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Incremental change of key perception in hearing
a non-scale tone*

Rie Matsunaga®? ", Jun-ichi Abe?
¥ Japan Society for the Promotion of Science; Holkaido University of Education Sapporo
® Department of Psychology, Hokkaido University

Abstract

Many studies have demonstrated that a listener, who is familiar with Western music, perceives
the key of a melody by assimilating all of its constituent pitches into a Western diatonic tonal

* Correspondence concerning this article should be sent to: Rie Matsunaga, Faculty of Education, Hokkaido
University of Education Sapporo, Ainosato, Kita-ku, Sapporo 002-8501, Japan. (E-mail matsunaga rie@let.
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schema. This study investigated how a listener perceives a key when hearing a series of diatonic
scale tones which is followed by an additional non-scale tone. We prepared "basic tone
sequences” by selecting all constituent tones that could be interpreted as scale tones of four keys
(ie, two major keys and their parallel minor keys). Four stimulus conditions were developed by
adding a tone to a basic tone sequence: (a) 2-keys-F condition presented an additional tone
which fitted into one major key (i.e., one key with fewer key signatures of the above two keys)
and one minor key (ditto); (b) 2-keys-M condition presented an additional tone which fitted into
the other major key (ie., the other key with more key signatures of the above two keys) and the
other minor key (ditto); (c) 0-key condition presented an additional non-scale tone which did not
fit into all diatonic keys; (d) 4-keys-condition presented an additional tone which fitted into the
above two major keys and their parallel minor keys. Twelve musicians were given 20 basic tone
sequences and 80 tone sequences from the four conditions. They had to select a key (or an
atonal) category along with a confidence rating for all sequences. Results for basic tone
sequences showed that majority of participants offered responses of a major key with fewer key
signatures. In 2-keys-F condition, responses of a key with more key signatures (ie., responses
being selected by a minority of participants for basic tone sequences) were changed to those of
other diatonic keys when an additional non-scale tone presented. In 2-keys-M condition,
responses of a key with fewer key signatures (i.e., responses being selected by a majority of
participants for basic tone sequences) were retained even if a non-scale tone presented. In 0-key
condition, diatonic key responses for basic tone sequences were basically retained. These results
suggested that if intra- and inter-individual variability in key perception is stable, participants
prefer to remain in the current key; otherwise participants prefer to change to other keys. In
short, key perception in hearing a non-scale tone is influenced by that in earlier point in time.

Key words: Melody perception, key perception, tonal schema, non-scale tone.
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BN TH, EEFFIZNTIRRIED 6 20O 573 —TORTE, FEEOEMESFICHT
LSRRG ORME, LT, EEAFNZTIENMDLI I L ZEI3FARBOETILBRINLTNS, &
FigurelC RO N D ERIOMIIELRFICH T I2HWEIEZRL, AT 3TARGIZ4ED
FEENFHEOERTR L THD. HRIOMLEMESEFCHT 3ARGENENE LR 6BOI T
AV -—RKRELIELOTHY, 4BOMBEINLHFOMTERS. HORAD S WIANEIIZERE
NTWBEEL, ZOXTIY —~OREOEEE2ET. FIMROEMEX, ZOor73Y —0FEK
SIS S REEEFEOFEELZRT. TOMORERTHONMID S AROMIX, EAEFIT
BEELERALRUALZEKRT S, RKAEOMILRAEREERE N 22EHNICRRCX3HTHS
Zi%, HAOHILBAKRARRREN 22ERNIBRTCERVATH R Z L 2mT. £AEH
DM LEMBEFFNOM ZRESRKAI E ENICHE S EiEx, EEFRP L OBMEEF~ORKEOLL
DEEERT. 0¥V, FHICELIREIELTH LEBNFEHCRCFNRBINEZ L%, EfF
TRARVWHFIIES RAEEREFY LBMTEFNCRERIFISBIINZ L 27T, 228, Figure
3~Figure 6 EITIX10%LL T & R B RAORGITFRABL RN EIZ L.

