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Musicians and nonmusicians indicated whether a two-note probe following a tonally structured 
melody occurred in the melody. The critical probes were taken from one of three locations in 
the melody: the two notes (1) ending the first phrase, (2) straddling the phrase boundary, and 
(3) beginning the second phrase. As predicted, the prabe that straddled the phrase bundary 
was more difficult to recognize than either of the withinphrase probes. These findings suggest 
that knowledge of harmonic structure influences perceptual organization of melodies in ways 
analogous to the influence of clause relations on the perceptual organization .of eent%ncea; 
They also provide evidence that training plays an important role in refimng listeners 
Sensitivity to harmonic variables. 

Music listening is a complex perceptual task that calls 
On specific knowledge and perceptual skills. In order to 

a musical work, the listener must be able to 
Organize and integrate its parts in  structurally consistent 

To do this, the listener must be sensitive t o  the 
structural properties of music through which musical 
meanings are conveyed. Music theorists have described 
Its internal structure in terms of harmonic systems that 
fo r~na l l~  represent the structural regularities in tradi- 
t'Onal Western compositional practice. Harmonic struc- 
ture specifies the systematic relationships underlying 
tonal organization. Harmony ~ r o v i d e s  the structural 
framework of  a musical "languagen and, thus, functions 
as a Part of a musical "grammar." 
. The Present research explores the possibility that 

'lstene~s use intuitive knowledge of the system of har- 
rules t o  organize their perception of  melodies. 

Studies of simple pattern perception and learning 
(Gamer, 1974; K o t o v k y  & Simon, 1973; ~eeuwenberg, 
l972; Restle, 1970; Vitz &  odd, 1969) observe that 
general rules and procedures govern the analysis of 
Serial Patterns regardless o f  modality. Using different 
khds of stimuli (random tones, f lahing lights, numbers, 

these studies demonstrate that listeners are able to 
abstract pattern regularities from temporally s t ~ c t u r e d  
events. Experiments o f  this kind, however, do not 

how humans process natural sequential strut- 
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i ture. The study of nielody perception provides us with a 
I useful tool for exploring serial behavior in a rnoddity 

that, like language, is indigenous to hutnans and pos- 
sesses intrinsic forn~al structure. Moreover. thro~lpll 
music, we may be able to understand the pcrcept~~al 
implications of natural structure in a context in which 
no reference is made to extrinsic, red-world objects and 
events. Additionally, because tiius~cal skills arc tfevcl. 
oped to different degrees in adults, rrtus~c prov~dcr a 
better opportunity than language to observe the cffcctb 
of individual differences and special expcriencc on tllc 
perception of a cornplex natural stnjcture. 

Perceiving music rnay involve processes srrrt~lar to 
those that operate in language. Kesearch on scntcncc 
perception has revealed the importance o f  scpnentatlon. 
As listeners process incoming sequences of words, the 
words become grouped together and reorganized into 
phrases and elementary propositional units of meaning 
(see Fodor, Bever, & Garrett, 1974. for a review). This 
has been experimentally demonstrated in several ways. A 
brief click is reported as occurring between clauses, even 
when it occurs during a clause. The following sentences 
provide an example: ( I )  Harry sipped the old milk . . . 
and got sick. (2) Because Harry sipped the old milk . . . 
he gat sick. (3) Although flarry ripped the old milk . . . 
he got sick. (4) After Harry's sipping the old milk . . he 
got uck. (5) After Harry's sips of the old mdk . . . he got 
sick. The click would be most fWquent!y rep(>ficd 
occuUing between "milk'' and ''and" in .%nlmce 1.  
even if it were objectively located in the word 'milk." 
because the first clause coheres together. displaclnp 
interruptions to its boundary (Bever. Lackner. & K h .  
1969; Carroll & Bever. 1976). Analogously. btencrs 

decide that a word occurred in a just-heard sen- 
+cnce more quicWy i f  the word is in the second claug 

