-Figure 7). ,An interaction of the HSS;LSS fac-

tor wi th -the "orientation of gllde 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

duce 'specifie carry-over effects, all ~equencies were altered 

so that stimuli used on practice trials were different 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 replicatio~s of each experimental condition (i.e., 

7 levels of "captor type" at each of the 2 leve~s of "orienta­

tion of g;Lide 'complex"). Each trial was preceded by a warning 

beep, and consisted of 30 repetitions of one· of ,the pure-tonel 

complex-tone cycles. The trials were separated by six seconds 

of silenc,e. The four practice trials were recorded at the begin-
, 

ning of.each randomization o~ trial orders. Subjects were ran-

domly assigned one ot the 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 thefr entire range, th~loudness of a 

sine tone (which was ramp modulated at l Hz -across the entire 
. , 

frequency range employed in the stimuli described above) was 

measured àt the headphones: The output was found to be fIat at 

80 dB SPL. Human audi tory frequency response is also known to 

·be fIat at 80 dB SPL acros~ the same frequency range (Fletcher & 

Munson, 1933). ·A p~esentation of experimental stimuli at 80 dB 

SPL would therefore ensure that all tones in the stimuli were 

about equal in subjective loudness (at least on average for a 

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

'. 
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Proçedure. Instructions and treatment of subjects were almQst 

( , 
identical to those in the previous experiment. The task remained 

similar, and an identical sev~n-point rating scale, labelled 
r 

FUSED at the lower end and DECOMPOSED at the upper end, was used. 
1 

1 Of course, instructions pertaining to the differences in al terna-
1 

tion rate of stimuli used in the previous experiment were dropped • . ":' 

Subjects were also informed that the more rapidlyalternating 

pair of, pure tones which would be heard in "decomposed," stimuli 

would always Ibe heard in the higher frequency range, with an 180-

lated tone heard hall' as often 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 @d analysis 

The subjects' ratings were sorted into,experimental condi­

tions, and the totale of ratings on the three replications in 

each condition were ~yzed in a two-way analysis of variance 

with repeated-measures on both factors. The factors tested 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 correspondence in slop~ betwéen captora and 

targets (i.e., A, B, C, D, and E) and two of which represented the 
; 

SS captor conditions (i.e., HSS and LSS). Subjects occasionally 
'l 

placed their rating marks for two trials on the same copy of the 
, /' 

rati~g scale on their response sheet, and as a result both re-

sponsea had to be dropped. The missing data points (8 in all) . 

" 

f 
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were rep~aced with cell means. To compensate, 8 degrees of 
\ 

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

Results 

The overall mean ra tings on captor conditions A through E 

are shown in Figure 8. The data suggest that as the correspond­

ence ,between the slopes of captor and target tones was reduced 

,(across cpnditions A through E), so ratings of ,perceived deoom­

posi tion diminished. - The mai-n--eUect of the Ucaptor type" fac-­

tor was highly significant, E,(6, 130) = 6.35, ~ < .0001. A test 
\ 

72 

for monotonici ty performed on the means for the five uslope " con-

ditions showed ,the apparent trend deseribed above to be very re-
'. 

1iable, l(l, 130) = 11.43, ~ <.001. ~In addi~ion, the in~eraetion 

" of the Hslope factor" (when 'weighted for monotonie trend across 

conditions A through E), and the "orientation" factor was tested • 
.... 

and found not to approach statistical significance, E,(.l, 130 ) = 
0.49. n. s. In this manner. the consistency of the monotonie 

trend across conditions A through E in both ascending and descend­

ing comp1ex conditions was confirmed. The F-values derived dur­

ing te~ts of deviations from mono to.nie it y (across cq~ditions A 

through E) are shown in Table 4. No significant deviations 'from 

monotonipi ty were observed. Despi te the absence of significant 

deviations from monotonicity, a more liberal test was used to en-, 
'. sure that the, apparent upward shift on condition C was not due to" -,.. . 

more than simple error variance. The observed mean at "0" was 

tested against that predicted by a straight line fit to -the ~ 

data. using a t-test' for the differenee between a mean and a con-- ~ 

starit \(i.e., by setting,the constant~to the yalue\predicted at 

'1 
1 

'. 
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Table 4. Summary table of the 2-way analysis of variance (orientation of glide comp1ex x 
cap~or type) performed on decomposition ratings 

'f ~ . 
__ SQ1.U'Q~~- .' SS df __ ~ MS ~___ ___F _ I> 

, 
.< 

Orientation of 
G1ide Comp1ex (0)\ 
Error 

97·04 
064.84 

1 97.04 3.36(2.19)+ o .0799 ( n . s • ) + 

~1ope (S) 
Error 

• Linear 
Error , 
Quadratic 
E"rror 
Cubic 
Error 
Quartic 
Error 

o x s 
Error 

J 

x 0 

HSS ascendi~ versus 
A descending 
Error ' 
LSS desoending versus 
A descending 
Error ./ 

631.95 
2154.61 
189·51 

2154.61 
12.20 

21.54.61 
8.15 

2154.61 
23·79 

2154.61 

23(15)+ 28.91(44.32)+ 
- .. 

6 105.32 
138(130) 15.61(16.57) 

1 189.51 
138(130) 15.61(16.57) 

1 12.20 
138(130) 15.61(16 • .57) 

1 8.15 
138(130) 15 .61(t.57 ) 

1 23.79 
138(130) 15·61(1 .57) 

148.08 6 24.68 
1607.86. 138(130) 11.65(12.37) 

115.8'7 
1607.86 

6.03 
1607.86 

64.84 
, 1607.86 

340.00 
1607.86 

1 115.87 
138(130) Il.65(12.37) 
. 1 6.0) 
1)8(130) 11.65{12.37) 

1 64.84 . 
138(130) 11.65(12.37) 

l 340.00 
138(130) 11.65(12.3~) 

1 I ... '~'< 00- • o· .. " ~~ ~ ~ , 
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Table 4-~ntinued 
- -.r 

::t...-~{ 

Source SS dt MS 'm_~ --.F __ ~____ 'P .. 
----...---.-,.,;----~------..- ~----~-~~- -~-. ~~- ---;-

HSS desc~nding·versus 
A descending 
Error .' 
LSS ascending versus 
A asêendilli 
Enor 

1.79 1 1.79 0.15(0.15)+ 
1607.86 138(1)0)+ 11.65(12.37)+ 

-".." 

_ 98.58 1 98.58 8.46(7.97) 
1607.86 1)8(130) Il.65(12.37) 

-~,---'-------~-~ - ---~--~---~-----~------

+Ad~ua1;ed f~r missing data points /' 

/' :1 1 II, 

! 
, 

,1 , \ 
- 1 

~ 

/ 
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\ 

n.s.(n.s.)+ 

<.01« .01) 
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"C" ~y a line,Br fit to the end points of tpe curve). The differ-
\ ; l ' ., , 

enee was' f~i.md to' ~e nonsignificant, 1(46) = 1.82, n. s. There-

fore, the apparent ùpward shift in condition C was probably not 

due to any systematic influences ,on the meano\ 
~ , ~ 

Table, 5 shows the means on HSS, LSS and A captor conditions, 

for both ascending and çlescendling targets. The stimuJ.us pattern . . . 
for the condition associated with eacn mean is also shown. From 

Table S J i t a~pears that each captor pro'duced gr~ater sequential 

grouping wi th i ts target when at the initial. rather than terminal 
,'\ '\ 

frequency of the target. Tne HSS captor yie1ded a higher rating 
.... 

on the descending t~get condition, whf1e the LSS" caPtor~ded 

'a higper rating on the ascending targe-t .. condi tion. To determlne 

the reliability of the apparent effect, the interaction of the 
, ~ 

~~ versus LS8 tactor'with the ascending versus descending tar-
:.. , 

get "factor was'1;ested on a planned contrast, and found to be sig-
" 

nificant~ l{l, 130) = 9.31, R < .01. Despi te the interaction, 

LSS means we're ne~er h,igher thJ HSS means' regarclless of whether 

the target ,tone was ~scending' o~ desC~nding ',. There:f'or~, i t a~-
. .......,.;, ( . ~ 'J ' 

peard" that i,t. wa~ not "solety the presence of ,a captor tone a:'t 

either the ~nitial or termiBal frequency of .~ch target which 
.' f '" 

a~counts .for, the res~l ts. Instea:d, the l!S.S captor~âppears ~ 
1 fi. • 1". ..... ... 