BEERNIHT HBEE

EEEF 0B ZTh ENiTA T 58 MEOKIN%E, Table iIZR$. Figure 3~Figure 6DEAE
TS DRRBOAMICROND L 5 it, BEXFFN T I8MEOREDE 1L, EEEFFO
BREEE2TELTEROTHEIFR T3 4BORAITEP LTV, FHEED, 4BORAORET
RERALVDEROFCRIR-> T, ZLT, BER2EOBTIE, ER OREZERIO
BRCHERTERREPo k. 2%V, BEXSVRBORAL VY LORVRBSOFTDKIE 18T
LTWiebiFTh 5.

KEROFER, T2bb, BMESPRVRABORELFLERITHLTIX, $B11K, APHFEE
#EEBE T D white-key note’SAf 7 RA (e.g., Miyazaki, 1988) IZEEE L =N EZ LN 3B,
White-key noteSA 7R &%, ET7/ ZEBFVWHEDALHERETIE, R34 0EHEREE
TERREINIFAOEEPOLHE L CON I LB—-RNTHE e, 7/ BERROEE, APE
RPEEZIRBOBORIZBET IAROTORBILLTRALRDTY, VW5 L0THS, &
OEFNDOERHERTICH T DBESEBFHAOAMBILDE NI L EL D 251F, ASOLLRVEHE, Thbb,
XV OEREFEROT LR IAICAPEEREEORIEIRE> TORBETIIARZY. LiL,
Z D X 5 I2white-key note/SA 7 A TIERL, BEROFVMEICERRRBY 35 - 2 WEEHED
Bb, —iRIZ, BESEOBMEFRREFNOIVEOEBREE 2 L VEELRETHE (e, AT



2R T AERE. BRI, 8, BE TEOERE) L L THERCTE 3HE~OER LB
THEILHBMONTNS (e.g, Matsunaga & Abe, 2007). AEBRTHWEAZTII0ETH
Y, TR ELEERBREFROLTCOEFNEA VDT TS . 20k, FHOLVEL
DERZIVEEREEETL L UER CEIRNERL 2 2EASH OB EBRIZLE L, S
WHBDOR~DRYBECTLNSZLdHI0b LR, ZOERIZONTIE, BAABLASE
BROF—ZRETTIEIRBDEDOTFBHZ LEZH#HLN,
RBENREThTAITHT ARG

EAEFZLERNICBRCEXIROEERE LRI EENHEAL LR, SNEXEAE o
TOHRRMZERELZEDOTHS I, Thid, #HELEOTHS 5, 2ERTIX, AT
LEFRNICBRTE24BORICBR L EBMEORIEDOAZHE L L, Z1bORENIEESHES
DOHBEIZI->TEDLSIRE L2 LTz, T T, 8% i22-keys-F&#H (Figure 3)
& 2-keys-M&GH: (Figure 4) %, R\ TO0-keyR#k (Figure 5), B#icd-keys%#: (Figure 6)
DFERZIBR5,

2-keys-F&e# & 2-keys-M . 2-keys-F&fhiX, BHE 1 LE5 1 58 NE S5 22500 2R
MTEHRL—EL, RADLERLIZ—BELARVWEHETHS (Figure 3). b LEBMEREICE
Flz2ERNICRRTEIRARAMETZ204201E, EXASFLZEFICEFRI L LTRREL TV
RisiE, BMF Lo TEN:22ERNKBR CEXI3ERIVCEA I KEET AT ChH5. £B
DOFERIZ, EXREFIZEFAT KIS LK 6 8] &G T ITKE Licl 3 SISamEEs 2 &R
CRRTEORM (Bic, KAL) KRREEELLI ERLE. R, ZOEEORE LI,
BRICERIZHRTOIREDNIERED D ZLPBASN, ¥, EFSPE2ET IS
FAILICERL TOWERBROZ X, BIER M- TORBREZOEEHEBEIN TV,

HEEXEF

&M
5.8(3.2)

00> 51 ‘ Sl

S .33: S
44.7) \< O 46(35)
BN eokon
-/ 14233

29
67 .
J"O 10.8 (3.4)

Figure 3. 2-keys-FRHOER. ERORBZEFREFFIHTIABAREOIH, HROMAIL2-keys-FEE&EDBH
: %EEJI:%T??EEE‘@Q%?, ENSAEANORNZEAZTNC 1 TS EMEIWECLIZLZBR
BOELEFRT.




