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Musicians and nonmusicians indicated whether a two-n i
1 ote probe follo a tonally stru

;rlllzlolgg'l ocyé:c}l:lrled in the melody. 'I:he critic.a] probes were taken from ::;gof three }l'ocatiz::?:
(&) begt nm);l tlez two notes (1) ending the fu'st phrase, (2) straddling the phrase boundary, and
s o di%fi e1 second ph_rase. As Predxcbed, the probe that straddled the phrase boundary
oy, pora dif cu t;f mogpxze than eltper of the within-phrase probes. These findings suggest
analogous togteh of = onic structure mﬂu_ences perceptual organization of melodies in ways
The B e influence of clause relations on the perceptual organization of sentences.

y also provide evidence that training plays an important role in refining listeners’

sensitivity to harmonic variables.

on l:’lpue-“zicﬁlcls]t(enmg is a complex perceptual task that calls
Dpreciate 4 now!edge and perceptual skills. In order to
oganize musical work, the listener must be able to
ways, To do ltnhtggrate 1t.s parts in structurally consistent
Structural o 1s,'the hstene.r must be sensitive to the
Meanings afeopertles of music through which musical
s intocngy Strconveye?d. Music theorists have described
formally re ructure in terms of harmonic systems that
tiona] Westepr esent thg 'structural regularities in tradi-
ture Speciﬁesn (;lomposmona‘l practice. Harmonic struc-
tonalorganiy tt e systematic relationships underlying
framewons fa ion. .Harmony provides the structural
252 of a rr}usm&l “language™ and, thus, functions
Tim of a musical “grammar.”

listen;spli::ept research explores the possibility that
Monic. pules tntumve .knowle'dge of the system of har-
Studies of 0 organize their perception of melodies.
(Garner 197:1‘1711516 pattern perception and learning
197; Iiestle ’1 OtO‘Vsk‘y & Simon, 1973; Leeuwenberg,
genoral raler 970; Vitz & Todd, 1969) observe that
seral patte and procedures govern the analysis of
kinds of stirl;lnsl.regardless of modality. Using different
Clc.). these tu (; .(random tones, flashing lights, numbers,
abstract pati udies demggstrate that listeners are able to
vents, b ern regularities from temporally structured
explore hogver}llments of this kind, however, do not

umans process natural sequential struc-
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ture. The study of melody perception provides us with a
useful tool for exploring serial behavior in a modality
that, like language, is indigenous to humans and pos-
sesses intrinsic formal structure. Moreover, through
music, we may be able to understand the perceptual
implications of natural structure in a context in which
no reference is made to extrinsic, real-world objects and
events. Additionally. because musical skills are devcl-
oped to different degrees in adults, music provides a
better opportunity than language to observe the effects
of individual differences and special experience on the
perception of a complex natural structure.

Perceiving music fmay involve processes sitmilar to
those that operate in language. Research on sentence
perception has revealed the importance of scgmentation.
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 experimentaily demonstrated in several ways. A
brief click is reported as occurring between clauses, even
when it occurs during a clause. The following sentences
mple: (1) Harry sipped the old milk . ..
) Because Harry sipped the old milk ...
Although Harry sipped the old milk . ..
After Harry's sipping the old mulk ... he
Harry's sips of the old milk ... he got
sick. The click would be most frequently reported as
occurring between “milk” and “and” in Sentence 1.
even if it were objectively located in the word “milk.”

because the first clause coheres together, displacing
boundary (Bever, Lackner, & Kirk,

r. 1976). Analogously, lLsteners
d occurred in a just-heard sen-
d is in the second clause

provide an exal
and got sick. (2
he got sick. (3)
he got sick. (4)
got sick. (5) After

interruptions to its
1969; Carroll & Beve
can decide that a wor
tence more quickly if the wor <
aan if it is in the first. for example, “milk” vs. “he
(Caplan. 1972; Townsend. Ottaviano. & Bever. 1979).
Finally. subjects take longer 0 decide that a word

0090-502X/81 !050533«07500.95;’0

533




534 TAN, AIELLO, AND BEVER

phrase occurred in a sentence they just heard if it is a
between-clause subsequence, such as “milk 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 smaller than the difference caused by an intervening
main 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
information from the main clause to aid in interpreting
the subordinate clause. In brief, (1) listeners segregate
meaning 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-
tion effects as do sentences. For example, Gregory
(1978) observed boundary effects to occur when lis-
teners were instructed to organize the same six-note
melody 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
Gregory’s study, instructional set was shown to be suffi-
cient in producing organizational effects of the kind
obseweq. Dowling (1973) investigated the effect of
fhylhquc grouping on chunking and memory for brief
melodies. Subjects were asked to identify a five-tone
test sequence from a “list” of four five-tone melodies on
}he basis of rhythm and melodic contour. Recognition
o st ssences Sonspondng 1o+ ey

as better than recognition for test-tone

sequences that bridged across two melodies from the list
of tone sequences.
Organization accord