- J~ 

have been general1y superior at inducing the isolation of both . , 
, . ,. 

, ascending and 'descenèling targets trom" the two-componerît complex, 
," .'. jf w 

r'.r despi te the fact' th~7 i-:, was si fuated at the te~inal frequency 

of the former and at the~iriitial frequency of ~he latter. . . 
It wa~ ~sp d~sired to d~termine whether al~ the SS captors 

-~' ,~ Î 1 

tendéd to produce sma1le~ decomposltion èffects than the cbndi-. ~ " 

r • ) 

. tion A captora. 

! 

Such< a differe;z:lce would sugg~st 'that the a:or- . 

\ . 
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Table Si " ~ .), ~ 
Mean ratingsl on HSS, LSS and A" captors wli:en alternated 

~ 

~ 

G 

.,. , 

wi th ei ther the ascending or descending glide complexes. 
(Th~ pattern associated wi th .eaçh condition is shown 
above each mean. t'ihether the SS captor was at the 
terminal or initial frequency of the target glide is 
also indicated) • 

CAPTOR 

A HSS " LSS 

.. 4 
l 'f , '1. 

7? -/. ~/ 
/ ;> 7 . 

·4.79 

1 
r 

" 

" 
• 

"" 
~ " .!t- ,./5·28 

\ -
~ 

1 

c 

4.01 
... # 

terminal 

" .-~ 

" 1 

5·1S 
ini~ial 

,,-

J.83 
1 

'" ini tia,l 

....!.\ 
\' 

J·51 
terminal 

, 

l 

. "\ 
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respondence in slope between the A captors and targets i tself 

provided additional information, over the correspondence in 

their initial or terminal frequencies, to favour sequentiaJ. 
~ 

grouping of' captor and target tones in that condition. J'he rat-

ings on the 5S captor condi,tions', when the captors were at their 

targets 1 initial f'requencies (l.e., HSS in the descending com­

plex condition, and LS8 in the ascending complex condition) do 

not both appear to be as high as the A condi tian means for the 

corresponding targets (see Table 5). Planned comparisons re­

vealed that whi1e the "HSS-descending" condition mean was not 
" 

signif'icant 1y diff'erent from that on the "A-descending" condi- . 
, . 

tion, F(l', 1:30) = 0.15. n. SI' the "LSS-ascending" condition 

mean did dif':f'er reliably from the uA-ascending" mean, l(l, 130 = 

7 .9?, n <·.01 •. The resul ts suggest, therefore, that the SS cap­

tors at the initial fréquenc~es of targets were not uniformly 

as,good at attracting ascending and descending targets as were 

the corresponding A captora. 

't/ The resul ts shown in Tabl.e 5 also ~uggest that both "ter-
.... ... 

lllinal' f'requency" c8.l9tors yieJ.:de$i low,er scores than the A condi-

tion captors. To determill).e whether or not they did so re1iab­

l.y, two addi tional planned comparisons were performed 1 , The 
~ \ 

differenoe between the mean on the condition in which the HSS 

captor was at the i:erminal Î'requency of Y (i.e., the HSS-
. 

ascending complex condition) was tested against the mean 'on 
'>, 

l,I .. . 
the A ·co.ndi tion for, the ascending oomplex. '1;'he HSS, mean was 

signi:ficantly lower than the A mean, l(i, ~30) ;= 5.24, R. ~5 . . . 
As well, the mean on the condition in which the LSS captor was 

''"---. 

J4~~c.r.~ ______________________ ---
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a t the tenninal frequency of Y (i.e., the LSS-descending complex 

condi tion) was compared to the A-descending complex condition, 

and found to be re1iably 1ower, l(l, 130 = 27.49, ]!< .001. 

Since the number of comparisons performed on the data in 

the current experiment is qui te large, the probability that a 
,< 

significant effect mlght have resulted simply byOchan~e is also 

quite high. However. the signi,ficant F-values on the compari­

sons fell well above the cri tical value required to declare each 

- effect significant. Therefore f the e.ffects can be considered 

to be fairly reliable. 

Discussion 

The data are consistent with the conception that the 

strength of sequentia+ grouping between successive pure tone 

glides ia a direct function of' the. correspondence between the 

slopes of the glides. As the slopes of s1J.ccessi,ve glides were 

made less equi valent, perceived decomposi tion (i.e., sequential 

X-y grouping) diminished linearly (see Figure 8). However, to 

• accept the notion that the relative slopes of successive glides 

affected their sequential ~rouping téndencies, it must be shawn 

t'bat the correspondence between 'the terminal or initial frequen-
> 

cies of the glides alone in differ-ent conditions was insuffi-

cient to have produced the observed effects. 

The resul ts on the HSS' and LSS captor conditions at each 

level of the "orientation of glide bomplex" factor (see Table 5) 

r can be used ta inter that the te~inal frequencies of the target 
, 

glides alone were not important in qetermining their attraction 

, 
" 

, . 
-~-' j~=~~ 
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to other gl~des or steady state events. Each of the SS captors 

yielded· lower dec'omposi tion ratings when at the terminal frequen-
(~ 

cy of the target than when at the ini tlal f'requency. In addi­

tion, both "terminal frequencyU captors yielded" lower ratings 
, J - , 

than the corresponding A condition captors. Theref'ore, the two 

cri teria established to accept the "terminal f'requency" hypothe­

si,s discussed in the Introduction were not met. 

~he results shown in Table 5 do, however, suggest that the 

initial frequency of a gllde May play a greater role than its 
/ 

terminal frequency in causing 1;he glide to be attracted to othep 

audi tory events. However. if 'the perceptual grouping of _ a glide 

with other events was based solelyon the glide's initial fre­

quency, then one would expect that the SS captors would have 

yielded consistently ~igher scores when at the initial rather 
(j 

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

so. ainee the HSS captÇlr at the terminal frequency of the ascend­

ing\arget glide yielded at least as high a s~ore as that of the 

LSS captor at the initial frequency 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 

glide'ià considered, 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 complex' con­

di tions) should have yfèlded icientical .res~l ts to t~e. A condi­

tion wi th the corresponding target (since the cap1sors and targets 

had the same initial frequencies in b~th A conditions). The fact 

that one o~ the "initial frequency" captors (i.e., the :r.,sS cap­

tor in the ascending complex condition) yielded a Bigni~icantly 

1~ .... 
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lower score than that on the corresponding A condition suggests 
/ 

that the correspondence between the initial frequencies o~ the 
, , 

captors and targets in the A condition alone cannot account for 
, 

the higher decomposition,rating (or higher sequential grouping) 

on that condition. There is therefore reason to reject the 

"initial ~requency" hypothesis. 
\ \ 

. The apparent superiori ty of each SS captor in attracting 

81 

Y, when at Y's initial rather than terminal frequency (~ee'Table 
" 

5) may be attributable not to the initial freq}lency faci;or pe~~ 

se, but rather to the fact that each "initial frequency" captor 

nearly "connected uplt' in frequency wi th Y (see Table 5). It ia 

reasonable to assume 'that a captor which continuously excited 

the frequency region corresponding to the region in which Y be­

gan, right up until just prior to the onset of Y,"'would hàve 

provided a strong cue to enable the auditory system to isolate 

Y t'rom the èomplex, The Itterminal frequency" 5S captors. which 
. \ J.nstead "connected up" at the end of Y t may not have provided , 
such a cue. In the "initial frequency" 5S captor condition the 

auditoru system would have been primed for the occurrence of Y, 

while in the "terminâ.l frequency" bondi tion,' the cue would have 

arrived only after the occurrence of Y. If the cue is not as 

effecti~e retro actively, then this might account for the ~act 

that each captor when in the initial frequency positio~ appeared 
/ 

to attract Y better than when in the terminal frequency position. 

