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of melodic octaves, coanecied with degree of “mistuning™ and “shanVBial® jdpgmenss,

Our experiments suggest that there may be &t Jeast two modes of percepuon of fening
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oul 8t in choruses women sing an octave higher than men without seeming 10 sing & diffesers pich
Oeans, 1968),  Awarencss of the octave can be documonted back even further. Tuming directions found
on & Babylosian clay tablet &g from 1800 B.C, (Kilmer et al., 1976), give a circleof Aifths scaie
consisting of seven notes of & single octave, the octave (froes Geeek
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cighth. Mowever, recent experimeners (Allen, 1967, Dectsch, 1971 Thurlow and Erchad,
noted that peroeption of octave equivalence depends on musical context, and may not be exsily
strated in mesically untssined listenery.,

The octave being the most clementdl musical imerval, questions of octave percepdon o © the
roots of psycholegy and peychoacoustics, Since at least the time of Pythagoras, 0 octave was assock
a#od with the ragio 2:1. It was not, however, until the e sivcensh century (Drske, 1970) that e 2|
rabo was clearly Mentified a5 a ratio of vibeation froguencies, and no Jonper confesed with the 2|
siring-length ratos which pencrale octaves on stringed instruments.

Helmboltz (1563) sealized Bt two complex Barmonic tones an octave apart have all thel
ones in common, and sugpesied Bat this could explain the expesience of octave equivalence. As he
possted oul, when we hear 3 melody repeased an octave higher, “we hear again pant of what we heard
wmm..s.‘muhmﬁmwth' that we had not previously heard ™ (Helmbole, 1954,
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Is the subjective octave 2:17

Stumpl and Meyer (185%) seom 10 have boen the ‘
tene” octave comesponds 10 exact 2:1 froquency ratio. They found, as have all moee recent experi-
menters, hat @ subjectivedy “in tune® octave, of the “sshjective octave,” was apt 10
beyond the theosetic 2:1 (1200¢) ratio by & sesall, but musically sigriSicast snoers (1-5%

Most modem stedies of octave perception have used 3 method of afjwtment, s which 2
lower 1o0e allemates with 3 varlablo-peched upper sone, which the subjoct amempes 2 adjast 10 & sob-
jective “octave™ above the lower wne, Using this w
mapping of physical frequency 0 subjoctive pisch ssing teming of octaves (2.1 froguency ratios) in
:ﬁmuM“\h&.‘:(wmrmwnh@?u&aiwmdM

g

Ward reporied that the exact size of e set “subjective octave’ varied from observer 1 Obscrver,
fromn ear w0 o3, from froquency %0 froquoncy, and from day % day. corsistert with ®he vanability in
dplacusia, (discrepancy in imster-aurnal wison peich makching), In particslar, between lower-note Imits



of 250 and 750 Hz, mean octave streech rose imegulardy from «10¢ o +40g, though oocasional dps
bolow 0 ¢ are also evidert in bis results for indivadual cars.

in addition, Ward reporied Shat one subgect who had absolute piach st Individual tones (Identified
by note mame) I accordance with her carve of octave steeich verwes froquency, and Sat subjects set
sebjective double-ocuves oqual in widh 10 the sum of Iwo successive set ooaves. Thus, Wand peo-
posed, octave sweich represents 3 measure of the inoate distortion In the pure-sone- frequency 10
sebjective-piich comvension withis o car andlor anditory system.  In this view, the ‘subjective octave’
is & internal mexiure of fized e relative W & intemal one-dimcnsicaal scale of “spbyective pitch*

Ward also repored St the method of adjestreest wizth the (wo lones sounding simyltansously
gave a subjective octave S-30¢ smaller than wing siernasing low and Mgh ones, but Dae thes sheSek-
ing of octave sreich was presers even ot frequencies at which the subject’s subjective octave was
sevady Joxs than 12008, Thes oven the B¢ hammoms “in une” octave could not be thooght of as con-
lesed on & precae 2.1 Pequency ratio,

Walliser (1969), using Ward's method of adjestment, found that the sudjective musical Sth &
also streached from its theoreticll mtio of 3:2. Ignoring the Individual dffesences discoversd by

w
synthetically extract fundamental pech of spoech, indervals oocurring between the lower harmonics of
spoech sounds come 80 be perceived a8 ‘ratural.’ Owing 10 the relative prodominance of octaves |
hanmonic ovemone sirscture, e OCtve comes 0 be readily identifiable, even when @t occuns a8 3
melodic (non-simulianeous) inerval. The octave s preferved “streached” 0 match the way in whnch
harmosics in speoch (and other harmonic sounds) ase spread apan i subjective piich by the
frequoncy-20-giich transformation,