: ing to musically defined struc-
tural units may also ¢

ause grouping in melody percep-
Organizational units are suggested by

v variables. Harmony is one such vari-
able. Previous research ha

i . S not dealt with harmon;

aspects of musical structure. Most investigators ha\:z

: mlemory for specific forms of acous-
| + such as pitch (see Deutsch, 1977 f;

a rev.xew), Fonﬁgurationa] structure (Cuddy Coinerolr

1976: Dowling. 1972, 1978; Dowling & Fujitani, 1971

offka. 1935/1963; White, 1960), or thythmic ,patterr;

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

1970a, 1970b; Sturges & Martin, 1974). Howevr,

there is some evidence that harmonic structure does
indeed play a role in the retention of musical informs
tion. Dewar, Cuddy, and Mewhort (1977) found that
recognition of simple pitches presented within the cor
text of musical (tonally structured) sequences was better
than recognition of single pitches presented within the
context of random (computer-generated) sequences. The
investigators suggested that listeners were ‘able to regqs-
nize distractor tones that did not occur in the mus!aa}
sequences by using knowledge of the key or‘t:lnahty\é
Dowling (1978) has proposed that the‘ music mn-
acts as a conceptual schema that combines with 0

tour information to facilitate memory for melodl{es,
Krumhanst (1979), using multidimensional Scat}‘l‘;%
techniques, has provided evidence mdlga;mg on
memory representation for pitch inf:lude§ in ;m;lam‘
about complex patterns of tonal relatlonshlpsf- lmm\'i i
judgments between pairs of tones pr‘esented adtercxzes e
ing a tonal context revealed consistent ten enl oy
tones outside the key of the context to bg reacesm
tones within the key. They also r‘eﬂ'ected d\ffer;(r)\nes i
the degree of stability of tones within the key. oo
the major triad were the most stable componft‘; 4 othe
representation. Shepard (Note 1) has rep(l)illustraﬁﬂ?
experiments in collaboration with Krumhansl | gat
marked individual differences in representi}tlo“rs .
linked with musicianship. Other mvestlgatez i
observed categorical perception of PltCh_C‘)"]p amon
to the intervals of the musical scale, Paftlcull(‘:r g): Kellar
musicians (Burns & Ward, 1974, 1975; Loc

1973, Siegel & Siegel, 1977).

The present study examines_ w Jodies.
structure influences the perception of mz barmori
particular, it focuses on whether lister_lefs ushrase units
cues to segment melodies into mu§1cal pic msofar &
The phrase is a basic structural unit In m"lzal dea thet
it presents a syntactically compl?te must componer
acts in balanced relationship with Otheractefisnc .
material within a composition. C;lﬁ; d a caden®
phrases end with a pattern of notes ¢ t of harmor®
which suggests movement toward 2 PO"I‘) the cadens?
closure. The effect of closure achieved by al Wesie™
can be explained by the fact that traditio

hether harmon*

na

em of 1O

music is built on a transitively prderéd St)l;Setir functions
relationships in which tones differ in eadency

