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Music, Cognition, and Computerized Sound

15. Tonal Structure and Scales Roger Shepard

15.1 Introduction

» scale2 &4
— chroman, height, octaves®} fifths
- O2 X2AA & 12 S0Itle S9E A2E2 B Y(interpretation)
- % SOl QIXIA FZE(musical scale or tonal structure)& Q21X

« whole tone scale : S&st &=X Xl&(reference point) &
- os¢et 2tA, NE8E
- 2SotAL EetE HR9 HHUA 0l ArE(lack of frame of reference)

cf. musical tension : sense of absolute motion or refernce
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Diatonic | | | | | | |

c o & s A c
Pentatonic | | | | | |

c D E Fi G# AH C
Whole tone | |

1% 15.1 Plot of spacings between the notes of the diatonic (top), pentatonic (center), and whole tone (bottom) scales.

e diatonic scale : 2H 28, 10 Bt3, 30 23, 1 83

e,
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15.2 Testing Musical Tones in Muical Contexts

e “pure stimulus"

- HAZ2elste & = ot
— isolated tone MAl & 2 X220 gt X2H HCE 22X
— HRE ANS(SUOL 2= AIREQ =0HE 1NEotAl %¢2)

e S. Smith Stevens
- MESHO HA=SdsEAE 82 A
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e Carol Krumhansl(1979)
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OIXl CIKl HIAE : 94X Wt UM 8LH E= MAlGH)| /I8 =X
OB A
sine tone= AF28H musical context(8t SEIE LS Z2E S22 AIE) HAl #F,
St JHel probe tone= XlAl
0l &Xt= musical contexttl X=XE 10lM 7IHKIS 22 EHH
- MEX, URH, MpSTE SFL SYH 2N A =TS AT
— JfeIX™Ool xt0l2 &It &Y
- 30822 UFINE = 08 ¢ 8Y)
g 1(8Yd 08, 79 359 usl 4 Jd)
g 3(Sgs nsy oF FE 8ls)
g 2(08 1 8 29 &24)
- 8 19 &8 21
- 8 152 A4H2Z2H 2 otH2SH MAl = BtEHEHC SS0lA LE probe tone HlAl
Rati
A aling -— Ascending context
r --- Descending context
Group 1: eight
14 h musical listeners
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t . ¢ .t . 11
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F# G G¥ A A B C(
Probe tone

¥ 15.2 Group 1 responses to probe tones in diatonic contexts. (From Krumhansl and Shepard, 1979. © 1979 by the
American Psychological Association. Adapted with permission.)
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15.3 Group 2 responses to probe tones in diatonic
contexts. (From Krumhansl and Shepard, 1979.

© 1979 by the American Psychological
Association. Adapted with permission.)

ARatlng
2} Group 3: eight »
non-musical !
ok listeners Ascending context S
ol --= Descending context  *
4-
'\
3 Ay
‘\\ o"---"
2F A) .o-a""""'"'
Bl (] '= Scale tones
| S S 25 S S A 2 B
C Ck D DEE F Ft G GF A AMB C

Probe tone

1% 15.4 Group 3 responses to probe tones in diatonic
contexts. (From Krumhansl| and Shepard, 1979. © 1979 by
the American Psychological Association. Adapted with

permission.)
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A Rating
7t Subject 14 .
51 — Ascending context '.'
5 === Descending context r
!
4r ;
]
3r “‘.
2k ':Scaletones - LI,
ol ‘h »
1 Ly L Ll L) = LI -
t .t . ¢t . ¢t t 11
F¢ G G¢ A A B C
Probe tone

C C&8 D D E F
1% 15.5 Group 3 subject who responded only to pitch height. (From Krumhansl and Shepard, 1979. © 1979 by the

American Psychological Association. Adapted with permission.)
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e complexed tone =
- HWREE2 s E HYWsH peaks and valleys2
— chroma circle tHél circle of fifthsE AtE
— Z 1 : monotonic decrease from the unison outward

15.3 Scales Are More Than Simple Ratios of Frequency

Ol acoustical description of the intervals

(g

onal hierarchies® =0|E2A

SEENES
L ]
ol et &b22tH (correlation) US
- asEol B
- AEHUA BX, SHxO &2 (profiles)2 Xt0l0l 2ol 20 &
— musical contextdt BtSHCl 2 S92 CIXI0 H&t
- 18 15.6
H2st X &@X2 538 AMIAE MES ZHAHZEES 0p.94, no. 1) AE2 Hlu
Ratings for Total
G major ) _duratlor\
7 +—— Ratings, (Krumhansl & Kessler, 1982) In bets
o= -0 Tone durations, Schubert Op. 94 No. 1 - 400
(Hughes, 1977)
6-
- 300
5
- 200
44
34 - 100
2 - 0
G Gf A AT C(I:x[I)E):EFF#TonE

% 15.6 Data of Krumhansl and Kessler experiments, compared with an analysis of Schuberts op. 94, no. 1. (From

Krumhansl, 1985.)
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* unequal spacing — unequal weighting or stability measure
— OIX|® |X 01O 21210 202 &+Ctat
- 29 HFH Al @ 20 A0 =2
st ISl 20| =& E=R
— 2S(tonic)2 &Y F, 8 HMAN LF A2 HAXL= SES oA
- & 15.7 782 Jt& stretched scalell ot& S
 CHM 2L 2C CHOIA 2
Transformation Transformation
Transformation ¢ ¢ doTonaI Hierarchy
do Tonal Hierarchy / do Tonal Hierarchy /_Tonic
¢ Tonic % / Tonic ¢ /\;LSubtomc
Bt t Bl Naltsubtonic 8
- Subtonic /1‘ /\Ia 2 submediant
At—alia i AT Pall2_submediant A
sol ’ / sol : G /
a Dominant G Dominant /yfa—Subdominant
F {—>{2—subdominant F {~7]->42—Subdominant F /1\,‘ mi__pediant
E . E4ZhJmi E 7
~almi__Mediant Sam pegiant Jlre
3] o 2
€ D sl D1 2TE sypertonic ZD 17 do .
% % a % —> — T 0niC
=¥ '-—h-m_Tonic ac > ToNiC & C L;.
Stretched Stretched

13 15.7 (a) Diatonic scale. (b) Stretched scale. (c) Stretched scale.

e

15.8, 9 stretched scale® CUt C#Z=2 HlAl

— CE= UWed2H being flat)2d o2 C#2 U= 2102 0lAl

Stretched ascending scale

O --Original starting tone
--Half-step above original

% listeners
giving rating
70

0

Rating of test tone
in relation to first tone

1Y 15.8 Subject responses to stretched ascending scale.
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<Lower Higher->

15.4 Other Cultures

% listeners Stretched descending scale

givingrating  [J--Original starting tone
0k --Half-step above original
60
50

2
Higher->

<Lower Rating of test tone

in relation to first tone
1Y 15.9 Subject responses to stretched descending scale.
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