if it is in the first. for example. ''mJkW VS. -he" 
(CapIan. 1972; Townsend. Ottaaano. & h v c f .  197'9) 
~ , ~ ~ f l ~ ,  subjecb take longer to dec~de that a word 
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phrase occurred in a sentence they just heard if it is a 
between-clause subsequence, such as ''mllk he'' vs. "he 
got* (Suci, Ammon, & Gamlin, 1967). There is also 
evidence of the immediate behavioral coherence of 
clauses during ongoing processing. Tanenhaus and 
Carroll (1975) have elaborated a "functional clause 
hierarchy" that reflects the extent to which a clause is 
propositionally complete and therefore perceptually 
independent of other clauses: The more independent 
a clause is from what follows, the stronger are the 
effects of the segmentation. For example, Carroll and 
Tanenhaus (1978) found that the final boundary of an 
initial subordinate clause (as in Sentence 2) attracts 
clicks less strongly than the boundary of a main clause. 
Townsend and Bever (1978) confirmed the clause differ- 
ence by showing that the latency difference to identify 
a word before and after a subordinate clause boundary 
is snlaller than the difference caused by an intervening 
liiain clause boundary. They also showed that this main/ 
subordinate clause difference is most extreme for con- 
junctions like "although" (e.g., Sentence 3) that explic- 
itly inform the listener that he/she will require some 
infomiation from the main clause to aid in interpreting 
the subordinate clause. In brief, ( I )  listeners segregate 
rtleaning units of speech together, and (2) insofar as 
a unit is incomplete and depends on what follows, 
listeners refrain from segmenting it. 

Simple melodies can show the same kind of segmenta- 
tlon effects as do sentences. For example, Gregory 
(1978) observed boundary effects to occur when lis- 
teners were instructed to organize the same six-note 
nlelod~ in two ways, either as two groups of three notes 
or as three groups of two notes. Judgment of the posi- 
tion of a click (presented at the opposite ear from the 
melody) tended toward the perceived boundaries. In 

study, instructional set was shown to be suffi- 
cient in producing Organizational effects of the kind 

Dowling (1973) investigated the effect of 
rh~tllnlic prouping on chunking and memoly for brief 
melodies. Subjects were asked to identify a five-tone 
lest sequence from a "list" of four five-tone melodies on 
'he basis of rll~th111 and melodic contour. Recognition 
for test-tnne SeqllenCeS corresponding 10 a melody 

the 1st was better than recognition for test-tone 
sequences bridged across two melodies from the list 
of  tone sequences. 

Orpanilali~a according to n~uYcally defied strut- 
turd llnit~ lllay also cruse grouping in melody percep 
t ion In music. oreanizationd units are suggested by 
fornil1 structural variables. Har~nony is one such vari- 
able Previous research has not dedt with harmonic 
aspects of musical Structure. Most investigators have 
tended to focus on menlory for specik forms of acous- 
tical infomlation. such as pitcil (we Deutsch, 1977, for 
a review). configurational structure (cuddy, cohen, 
1976: Dowling. 1972, 1978; Dowling & F u j i t ~ ,  1971. 
Koffka. 193511963: White. 1960). or rhythmic 

(Martin, 1972; Restle, 1970, 1972; Restle & Brown. 
I 

1970a, 1970b; Sturges & Martin, 1974). However, 
there is some evidence that harmonic structure does 
indeed play a role in the retention of musical informa, 
tion. Dewar, Cuddy, and Mewhort (1977) found that 
recognition of simple pitches presented within the con. 
text of musical (tonally structured) sequences was better ' 

than recognition of single pitches presented within tlie 
context of random (computer-generated) sequences. The 
investigators suggested that listeners were able to recok 
nize distractor tones that did not occur in the rnuslcai 
sequences by  using knowledge of the key or tonalit! 
Dowling (1978) has proposed that the musical scale ! 
acts as a conceptual schema that combines with con. 
tour information to facilitate memory for melodies. 
Krumhansl (1 979), using multidimensional scaling 
techniques, has provided evidence indicating that 
memory representation for pitch includes information 
about complex patterns of tonal relationships. Similaril! 
judgments between pairs of tones presented after prayid. 
ing a tonal context revealed consistent tendencies lor 
tones outside the key of the context to be related lo 
tones within the key. They also reflected differences ? 
the degree of stabdity of tones within the key. Tones 
the major triad were the most stable componentsof "" 

I 
representation. Shepard (Note 1) has reported O t F r  

experiments in collaboration with ~rumhansl illustratlfl.c 
marked individual differences in representational spa'c 
linked with musicianship. Other investigators 
observed categorical perception of pitch c o n e s ~ ~ ~ ~ ~ ~  
to the intervals of the musical ~cale,  particularl~ 1 

Kellar , 
musicians (Burns & Ward, 1974, 1975; Locke & I 
1973; Siege1 & Siegel, 1977). 

