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An Analytical Study of the Preferences for Repreduced Soﬁnds
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Takaaki Koyazu, Sumiko Toyama, Akirva Miuva, and Rikio Satow

Résumé

The preferences for the qualities of sounds reproduced through the
system varying in frequency characteristics were investigated on
the basis of a vector model in multi-dimensional space. The model
-assumes that the preferences for a sound quality might be determined
by the scalar product of two vectors in the space, one for the sounds
and the other for the listner and program-sources. The main findings
are as follows; (1) The preference space for sound qualities could be
described as the real Euclidean space of four orthogonal dimensions.
(2) Those dimensions were interpreted as treble, bass, balance, and
noise. (3) The listeners (judges) and program (music) sources (A),
and frequency characteristics of the reproducing system (Z) were
mapped as vectors in the space. (4) There seemed to be some interactive
relation between them. The listeners prefered such characteristics that
could reproduce some distinctive features of program-sources. They
were divided into four types: i.e. high-bassxlow-treble, low-bass¥high-
treble, balance, and medium-tone types. (5) Listners were also divided
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into three sub-groups. One of them was named “ absolute ”’, because
listeners in this group showed an absolute preference for one specified
type of characteristic; the second one *selective”, because those in
this group prefered two or three characteristics selectively according
to the program-sources in question; and the last “ decentralized ”,
because the preferences of those in this group exhibited a tendency
of much too discursive selection. (6) The validity of the vector model
was tested. It ensured that the model could predict the experimental
results fairly accurately.
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) EEIHEE MR

() A5 v AR bl (Come Prima) b6 (Hallelujah)
b10 (Violin Concerto)

TRz bd (O Sole Mio) b5 (An American)

(@ =il b9 (Piano Concerto)

FEHHE R T FRFELLZFED DD EVSH T LETHAS. 13,
b5, b7, b8 /& hicBT5.

DlEoFERE 1 XTI X 8o =kGirgzER o chis, e & 1
FHERITO L Table2 X 51cins. b, o 1 X T FEilEcL
BRIt (o) Blic AT\ 72 b, b10 ROt (B) Bl AT sz b6 £k
G LAMENC LCOAMEDHTHKREART, () BloJjeigEd AniJ
DEBLEL bRt BiEND, BOEMEE 7o L IERREECIL S
VARRERED BLL, X “Dh k" PEENTH D EI (b4, bd)
CIHEBEHAHEESEANLES DL, X, €7 /7 HORCHFERI S
BERGETIZ, & EROBHINL - THEShikE 5L, N
HELIRDE, FHRZEoTWBEDL, FVFVTELENRS-THED
FER TR,

HBVETFEOWTR, EFERTFEFELWETIHESCEEENLDD
FBEbhicvwoc, MBORFERORCEDTEL.

() =PEZFEOXA 7.

TCTIE, AP EREFELT, MENZ bV Ag ZRE ORI BA
DO O S A5, Fig. 9@) wrT 8% S6-ofm B2 b1
@O T I el - T B L, Fig. 9(b) wind S5 ek - LT
XUFHEFTED XA T 2~3 HoT, FREOFTELIE BRIt %,
ZRED TN BRI i3EEt: § 2805 L, FREEDOERIS - &
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S6: 0M 2 It
ML

(3 (La~H3)

O (La-H)
bix

bl *(L1~Hz)

-@Liszs)Eﬁfﬂbg
® (L2~H2)

Fig. 9. HHEMEIFER (ZEEHD

IR UL T T MBI & L\ & T2 EEEEY B2 5 $E (57,
Fig. 90) X2 TR Bl oo THTHD. 2hbit, ThFh, KHT
MRt - BIRE . SEEI L KBS iz, 205 b XTSIV X
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5T, #EBRE10BF 1A, A3 A, BRE 6B THoTc. TEHT O
N EDBREEBEL b ONEEREO Yy v 7 ) v 7GR LI ERY
Bl AT\ BR D B Ban CIE e o 28, I B BHIC Fe - RS B ot 5
CE—EEETDETHHD.

(IV) =7 VOFZLE.

PlESE ot it » TF — 2 BRI iBE LT\ 5 BRI O ME R S04
BOE LCRED, ChbniEOBREDERELYHE LT %5 tBEr
B Shisis S\, S RUEIEEZER = 7 L ORI s B BT
B5. _h%ﬁﬁﬁéfﬁabfm ﬁﬁ@@x%%hh%ﬁﬂﬁ%«y
FLOELE Z BOA*H~<7 b A @b XA LT L ko, @
BifED®EEG L L o2 5be TCXOBERERLITENELDRS. HL,
SusEomEErE, L B0 L 02 ToERLOWT, TheffoRok,
A DER b ¥ AP
iz o THEH LTl dsa)
(1) RERALTHES
s }i(by”—“g}%isascb) & L
DEFR Loy ODAP TP
7o B SEHE liwy & B0 %
Eheb il i?,
DB, BiEmd4ET Om
=) KblksTZh%
B-o» Fig. 10@@) Th
5, BRIFEEAXBYE
AL 45° DEM LI X <&,
S\, ZORIGE &