—%, 2-keys-M&H DEEIX2-keys-F&# & ¥t/ 3 (Figure 9. 2%y, ERICEFAILIX
ENMEENEEERNITER CESTAL BTN, RRAILERIBZ—BLRNI LIRS, &
BROBERPLLIX, EXEFCHIIERI LER]I ORROHIEEMFIIE - CTREALIEE
Eh3d, Zhidic, BRI ORIEOK 3SR UCER I OISO 6 FIIXF CAEZHERT 3 RE
ThoZ LR INT. —F, EEAFHcRBITIERRI LERALOKEOK 78I, EBNEH
FTHFLCRAZHERT IR TH - .

el
7.8 (3.6)

w|m

\n
54 (4.7)

ZDHnH

N
5.0 (3.3)

Figure 4. 2-keys-MEW-DER. ERIORIFREFFHIHT SAREORT, BEROAIL2-keys-MEHDE
MEEN=NTI2AREORT, ENLEAOEKHMIEREFINI1EENEMEhCLIzkdH
REDELERT.

L ED2-keys-F&M L 2-keys-MEHDEREL E LD D L, MEFRRBNT, EMFOHBIC L »
TLERENIRERTEBZHNORICEREINBZIRIE L £IT, EXAFFITRELCRAZHERT I RIEHR
EULBZLpRERENE. ZL T, EEORELHERORIEOHEL, 2-keysFRMFL2-keys-M
FHOMTRR> Tk, BIEEN22ERNICBRCEIRAPERAT @A) &7252-keys-
F&HETE, BRI-ER I OEEDEHARERIERILOERFOEIAE XV S ok, —FT,
BINEFF2LERNOICBRCEIIABERATL ERI) &2352keys-MEHTIE, ERI-K
AIDEELER | -ER I RO IIEIRABE ThoTe, LR L L5, EEFFITH
THREFRIORML, EFIORELY BE V. 2%V, BRI 0BRIMEAR, BELIEAR
THRELERERBR ThoT, 2W0i5bIThsb. ZLHOBFREEELYDB L, 2-keys-F&H
& 2-keys-M&# & ORI CR O NTEBMBTFICH T2 KIKIX, EMEFIZ 1 FERMbIFOE
FETHIELZFFICRBNT, BMEREDLIRFARREZ LIEOPENWS ZLIPEEh TS L
EZ2bh5, 2%V, FERENSEMENIFOBRBECARINZER LIMEAARERCEANTD
RELIBR Ch-Telcd)d, ER 1 OFFHEFMRBIMShZE LTH, Ef L ORSXHENHER
ENRTHhokDOTHS 5 (2-keys-MEH), THIZH LT, IEEHESEMESNBMOBRE T



RLUERRALIZES TRRPoTekd, BERIOEFRSNEMENTDH, 2FHHERIRS
HORIBRPEEINRST oD TH S5 (2-keys-F&HE). :
O-key&Ft. O-key®MFid, BMEDOANR I > TEREE L2 T2 LEROEHE BT XS
FRABRLRDEFHETHS (Figure 5). b LEBNEREFLEL2ERNCRRCX 3T/ IcMET
BRI H B0 HIE, TOFFERBNTBMEZINTROTRTOBELRAWVIITCHS. Thbb,
EEROBMEZEROKEHN T IY —2BE, bLE, WTFhh 1008 b7 Y —38BU0%
ROV EWEGEDOHEZTIIXT TS, EROMEIL, Figuwre 5SKELNB X5k, BNEE
FUCH BRI T IV — ORI 2ERED 5, ZORBOBEIRERLVIEEDOLOT
BN LZRLE, ER~OREOEEOSIELFARED LRENU LA T, BT TH
ZOEEFRUCRALZHEFTIRERD I LBREINE., 2L T, ACRAZERTIEGR, EiET
PR L TRIGLERHA 1 2MRETIRIGOFD, ERIZERTAIRIEEY 2 hotk,

EXE5 EIEE

ZOBOR
Tokon 26.3(3.0)

Figure 5. O-keyR#¥-ODER. EMOAREFFNI=HTHRAREOR M, BERIDOMIT0-keyF#DBMEFH
LY SRREDAH, ENMSENOKRMIZEFENC1 EEFIEMIAECLITLZBERNE
{E&RY.