The present study examines whether hamoiu' 
structure influences the perception of melodies I' 
particular, it focuses on whether listeners use 
Cues to segment melodies into musical phr& unit' 
The phrase is a basic structural unit in music inrofar idea th3: ' 
it presents a syntactically complete m u s i ~ ~ ~ ~ ~ ~ ~ ~ ~ :  
acts in balanced relationship with other 
material within a composition. chUactefitic'' 
phrases end with a pattern of notes cded a 
which suggests movement toward a point of harmon" 
closure. The effect of closure achieved bY the $s::; 
can be explained by the fact that tradltlo" . tern of tonL 
music is built on a transitively ordered sYS their f u n c t l ~ ~ ~ i  

relationships in which tones differ in 
relative t o  each other. tones have a tende"i! " 

Support or progress toward tones of peater an impofla"' stabdi'l 
in the ordering. The cadence constitotes bit 

stylistic means by which movement t o w ~ d  
sU 

points is achieved. There are several NPes ofhmop.K 
they differ with respect to  thelr p o ~ t  tom: 
arrival. For example, a full cadence arrives at * 
chord (the I chord of the key and the cen'~!$~or,g 
the scheme of tonal relationships) and imp ds &t : 
closure. A semicadence involves movement 
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dominant (the V chord of the key) and implies partial 
but not complete closure, since the dominant is second- 
ary to the tonic in the tonal order. The type of cadence 
concluding a phrase largely determines the degree of 
futality associated with the phrase. Structural units 
normally incorporate dynamic movement through 
characteristic patterns of harmonic change. The quality 
of a phrase as determined by the cadence has an impor- 
tant bearing on the overall effect of the larger structure. 
For this reason, we often find normative structures that 

cadence as opposed to a semicadence, since, n~usically 
speaking, a full cadence indicates stronger closure t l~rrn 
a semicadence does. 

Subjects 
Thirty musicians drawn from a prol'eulc~nal mudc U I I I I ~ I I  ot 

reporting current professiondl involvement and 30 nonrnurrrlpna 
reporting less than 3 years of formal rnusrcal lrotnrnp pattkl. 
pated in the experiment. 

a'h1eve through harmonic means whereby the SlmYIVr Mallids is critical. for the musical 
serres of 42 j t e ~ " ~ ,  2 praclttx md 4 0  rrprrmlrntal. *u "*' a two-~hrase unit, often C O ~ S ~ S ~ S  of a first used in the experiment I.dch llem concthtcd 1 1 1  .i lw~vphraw 

phrase ending in a semicadence and a second phrase melody followed by a 2-rer interval and [hen r tu'> nltlr p r o k  

endlog in a full cadence. There is a formal similarity Items were separated by d IO-sec mterval (1 lhc cxprrrrncnlrl 
items, 24 conststed of a melody palred ~ 8 t h  a tfuc prcll* m d  'lwrrn the disfinction of full vs. semicadence in l o  consisted of a m e l d Y  pwed  wjlll f j l u  prc ,h ,h  ltrrns r m  

and main vs. subordinate clauses in sentences. fders. ~h~~~ were three types of twc p r ~ h r *  !he tw<l n ~ f e b  
In  each case$ one structure is complete and independent (1) ending (he fust ph ra r .  t2l . t n d d l ~ n ~  the r h r a r  h l u d a r ~ .  
of Ihe Other ( f d  cadenCe/rnain clause), whereas the a d  (3) beghnlng the second ph ra r  ( r r  1 lfure 1 )  mr f.1. 

probe presented a umque two-note w u c n c c  thal dm1 nc'l cxtwt 
structure (semicadencehubordinate clause) is in the b u t  ,,, the key flch l l l r l  ~ C ~ ~ Y  r a g  rcaltlvely 

and dependent on the former with prc,be that "aurrcd m n n  than ~ n t c  tn , h ~  mck.~ structure (fuU/main) for resolution. We noted that this me melodies were composed for the P U ~ P O M  of the c W r (  
d'stlnction is reflected in differing degrees of closure merit, to h n & r d u e d  rule* of  19. cmlfY lnlun 

tonal harmony. m e  sequenwr of tones In the m d d m  m ~ t J t n d  '' language. 
The Present study explores whether there relstlonshtps, ul thal harnvnr  a l ~ c l u r r  ~ C l f  

differences in the degree of closure in the melodr line nh melcxjy ‘auld h clrur~h*J 11 60nYf 
mus'c' Put does processing involve segrega- ing of a series of broken chords, u l lh  PWInR fcmca i~~c*ar9nr l ly  