Elfser (1964) investigated octave streich for high (2000, 4000, 000 He) pers

He
of which a subjoct was askod 10 jedpe whether & presented ingerval was 2 “fla, shamp,
nd the
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sysienatic &somon companibic with e degree of ocuave streich seen m Guffesert froguencies by
Ward, Terhardt and wor. They ropon that the ssbdbarmornic Bterspike intervals gencrated In the
mmhmwﬁ*mmdwamwmm{uu

imer-spie imervals comepoading 10 Be fendamental frequency of B lower Koe of the octave and
the clecoophysiclogically genermad first subhanmonic of the upper 1wae. [n this view, an octave that is
perceived as “in tene,” rather than being a 2:1 acoustic frequency ratio, instead s one which matches
the almost exact 2: 1 ratio of firing ratex i the sudiory nerve.

What is the experience of the octave?

) The “inuncnoss” of am octave could depond on the sebject’s mode of lisiening.  Mode of percep-
son (‘analytic’ venus “wholistic' or “affective’) has rocently boen shown o alier hemisphenc
dominance in musical toks & measured by 3 variety of bedavioral ad physiological methods
(Bever and Ohiasello, 1974; Segarman, Ley, and Bryden, 1980, Peretz and Morsie, 1980), and
might also alier the types or channels of informamion given most welght in making perceptual &s-
Lncons.

5} Even apant fromn musical context effocts, which have not boom considored ot all in the above
ocuve stadics, explicyl judpements of B degree W which “an octave” s "= g™ e necossanly
musieal judpements, since the phrase "in une octave” only has meaning o muecal conesis
Consciously setting or judging “an octave” is thorefore at hean a proyective task, in which one
sshod © pesoeive the sounds one hears @ terms of a muscal concept.

tasx

4) MMM.WW.MMQM«W
prefereed ightly streiched 30 &8 1 wond somchow “sctive’ or Deilllant®’,

1 Thr wion war Smaend, somewhst evgmationly, by Wand 0904
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Experimental Teiad
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block, and were 10d Bat the range of wn-

encouraged %0 use e foll six-poist “mistening”

macch that of the actual wrial Nocks. They were not odherwise
pasacs botween blocks, for rest s 10 ready few response

the blocks, but
of 2 10 4 subjects &t modenue levels i 2 sound-teaied mom throegh

%0 the cxposment, subjects were given &
in the trainisg block
of the of
Sebjects were
poupm
Subjects compiesed the expensment in two one hour
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F‘!-Me-'mdm-nmmmofumwmm(hm'-l.m
"mistuned” = 6). Each point repeesents the mean of 22 jedgements for cach of mine subjects.

Fig 4 shows quadratic sepressions of “mistunng™ on mlerval size for cach of @ nine subjects.
2”wmmme@udhd&-%nmmlm

-

-0 16 12 -8 -4 4 8 12 +16



mcrease seen in the same frequoncy range In the puse-tone octave seiting data of Wasd snd Walliser
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Interval width; Cents difference from 1200¢

There wat no main effect of interval direction in either the "mistening” or B "Sam/Ma” daa

aross ssbjects in an ANOVA comparison (p=0D4), It implies St regardiess of direction, octaves
whose socond wne was fld relative 10 & "leas misened™ octave, wese jadped 1 be “moce siamuned”
San octaves whose second tone wias the same number of ceres Aarp relative 10 2 “least mistuned”

octave. Thes, subjects judged as “more mistuned” both sarrow octaves (<1200¢), and also octaves
whose socond oe j.= 4

The “second tooe Bat” cffect bas been re-plotied in Fg, 6, which hows the mean “degroe of mis-



tuning” for imervals whose so0ond tone was sharp or flat sclative 10 & 1204¢ octave.