To account for the overal1 superior~ty of the HSS captors over 
., 

the LS5 captors in attracting Y, one might suggest ,that each 

captor's attraction to Y may have competed with its attraction 
, 4. 

Tlierefore, the MSS captors, whioh we,re a1ways further 
1.. Il , 

to Z. 

; 
~ , 
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from Z. may""ha-ve been le~s a:f':f'ected by auch a competitive attrac-
~ \~ 

tion than the LSS captora. The HSS captors would thus ~ some-
J " 

what advantaged in attracting Y. The combinèd effects (Le., 
, 

the captora' 'connection '. to Y and the competition from Z) inay 

account for the fact that t~e 55 captor that "connected up" wi th 
.' 

\ y and was far from Z (i.e., the 'HSS-descending complexe captor) 

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

aince the experimental design was not symmetric)Ù wi th· respect . 
to the distance in frequency between HSS "and LSS captora and. Z, 

this speculation cannet be verified. 

Among captor conditions A through E, the capters that yièld-
t ' 

ed' the highest decomposi tion ratings (e .g.,' condition A) did not 
'\ 

ffconneet up" with Y in 'the same manner as the "initial. fre~uency" 

s~ captors. It is,' therefore, likely tha:t a different factor. 

from that active on the SS condi~ions was largely r~sponsible ~r 
-

the captor-target grouping in the other conditions. Possibly 

the correspondance in slope between the captor and target ton~s 
1 

in each condition was· such a factor. Perhaps, when the slop'es 

of successive( glides corresponded, a bias ~n favour of sequen­

tial grouping occurred and when the slepes did not"correspond a 

bialf against such grouping developed. 

/ . The main piece of evidence Whic~ was used to reject the 

.~ tial 1';r:-equèncy· hYPothesi's was the relatively low score 01' 

the "initial frequency" LSS condition. Since a competitive ~­

trac tion trom Z may in part account for the Iow score observed 

on that condition. we must be cautio~s ~n completely discounting 

the hypothesis. However, Brady, e~ al.'s (1961) finding, which 

suggests a dominant role of the terminal freque~cy of a glide 
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in perception, questions the plausibili ty of the notion that the 
t> 

in! tia! frequency of a glide dominates during perceptual group" 

ing. Furthermore, the idea ,that Z may have competed ,wi th Y for. 

the attraction of the LSS captor is highly speculative. Even if 

true, comparabl.e attractions trom Z on the captors in' condi tions 

A through E might have caused any effects of Z, to cancel. out 

across the' candi tions . Therefore, whil.e further research ie 
, 

required beforè the "initial frequency" hyPothesis can be unequi-

voca1ly rejected. the notion that the relative slopes of the 

tones was involved in prQducing the effects observed in this 

experiment is preferred at this time. 

EXPERlMENT III 

Introduc tion 

In Experiment l J the' resul ta suggeated' that frequency prox ... 
'\ 

imi ty information dominates over any effects of trajectory in-, 

formation in determining which s~ccessive events will group into 
) 

a sl.ngle sequence. However, severa! possible accounts for the 

l' 
1 

î 
1 
1 

'\ 

observed inferiori ty of' trajectory effects over :f'requency prox- ;i: 

imity e~~ects at inducing sequèntial grouping of glided tones 
'i 

were ràised earl.ier. To recapi tulate, i t ls possible that the 

hypothetical trajectory effect la simpl.y weaker than the frequen-
• 

cy proxlmity effect. Therefore, in an experiment in which 

strong trequency proximity ef~ects were in competition with weak-
, 

er trajectory erfects, the weaker effects would have rated at 
'-

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

to subjects, sinee sUbjects were probab~y just comparing one 
,L 

" ' 

, . 
jf- ~7;:: ~ 
;t l.'1t" ' 
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condition with an~ther. _ The ~.tronger effec.ts,,\u1d .simPly .have 

"\ . ovèrshadowed the weaker ones. Second, as was ~ointed out in the 

Discussion of Experiment I, the possible tel'ldenc'y for captors in 

/ th~ "Trajectory" condition to. group' wi th e~dh other sequentially 

may have competed wi th any captor-target grouping tendency. '" 

Since the "Frequency Pr'oximi ty" stimul.i used in trperiment l 

woul~ have provided far l.ess opportuni ty for su~ captor-captor 

grouping, they may have been slightly more conducive to sequen­

tial captor-target grouping. Finally, it was pointed out earli­

er that cumulative perceptual evidence supporting sequential 

grouping may have been greater in the "Frequency Proximi ty" 

condi tions than in the "Trajecte>ry" conditions' employed in 

Experimen t 1. 

The following experiment attempted to eliminate these po­

tential confounds, while still examining the rel.ative contribu­

tions of frequency proximity and trajecton information to the 

sequential grouping of successi.ve trequency glides. Again, the 

stimuli consist~d of-a single gl~de, followed by a glided com­

plex containing a pair of' sync'hronous glides. To main tain equal 

grouping tendencies qn 'the basis of slope, the slopes of captor 

·tones and of tones irh the complex were al,!ays made identical.. 

Since no effects directly due to the direct,ion of the complex 
1 

, 1 
glide had 'geen found in previous experiments, all glides were 

arbi trarily oriented upwm;d. As a measure of sequential group­

ing of successive tones, it was arbi~rarily decided to try to 

capture-~ the l.ower tone (or :f'undamental) of the glide' compléx, 

and thereby' to try to decompose the complex tone. Instead of 
, ) 

presenting continuous cycles of the pattern, repeti tions of' 

.. 
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the pure tone!complex tone sequence were separated by four sec­

onds-of~ silence. Bregman (1978c) has suggested tha:t the stream~ 
. . 

ing mechanism accumuJ.ates evidence over successive events, and 

uses the cumulative strength of this evidenceto generate a pro-

bability statement concerning how likely it i's that a series of' 

events belong in a single stream. Th.e introduction of a t'our , 

second silent il?-terva1 was found to clear Most bias favouring a 
1 

particular stream formation, which had devel,oped due to previous-

ly' accumulated information. Theref'ore, by imbedding a four 
/' 

second silence between each repeti tion of. the càptor/targét pair 
/ . . , 

in the current experiment, i t was presumed that any tendency for 

the sequential grouping of tones in successive cycles to occur, 

would be eliminated. The only remaining tendencies would thus 

be those for "wi thin cycle Il groupings. The introduction of 

silent pauses betweenrepeti tions of the patterns should, thus 
" q 

serve two endsl (1)' It would eliminate the possibil.i tY.' of cap-

tor to ~aptor groupings between cycles of the stimulus pattern, 

and (2) "the. accumulation of evidence favouring either trajectory 

or f'requency proximi ty groupings would be equalized across con",,; 

di tions. Presumably, any mechanism' accumulating evidence for 

ei ther potential grouping would be reset following each four-
i' 

second silence. Rence repeti tions of the pattern: were not in-
" . 

tended to promote streaJl}ing effects, but were simpl.y employed 

to enable subjects to hear each pure tone/compex ~one sequence 

often enough so that they could malte a reiiabJ.e judgment of 

,whether each present~tion of the sequence was "fused Il or "de­

comp~sed" • \1'0 re~uée . the tendency ~or stro~er effects to "wash out .. 

the h~othetica1l.y weaker, trajectory effect, captor tones were 

" 

1 

r, 
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positioned in seven different frequency regions, ranging from a 

region equal to that of the target tone (i.e., the fundamental 
~ , 

of the glide, complex) ta one far below i t (see Figure 9,). The 

captor at the fourth of these seven positions was situated sa 

1;hat i t and the ~ar~et tone ~igned themsel.ves on the same tra­

jectory. It was presumed that if it w~s only the frequency prox­

imity. between the captor and target (assessed by judging the 

proximity betwe~n' their average frequencies) th~t i~luenced 

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 'wi th increasing distance between 

the captorts and the target's frequency regions. Alternately, , 

if trajectory information also played a role in attracting the 
1 

1 
target to the captor, then the single ~'Trajectory" condition 

'should deviate from the smoothly decreasing trend, such that 

the Mean on the 'WTrajectory" condition woul.d be higher than 

that predicted by a line fit, to the ,data. Such a result would 

reflect the fact that the influence of a ·'trajectory °effect'·had 

become added to the effect of frequency proximity on that condi­

tion, causing the mean for the ·'TrajectorY·" condi/tion to be in­

flated. Since the two effects should be additive in such a 

si tuation, a:ny tltrajectory effect" should become visible "on . 
top of" the frequenèy proximi ty effect. 