Ion Of harmonically defined melodic phrases? is this i,,troduad to produce a (rnt*)lh.r mcJt*IY Ilnr nr mdldbm 

always began and ended with a telnr d o r d  u*lucntg dd *'' 'gmentation more extreme for phrases ending in full 
modulate; that ., they mclrc outurl~ thc cttahlrU.ld kr) Udence for those ending in %micadence? me mtended effect of rnrnrpulatton* war mlmtarn * As a of determining whether the musical ton*ty throu@cut a rneJcd) Thr palh '' 

Phrw 
15 a processing unit, the present study each war apPr~x."a~"~ (1% it*) ( , * 4  t l l oh l  117, a probe-recognition technique used in the pitch RnfF firm " 

There was no rhyhmjc varotlon ~n the meltdfer 41' nr'tn Of 
Perception. Evidence that gammatical Of durltlon t 599 r r )  and r r r r  p r r m t d  a 

Phrws leme as processing units in sentence perception ,*, (100 beat</mln) for all r a u r n m *  ne mcl'dn uric 

Partidy b a d  On the finding mentioned above: A s n l e d  ln d~fferenl key.. radffmr! chnwn a'wnm1 

Fach conststcd of ( % ( I  p h r a r l  1 ) f  J P I " " ~ ~ ~ " ~ ~  probe that straddles a phras  boundary in a wual 
kngth, 

rlnrd fr1m 7 tn i h  n( melid? 
is difficult to recognize than a pmbe 

lengths from 1 6  to 2)  no.' In I l 1.f 
~ ~ ~ m h  'hr (lnf 

drawn from within a phrase (Suci et al., 1967). In the phrnv vllh a fu" d e n m  h Etumlng '"'" d'*mNntl 

tuk, m ~ ~ i c i m ~  and n o m u s i c i ~ s  heard a series a w u e n u  endmp 
I n  the rmunm ' I' 

antvmC 81 Pf each item consisting of a nuo-phrase melody items, *e 
rust p h r m  end" *I rh  a rmradencr 

*, domYYlt Each p h m  t n v d d  8 ham(1nK ~ c m 4 w n  "' toUOwed 
by a two-note probe. After each item, subjects a h o k r n  d o r d  ~ u c n o *  wre 
"&cate whether h e  probe occumd in the ,mub p e r f o r d  '""rw On a f'mh 

melody. 
me 

Probes of interest were taken from three loc& 'Ions the 
melody: the two notes ( I )  preceding the 

-u.. Phrw 
(the last two notes of the fist phrase), of "~lody a d  mow masLNn"'"Wr* 

the phrm boundary (the of the ,, u, p-tatnn a 
mRUfd ''In 

phrw the first note of the last phrase). and d-, ,tF, ,,,rr Pi! p;trntrt#e* YF:*v"" 

fouow& the phrase b o u n w  (fie fiat n o k ~  of of the t h m  
. 

phrue). Probes straddling fhe harmmic phrw h 
Yndav Were expected to be more difficult to recog- IUe 

~ i t h i n - ~ h r ~ e  probes, pdicularly for --- k3 - -*-+ # + * # " r - , r ' #  
I 

'UslC1's' The type of cadence occurring at  the end of phrm e7 L*l-r 
W a s  varied in order to determine whether A P 

imn*dute Organgation would be by differen= S ~ P  ~rnhr bU*Kllr -lnd 
lrnphed closure. ~t was fiat predicted differ- F~~IIYC '. €4 .d$w.srrm F * ~ .  ' - '''' 

wrformsnce would be mod pronounad (A = rmtr" "" " 
Fvat phrase of the melody ended with a fill] vp&). 
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of the subjects from each group, musicians and nonrnusicians, 
served in each presentation condition. AU subjects heard the 
same order of melodies. Levels of cadence and probe were 
crossed by randomly arranging items within five blocks, each 
block containing two examples of each possible cadence-probe 
paking. The data set treated in the analysis consisted of scores 
obtained on I1 fullcadence melodies and 13 semicadence 
melodies; each melody was paired an equal number of times with 
each of the four probe types. 

Subjects were tested in groups. The subject's task was to 
indicate whether the two-note sequence @robe) presented 
directly after each melody had occurred in the melody by 
placing a check in the appropriate space on an answer sheet. Sub- 
jects were initially presented two example items, after which 
the experimenter stopped the tape to answer questions about the 
task. During the presentation of the experimental items, no feed- 
back was given. 