em X, ApRdbics ToOF
Fig. 10. (a) ¢ HFEEHZEET 7L OZ4HE: BOLETDOETHLN

liw
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b, fEAFDERANES T
W2 EnWdFH®RTET
NOFEEE T HGE
DERE LTk E5]
VTR L s i s B
ROITEMTHHTHE
B, PERIBRLTI W
BRIEDLRS., Bar
BHaEE i=1 0B
DT, AR
B Licppy” s DT HIME: % 7R
35 & Fig. 10(b) o
{Thote. BL, FK
D Z:(pby's i (D) RNTm
=3 L LTCEREEIhD
DTHD.

B 5 HB52E

Ligphy

i=1
m=3
+1.0
—1:.0 . 150 B ¢)
P
- --—100

.} /
Fig. 10. (b) FHEWHZEME T OFYM:
EREEYN

BFEdes T VOS2 HBL I —RIEERREHICOWTHREL
Tl ERDOWTIIBL & oMK BTETH D, £O—2I%, bib
LRI R A AMEE IR T W BB THEN ST 2 BIFOBRENER
ENTVWEIRLWHLT, HDIbIENFITHTLEHFOVEELT LR
B 5 O L ilcdDRDOWTEFABRE T2 (2a), (3) &) DT,
ZDET NVIRBRREOEIFREBLEZENCAZE L TW3 D0 LITFWEL
WS ZEThAY. ZOEECOBFEIFERNEOHELED 5BAIC
FORBTAERTFONTEHERE DN ED, ik 2 IADIER L4
HELTWEL EADRCAD ZATL B DTHETRED, b
Yoo TEFAMCE » THAREETIRE. b Lo oRBIEEThi
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T, BIFLEREMBLZEZETRHHES L5k e oL 1L, R
CA+*HIOW~<27 P v OREY, BEOHEDIHIC 2T+ 2FE LR
EIWVDTHAS, LA CEFOBEY BT »-BHIT, &%
ZD IS EFARDL itk LTh, TDBACBLNLGTHASTE
BL, AL EF A0 BELRIROWEY R LTAS &,
BEOHEOFH, XV HABRTEHRITES EBLrBTHS. )
DX, Pz Fig. 7 bH bk 5, s Ecid Azl
HR7 b ARZOHELYAE, FEhtudorizFemds s vwipe
B, BFENFRO ETEEBC X VBRIAIN T % &\ 5 Fllas
BBEPLTHS.

PH oL, BEREMLEEL LI EZhEKCOWTTHS.
COREMI, REEROEERSY LD E, ThPBBIRICHZRS 22T X
SHETH L5, 2% b Stevens DS LTHEREOHE TR
T5L520 DRI DTHS. b bImHIEE LT, ThiXERERED
HEEZEBIIIITERE LT, 8- C, EBLRBS W TThh b ¥
B BDER EBBENE NG CEOBIFRE (L LD &THiE) 0B
DERTCLESTHIRMHINTHIELEBREIATHEASLS. ZOHH
s BIDIIT, COBDERE ST —R TEFREY, WBRERD
BRREDOMH I NTER L, & linear BRI B & & wHFITF3
REXI W Lhicw, ZOEZIXLOEWE (1965) OWRIC I THE
TRBIN, P REWEECHEIRS MR —BCS
o TREBROMEIER, BN EEYH2 T 2B, MRED
BEENEHLINAZ 2%\ X 5 ThH% (Ekman & Kiinnapas, 1963).

“AHG—~FHEFA” OERKRKEE, FEAOHSSCHT 5 FMEL
—WRITHER - LT\ 523, (intra-individual uhi-dimensionality) FD%
&% BT DL SR THREESR ”"3  (inter-individual multidimens-
ionality) &5 % FThH 5 (Tucker, 1960b). Ioivioir D EEE DL T
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b, AxH2BERE LickdEa g0 B RROTIIER TSl 5
CEW X T SHEDRZ P AVTHEYR, KRWT, TOKR & HIRK
AN*B=7 bV OTHELZEDICHT THD0 b, FIZIETHOBRRERES
hic 4 >OETFIEE (EEiA = i) MEBORETH - T—EEA
b 2D X5 BT RFEETHDIEE VBB o EIEIT o, Bk
BB S EGEIIZ O X 3 RTEE LD L L ORKEEEIHAIKIC
@&, RN LERBETEEIRELDTHS D,

- REBRERORE D —0, lak O & A 70, fix 2L, ERA, 5HE
RECGEENIZ EThoTe, ZOEFEEIL, BRE-T, HEZEEL
TEZXISVIRY, HEREY, BEDHEDOLEFUEELASD LV X5
BOMD I N~ T RS THZEBEBETHD e #H LTS, WK
% (1965 xHEE &R D, HEELEEO S L TOFEFYREREE
BB S e 5 ERE T o R, BREGETYEURE, BELEURD
2 B ABEINBEE2REL TSN, bhbhikksw ik klkom<
AN& B oMK, BB LU CREFANERY S X 5 ¢, BED
WELXE2 A REDHKRE LIRS 52208 5 XFERD D
E5THD,

