7 7 A B BRI S 2 DWBIINT 5—H5

— HZEHBRFOBHST —

BoH R BB OB ™

1. FL®IC

KECAET B E, ZHERIOANBED/NIEZ 7 ADORENSI100A LB L2 AHE Y 5 2AD#2
HWXW/ XL FABMBEORELRHET DL LIRS, BT, 77 ARBRIKRECS
FA2HEBIEDEIBRHEEEEZTHWEDTHA Db,

T TANKEL LD L, FELEMOYENERMIELS 85, KFOKBRETHE, O
BEYA IV PBRBEEINBEIOEBZEDBEEL L REFEN TS, Lo T, HAiDE%
HEWIARBWTRHEVEBEILZVTHA S, Lrl, EEIGU THMBERICEL XF
BEECES>TRILLS RS, ARCEEEDERBNIKES L2 E0HPRETAZEDFEH LA
Hiced, o2, MENEMSEE CBEFHOMOCENERCLIEESSZ2LbE2605,
Fre, FEMNEL D E, FE-AYUL D KEMBERT I LD TE 2REBNEL k5, /MAKD
BRETRBEINEZEDLROEZ B ENTE, TNThOEED=—XbHBL I LD TE 325,
AABOWETIIZD & 5 REEBISFEE I3,

7 IABMEC L 5T, WEORELEIREINE, AFEY S ADRETY, Hii»5EE~DE
WEELPTHNE TR0 ZNIZEREBZWEEZ OIS, UL, HifLEEDOHEEER
ZICKRDBERSIE, KRB S ADBREIBOTRFECRE L 251255, 12, HEORKSE,
BROBM, REOERZFICBWTHHEIMIZ 7 AHBEEZFER L 2T oW,

LL, KEXTARTOEER/INRE I SADEELCTHILRBBESGRIETRZY, Z¥ES
ZAEBBE U % 51T, KRERMOBOEEINT 5, KEREMOELZERBH 2T 20, Fh
EHZEDOBEBEMABEZHBL LT NELED 7 7 ABURZ/NETEILIRTER Y,

DL TABBER, AV F a7 LDRAPEEDOERICEZ 2BEBIINEE0EEZS

Nnag 7R )-)1”/*7-?27—7'1#@#%‘-)1\1)‘3#1*’:‘.4 Z.-E/ﬂ) ﬂﬁ‘ﬁ'z\ﬁ;lﬁ‘mwﬁxfféﬂ%'fﬂh ﬂ,zmm

4 valo NN o L INIIUIIRN IR AN Ve R1 7 DJU0JwWiJu~y""81 CAUV LWV oy N VW

RiFZ7TARESREL 22 b RECEFEREZ2D 2R LTwEY, HRZBLTHHIFE

HEES - ) H a1 l Mg N IHZZ . ﬁkﬁi%)vﬁﬁa—?mm&hq NESCAAIMZCAITE 7. T2 dq 2 3 770y
XH CidgEXnjl/\Nd/c J JuB - TTUEBRAVC R Y Q2 WITu N 7 /\I*)‘IL’I%VanlEuJWINU“’IHW_%lid'Q4L Cva

32, Lyl, BROEZEHBIIBWT, 77 ABEIHBEHNICOO R E3EELEZ 200ICDW0
THRITHAEEIHE D 2 KRB SHBEHNROBEER ST LIHRICBLTY, 77K
B S EREIZAEBEEERI L TLR L, FRTR, ZAHBERFOREELEEIC L 8ET
YT VREOHRICETSE, 77 ARENREFMIEDI I REEEEX 200 ZHLNICT

N\
\,

HEBRRFRFRENEL 5 —HF
TLRBRFRFHEMR L V7 —FHRA B EBREHEFHER



110 RN #F @ £ 230 %

KT, BEHBRFESEET 77— 2FALT, 77 ARELEE X 3 BENHOMB D
HHEBRE ML, 7 7 ABMEIREFTMC X 2 BOEEPEER2HANS,

SWOERIRIE, ZEHERFTERBIN T2 2FHERB T 2 FRIVCERDRFET > 7 —
=8 Thb, 2FHBERBE LZ, AEBRFZORFHRPILBELHEEE2FEET 2 7- D ICHE
WO Lo TEREINTVEIRIBTH B,