O-keyZ#H T, FERFOHBICI > T IZ0MOF] ~OREDRIEEEINE, T,
TEDMDOF] A7V —RZRIEPEEINDBE, EEATFFCRELERAL XL EEEREO
AP EESNIZDOTHS 50 20O #573) —REENZIAKIGLEASF T
RIESNTRR L OBBREIMT LIHER, [Z0MoF] RISORTERELERICH L TRIEL
RADEBFA Thok. 2%V, BNMEFCHLT 200 H73Y —5BAESIEL,
EAFFNTERLIERLBEROIEVWFARBRT2ERICH -7 LW biTTh 3,

¢ ER BROBE, ERFFUCHL CBMERRSLERARIRERS) IGRCBIRRSARAEERL V5. —B1Ic
i3, AER (ALERLZEFLOERLERCER), AR (ALHS2L-ERALEACHER), BHE EHOES
2EELTHR), TERA GEOTRERIEFLT5H) SEEREBINS,



O-keyRHORRZELYDD L, FEREOHBRIZL->T IER] REETIRELRELNIY
DO, BRFFCTRIGLCREZHRTIRIG, EEXFFCRIELEROESRAICEETIRENRE
NENZIIFRBETORAINE., ZL T, #BORINIZ, EAENZERUTERLIZEOE R
ZITRVIRRLD DL DT LBRENT, BT DL, 0-keyRHFOBRD, BMFHFF i3
BFBRIZEATIICORERP O OEBLZITS, LW LeFMTIb0LNIES,

4-keys&tr. BBIZ, 4keysFHOBERITOVWTRARS, T0%&MBIL, 1EESMP-T, B
EAZF LRI 2ERNICEREERRS4EL 2258 TH S (Figure 6). Figure 62D
N3 X5, EmEFERBRNCE, ZEEFICRISLERBZOEEHBEINTHEEER S o
. TORRIL, TRETHRL TWEROFRESBANSNERIZ, EFNIZ, ThETORR
MBEINBMERMZHDZ L ERT. ZHiX, BHEFRETEROFAL TEIRVIMERELTNIS> L
THRARNREREORERD B, LWHEEDLDBEDEE (Matsunaga & Abe, 2007) ORER
2XETEH0TH B,

BEET BMEEFS

5.0(3.3)

Figure 6. 4-keys®EHD#HR. EAOABEEFINICHTIHAREDOZH, BROAIZ4-keysFHDEBMEE
gl:ﬁ?%gﬁﬁmwﬁﬁ, ENrSHEAORMFIEXRZFIIZ 1 EEMEMShEIEICLPBRED
fL&Exwd.

—HRRIER

BEARLTWIRARLE > THEFRFT LRIFESHBALLE, HEFoROHEIEDI S L
BECERINh, E0X5RBEREZOEIERRINZOTHE5P. TOZLERADD, &
ERTII4ODORBETIRAELERB L. TORD2OOFMEIE, REAREL THIROETHES
ERBIFESEBMENDZ LIk T, TNETORILTHHRBRE LTHEIIRLIRS
BEIRLEHENRRFRTXIRTBD 52-keys-F&ME L 2-keysMEHETH Tz, TD 200D
SGH T IERPLIZ, FHOBREELTE2LEROSHEBRCXAMLRAREETER



e, FEREPEENSBRICRZCLP2bLT, 1 FENMEMENIHOBE (e, £k
FF) TOMEMRET IR EO™ERRESh, 2L T, BNESEEOREERTD, #i
DRIBZERT L, FEREINDSHORE b cROEOREROBEIC L - ThE S,
TR INT, $obb, HOBRECORRSHPEAABLIEABRCLOEEL TWEESIZ
X, BMINCEBEOROFERETHoLL LT, TRhETARIN TV ERIIZOEE#H
FENRLTV (e, 2keysMEFORRI). —F, HOBRBTORAERLZELTHRVESIT
X, BINSheBEPFEERERSIXT CREDEMEZEADLTOEELEHBEL LTERTX3
HORTEESNRTWV (e, 2-keys-FEHOERL), W5 L Thb, AERTI, BEH
RLUTWIROFERE L RS 1 ERBPEMENBZLITE-T, 2ERNICERCXATI 2L
250-keyFHOEML Te. ZOFUEOERPD D, 2-keys-FREER2-keys-MEHDRER L H
BRiZ, OB THARSNECHABREL CWeBA I, EBNESHCORMIZOEEMESH
RFTNIE (O-keyZHORHRI LERLD) BRI,