Due to the fact that stimuli were not presented in continu­

ous cycles, it became verY,difficult to achieve clear'decomposi­

tian effects. Pre sumably , such effects require the accumula-
~ 

1;ion of evidence over repeated ~ycles, a~ suggested by ;aregman 
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tFlgul',e 9. A graphie representB;tion- of stimulus patte~s in \. 
~per1ment 3. Oaptora are lab~11ed X~ the tarset 

'Y, and the third tone (designed to fuse wlth Y) 
15 1abe11ed Z. The f1gu~e ahows one oycle of a 
oontinuoualy repeat1ng pattern. 
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_) (1978c) • However, during pretesting" i t was tound that decom-" 

posi tion of the mixture 11&8 perceptible whel'} a single al terna-
,1 -

F 

tion Qf eaptor and complex glides was pr,esented at· a 130 msee 
~ . 

event rate (wi th 2~ msecs of si1~~ce between ~e tones). Since 

s10wer rates would not yi~ld eleu decomposi tiOh on a sl.ngle, 

'presentation of· the pure tone/c~mplex tone pair, only the fast -. 
\r ' 

rate was employed in this experiment. At" the 1)0 msee rate, the 

tones were still clearly audible as frequency glides, and hence 

i t was :rel t that the hypothetieal trajectory !eftect should still 

be opera:ti ve •. , /' 

l 

Mèth,od 

SJlbjects'. Twenty vC?lunteer~, ranging in age :trom l~ to 29 were 

tested. All subjects reported having t1\0rmal. he'ar,ing, and were . 

drawn t'rom the same population as those empl.oyed in previous 

experiments. 

., 
Ap",?aratus. All equipment used during the synthesis and pr~senta-
tion of stimuli ns id.enitieal to rat employed Ù1---t~e previous 

experlments • 
• 

, . 
Stimuli. All: tonee were sin1.lsoidal, and. frequency ~ides were 

exponential. Bach tone had a 130 msec duration includlng a 10 maee 

exponential a"ttack 4nd deoay 01' àmpli tude (riaing and 1'alli{1€; as . ~ 

the tone was glided)"'. ; Eaoh stimulus pattern consisted of a 

tone, followed 20 mse~s later by a pair of simul taneous . tonas. . , 

To genarate a ~1.ch sounding' two-tone compiex, the frequency 
",' 0 

of ea~h of a pair o~ synchronous, sine tonea was ,m~~ulated upward 
~ -~"''''''''''''' ",. ~ l, ,_ l ~ .. ~ 1 ~ - ", .. ' \_... '~' .... .,"'Q .... ~"",""" ~ ,.. 

in fr~quenèYt in parSJ.!.el, for just under 'one 'half an octave. . . 
," t_ 

, , 
< , 
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'In this experiment. the upper tone glided troll 1448 to ,1119 Hz,- ':-' ~ 

and the lower tone glided one octave lowar, :trom '724 to 960 Hz. 

During pre te sting t the complex was judged to sound like a g • .L,.".....'I;I 

rich-sounding glide, when heard in isolatioll !rom other tones. 
, 

Ta produce captor tones' wbich woUld precede the ,complex, 
. , 

and potentiate a sequential grouping be_en th.selves and the , 

lower component of the two-tone mixture. seVen ~if'ferent glided 

sine ,tones, al1 with identical durations and slopel\l to the ton~s 
;'$I"!lI~'if? 

in the complex, were used. Ta produce strong frequency prox-
• 

im.! ty grouping. a gllde identical to the 10wer cOlllponent in the 
\ , ... 

, 

complex tone. (i . e. , ranging tram 724 to 960 Hz}, was used, 
o D- ,'"9 , 

This ,condition will be ret'erred to as cOndl:tlQn 'A (see ligure - , 

9)., Note that 'in this pattern a séquentlal group1JÎg 'o-r the cap-
. 1 

1 • 

tor (x) and target Cy) Should c~8e to!!. Z t~ be he~ as an 
, . 

" 
'>, 

'" 

1,',1 

'. 

'iso1ated high, pi tched event." To cre.ate- a stimulus pat~ern\/ which, 

would favour a 'groupil1g on the '6a8is ,ot' the 0 tr~3ectory between , , 
, , 

the captor and target t0e!S' a captor· ton., (X) _8 glided from, . 

512 to i79 Hz. As a resul.t} the cap~o~ (X) lUId target. (;) were 

al1-.gned ',oh precisely the same trajectory ,on a l~gari thmic, seâle 
, • Q , • , '.. 

of fr.quency. ~is ' condition ie labe~ed condition D( t) in 
. , ' 

Figure 9. The latter condition _$ produced essen~ially by 
, (\ ~ t. Q ~ 

gating on and off a single ~ long ~eq\lency' gllde, 4 gJ.iding from 

the captor onset trequency (.512 HZ) to the target. offset f're-
.. 'Ii; Q 

quency (~ H.-)·. ,Thus i t was assured that ,the ~aptor and tar-

get weJe aligned on precisely 'tpe ,~e trajectory: 
-JI' , '. 

càp~ors in condition,,la and- C consisied of tones ,gllded 

fr<?m 645 to 855 'Hz and .575 te> 762' Hz, respectiv~ly ... Simil,rly.', 
,~ .",~ ... ,. --

{ 
r 

thre 'captor co~di tians were' generatec;1 , in wl?-ich the, captor's 

0\, , .. ~ .. 
, '\ '" 

• ~ ". ,QI • 

~" .. " ... 
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/ 

, . 
fell below·the D(t) captor in frequency. Condition Et F and G 

. 
captors gli'ded from 456 to 604, 406 to 539, and 362 to 480 Hz, 

respèctively. In this manner, all glides employed h~d equal 
! ~ 

slopes, and travers~d the same distance .on a logari thmic scale 
,!. 

bf frequency. Captors across conditions A through G, b~came , 

progressively further in frequency from the target tone in 

equal increments \ (on a logari thmic sCale). The _ glide complex 

remained the same in all condi tions li 

-Four pract~ce trial~, analogdus to the patterns shown às 
- " 

conditions~, B, D(t) and G in ,Figure 8 were generated. How-
~ 

ever all.frequency ranges o~ tones were altered, so that the 
, '1 -.. 

practice trials were similar but not identical to experimental 

trials. Four randomizations of .trial orders were re<;:orded on 

audi"'o tape:~ wi th eacl1 randomization con6iS,~ing of 21 trials 

(i .e" 3 replications of each of the 7 captor tone conditions) , 

The four practice trials were recorded at the beginhing of each 
• 

randomization' in the order A, G, B and D(t), Each trial consi t-.. 
-

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

> 

Subsequen-tly, eight repeti tions of one stimulus pattern.. viere 0 

presented, with four seconds~f silence between the repeti­

tions.· A single b~ep was used to signal the beginning of a six 
" 

second' res~onse periOd between successive trials.~ 

The upper tone in each two-tone complex, which ranged from 
....... ~ 'j. \ .. 