relative to each other. All tones have aeater stabilif?
support or progress toward tones of BIEA™
in the ordering. The cadence constitute ot
stylistic means by which movement towms of cadens:
points is achieved. There are sevgral typ: of harmors
they differ with respect to their poin S at the %
arrival. For example, a full cadence am‘/:ntr al poi :L
chord (the I chord of the key and the ¢ lies SUOT
the scheme of tonal relationships) an 1 towards e
closure. A semicadence involves movemef
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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
conc}udmg a phrase largely determines the degree of
finality asspciated with the phrase. Structural units
normally- Incorporate  dynamic movement through
characteristic patterns of harmonic change. The quality
:)afn 2: ghra§e as determined by the cadence has an impor-
o hé;armg on the overall effect of the larger structure.
I this reason, we often find normative structures that
achieve resolution through harmonic means whereby the
Ca(rig:ice Is critical. Thus, for example, the musical
;’;rase,ezditr\lvoyhrase upit, often consists of a first
ending n % llln a semicadence and a second phrase
between i ud' qadepce. There is a formal similarity
nelodies 1sj;1nct10n of _full vs. semicadence in
I cach crag 0mam Vs. subqrdmate clauses in sentences.
o the Othe’r nfe 1sl‘tructure is cqrnplete and independent
other stryct (fu ca('ience/mam clause), whereas the
clively inure (semicadence/subordinate clause) is
stcture (f ulCl(/)mp'lete and dependent on the former
ditinction 5 main) for. resolution. We noted that this
i anguage T}Ileflected in differing degrees of closure
e «’malogc;u ; present st.udy explores whether there
music, oy sz _lfferences in the degree of closure in
fon of hare cc'lnctly, does processing involve segrega-
eEmentation onically defined melodic phrases? s this
cadence ghon fmore extreme for phrases ending in full
S or those ending in semicadence?
hrase servesElns of detenqining whether the musical
mployed 5 o Sg a brocessing unit, the present study
o sentops e-recognition technique used in studies
iz sopay :erceptlox_l. Evidence that grammatical
s party ally basz élrocessmg uni?s in sentence perception
Woworg i thon the finding mentioned above: A
ntence 1o at straddles a phrase boundary in a
drawn frop, Ivr:f)re_ difficult to recognize than a probe
Present tacg ithin a phrase (Suci et al., 1967). In the
O items, ea’c }In_usmans al_ld nonmusicians heard a series
lloweg py 5 t;jem consisting of a two-phrase melody
% 10 indicar o-note probe. After each item, subjects
melody. € whether the probe occurred in the
The .

tiong inp:}(::es of interest were taken from three loca-
Phrase hoyp dmelody: the two notes (1) preceding the
2) tradqin ag (the last two notes of the first phrase),
st phrase 8 the phrase boundary (the last note of the
and the first note of the last phrase), and

(3) fouo .
Wing the phrase boundary (the first two notes of

the Jage
n ar; l::se)' Probes straddling the harmonic phrase
2 than thre ex,pe?ted to be more difficult to recog-
;’"hu&ici ¢ within-phrase probes, particularly for

e first

Immediatih;?se was Yaried in order to determine whether
7 mplieg c]f anization would be affected by differences
Ces in prope e 1t Was expected that predicted differ-
hen e & performance would be most pronounced
15t phrase of the melody ended with a full

ans,
% The type of cadence occurring at the end of
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cadenpe as opposed to a semicadence, since, musically
speak{ng, a full cadence indicates stronger closure than
a semicadence does,

METHOD

Subjects
Thirty musicians drawn from a professional music school o1

repoxt?ng current professional involvement and 30 nonmusicians
reporting less than 3 years of formal musical tratning partici-

pated in the experiment.

Stimulus Ma terials
A series of 42 items, 2 practice and 40 expenmental, was

used in the experiment. Each item consisted of 4 two-phrase
melody followed by a 2-sec interval and then a twe-note probe.
Items were separated by a 10-sec interval. Of the expersmental
items, 24 consisted of a melody paired with a true probe and
10 consisted of a melody paired with a false probe; 6 ilems were
fillers. There were threc types of true probes. the two notes
(1) ending the first phrase, (2) straddling the phrase boundaty,
and (3) beginning the second phrase (sec Figure 1) The falme
probe presented a unique Iwo-note sequence that dul not ocowt
in the mefody but was in the same key. Fach filler melody was
paired with a probe that occurred more than once in the melody

The melodies were composed for the purpose of the eaperi-
ment, according to standardized rulex of 19th century Western
tonal harmony. The sequence of tones in the melodier outlined

chordal relationships, so that harmoni structure wai mplicit
1 melody could be describod as consist

chords, with passing toncs occanonally
introduced to produce a smuother melodic line The moiodies
always began and ended with a tonk chord sequence and did not
modulate; that is, they did not mave outside the catablnhed key
The intended effect of these manipulations was to masntam 2
sense of one tonality throughout 3 melody The pitch range o
each melody was approximately one octave Oves all medodws,
the pitch range was from G3 (196 Hz) 1o (ral 351 H
There was no thythmic variation in the melodies All notes wese
of equal duration (599 sec) and were presented af a constant
rate (100 beats/min) for all sequences The melodsen were pre
sented in different keys, randomly choscn and asgned

Each melody consisted of twao phrasws of a;»mnnm.tciy
equal length. Phrasc Jengths ranged from 7 to 16 n«'«!n,‘mr!;sdy
lengths ranged from 16 10 27 notes. In 11 of the irems_ the n:a
phrase ended with a full cadence by returning from dvmmr; :
to a chord sequence ending on the 1onK In the remaning )
jtems, the first phrase ended with 2 semxadence by anving ;‘
the dominant. Fach phrast involved 3 harmonx progresann o
three or four broken chorrd SOqUENCES.