ERIVGEEDORET 7 — Mk, 2FHERHOZBUKE OB T 2E T, FHIK K DIFER
(ATAIC B TIZFRKIE 7 A10H2 523H £ TO2EM, BHCBVLTIRERIIEL BI3E® S
2THE TO 2 M) KIRTOMBHBECN LT —27 ¥ — MR TERINSY, 2¥HERIE
DIRTOTWELEBNTT 77— MBEEENE 20, FEZBHFUBERS T 77— ricH
ETHIERB, £z, BEOEFEC DWW, FALBPO2EO7 7 — N BEBEN S,
7y —RIEBORMO SHRENT VRS, KA TE, 77 AFEIEELS52 5 £
SNBERELT, [ZEDOEK], [REOHEREE], [HEOCHE], [EEROMM], [HBA0HE
Bl o5HBDOT—2 2HERLRY,

ER U727 > —b T8 %, ROFETHELI, [NEOHEEE | 2P 3 L, [HE
TER| 55, [Ebohtwnd tHETER] K4E, [Fbokdbunziin] 234 b
EEWVD) LEBETEP oI 28, [BETERLRIJIA, 26030,/ bhdin]
EHEAR 0 R EE 2T, [FEOEMR], [HEORE], [BEEROHEM, [EENHEE] xow
THRRB T CREBER SN T WS, BAIUIEETEARILL T,

R, BREHEMTENZTNORMICH T 2 SABOFHE2 L 0, BMEFOZEFMELEH L 12,
P2 L 5B, 1E»55 RETEFEONREL, 0 SOV TIEREAN L, |SFHMEEH
BOTEWNRRE2BLEETHOREDT 7 — VAERVL—EU O DR {EHTE 27—
EHRL, 1,430 EOHEBFFEFEESE & D 2L 7Y,

—7, 77 ABEERTEEL LT, EHVIDCBR L 2B EOREHERT 5,

3. £RHBEREDI 7 XAK

(1) EURR

ER U727 > — MRAEEIR, ENR2,606A3THY, LHEBRETERL T 2% 45ERE
DLEFFFELLI, 946 AD58.5% 1N T 2, BHFEHBICIE, ¥HOWD KR ZHBHT 5
VBRALDOFETRECISML BV ERD2ZELETE IR0, FENLEZERIZ60%
EELBLEILOND, K1, BRLLT ¥ 7~ OREOFHBRREXR LD TH B, %4
HERFOEBER» 5 TFEMEDT — S KPPEFIBAELNE DD, BROEIRRERF



19994 F¢ hoH R & 1R 111

141

N
il
%
\.)v

+
N

o

X Fars
AR

N>
\Ju
Ny
e
-
~
d«

K1 ARANOT »4r— bEIERR

il A# (AN
X % 3,775
BE ¥ 1,597
o S 3,974
BEFEK 5,048
EHRALFEED 2,055
B ¥ 6,492
B % & 4,291
I % & 19,156
B % & 5,065
2D L] 1,153
a &t 52,606

SR E 2 2RERB R, [HEXFERIE] 2530813, [HREaRE] »0208%, [HMERERE
B 232184%3, [HfEw < - —] 511683K, [EFEXERE] PTIREDEE ], 53RETH 5,
HEBRETIE, FRE6FEOH Y ¥ 27 28E LD, EROAXEE - #HEFE - BREIED 3
SELORVIIO—REERE»S [EEH] KBS EEHNE cHFMRRECEEL T, —
ADEEW L5 [HEAFERE] tEROBEBECL 5 [RERIBE] WEERETHY, #BE - EB
BAO [HEFERMEB] D ABOEERAD [EfEL 7 -] PEFTRBETH %,

(2) 7S5 ABHEOEHY
LHEBAETERIN TV ALERFRED 7 5 T, B2 r o ThkE<RL s, 752

~ORua A S AJUNOR Ve JA/'\'—U‘ 2 \/\\_ - oo

HEOEBMEDFEHIZ, 52.5ATHEH, 77 AHEN I AUTOREMNIFREL DL —FT,
00 ANALEDIMENATLED 2, 30N SLOAND D DWENZ DL, BEOREIZFDI IR
7T ABRBEDFES LN OTH 5,
150
100
350
Fz 300
“ ‘\)0
200
150