\ 

1448 to- 1919 Hz, fell in ~ region of heighte~~d frequency re-

sponse at ~ugh1y 80 dB SPL, according to Valuel.,Plotted o~ 
/' 

~ . 
the Fletclier-Munson curve (Fle-t:cher & Munson, 1933). ThUG 

.. 
the upper tone was probably heard as being louder than any of 
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the other tones, However, since· this loudness dif'fèrence 

constant across àil con~i tions, and no attempt to 'captUre 

upp'èr tone ;;:~,in ~ experimental condition, it lias 

necessary to adjust the loudness of the tone. All captor and. 
t, 

target tones \fell wi thin the' frequency region between 362 and . 
\ 

960 'Hz. The au~itory ~ystem, shows a flat frequency response at 
-- . 

80 dB SPL wi thin this range. The response of play-back equipment 
".J 

was measured at the headphones, and waS also found to be flat 

for an 80 dJ3 sine tone glided up and down 8rcross the entire 362 

to 960 Hz range. Thus, al~ captor and target, tones" had equal 

subjective loudness (on average for a group of normal sUbjècts) • 
/ 

. , 
ProcedUre, In this experiment,. subjects were again asked to ~ 

~Sudge ~hether stimuli conta1ning a pure tone glide followed' by 

a pair of simul taneous glides were h-eard as' -being "fused fi or 

"decomposed". The, subjects were told 'that "decomposed" stimuli 
• ,f 

" ' 

would spund lik~ a paottern' containing a pair of rapi~ glides in 1 

the low f'requency range, wi th à. third ~solatèd sound audible in 

the higher range. "Fused" stimuli were àescribed as so~ding 

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

Two diagrams depicting "fused" and "decomposed" patterns accom-
\ -

panied the explanation. Subjects were ,informed that they would 

hear eight repeti tions of each pattern, and that eac~' presenta­

tion of the pattern would be followed by a four second silence. 

~he subjects r~quired considerably more exposure' to prac-
, 

tice trials than they' had required in previous experiments before 
, . 

they could recognize any decomposi tion ef:hc"bs at all. The pro-
.. . 

cedure employed to train subjects on the task was as followsl 

9J. 
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The. first practice trial (analogous to condition·A in Figure 

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

ly decomposed" pattern, the effect was subtle, and difficult to ' 

hear on the first'exposure. Only one subject rated the stimulus 
• J 

as being decoml?osed on, the tirst presentation. For 'every other 

"subject, the sam.e trial was repeated (appr~ximately 4 times) 
~ " " 

until the subject -reported hearing three clearly audible tones. 

(Then the remaining three practice trials were presen..ted. If the 

subject' felt uncertain about qualitative differences between 

the stimuli, al1 four practice trials were presented once more. , ' 

By this point, ~1 subjects reported that they could hear three 
/ 

tones in some sequences and o~y two tones in the others, except 

fox: one who was re jeeted trom- the experimèn~. 
, ~ 

All experimental condit~ons "21 trials) were prèsented in 
,/ 

a single session. Subjects were randomly assigned one ,of the 

four ." randomized orders, with the rêstriction that five subjects 

were run w1 th each order. / , 
tl 

The da ta measure and an~lsis 
, 

Subjects • ratings were sorted into experimental condi tions, 

and the totals of r~tings on the three replications in each ,con-
. , 

di tion were l;Ill8.lyzed in a one -way ANOVA w1 th repea ted ,measures 

on the seven levels ot "cap~or position" (see Table 6). 

) 
Results 

; 

Figure 10 shows the mean rating for each of the seven cap-

tor conditions. The data,suggest that there wa~ a monotonie 

decrement in the ratings correlated wi th increasing separatio!,! 
6 

(' 

92 

~ 



1 
1 

, 1 
! 

, ! 

.J 
! 
l 

, \, 
1 

~I 

\ " 

'," 

("'\.. 
0\ 

~ 

, 

''1 , ~. ~ ~.~,ciAj~t ~ \ \ .. . 
1 au ,~ . -. ,.: ;"';fifot:' ' 

". 

~ 

, . 

\ 
ù 

-"--

Table 6. Summary table o~ the 1-way analysis of variance performed on decomposi-. 
tion ratings in Experiment'2I1 

# ,-/' 

Source SS, 'df 'MS F .p . 
a 

Captor Type (CT) 991.14 ,6 16~.19 11.61 0.0000 
Error ' 1622.00 114 1 .23 

Lineàr 949 .00 1 949.00 66.70 0.0000 
Error 1622.00 114 14.23 

~ ,/ Quadra tic 0.10 1 0.10 O.o.t n.s. 
1622.00 114 14.2.3 Error 

Cubic 0.08 1 0.08 ; 0.01 n.s. "" 
Error 1622.00 114 ~ .-

Quartfc 27.12 1 27.12 1.91 n.s. 
Error 1622.00 114 14.23 
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CAPTQR TYPE 
, Meç 'rat1ngs (deoompos'1t1on) at· eaoh level -of 

ttcapto:r; t'1PS". The "hatoh marks" '1htl1cate the 
expected raglon for the mean,at D(t), 8lv~the 
ex1'stence ot a n·traj'ector,. 'effeot". 
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in f'req~~ncy between captor and target tones' (across 'conditions 
,~.-dO r , T ,0 r 

A th;rough G.).' There appears to· be no upward devia tion from the .' 
~ 

'trend in the D(tl condition. This nègative result suggests that 
, 

a. "trajectory eff~ét" did not raise' the rating on the latter con-, . . 
,-

dltion, by adding a separate inf'1uence favouring decompositio~. 

(The 'ha tch marks 1 in Figure 10 indica te the eX1?ec ted region for 
\ , , 

the mean at D( t) 1 gi;ven. the. existence of a 'trajectory effect' ) . . 

95 

The main effect of"captor position" was very reliable, E( 6, 114) = 

11.61, .u < .0001. A trend analysis 'wa~ performed. o~ the data, 

and resu1 ~ing F-values are shown in Table 6. . Note that' while a ., / 

signi'ficant linea:r t~enc( resu1ted' l'rom the\ analysis, l(l., 114-) = . 
66.70, p< .0001, ~l te,sts for de'Viatians' trom linearity yield­

/ 

ed nonsignificant val.ues. 

Discussion 
. " 

The resul ts of this experiment !U"e very clear eut. . The 

strength of sequential grouping of successive glldes appears ta 
, 

have been a direct :f'unctien Of the frequency proximi ty between 
" 

the glides. As the captor and target gli4es were made more dis-

tant trom each other in mean frequency. the ratings for the pat .. 

terna became lower (i. e .. , less '.decomposed '). suggeating that 

/ sequential. groupillg 6f the captora and targets became weaker 
"-

acroas the conditions. This resul t, the:-efore.· corrèsponds ta 
III 

'. the findings of Experiment l, which suggested that glides' more 

proximal ta each other in mean frequency are grouped more strong-- , , 
.. 1y into sequential atr~ams. 

. , 

No evidenc'e was obtained te suggest that the auditory oys-

tem tracks l'rom the trajectory of one gliding sinusôid onte a 

~ 

\ 
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su~~equ~nt sinu~oid mai.ntai~r the S~~' î:~ajectory of change. 

It is, therefore, suggested that the audi t
L

ry system does not 

.'. use trajectory;inr9m~ti'~n during tho~e afltory groupi'!g pro­

cesses that weigh antagO-nisti-c sequential' and "vertical" group- " 
~ - ~, 

, J.' " , 

ing tendenciesJ at lèas-ç, s)lch use' of ;traj,ectory inf9rma~~on"has 
• l './.' ... • 

not, been detee,table by the '~eans employed in the current experi-
l> lJti. *' '., 

, -' 

ment, Qr in Experiment I. .' 