ARBRTE, ZXAENOBROBIGEMEFFANEREIND LWIIEFETIRARL, EASR LA
MEFFIRIBEGDINT VX ARBFTEREN, TOZ LI, BMERL->T, 1EHNE
MENZEOBRE (e, ZEEFY) TORREEZERNIZSRL T, 1ERSEMEN RO
B (e, BINEES) OMREEZRDBE NS LIRFHEE L, Rl ThoTzl L2EKT 3,
ZHppbbT, BMEF~ORRISXIORE CARIShERILOBES»S TR Z LR L R
Lizot, BHEEROMEFORMBLEL, 2EROFURF—<OFNEZIT3 AR, %
BB OBREBRBEREOBPICTHERL L5 L T39I L O LN 2L THB 5, 2kD,
A 7T 4 OEFTITHE- THENICRIZAE ST w2 5,

51 FSCHR

FIEEHE— (1987). 2 v 71 ORMEL FRIOBE: RIEFERFTEDOY I 21— aL. DHESHE
58, 275-281.

Bharucha, J. J. (1984). Anchoring effects in music: The resolution of dissonance. Cognitive
Psychology, 16, 485-518.

Bischoff Renninger, L. A., Granot, R.,, & Donchin, E. (2003) Absolute pitch and the P300
component of the event-related potential: An exploration of variables that may account
for individual differences. Music Perception, 20, 357-382.

EBFHT - FIEME— (1984). A7 4 BAICBITS “FMER” L&bFEH, DEEERIZ, 54, 344-
350.

Janata, P., Birk, J. L., Tillmann, B., & Bharucha, J. J. (2003). Online detection of tonal pop-
out in modulating contexts. Music Perception, 20, 283-305.

Krumhansl, C. L. (1990). Cognitive foundations of musical pitch. New York: Oxford
University Press.

Krumhansl, C. L., & Kessler, E. J. (1982). Tracing the dynamic changes in perceived tonal
organization in a spatial representation of musical keys. Psychological Review, 89, 334-
368.

Longuet-Higgins, H. C. (1987). Mental processes: Studies in cognitive science. London: MIT



Press.

Matsunaga, R., & Abe, J. (2005). Cues for key perception of a melody: Pitch set alone?
Music Perception, 23, 153-164.

Matsunaga, R., & Abe, J. (2007). Incremental process of musical key indentification. In D.
S. McNamara & J. G. Trafton (Eds.), Proceedings of the 29th Annual Cognitive Science
Society (pp. 1277-1282). Austin, TX: Cognitive Science Society.

Matsunaga, R., & Abe, J. (2009). Do local properties function as cues for musical key
perception? Japanese Psychological Research, 51, 86-97.

Miyazaki, K. (1988). The identification of musical pitch by absolute pitch possessors.
Perception and Psychophysics, 44, 501-512.

Schmuckler, M. A., & Tomovski, R. (2005). Perceptual tests of an algorithm for musical
key-finding. Journal of Experimental Psychology: Human Perception and Performance,
31, 1124-1149.

Temperley, D. (2001). The cognition of basic musical structures. Cambridge, MA: MIT
Preés.

Temperly, D., & Marvin, W. E. (2008). Pitch-class distribution and the identification of
key. Music Perception, 25, 193-212.

Tillmann, B., Bharucha, J. J., & Bigand, E. (2000). Implicit learning of tonality: A self-
organizing approach. Psychological Review, 107, 885-913.

Trainer, L. J., & Trehub, S. E. (1992). A comparison of infants' and adults' sensitivity to
Western musical structure. Journal of Experimental Psychology; Human Perception and
Performance, 18, 394-402,

Yoshino, 1, & Abe, J. (2004). Cognitive modeling of key interpretation in melody
perception. Japanese Psychological Research, 46, 283-297.