0 20 40 60 30 100 120 140 160 180 200¢
FMEL (N

H1 25XBEEOHH



112 R % #® # B30

7S5 2 FHA A/ X L) A A - EEEIPNETENSEPO LB 722 [EFJEY/ARIH &

S L ANIURN IO VAR ARV T DR G/TINEIQV T HIRR IS CIRE ANV WV | e XNIuiTrTel =F
DRFEICHOND, —F, 77 ABEOREWEER, ZEZL>TEROEGVLOKRE L [EX
HERIE | N F X FaSEH > 7. > 4 2 N &‘;—,mﬂv—mm-v A e o S M NBE 0T
LREMTE ] Vo JdaBERICIA DAL Do *)MJ VJ/J 7 ‘1'»1 /J)\V&’ IRGIXFAR CIEDS UF VX FKIZRT

A

DIRDLVIc D, 77 ABBDIES DX W KRERFEL2S5ZTW3,

RET, 77 ABBEFRHAL T 2RE D2, PIZ X BRI+ —] i3, PARTOE I F—
ERXOBELBHELTWE®), 77 ARBEDO LREED TRHERBLIT>- T3, Lo T,
FHEILTULOFEFEORENZETE LI E SR, FIREHENTT 7 — b TlE, £
FHEEH TR OO TRHEREELRZ T I L OH2FZEDHRIILIEDHIS%TH 553, 170
FPOHEEBEVCZECELLEBZLLEFEL IO THo 2 (LB HBOLVE 2 — BT 3
WG iR, 1998), EBFPHEHROFZE L ERICHEL T, ZEBELBRORMOBZHWFEISS O,

BIEBD 7 7 AKEORHEERL TWIDH, K2 Thb, BREPADORETH L [HEATER
Hl, BERIE], [XR#EHE], [BERES| 0BV TR, H10020 7 5 AHETEESTLAT
Wb, £, INSOFRBEADOZTHERIFEREDIRE S 7 7 ABBIES DEIKE N, E
BERD [REER] V461D 7 7 AKMETH 2, HEERD [EELRIE] & [HEt
SH—] BLTIE, 77 AHEENNSLIAZONT S, BROEBRICEL Tix, #120% &
57T ARETRENTON TV 5,

x2 BEHBINNS T ABR

. EXTE nozyg Bt B B - =
BERHE £l ﬁi X RAERE B Haesi— NARHEE HAER ERER e &

’ ¥ ¥ & %% E£57 E "y wE E £ B2 L -
ZEIROBEBHE K X X 7N X X N N -
% S ¥ 163 145 20 791 116 23 171 24 1453
ZEEROFY 111.8  46.1 97.0 34.4 19.1 106.3 8.1  120.3 52.5
RHREROBRERE  T71.5 10.0 44.5 12.1 3.3 52.5 33.1 79.4 43.8

F) AV FaThlBWTHEERIR, [BEXZEREB] ot cEihndd, REVENERLILOHOHT TV —
WL, 7, [EMERBEB] I, BENE - FEOBOL»SHRER, HERES, BRFERICHEL
72o

4, 75 AR L VEFT(E

(1) /2B 74— AKX

AN EZ ZFEL LT, 277 —rOEBRINT IHELMTT 5, REOZH
HE T vy — NEBRIIE, FHBERE-0.380 1 ¥AKETERLAEOHBERAONT, DE D,
7T ABMENKEL RBIFET V7 — F DEERIEL Z3HEABA SN, 7> — b DEER
X, 7oy — NEEEREREOEFERCE - bDERFEAL TV, 72y — hERHED
BEOHFERICHHEIND, LIS > TRBBEREDTY 7 — FEIBERMES 22 BH L LTI,



19996 & foH R OBE & {4 113

Ny VLUEREYZ L LIUREE) w7 3 P s A L7l Far A N2 T LR EREZE S 2 2
v Ccigme Co /S S PWCIEIE U/RVIF VIV C CVEJJUGT A DAL Do
/7 A\ A= e iolias EYvy - L v LM Ak ST S
(<) T ABIRC FEI- DX