( ,The findi~ l~' .som~~t· c,,:,ntra:~iC~O~ to a -resu1 tdescribed 

by,' ~an and D ,~br~ng (1.97 3) • They Showe~ that sequences 

.96 

of al ternating 'gh '''and' 10'1:{' tones would remûn, in' a single stre'am 
r-

at high present, tion rates if' short freq~ency gl."ides at, the onsets 
; , ". 'r 

and, of'fsets off eaéh tone-' made the tones "point" to each other. . /,... ~ ... 

High and 10w tonef!'with 'll~ .sUChogl:id1s were fotihd t~ segregate 
• l 'J l 

into separate stre,ams when ~esent~d in o therwi se' identical se-

quences. It was 

l.ike" effect, '~n 

, . 
suggested ~hat the resul.·t -ref'l.ected a Utrajec1;ory-

~ ~ 
, ' 

whic?h the trac king -of the rapidly ai terna ting se-
, 

quence of tQnes was facil.i tated by, .the giides which served t'o 

sensi ti ze the, aud'! tory system :to the frequency region in' which . 
/ 

each subsequent tone woul.d oocur. However.' tne effect can° also 

be expl.ained in terms of frequency proximi ty. The short g1.ided 

segment on each' tone, "pointing" to the subsequent tone, also 

made the tones effecti vely c10ser in frequency. Gi ven the re-
, li 

s'lÜ t of the c-urreht experiment, which' shows no evidence for a , 
/ 

trajectory ef'f-ect, and much evidence for fr~quenoY-"-'proximi ty e1'-

~ects when stimuli 'consist of' 'alternating frequency g~ides, it 

is probable that frequency proximi ty ~fiects~ accounted for -

" Bregman and· Dannenbring' s finding. ' 
, ! r 

The inabili:ty to detec,t trajectory effects between glid~d 
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tone-s ~in the eurrent s1:udy la 

--by Ha.l.pern (1977). She 1'ound 

, ~ ,1 

'11\, " 

consistekt wi th a resuJ. t reported 
-~ -

that listeners could not fuJ.~y . 
1 

track, ei ther one of a pair of ascending', and descending sine tone \ ';' . -
~lides which crossed each other's paths: at their mid-points. 

Listeners tended to track the first part of, the ascending glide 
, li 1 . ,J 1 ... 

to the crossing point, and then to :roll$ the second half of the 

descenCling glide back d~wn, or to, begin ,y following the down­

y/ard' .ide part way and then to fo~low the secon~ ha.l.f of _ the . 
: ascending gJ.ide back into t~e higher range 1 liIJi ei ther case. 

the trajectory of a single .glide appeared not to be extrapolat-, 

e4ross the point of---erossing 1 The resul t, thère1'ore, suppo~ts . 
. . 

the notion that tJ1e role of trajectory information in the percep- . 

tual organiza~ion of ,,"udi tort' patterns containing glides 'is mim-
I . 

mal in comparison 'to 1'requen~y-based grouping tendencies 1 -

. \ . 
One factor may restrict the generall. ty of reaul ts l.n the cur-

rent experiment. Since the dw::a.tion of eaeh glided tone waa fair.­

ly short, there may have been li ttl.e t~me for the, .audi tory' sys­

tem tp have accumulated information describing the trajectory of 
~ • Q ...-

each tone, It ,is, there1'ore. posad..ble 'that a trajeëtory el':tect 
- . might have be~n achieved had ~onger tone{bèen ~èed. ,Howeve.r, 

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

longer than th~erage durat;ons of gl,ided formants which occur 

in speech. Therefore, if the tracktng of trajectory information 

ia to have any practical signi1'icance in a normal audi tory en-

i '. ~ viro~ent, such in:f'ormat on must be processed very rap~dly. 

Thus, eVén if a trajectory effect would cause a sequential at­

'traction between si.nusoidaJ., gl.ides of long durationst it la dif-

, fieul t td imagine what 'the practicaJ. significance 01' sucha. phe-' 

-, 

" 
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~ " ( 

nomenon would be. However,: gl~dedo transi tions in speech are 
.' 

- ' 

cOl'1tinuous wi th the ~eec~ train, whil.e the glides in the current 

experiments were discrete. It ls' possibl~ that, th-e- audi tory sys­

"bem • s sensi ti vi ty to continuous trajectory information, diff'ers 
l ' 

trom that for trajectorie~ between discontinuous e~nts. ' Per':' 

") haps th!' audi tory sys~em oan use trajeoto~ intorm~ti.on. but 

simply cannot extrap~late from a t~jec'tory across a sil.ence. 

Therefore, had the captor and target tones in the trajectory con-
-. . 

ditions been continuous (i .e., .one.lqng gliding tone), traject-" 

ory information May have succeeded in separatihg the ta:rget 

trom the compl.ex tone. ~urther research is; there:fore, required 
" ct" "dl) 

to determine whether or !fot the auditory system can util.i~e tra-

jectory information as a prediC?tive device during the processing 

of continuous events. 
, 

/\_..1 , 

f _ 

GENERAL DISCUSSION 
3 

o ' 
. , 

r 

The curren"t study has shown tha t a pair of simul taneous 
~ 

'" 1 

gliding S1nusoids;fqan be perceived ei ther~ as a single ttrich" . 

eV$nt or as separate sinusoidal" events • Wheth~r the p~r of' .. 
,! 

tones 'is perceived in one way or the other depends on the tones' 
( 

t.. • 

rel.ations tg other sinuaoidal events which. precede and fol"l,9w 

them. By al terne,ting the simul taneous glides wi th ei ther a 
~ 

sinusoidal' gl.ide. or a steady state sine tone which f'e~l. wi thin 

a slm~la.r frequency r~e as one of -the simul;taneous components, 

a bias against fusion of the simul taneous sinusoids and in favour' 

ot' sequenti8.J. s,treaming of successive sinusoide was generally 

pro .... ced. There ,was also some evidence to suggest that the 

• 

" 

,.f 
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sequential honding ~tr.ength bétween successive glides, when i'n ? 

1;he same freque~cy' range, may be modulated 'by the cori-esp~ndence 

in slope 'of th~ glides. However, 'no ev~d~nce was developed to 
.c 
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suggest· that' successive glided tones, aligried on· a eommon tra- ~ 

jectory tend to attract each other sequentially •. 

If we assume that ~~en successive tones in a sequence do 

not group se9,uentially, i t is because the difference between " 

their frequencies f.alls above some cri terion vâlue J then' these 

resul ts, taken tog,ether, sugge~t a 'syecific c·onclusiC?n. ,,,The dif'­

,~ere~ce in frequency between successi ye glided to~es ~ppeâ.rs to 

be more directly 'a function of th~ difference ~e~een ave~e 

me~sures of each tone-' s, frequEJncy, than the difference in fre-
. ' quency between the end pOJ.nt of one tone and the onset po~nt of 

<f; • 

"..---~~~tfi~ ~ubSequent tone. The e(Cplanati0l)J wo~d account for the faft 

that, in the cùrrent experimen1:s, when a pair of alternating \ 
, t 1.... ., ... ~ \ 

glides fell in different frequency ranges, they 4id not group 

"'-

sequentially. even when the frequency change wi thin the second 

tone was perfeétly'continuous with that of' the first tone. In 

such a case, the difference in f.requency between the 
/ ~ 

(based 

tones " .-on their average fr~quencies)' wou1~ simply hâve 
, 

beeb. in-

terpreted as being too large. .One can ref!Jrmu1ate the spe~ula-
, , 

tion above by proposing "that "inter-tone If change (in frequency) 
, 

is determined independently o,f "intra-tone" change. ~s a resul t, 

mechanisms which assess the extent of frequency change between -

'discrete t~nes, possibly by -comparing an average measure of the 
( , 

frequency of' each tone, would be insensi ti ve to a continui ty in 

the pattern o:f"c~ange. created by the succes~ive frequency com-

'\ 

._------~,~--. -',' ....;..,..------------ ... ! 
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ponents within each of" the tones. Pèrhaps, the perce-pt of 
\ 1 f) , b 

change wi thin atone (i.e "." 'intra-tone' chang~) ls detected 
, lj 

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

manner :t'rom change, between tones (1:e., • inter-tone' change). 
, , 

'" ,Mechanisms sensitive. to "intra-tone" frequency change' might 
, , ...'; , 

also be able to detect the slope, or trajectory 6f change within 

a gliding tone. 'The resul ts of Experiment II suq;gest that t~e 
" . 