BT HOEFRL, BReFEROYENEESLETROBEEH X - TER
END DK BT, BROWIOEITD H 5. Chinn (1945) i X hi¥1940
FERORIES BIE EFAEBRESERIE LT\ Tnd o B, f1208, B R
DOEBINIL LABRWHNFE T\ 7z L, Fletcher-Munson HIFRIZHE -
TEEBELZT BRI, bhbh 0RO (Li~H:) o WFE
A4 DIEITF A ¥ s, Lio=oit b Chinn £ (1948) O#FZ2IC & 5 &, Bk o
MR BT, D X 5 eBlIF Eh Tt oD THSH. 2D XD
IR X B BIF OB AT 5 lediid, BrEFOREERYED
BLTHL BT, BBOFERZYEE L, T 2 it 2 RREEH A%
AT, ROBEFAEZFHUTHEDRBRETHD. LODOFE IO
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—o%, L% (1966) H3ERHET 5 X 5 KEHFOBRER I OV CHIAY
R fT L h DR EEBIFER LTh oY =4 b ORFHNER L&
5L THH5. i, HHEETFUERYE«OFERAZELERCH
e TH LKL, BE2oZh boBRREYEIVEEENIEIT Tk 2L
LEHTHDMS Ly,

RRCEREERTS &, |

1. MModsREBFEDCD L THEINCBETOFECTOHE
L S EERREFEROBRER S 1ed L SERE IRk,

2. ZORR, FHNCHEFBERTME CUITE) Boftkarr
- hB.

3. “AAF—-HETN" CEISBRYVEFERHFEMI4RTLOE=~7
Yy FZERE LTERERETHZLATRETHS.

4. BRILOLOFKRIL © RETFRT, @ EFHET, ® <5 v2H
T, @ HEHRTFEHEEIRS,

5. ZOEHAK, NG LT EEREOARR LT, ZFEEROCF
W (FH) oRBE7 A HBEE LULEST % 2 EBRA BRI,

6. TORKRE, FEOBELEELOBCEXZEERRDY, —Be, &
BEOREEZ XS RITS X5 RERFERZ &b ote. Zhb
13, REL, EEBERSEANHE, EFNRETHREY, S5 v RE,
FEHCXGINS.

7. ZEEOEFLA TMEAERDDZ T ED, FIRCKELLWT
FEE DHEEME D R TR TR, ZOBEIC X » T2 - Zo8k% BN
WiF &l 52N, RO OB OB o=@Eeo»hs X 5T
»H5.

8. WEIFZERM=ET VORI BBE IS, BRVBETRELDTH
o7,

9. =T NEERRBELETOHHEEEI Thhl.
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Appendix

* Mathematical notes for an analytical model of preference structure
ZiA(Pb)=lfil * | A cpoy|COS Gicpoy 1a)
=§]zis s by

Licpny= %Zis @s(pb> T~ €i(pb) (2a)

(z',j=1~n

b, g=1~N

{ b=1~I

s=1~m,

\ mLn
E (licony)=0
e
V (icppy)=1
97)) .
C(O V (@sconys @5 cppy)=0 }
H L (4a)
T (@sm)=as
pb)
E (ei(pb)) =()
Codd
C(O V (escpnys jcpny) =0 - (5a)
pbd
Vv (ei(pb))= €’ )
Cpbd

L=ZA+E (2b)

-~ L: matrix of Ziepsy, (72X NI) sections, (data)

Z: matrix of 2, (nXm) sections

A : matrix of @scppy, (m X NI) sections

E: matrix of espny, (X NI) sections ,.
I'=AA’ | R (4b)

I': diagonal matrix of a, (m X m) sections ; 3
E'E=(L—ZAY (L—ZA)=V | ~ (5b)

V: diagonal matrix of €% (#X#) sections
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C=LL'=(ZA+E) (ZA+E) =2ZI'Z'+V (6)
C: matrix of sums of cross products between columns
of L, (mxn) sections
R=C—-V=ZI"7Z
=(ZT* (Zr?y | ()
R: correlation matrix, diagonals of which contain
hit=(1—e?,s say, communalities

R=(ZI'% (ZI'?Y

=Z7 ®)
I': diagonal matrix of equal a’s, (mXm) sections
Z=ZI'* ©)
A=72'Z (10a)
4 diagonal matrix of eigen values s of Z
an 2z's2=afzn] Zis?=1s
¢ ot } (10b)
CiOV(zis, 2s")=0
A=A"Z'L , (11a)
=17 . (11b)
A=A"Z'L (12)
A=T-%4 CE)
X OB
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