40
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This significant penend tendency 10 Jadge “mom mistencd” istcrvals whose socond wee was st
wias also seen in B distribution of those octaves judged 10 be "in wne ™ In pardcular, imervals that
were called "in tune™ were mors 3pX 10 be wade ( > ascending imtervals (with second 1one sham)
than wide descending micrvals (with second woe

In sum. in ths cxperiment, subjoctive mdM’m-mm
mdepondent cither of inserval direction noe of direction of mistuniag of the second
“subjective intene octave” cannot be thought of as simply a fixed imemal
Smensional cortinuam ("subjective pach™),

ga
|

“Sharp/fiat® Judpgements

Jadging @e second woe of a descending octave 10 be “starp” is logically equivalent w0 pdping
@e interval 10 be “namow.” for an aconding Octave, §

equivalent 10 judging the imerval 10 be “wide.” For comvenience, in Fig. 7, “shaqpviiar” jodgements
have boen tramsformed 10 equivalent “widenamow™ judgements by roversing the resporses % descend-
ing imervals. Noke tha e logical equivalence between sharp'ial and wideharmow judgements docs
not necessarily imply that @ two questions would bave given equivaliest behaviorsl remults, We have
transfonned our data from sharp/iiat 10 wide/masrow merely for convenience in display and dacussion.

ST e et s s o 1 sigadicacs acrees sshyecn § = 008)
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As showa @ Fig. 7, transfommed “widemarrow™ judgements were noarly monotone with respect ©
inteeval size, and showed a much larger mean octave strotch (circa 14 ¢) Shan “dogroe of mistuning”™

i

&lMWMdWMmmﬁkﬁdhm
sebjects.  Nooe that the implsad octave stroich (he sero-coomings of the regression lines) varies dranat-
ically across subjocts, This contrasts with $¢ contistently small “mistening”™ minima shown for the
same subgoces i Fig 4,
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1220¢ before they tendod 10 be judged 10 be “wide.”
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The “wide/marmow” judgemenss of mcending and descending imervals do not differ sigraicantly
(xee Fig. 7)., Their coincidence implies thae sebjects made no more “flat” San “shap” judgements and
Wese axd moee sensitive 10 “Bamess’ In this task, contrary © the “degree of mistuning” results (cf. Fig.

3
Discuaion

Mdmlmuﬁnmhuummdmduh‘or
melodic octaves, conmectod with depree of “mistening™ and “sharpflat” jodgements, respectively. Our
data imply St in musicians, “thapfin® jodgements are mose variable between subjects than “suisten-
WMnmmwqummmmm
00 jedpements of “degree of mistuning.

Though the 2:1 (1200¢) octave was mot capeciallly favored on either messere, MnONE Our
musicacs G0 depree of octave stretch wis very small for jadpements of degree of “mistun-
ing” (chrca 44¢X # wis moch larper and moee variabie for “sharp/Biar™ judgements.

mmmuwmuwmuu-mamm
what is head in 3 coe-dimensicaal piich e 25 s ofien assumed in musk theory
umummmmma yWM«dM

One might say, "Musiclans can't tell sharp from Sat, but they know what they like.” Asd @ octave
w mistunod”™ in $he musical middie-frequency rasge is very close 10 a precise 201 fre.

3



.n.

Our “mituring” results s in fact @ Jine with those obtained by Lindqvist and Sundberg (1971)
by asking subjects 00 judge whether OF not & pure tone octave was “pure.” In the Jow lone froquency
nage 390470 Hz (usieg 6¢ stieps, and only 3 30 muec. intordone interval), Sy reponad a mean
octave streich of 546¢. This compases well wilh our "mistuning” jodgments in Be 37550 Mz rango
of 25¢. m,mm»mmnmummammm
imervals, but did not test for the (Direction x Interval siee) effect,

Wemumnnwpm-ommnuuﬂmmmmuew

Jadgemenss.
The “sharpMat” pedgements el s fordier Bt the apparers differential sensitivity of the “mistaning”
mmkmmwmmamuhmw.m‘m'u'u'
calegonies were apparently used equally often by our subjects. Grealer sensitivily %0 “stistening™ in flat
m“u“bde&mcwm'u’ i @ “misuning” and

Indicates two separaie procesics for the two Lypes of jadpement.
Owuqdmmdquumlrummm For instarce,
Siegel and Sieped (1977), mmmmmummwu ‘Shamp’ inorvals were
called "in wene” more ofien than "Aa” intervals. Purther, ‘sharp’ intervals were caliod oo “at” searly
s often as %00 "sharp,” whereas “flat” intorvals were only very rasely calied “shamp.”
Asymmetnical sersitivity 0 pich ‘Satness’ may be 2 specific case of a more generd biologic or
MM Recent expesiments in several modalities have repomed a greaser alonness 10

Biokogical contmol systems ofien operate through pemllel opposed unb-diroctional channcls
(Clynex, 1969), B is quine possible tha opposne channels in amy percoptual system might have
differing seasitiviry chanacierstics in both amplseds and froguency domains. The greaser sensitivity 10
-aoondmh‘bnduumwml’tmmlmmmnqudu
SOy Ofganization, Howaymmmmmeemnma “processing limita
tion™ may be premature. I is possidle, rather, that the “second note Sx™ smsitivity, or “second note

Ba” inscosilivity, repecsents an seshetic, O even an cvolstionary attentional biss. Expersners 2 ssves-
tgated these ideas o moee detall.