RESULTS 

Scores for each subject were obtained by computing 
the percentage of correctly recognized items for each 
probe type. The mean percentage scores of musicians 
and nonrnusicians are presented in Table 1. 

Responses were analyzed using a 2 by 4 by 2 ANOVA 
with musical experience as a between-subjects variable 
and probe and cadence type as within-subjects variables. 
A significant effect was found for probe type [F(3,174) 
= 9.55, p < .001]. As can be seen from Table 1, perfor- 
mance on the within-phrase probes. Significant inter- 
actions of probe type and musical experience [F(3,174) 
= 4.51, p < .005] , cadence and probe type [F(3,174) = 
5.41, p <  .001], and cadence type, probe type, and 
musical experience [F(3,174) = 3.25, p < .05] were also 
obtained. Separate two-way ANOVAs were performed 
on the data of the musicians and the nonmusicians; 
these analyses considered responses on the three true 
probe types and the two cadence types. Musicians showed 
a significant effect for probe type [F(2,58) = 13.72, 
p < .001] and for the interaction of cadence and probe 
type [F(2,58) = 5.43, p < .01] . One-tailed paired 
t tests were used to compare musicians' recognition 
accuracy on the true probe types. These tests indicated 
significantly poorer performance on the between- 
phrase probe compared with performance on each of the 
within-phrase probes (all alphas < .05) in both cadence 
conditions. The ANOVA on the data of the nonmusicians 
yielded no significant effects. 

Another ANOVA that treated each melody as a case 
was performed in order to determine whether these 

effects generalize to a new population of melodies 
(see Clark, 1973). Scores for each melody in which a 
true probe occurred were obtained by summing scores 
for each of the three true probe locations across all 
subjects. This analysis also yielded a significant effect 
for probe type [F(2,40) = 5.29, p < .01] . These results 
are consistent with those of the by-subject analysis. 

In addition to the above findings, other differences 
were observed bearing on the effect of cadence. A 
comparison of first- and last-phrase probe performance 
revealed a unique pattern for musicians in the full. 
cadence condition. On full cadence, musicians' perfor- 
mance on last-phrase probes was markedly superior 
to their performance on first-phrase probes (t = 2.52, 
p < .05, two-tailed test). This difference did not obtain 
in any of the other group by cadence conditions. In 
addition, musicians' performance on last-phrase probes 
was significantly better in the fullcadence condition 
than in the semicadence condition (t ~ 3 . 1 4 ,  p<.01, 
two-tailed test); also, their performance on last-phrase 
probes in the full-cadence condition was significantly 
better than nonmusicians' performance in the same 
condition (t = 2.01, p < .05, two-tailed test). The* 
results relating to  the probe performance of musicims 
in the full cadence all suggest that musicians are respond. 
k g  to full and semicadences in distinct 
ways, unlike nonmusicians. 

A more direct comparison of musicians' and non- 
musicians' performance on first- and last-phrase probes 
over the two cadence types was made by calculatini:per 
subject, for full and semicadence separately, the dlffe' 
ence between scores obtained on first-phrase probesand 
last-phrase probes; a score representing the difference 
between these two values was then assigned A "O"' 

parametric test of  the equality of two medians pep 
formed on these scores indicated a significant difference 
between the two groups on this measure (x! =960; 
p < .01). This suggests that, for musicians, the dlfferenc 
in performance between last- and first-phrase probes Was 
affected more strongly by h e  type of cadence than 
was for nonmusicians. 

Thew findings all suggest that full cadenca 'e 
associated with relatively stronger closure in musician' 
leading to better performance on last-phrase probesand 
worse performance on first-phrase and bemeen-phase 
probes. The fact that musicians performed mo" poodY 
than nonmusicians on the between-phrase P 

robe in the 

Table 1 Mean of Conect Responses by Musicians and Nonmudcian. on h c h  hob. ~ ~ p c  for Full- md semicadence elodies 
' 

Probe Type ./--- 

First Phrase Between Phrases Last Phrase Average Hit Rate F&_", 
Group Cadence Type Mean SE Mean SE Mean SE Mean SE Mean S5 

Musicians Full Cadence .52 .27 3 4  .24 .72 .22 .53 .27 .46 .23 
Semicadence 61 .29 .42 .25 .58 .19 .54 .25 .27 .20 