auditory system might possess such sensitivity to differences· 
"1 , 

in the slopes of glided ~s. 'Howe,ver, Experimenta l and III 

sugges~ that the system is unable to extrap~late t'rom the tra­

jector: or o~e glide onto a subsequent glide 'ryiCh maintains the 

same t~ajectory. Therefore, trajectories eXis~ing be~een 001-

1inéar gliding tones appear not to be si~ple extensions of . the 

trajectory wi thin each of the tones. This' finding again sug- . 

gestOs tb:at "intra-tonett 'Propertîes '~e treated as being distinct 

frolJl "inter-tone lt propertie,s by the auditory systém. 

, To account for the apparent distinction between' "intra- tl 

ançi "inter-tonelt properties, we may speculate that audi tory 

mechanisms 'that describe "inter-tone" reJ.ations are· autonomous 

from those that desor~be "intra-tone fi, relations-o' Pe:r:haps a:t' one 

stage of organization audi tory mechanisms only track intorJn!J.tion 
, , 

- , aboU-9- contin\lous changes (e .g.l, in frequenc,y) occurring within 
, , 1 • 

discrete ·'~cmes. ,The discontinui'Çy (in-amplitude or .in frequen-., a 

---. 
oy) between suocessive to~s lIÜ:ght terminate suèh tracking pro-

1 ~ ~r" .. 

oe~ses, and rShex: in a computation 'which generates a "summarylt 
, r' \ 

of the cl).anges occurring wi thin each tone. :Bach calculation 

would theret'ore resul t ~n' ~~o:r::nation 'pertaining onl.y to the .. 
(" 

) 

100 



1 
1 

Ç) 
, -

" ') 

,,-
,~i~~' I~ 
'1!: "'-" 

.-Q- , 

/ ,1 
f'requency components of' a spec:ifi:c tone (e .g., an average- fFe- '''' 

q~enèy), or the çomponents' relations te each other wi thin thé .. 
tone (e.g., whether they- comprise a rising or falling glide), 

, ,"" .. . . 
etc. Ferhapst whe.n the audi tory/system: progress"es to a -descr.ip-

. , 

t10n of' "inter-tone" rel.ations,. the "summaries ff of .. intrâ. ... tone" 

properties become the raw information for Q. subsequent level ot , " , ' 

compu ta tions .-
j • 

"Inter-tone lt relations might thus be detêrmin~d 

by compsring the flsumms.x:y" for each tone to that for 'each other 

_~~ tone in a sequence. As a result, re1a~ions between diseret~ 'com­

ponents of successive tones, (e:g., whether or, not the termirlaJ. 
, 

frequeney of one :tone was close in f'requency ta the, onset fre-
, , 

quency of the '-' subsequent to~) wOuld be "invisibl6'fI t~ 'th~ sys-
-, . ~ ...... 

tem at this stage, sinee such relations wouJ.d have been obscur-

ed by prev~ous averaging process,es. If audi torY grouping lI1~cha­

nisms operate 'by determining "inte-~-tone" r~ations' on the 'Dasis 

of' sueh "summary," descriptions, this might explain why the o~-
" se~ed "streaming ~f'fects'tI appeared to' be bas~d on t~e "glObal" 

Simil#i tils in the' c~araet~ri,stics, of' sue,cesai ve ton~s in a 
, < 

sequence (e.g. , .their correspondence in frequency range and 
- ~, ' ,-

slope) ~ather than on continuities between the tones. 

,,' . \ 
A 'possible physiological. substrate f'or such meehaniSPls 

Hypothetical mechanisms whieh wou:ld ~derlie such ,operations . . 

-can be deséribed,-' as f~l.~~ws, TlIe locations in which information 
J ',.1 \ , J 

about each tone in a'sequenee----is '&.ecumulated c~ be, çoncé1ved' ta 
, " ' ~ 

, ',- , ,;' 'i!" ' 

consist of regions in the centra+ nervous system -that-- repr,esent " 
!j 1 " t'". \ .'" , 

" 

events oceurrillg al.ong the '/lasllar membrane. A, 'fr~qU~ncy ,elna1YS!S ' , 
, ,~ '" ~, 

performed ,on my' signal. 'y!9ü'i~ resul t in thé 'descri~tion of :t7:e'-
;. ! • 
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quenoy. components of. thê signal. at each' mQment . ,in "t~~. Dis-
< ~... 1 ~ • , , 

cfntinui ti~,s in the signal, oc~~,~ng a~ the~ onsét or offstit' .. ' 
"" . .. 

ôf each discre'te eyent w6uld be, demarcated as-regions in which 
~, ' ., 

the energy shifts abruptl.y to a new ~evel, or ia absent for ,a' 
J,j. .... ~' , • 

period of time. If one such- event wâs a gl.idèd tone. then i t 
D -. <> 

would resul. t. in the represèntation, of a continuolls spatio-

pattern' of di'sp1acement along a region of the' membrane, boun4,.ed 
, 

by an on.set and of:f'set di soontinu~ ty • 

-----..IJIJ?~or-flla~ocountt tor the, ôbservations-of the ctln'éftt study. it 
" ' 

ls required '~that_an integration of lnf'ormation over .each con-
l " ,-, 

tinUQUS patte~ of .displ.aoement (correspondillg to a. single 
> ~I . 

gl.ide) be performed, but not over dl'scontinuous portions of the' 

pattern (i ,é. t, ,not across suoces~ive tones). \ Such integration 
" 

might be pel:'formed by "gl.ide detectors" anal.ogous ta those de-
scribed by Evans and ~~it~ield (1965) ,and vart~an (l.974). • So 

tha~ the firine; of eaoh i'detec1:or" would be restrioted only ta 

the oontinuous pattern of displ.acement producèd by a single 
,,", ':' , ~ , '\... \ ~ , 

gl.iding tone, lt is proposed that a disoontinui ~ in amplitude 

,O"t 'in ~equency" at t~ offsèt 'of a gl.ide-·wo1,Ù~:cause. th~ "de-
#, 

tector" to become temporarily refractory.. Therefore, a sub-' 
_/ ,., 0 

... \ ' ~ , 

sequent glide, ~ven if: i t fqllowed the same tra,.jectory set by 

the{)firs:t glide would not éxcite 'the same ··de~ector"., Suoh an 
, ' • ',1\\) • 

organiza ti,on would; -aco~\U1.t fo-r the apparent absence of frequén-
~ '" J ,; , ~ ',1 .. , 

cy, trac king between SUc~'!!ssiv.e. collihe_ar gJ.ides,'\ and would 'ex-

pl.ain wh:y a pair o~ coll.in~ar. glides appd~ not ~ be peroeived 
. , , 

,; -
as forming 'a si~le c(lntinu~,us 'tyajectory. . (If' a 13ipgle glide-

. \ ',' --
lêI~nsi ti vê uni t o.o~d b~ .:t'ired, by a.~pair of 'colll.near. gl.iding 

',tones which· fe'll W.i,thi~' -t.lie "re$ponsi ~e regio~ of t~e unit. 
" 0 • ' _', \ ',*, ••• 

, ' 

, \ \ ' 

,_\. 