2

A

We have argeed above that “octave” setting and judging are themmachves peopective ashs. [n 2
comtext of chassical psychopiysics, this view might srosse controversy. However, we feel that model-
ling pesception x5 the end result of & mechanstic transduction of energy dynamacs theough the car o a
presumed central “seceiver” in he braim has limned scope and wsefulness for exploding questions of
w More in Boe with contemporary psychology, wcwine.ue-o&udmm

E

models sugpest that an intoraction of 3 multiphicity of processes may CO-OCCur o judge.
ments of musical unieg. And if the octave is truly & usiversal basis clement of masic, then acquired
scrmitivity 10 octave tusing. xx well as the whaole structure of affective responses 10 OCtave faning,
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e ks sowly;
or impossible and
the responses bess rich and contain. In thes exponment, cach ssbjoct responded 10 44 miervals during 2

. Artsioge’s, in the

mostly  truly

confirms  comfirms  confirmm  confiems
and asked w0 circle one of hems comesponding % the
wne. Then subjects were asked % describe the comve

fairky
were writien dows by the experimenter.

somewhat
Despite intia) scepticiam, sebjects reponed B ik 30 be serpeiaingly casy. One commensed u

the ead of he seasion, “It's fum w0 keep e analyuc mind out of 1" Sebjects clasmed thae they became
focused on the sk as stated, and were not aware of thinking or perceiving in mesical sorms.

In projective toks involving imagising personalities, il & imponan 0
demanding 100 gid & il 10 & new peojective imagination makes the task &

x”..i.“l.‘xﬁ.‘l...-'x'.&’"'.'.x’-m'*x

confirmy

hardiy
ome hour session under the same lisienng conditions a8 in Experiment |, Sebjects were not wold

whether or 20t the sticuli wese the same &8 any of those used in the first experiment

Results

(Width x Derection) casegory. Table |
o ssconding indervals of cxch width. The sclection of

sensiivity %0 degree of “missaning” in
quotes in Table | was made 0 dWlastrate the potertial power of the experimental method for determin.
ing the sulti-dismensonal affective memings of sebjective musical percepts such as "in-tune ocuve.”

Resposses coliociad in these open-endad projective ests sugpest thar these musicians’ sensivity
Tﬂbmm:oﬂ
responses of each subject

0 degree of "confimuamon”™ in Experiment 2 at Jeast
Shows one of two

Experiment 1. Each subject



MH iE, B gt g |5

FN PR ER AR
P it il
I R
git iy, 4 TR
Wm_:__ b [ ah
f8 |2 : e e e




14 -

Note the soositivity which these musiciang daplayed i making feely-graded semantic disinctions,
dmmmuumm«mmnmnnm

Most imerestingly, & the peojoctive ests both subjects mennoned that they imagmed “extra
energy” in 2 sharp second tone of an ascending octave pair, bet did noc find it cbijectionable, (wee Table
1, heavy boxes), whereas second tones which wese fist (L. mtervals < 1200¢) were ofien described s
distasscful.  When subjects indicated ey codd hear mwumlmnzlzcmm
did sot cause thems 10 conshder Oese imtervals a8 less than perfeclly “condeming * Thes paralicls the
fnding in Expeniment | that wide ascending trmorvals weore moes apt 10 be jedpad " tane” than cither
narrow o desconding mtervals,. The fact Sat these two subjects did mention "extra encrgy” In 1ones
which they s50 called “wuly comfiming” in tum segpests that the more general principle of greater
sensitivity 10 decrease in any of number of sound parameders (Moore, 1982) might not be due 10 a b~

Examination of the whole body of resporses collected in Experimacnt 2 supgests that octaves with
nca:_lm'm‘w‘nu mdmymlvuinmo(mdcwom