Nonmusicians FUUCadence .65 .25 .54 .29 .58 -29 5 9  .28 -55 "' 
Semicadence .57 2 6  .45 .27 .58 .20 .53 .25 .43 
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1 fuUsadence condition (t = 2.99, p < .01, two-tailed 
test) and on the first-phrase probe in the full-cadence 
condition (nonsignificant trend, t = 1.95, p = .057, 

1 two-tailed test) is a striking demonstration of the effect 
of closure. Furthermore, false positive rates were L 

relatively higher for full cadence for musicians. This 

I 
would be predicted if full cadences occasion more . ................. -. 
forgetting of the first musical phrase and, therefore, I 

, more false positive guessing. 
The false positive rates were high (see Table 1). How- 

ever, they were consistently lower than all their corre- ,, l, , z  ,. ,' ,. 

sponding true positive rates, except for between-phrase Lr,.I P.IIIYI.I ..oh. %... ,,.._ , ....,. 

probes in full cadences. Accordingly, the differences 
brought about by the ANOVAs are differences among 
response categories at or above guessing rates. Table 2 
summarizes the results in terms of d' scores. The values i shown support the findings from the original analysis, --...___ 
providing some assurance that the observed effects were ; ' --... 
not the result of response bias.' . 

Serial position effects have been shown to exist in I 

memory for tonal sequences (Leshowitz & Hanzi, 1974). ' 
A possible objection to the present explanation for the c d 

results might be that differences in performance on the 
8 ,  8 ,  ,' 8. > 4 

three critical probe types were in fact due to the serial T .,,., -,,, ,.,, ,d ,, ,- .......... I,.^.. 

Position of the To test this, performance on Fw Nvnbn of iCM mnst,y rq ,,,- 
these probe types was compared as a function of serial on (a) fu"dolre md @I d & n ~  m d d b  r* h rr- 
Position (Figures 2a-2d). This comparison indicated that , ~ c ~ s  on (c) f a d e n c e  md (d) t en t idma ,peWiea u 1 
the observed probe effects could not be accounted for function of 8 e - d  podtion of prob. Solid l i n a E h t  P- 

by a serial po;ition explanation. Between-phrase probes dashed lines = between phmre;dotted lines = k t  phnr. 

tended to be responded to less well than within-phrase 
probes, particularly at later serial positions. For musi- 
'Ians in full cadence, the probes showed a clear differ- significant for either group of subjects. This pattern 

in performance that held constant across serial of findings lends support to the notion of harmonic 
further implying that musicians organize segmentation and of the greater sensitivity of musicians 

and Store the phrases as distinct units. to the harmonic implications of the stimuli. 
determine the influence of the size of the pitch 

fnterval of the probe on subjects7 performance; probe DISCUSSION 
Interval size (measured as the distance in semitones 
between the two tones in the probe) for each of the four The finding that musicians (and to a kSSer extent 

types was correlated with the performance of the nonmusicians) perform poorest on between-phrase 
musicians and nonmusicians separately. According to probes suggests that harmonic structure does have an 
this musicians showed a positive and significant influence on the behavioral organization of melodies. 

between fust-phrase probe size and perfor- Moreover, it suggests that musicians and nonm~~icL2ns 
Yce (r = ~ 5 7 ,  p < .05), as well as last-phrase probe differ " their sensitivity to ha rmo~c  structure. Evidence 
sE Uend performance (r = .53, p < .OS) in the-full; of a probe effect among musicims indicates that they 

'ldence condition only. No other correlations were are responsive to harmonic cues to phrase structure in 
a melody; in addition, differences in degree of closure 
as implied by the type of cadence are reflected in a 

Table 2 - d' Analysis 
difference in the strength of the probe effect. Musicians 
showed stronger probe effects in the fullsadence condi- 

Probe Type tion than in the semicadence condition. Thus, musicians 
Cadence First Between Last not only segment melodies into harmonic phrase units 

- TY pe Phrase Phrases Phrase but also show this effect more strongly when the tYPe 

Musicians of cadence implied at the phrase boundary indicates 

Full Cadence .15 -.28 .68 fuuer closure. Musical experience, by refming the 
Semicadence .89 .41 .81 fistener\ response 10 the harmonic dimensions of a 