HECX AFETMZIZ 7 ADHRBRRO»RIEEEZTEDOTHS ) d, 1,4530FER DR

BEB YA L EETME OBMRESM LI L 23, 77 ARMZ, TNTOFHEEE, T4
bbb [ZAEDERK], [WEOBEEE |, [HEORE], [H#HWO®EM], MENHER] t2hth
EEZAOHMERED I LIRS, DED, ZHEEBERMEMNT 2 &, [EEDOEH],
[NAQEMRE |, [HEOHEK], [FE%ROM), BENHEE] METT 21HENH 2 2 L2
SHECHER I N,

Lo (1987) 13, BEBAEXBVL T 7 AKUME & ¥4 & 5 REFMOMICHFTENCHT S 0D
BELNBEEI I Er o iR LTWw3, UL, EHEREDT—IDHER, ThCRT 55
EREF AN, ABRELEREL S LIDTHALI 0, £TEZOLNDLDIF, MRE LI
%ﬁ@ﬁwfﬁéo%ﬁkﬁ@%ﬁuﬁ%é%%ﬁf%®§¥m5w17y&—b%%ﬁbfu%

, ZEBARETCREFFTHE I L > T2FHERE D] HB30RELNRE LI ETHD, 7T,
ﬁﬁk%m% X7 5 AHEMNI00L 2B 2 BIREVD R 7 7 ARBORERHL LI T 21T L
D7 IABEDES>DEnEholeEIoND, 2%V, ZHEBRFDOT —ATREEOY 7
VB, 7T ABEDIESDENKREN ST I LD, 7T AHME L FENMOM DOFERERR %
LD TH B,

£33 RHEBEKEFEIC L DIRFEFFE & OERIIRE

FHEEE RHEH REEBOXRIE
FHEOEK -.35 % -.40 *
NE OB -.33 % -.39 *
BEDOBRE -.28 * -.38 *
SR O 3 0 -.28 * -.41 *
B E R -.30 * -.40 *
* 1 %KETER

IR = DAEBIE, ZHEER LV ZEEBRONEE L QMO AMBE NI L35 DDOEEI AT
KCBOWTHEIREsN, D% 9, SHER: TATHLORETIMEOREKRIZ, ERTEFTA2L0x
KHGTERT NIV HTREFEIBbholk, ThDPERT S DI, ZHEEH 1 ADHE
IE & BISETHADEEIL 7 7 ARMEC L > TERDI LW I ETH S, WADZ FAT1I AD
DEEEMNEEZ 52 1E, 0ADZ TATI ADZEEREZ S LD RENIRE (FE
R BEETEL L VKX ETTA2EACH D, FRRICY 7 AFBEI/NS OEHZ EZEE LR
OIBENKENI LR D, UT, AR TRZHEEREOMEB L VI BERIZHFERONBYE L O
HEEETb D ET %,



114 K # @ % RIS

L OMEBEREE A5 &, m%%ﬁm&iﬂcx%é?béooio,7axﬁﬁu,%n%nit
SEHMEE L EIUHS THEVND 5, I I THERIKREVLLAIE, 77 AHBEN [ZE0BMR] ~5215
HEL [BMEDOBRE] "S23FELABETHILEVIZETHS, D%, 75 AHENAE
%5k, ENESEFOFF N T 2EHMET T2 L AKCHORBLET LT3 LFF
fliLTWwBdDTH3%,

7 7 AR L BEFHOSIEE L OMBEREZ, -0.4TH 3, Ihid, HEHCEEREET
2555, FEECHHHEEL VLI b TRV, 75 AHRMEIC X > TIREFMEHHETE 2881
#116% (-0.4D2%) ThHhb, K23, ZBRERLBEORAMBEDOBARTH 505, MUZH
BRCTHTHEDIE S DEMNH L Ehbd b, BBEHENE CHFHEOREWEESL HhIT, 25H
FEHSLV 2 THFHEDEWREL H 5, 7 7 AHE, FEFMDO—BEELICHAL T 528,