B
g
3
g
2
e
|
B
3
i
b

The evident sensitivity of e two muicisns in Experiment 2 10 &¢ i 1
muuum “dogree of mistuning” and near-mondonic "shanyia jedpement™ Curves

of Experimsent 1. Their katitade in rasing wide intervals as "oy coaliming” parliels their responscs
in 2e "sharpyiia jadpesent” task of Experiment 1. Yot their comments abost “exira energy” =
slightly sharp second tones of ascending octaves are compatible with 8o dogros of sossitivity © devia-
tiors from a near-2:1 minimum in the “mistening” dats of Experizsent |,

f
:
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. To
octaves, their comments then confinm that a1 least a pa of the sendency 1o prefer "stretched’ octaves s

based on affective response, panicularly since in Expenment 1 we saw that degree of octave sretch
has 2 least different two sizes, cormectod with a8 least two modes of pescepiion.

§
z
:
3
|
i
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Since the scales used in makiag degree of "mistening”™ and “sharpfla” jedpemernss weee dissmi
lar, no disect comparsson of “accuncy’ between the two tasks was possibie. Therofoor, we tessod for
an car effect in size of standand deviations of resporsos over indervals and across sebjects, That is, e
standard doviations of rosponses 10 the two Lagks were compuled for cach ssterval size, and Bicse were
then man in s ANOVA comparison. We reasoned that luerality of processing might lead o smalles



contralaierd standasd deviations of responses, since psilateral avditory chanmels are thought to provide
less precise acoustic information than contralateral chamncls (Nebes, Madden and Berg, 1981),

One subject’ was found 10 have given esseatially random “degree of mistunisg” Fadpements, tes

cither B¢ find two Wnes, the kit (wo WoeK, of acither pair, e Jefl car again was Guicker © fespond,
"no octave” than the right ear. In this task, caly right car presestations led 10 above chance acouracy.

Shanon ineerpreted the right ear (left hemisphere) advantage Sor this task as being due w0 s more
difficult “snalytic™ mature.

Cumere ineerest i hemisphersc latenility points 10 yet wnexplored questions of bte-hemisphenc
integration.  Owr fAinding @ Expenment 1 of divergence between “mistuning”™ and “shampliat® judge-

’-nh-u-la‘-ﬁ
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We have soen, as have ‘music psychologists' since at Jeast the tme of Pythagoras, that in $e
middle mesical frequency range, the subgoctively “least mistuned”™ melodc octave s indood very close
o @ exact 21 froquency nso, The peychoacosatic lilerstere has modeliod the ne structese of
octave peroeption based on mechanics of the inner car.  Elfner (1964) emphasived thas ceneral effocts

-mmmmwywwm When given the same stmuli and &
Quite different peojective sk involving judgements of (projectively imagined) buman intentions, again
w0 of our subjects seemed 10 show the seasitivity seen in their “mistening”™ Judgoments.,

mutlmuumuunanmmm-anmmm
are seen in our dumo(niwm Combining Osr “mistening” ad “shampfia” padgement
results might lead onc 10 predict that our sebjects sight "set”™ sulbjectively "in tene™ octives between
the 1204 4¢ of their "mistening” judpements and the 12146¢+ of their "damn/la”™ judgements.

This wosld scom commisters with the octave stresch and variahility sepored by Wasd (1954),
What & not obwvioes is why the estimated octave strench of our “sharpylar judpemenss declined with

Our latcralization experiment, while sot conclutive, suppests Bt Sffering modes of octave per-
CepUon may tend in some persons 10 be lateralized slong the “asaalync”™ versus “alfective”™ dmensions

Fimally. note we have stedied octaves in isolation from specfc musical contexts.  Mow somsitivity
10 octave tening, and affective moOnie 10 varations in OCtave funing may depend on mesical comtex!
e question sot here explored,

As we have scen i Our Exporimsent 2, “mismancd” octaves also huve affective meanirg. Musi-
cally, derefore, there can be no one "right’ way 10 Une AN OCIAVE, COMECT OF OpUnmem funing rmust be
o Jeast as variabie as one's range of emosonal intestions.  Mowever, In the musical mid-nange, he
perticelar focling of “intencness”™ or “comfirmation” betwoen ones an octave apart scoms 10 be most
pure when he octave i only vory slightly wider than 3 2:1 frequency fatio.

Implications for Musical Education

anmwummwuw Muymmm

uu'mdmmmmmdnlmnmw.dm“
ness, oven in performing such basic skills as jedging intoration.
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