Nonmusicians melody, 
determines the extent lo which 

Full Cadence .26 -.03 .07 harmonic variables influence processing. The suggestion 
- Semicadence .36 .05 .38 that musicians and nonmusicians process melodies in 
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a distinctly different manner is also supported by other 
differences in performance observed between the two 
groups. Musicians' performance in the f ~ ~ - c a d e n c e  
condition showed not only the strongest probe effect, 
but also poorer accuracy on first-phrase probes than on 
last-phrase probes. By contrast, perforfmnce on last- 
phrase probes in the full-cadence condition was signif- 
icantly better for musicians than for nonmusicians. A 
possible explanation for this pattern of results is that in 
the full-cadence condition, musicians recode the first 
phrase into a form that discards information about the 
exact sequence of notes in the melody. Poorer perfor- 
mance on first-phrase probes would result, since infor- 
mation about the exact sequence of notes in the first 
phrase is no longer available. These effects should be 
most apparent in the full-cadence condition, in which 
the first and last phrase represent two relatively indepen- 
dent ideas. It is reasonable that performance on last- 
phrase probes will be superior for musicians; memory 
for notes of the last phrase should be better if we 
assume that the first phrase has been fully processed. 

Analogous findings have been reported with regard 
to the perception of main and subordinate clauses in 
sentences. Listeners appear to have better access to the 
verbatim form of subordinate clauses immediately or 
shortly after hearing a sentence; however, access is 
better to the semantic meaning of main clauses (see 
Townsend & Bever, 1978; also Flores d'Arcais, 1978; 
Harris, 1976; Singer, 1976; Singer & Rosenberg, 1973; 
' rtlith & McMahon, 1970). Presumably, main clauses 
are encoded at a deeper level in memory. 

Overall, the results of the present study strongly 
suggest that harmonic structure plays an important 
role in the perceptual organization of melodies. The 
finding that listeners show perceptual segmentation of 
melodies on the basis of harmonic phrase units indicates 
that they are using knowledge of harmonic structure to 
organize the musical percept. In addition, the present 
findings point to the influence of musical experience in 
developing listeners' sensitivity to harmonic variables. 
The simultaneous effect of phrase and cadence on 
perceptual segmentation observed in the performance of 
the musicians suggests that the ability to respond to 
harmonic dimensions in music becomes more refined 
with training. 

We started this report with a review of the difference 
in closure occasioned by main and subordinate clauses. 
We have found a similar distinction in Ule processing of 
melodies with full and semicadences. This is important, 
since it suggests that there are general processes that 
operate independently of modality with natural struc- 
tures. In so doing, we have tried to demonstrate that the 
experimental study of music can serve a tool for 
understanding the nature of integrated wnal procening 
in humans. At the same time, in providing this initial 
evidence for the importance of harmonif stlucture in 

determining perceptual organization of melodies, the 
present study offers new and interesting possibilities 
for the study of music'al processes. An experimental 
approach that focuses on the interaction of represents. 
tional knowledge and stimulus structure is crucial if 
we are to understand musical experience in the context 
of meaningful listening. 
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NOTES 

1 . Conventional signal detection analyses usually apply only 
to situations in which categories of falw itcn,s correspond to 
categories of true items. In this studv. false itenlr do not diffcr- 
entially correspond to the three categories of true iten,, as 
defined by probe location. Table 2 was included at thc rcquent 
of the editor. 

2. The mean interval size for the four prohc types, measured 
in semitones, by cadence type was as follows: 

Probe Typc - 

Mcan 2.91 4 36 3.00 4.20 I:ull Cadence SD 1.04 2.46 1.67 n4 
Mcan 3.46 4.31 2.92 4 60 

Semicadence SI) 1.5 1 2.63 1.89 2 07 

I)ue to thc Fact that Ihc rnean ~ntcrval trxc ol tllr prcbhcr 
differed, a post hoc cotnparrrtln of pcrlorrnance on nrnall and 
large intervals was carried out. I h ~ c  anal yo^ thowecf lhat  f c ~ r  
both and nonmusirrans on both f u l l  and remrcaclcncr 
melodies, performance on hctwccn-phrasc prokt rrmalnccl 
consistently lower than on withrn-phratc probrc 7 he nlran\ and 
standard deviations are reported hcl(~w (HI' h~twt.rn-phta~ 
probes). 

Prohc Tkpe 
-- - 

Musrclans - Nonmuucuna 
- - 

1 rrrt RP Laqt I rrtt  WP 1 as.1 _ _ - _  - - 
/ 

I ull ( adcncr 
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