\ " \ 
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th en the common trajectory between the tones would certainly 

be coded. T~a't" such trajectory appe~ not to be/ detected, sug-
" gests ~that some mechanism sinlilar to the one described above 

\ 

prevents successiv~ ~ones from activat~ng a single glide-
,-" 

sens~tive unit). The firing of any single "glide detector" is, 

therefore, conceived to code only the sensory features of a 

disc~ete glided tone. Such feat~res would include its frequen­

cy range, ,and i ts rate and direction of frèquency change., In 
::> • 

other words. the "detector" would code the ·'intra-tone" pro-
• • 1"" 

perties of th~ glide discussed 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. ISuch 
( <,.to,.'-" 

processes ~ight simply compa+e the coded features of/successive 

tones', in a seque,nce and group the eyents Wl,. th the most similar 

. "codes" into a stream!. Information aescribing the proximi ty 

between the "1'requency ranges of\sud-ç,essive glides and their 
,,'\ 0 

,similarity in terms of slop~ would"aèreadily available from a 

comparison of thé '~codesfl embodied in th"e ~~ring of different 

,"glide detectors". H"ence. frequency proximi ty information and 

slope information would be expected to play a substantial' role 

in determining the strength of sequential grouping of glided 

tones. However~ a simple compariso~ of the coded features of 

successive collinear tones (such as those in the 'T"-"éonditions 
1 ~ 

• --- 1 

of th~ previous experiments) would simply result in the deteë~ 

tion of the fact that the tones occupied,different frequency 

ranges. Theretpre. the grouping mechanism'might organize such ., ' 

, 
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ton~s into a weak sequential 'stream. Such a stream would"not 
l '" 

remain integrated~n--ct>mpeting wi th strong./'vertical fi group-
} 

ing tendencies. 

The functional role of such mechanisms 
, 

Through the restr~cted use of only information concerning 

the frequency proximi ty between sucéessive eveMs,' and the cor-
<$. . , ~"" 

respondence ~etween events on dimensions such as slope, t~~ audi- ~ 
o 

,tory system may meet at least two demands placed on it, when" re-
v ' ' 

'" 
quired to separ~e interleaved coinponents :t'rom separate sound" 

q 

sources into perceptual streams. According to Bre~an's (l9?8a) 

theory, sounds with similar frequ~~ies have a·higher probabiii­

ty of resulting :t'rom one sound source than do sounds with dis­

similar frequencies. ~y organizing 'sounds with different fre­

quenciea int~' separate streams, the auditory ~stem is, therefore, 

likely to produce an ap~ropriate 'organization of a sequenc~ con­

taining soùnds at different frequencies.' Another high probabili­

ty occurrence is th~t .. sounds which accidentally rall wi t,hin the 

same frequency r~e, but which arise from separate soùnd sources 

have different characteristics on other acoustic dimensions (e.g., . 
1 ~ 

their slop~ of frequ~ncy change, loudness, ampU tude enveJ.ope, .. 
etc.). Therefore, by also comparing such features of succes-

, 1 

sive events, qualitatively dissimilar events (which are likely 

to have arisen from separate soundJsources) may be perceptually 
~) 

~ 

~solated :t'rom each oth~y/~ven if they share a common fréquency 

range. 

lJoj However" single sound ~urces are also capable of génerat­

ing sequences of sounds which differ in terms of their slopes 
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or frequency change, lo'Udness, etc., ·(e.g., a humart voiee). 

Therefore, the segregation of sounds on the basis of sueh dif-

fer.ences must be performed conservati vely. A conservati ve heu­

ristic fo~ segregating
J
dissimi1ar soun~s which fall in the same 

'" 
frequency range wou1d be to tentatively keep the events in a 

\ J 

single stream, unless higher probabi1ity groupings with other 

sounds can be found whi~h would cause the,dissimilar events to 

\be iso1ated from each other in different perceptual streams. ~ 
For example, in the current experiments, one can conceive that 

when captor (X) and target (Y) tones fell in the same range, 
- "" ,'t 

but nad very different slopes, there was some/negative bias 9n 

sequential grouping between the X and Y tones, making.the gro~p~ 

ing/weak and tentative. The presence of an alt'êrnate "vertical" 
. 

grouping between Y and Z would have been taken a~ the preferred 
J 

grouping opti~n in such a case, since it separated X ~and Y. 

When there was no such bias against sequential X-Y grouping 
, ' 

(i.e., when X and Y had the sarne slopes),'there would be less 

reservation about a sequentialnX-Y grouping. The X-Y grouping 

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

ing. Therefore, the auditory system 

the ~ative weighting~~avouring aJl 

arriving at final grouping detisi~ns. 

is conceived to consider 
\ 

available('groupings before 

\ 

" l 
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There is no compelling reason' to assume that the successful ) 

organizat:on of components from different sound sources in~ 
streams wo~ld not also be fa~d by the tracking of tra­

jectories traced by sequential events. Furthermore, the,program 

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

nals indicates"that trajeetory information May be useful in de-~ 
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composing mixtures composed of such signals. Therefore, thé 

apparent absence of fltrajectory .eff'ects" in the current study 

should not be taken to deny the possibility t~at trajectory in­

formation may be used in some contexts by perceptual grouping 

processes. Th~ current study does, however, suggest that no 

extrapolation from the trajectory of one sinusoidal glide ?nto 
Vi 

another such glide occurs. 

In summary, the burrent results suggest that there may be 

independent levels of description rn~e auditory system. For 

example, ~t one level, the relations between the successive fre-
o 

quency components which comprise a glided tone might be describ-

ed. At such a level neural cQmputations m~ght abstract such 

properties as the velocity of frequency change within tFe glide, 

the frequency range o~ the glide, etc. Perhaps at a higher 

level, the information derived from these calculations is used 
~ . . ' 

in a new set of comput~tions which describe the relations be­

tween successive tones in a sequence. At such a leve). flinter-
\ ~- ~ 

tone lt relations may be abStracted from ,the seqllence. The r'esul ts 

of the current study imply that information extraoted at the 

flintra-tone" -level of description may 'be immiscible wi th in-
, 

formation extrac ted a t the ~. inter-tone" level. Thus." intra-
\. 

tone" trajectories do not appear to extend onto -inter-tpne Il 

trajectory, and "intra-tone" frequency relations appear to he 

irrelevant to the datermination of "inter-tone" frequency rela-

, tions. 
,. 

This may account for the fact that the current results 

appear to be somewhat in conflict wit? predictions based on 

Jones· (1976) model of perceptual organizàtion. S~e predicts 
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that a constant velocity o~ pitch change between successive 

1 

events should promote the perceptual organization of such events 

into a single perceptual stream. However, the predic~ion refers 

directly to the velocity of change between tones in 'a sequence 

(i',e., ta 'inter-tone' v~üocities of pitch change). Since the 

"constant veloci ty patterns" ethe current s .. tudy (i.e. t in the " 

'Trajectory' conditions) .were created by keeping the veloci ty 

of change constant *i thin each of a pair of ~ueees&i~- collinèar 

glid~s-' s_9 tha;t the veloei ~y held constant was 'intra-tone' 

velocity). the velocity of change in, the stimulus may have been 

proeessed by mechanisms very different from those proposed by 

Jones ta process "inter-tone" velooitieâ. Since there is no 

reason: to assume that patterns in which "intra-tone'! velocity 

is constant should also result in strong perceptual organiza-
, 1 

tions, the absence of a Ittrajectory effect" in the éurrent 
r / 

study does not necessari2y refUte Jones' model. It foes, at 

least, however suggest that "intra-tone" propeI'ties di:ffer sub'" 

stantially from "inter-tone" properties. 

That the auditory system may make such distinctions indi-

cates th~ n~ed for caution whé~~enerating theoretic~ con- ~ 

structs c6hcerning organizational~sses in audition. For 

clearly, the accuracy of any generalizations about perceptual 
\ 

gr~uping operations within the auditory systèm may be limi~ed 

to a specific level of organization. 

: " 
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