timuli were perfor

sizc?lsr;ey were presented on a siered "t;pc r
foudspeakers at 2 comfortable listensng level.

in the melodic line. Fac
ing of a series of broken

9 N
med and recorded on 2 Moag tymt
ecorder through

P e »as (mm::haumm
pairing of melody and probe fypes
Thcthree prcscntztion versions in 3 modified l.mfx vmw;
esien ch of 24 melodies was paared anoe with e

design, so that €3¢ O -
three true pIov
of the elodies wer!

typer over 2l prewntation yEraOnE
'e pztmd with falw probes e third

Ten additional m

Joacatme mdicsted
. melody with
L e T

phrase probe).
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of the subjects from each group, musicians and nonmusicians,
served in each presentation condition. All 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
pairing. The data set treated in the analysis consisted of scores
obtained on 11 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 (probe) 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 nonmusicians 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) =
541, 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)=543, p<.01]. One-tailed paired
ttests 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 al
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’ perfpr-
mance on last-phrase probes was markedly superior
to their performance on first-phrase probes (t=2.5?,
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 prpbes
was significantly better in the full-cadence condition
than in the semicadence condition (t=3.14, p<J0l,
two-tailed test); also, their performance onllas't-phrase
probes in the full-cadence condition was'51gmﬁcanﬂy
better than nonmusicians’ performance in the same
condition (t=2.01, p<.05, two-tailed test). These
results relating to the probe performance of mus1c1at(1is
in the full cadence all suggest that musicians are respon t
ing to full and semicadences in qualitatively distine
ways, unlike nonmusicians. L

A more direct comparison of musicians
musicians’ performance on first- and last-phrase | o
over the two cadence types was made by calculatl:ilgffer‘
subject, for full and semicadence separately, the &I .
ence between scores obtained on first-phrase probes ice
last-phrase probes; a score representing the dlffereon-
between these two values was then assigned- A ner-
parametric test of the equality of two medllanS I;;ce
formed on these scores indicated a significant dlff_efe
between the two groups on this measure (x'ff_re;nce
p < .01). This suggests that, for musicians, the di bes i
in performance between last- and first-phrase pro ilan i
affected more strongly by the type of cadence t
was for nonmusicians.

These findings all suggest that full
associated with relatively stronger closure
leading to better performance on last-phra
worse performance on first-phrase and betweer” oo
probes. The fact that musicians performed more pin ihe
than nonmusicians on the between-phrase probe

and not
ase probes

i

cadences 3¢
in musicia®s,

obes an
s pr phﬂise

Table 1 i
Mean Percentage of Correct Responses by Musicians and Nonmusicians on Each Probe Type for Full- and Semicadence Melodies
Probe Type
First Phrase  Between Phrases Last Phrase  Average Hit Rate ./Eilse/
Group Cadence Type  Mean SE Mean SE Mean SE Mean SE Mean SE
Musicians Full Cadence 52 27 34 24 72 22 53 21 46 %
Semicadence 61 29 42 25 58 19 54 25 AT 5
. . . )
Nonmusicians F“u.Cadeﬂce .65 25 54 29 5 .28 53 .
Semicadence 57 26 45 27 53 %g gg 25 43 21
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full-cadence condition (t=2.99, p<.01, two-tailed
test).a'nd on the first-phrase probe in the ’full-cadence
condltfon (nonsignificant trend, t=1.95, p=.057
two-tailed test) is a striking demonstration o’f the e.ffect,
of Flosure. Furthermore, false positive rates were
relatively higher for full cadence for musicians. This
would .be predicted if full cadences occasion more
forgetting of the first musical phrase and, therefore
more false positive guessing. , ’
The false positive rates were high (see Table 1). How-
ever, @hey were consistently lower than all their corre-
spondmg true positive rates, except for between-phrase
g;gbes in full cadences. Accordingly, the differences
> ught about by the ANOVAs are differences among
sponsc? categories at or above guessing rates. Table 2
summarizes the results in terms of d’ scores. The values
sho“(n_ support the findings from the original analysis
providing some assurance that the observed effects were’
not the result of response bias.!
me;e:al fposr(ion effects have been shown to exist in
A posr'};) | or tqnﬂ.sequences (Leshowitz & Hanzi, 1974).
resultsm e objection to the present explanation for the
e C{T_ght be that differences in performance on the
postie r? lcfal probe types were in fact due to the serial
o mg the probes. To test this, performance on
positioE;] (F? types was com;_)ared as a function of serial
the o 1gures 2a-2d). This comparison indicated that
by & o :;e prgbe effects (Eould not be accounted for
tinden rtl position explanation. Between-phrase probes
oo 0 bg responded to less well than within-phrase
e 1;1 ;}ai'tlcularly at later serial positions. For musi-
enco ull cadence, the probes showed a clear differ-
bosttion petfformanqe tha't held constant across serial
o s, further implying that musicians organize
Tstore the phrases as distinct units.
inte rSaldettzj,rmme the influence of the size of the pitch
ntom ] of the probe on subjects’ performance,? probe
betwer il}fe (measure(.i as the distance in semitones
orons e two tones in the probe) for each of the four
st ;};pes was conelaFefi with the performance of the
b anals and nonmusicians separately. According to
Corre]aﬁc):smi)musxcmns showed a positive and significant
s (rn_ etween first-phrase probe size and perfor-
e g =.57, p<.05), as well as last-phrase probe
) per{o.rmance (r=.53, p<.05) in the full-
ce condition only. No other correlations were

Table 2
d’ Analysis
Probe Type
Cflrt:ience First Between Last
ype Phrase Phrases Phrase
E Musicians
ull Cadence 15 -.28 .68
Semicadence .89 .41 81
F Nonmusicians
ull Cadence .26 -.03 07
Semicadence .36 .05 38
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Numberof vareectly reca

Berini oot e

Figure 2. Number of jtems correctly recognized by musiciane
on (a) full-cadence and (b) semicadence melodies and by nom-
musicians on (c) full-cadence and (d) semicadence melodies as 8
function of serial position of probe. Solid lines = first phrase;
dashed lines = between phrase; dotted lines = last phrase.

significant for either group of subjects. This pattern
of findings lends support to the notion of harmonic
segmentation and of the greater sensitivity of musicians
to the harmonic implications of the stimuii.

DISCUSSION

The finding that musicians (and to a lesser extent
nonmusicians) perform poorest on between-phrase
probes suggests that harmonic structure does have an
influence on the behavioral organization of melodies.
Moreover, it suggests that musicians and nonmusicians
differ in their sensitivity to harmonic structure. Evidence
of a probe effect among musicians indicates that they
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
difference in the strength of the probe effect. Musicians
showed stronger probe effects in the full-cadence condi-
tion than in the semicadence condition. Thus, musicians
not only segment melodies into harmonic phrase units
but also show this effect more strongly when the type
of cadence implied at the phrase boundary indicates
fuller closure. Musical experience, by refining the
listener’s response to the harmonic dimensions of a
melody, critically determines the extent to which
harmonic variables influence processing. The suggestion
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 full-cadence
condition showed not only the strongest probe effect,
but also poorer accuracy on first-phrase probes than on
last-phrase probes. By contrast, performance 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;
“mith & 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 simuitaneous 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 the processing of
melodies with full and semicadences, This is important,
since it suggests that there are general processes that
operate independently of modality with natura] struc-
tures. In so doing, we have tried to demonstrate that the
experimental study of music can serve as a tool for
pnderstanding the nature of integrated serial processing
in humans. At the same time, in providing this initial
evidence for the importance of harmonic structure in

determining perceptual organization of melodies, the
present study offers new and interesting possibiities
for the study of musical processes. An experimental
approach that focuses on the interaction of representa
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 false items correspond to
categories of true items. In this study. false items do not differ-
entially correspond to the three categories of true items as
defined by probe location. Table 2 was included at the request
of the editor.

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

Probe Type
First Between  Last
Phrasc Phrases Phrase  False

Mcan 2.91 4.36 3.00 4.20

Full Cadence o, 104 246 167 B4
o Mean 346 431 192 460
Semicadence o, 151 263 149 2.07

Due to the fact that the mean interval size of the probes
differed, a post hoc comparison of performance on small .'md
large intervals was carried out. This analysis showed that for
both musicians and nonmusicians on both full and semicadence
melodies, performance on between-phrase pm_bﬂ remained
consistently lower than on within-phrase probes. The means and
standard deviations arc reported below (BP = between-phrase

probes).

Probe Type
) Musicians Nonmusicians
I;im BP  Last First  BP La(s}t»

o o Full Cadence
Mean 4.17 6.38 425 683 SHR 528
Small Interval o™ 75 207 206 160 253 171
Mecan 6.00 833 314 6.60 567 543

Large Interval ¢y 200 115 1.21 378 5B 18I

Semicadence
a4 4587
Mean 500 567 443 683 S
smallInterval  ¢p®" 245 269 315 412 133 251
wean 700 650 417 614 625 417
Large Interval  p 15 332 331 168 386 147
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