TRTEHAL TR EbT TRV,
y = -0.32n(x) +4.86

4.9

4 ¢
35t .
Pa
[}
w3 .
i
B 2.5

I 10 100 1000
R#BEE (N

M2 SREEHEREOBAHEE

7 7 ABME L EEFMOMIZZ NIE EHOLEBEB L O RYAROFEREWZI XD, ¥R S, 1
ETMcHE2EZ2 2BRIZ 7 7 ABBELNCLZ L D205 TH 2, HROBEMOEEIIFET

- B 388 3 1. aYava 45 R T =% s \ ~
MCEET LR OXETIEF{EI N TS (EEF - £H, 1996), 72, #hlloERE

LT, BRRESSC Lo 5N s, ERBER, ERED & TRESENE OIS ®I
BIL CHBREEDTON T 3 BENS . HREOHTLEIIDIL LD & > BEERODE >
RS TN 2, EOBE, FHOBCRECFESES VRERE LTS 7 ARMEHKE
EBEBI L VELBNS,

(3) 235 BB DR REFE
AFETIE, 1453088 % 75 BB L > TS5 2DV — LB LTz, UAUTO 2 5 8k
DOEFERINV—T1, IBAUE29AUT 27V —711, 30 AU EA9ALT % 7V — 71, 50 AL E



19994F fEf o BB 8 # 115
PGALUT R 7 V—7IV, 100AULEEIV—-VELR (FRd),

TN — TN BT OFEE L B L, 5 DDIEET AR TREBLWTRERBEOKE R/ V-7
I8 BIE ETEHMEIET I AERSH B, THL, 7T AL REFMICHBESD 5D LURD
BWRTHZ, LrL, BHZL> TFHHAEDIETOEEWSNELREL L, V-V INV-—FT L
s % &, [#FOER] T0.96, [RAEDOHEEE | T0.98, [HEOHRE] T0.84, [H¥DHEM]
70.90, [#AEHMmEE | TLOMETLTWwS, BEMNEIZ 1555 £ TOHBED AL LBET X
BWDT, 100AL EDREIX, VAUTORELEANT, [FEOER] T24.0%, [NEOEME
Bl T24.5%, [EDOBE] T21.0%, [EEOEM] T22.5%, [HRENHEE] T26.0%%F4
DFHEZET SR TV, [HEOHE]| X7 2 FHiIHETOEEVRRRR/NI VLY, [REHH
RBE] OFHIXETOEGWITKE WV,

75 ABENKEL BB IFEREOTHEIIEL L 2MEAVHES LI SN/, 137 U TEEOH
MoXe>&X, Z77ABFELED LD ZBRLHL2DTH 2D 0 RAD 7NV — T RIOERERZE
2RTY, 77AFEETEDOIE SO M S hOBFRERET I LI TER Y, D%h, 75X
BEERAKELS 2o T, FHERCEBO L WEENEZ 2D, HCFHEO R WIZE L {ELEFEC K
LT3 EVWIEERLTWVS,

R4 75 ARG OREKFFHBO T LR ERE

TN—F I II 1 v \% 2k
7 7 A ~14N  15A~29A 30A~49A 50A~99A  100A~ —
B 114 199 734 237 169 1453
FEOEK T 4.03 3.68 3.51 3.29 3.07 3.49
R R 0.67 0.46 0.47 0.57 0.45 0.56
NEOEE T8 419 3.68 3.71 3.29 321 3.62
R RE 0.51 0.55 0.50 0.74 0.54 0.62
HEOBE Wy 459 418 3.08 3.8 3.5 400
R R 0.42 0.51 0.50 0.53 0.46 0.54
koM Wy 430  3.87 3.59 3.37 3.40 3.62
BERE 0.55 0.54 0.49 0.62 0.49 0.58
REwmEE Wy 4.0 3.87 3.69 3.47 3.3 3.70
HERE 0.51 0.58 0.55 0.65 0.53 0.62

5. BENGH

INETIE, 2¥LEHERER2EOT —I»oathx2{To7:0%, UTRBWT I 7 AHENE
D& RFEEEZ THEO0ERBEMNCONT 5, 22T, BHEBRRFOHEZREOHF.LIAL
Bffonctws [HAFEHNE], [SEULRE] [ERvI)r—] O3REE2SMTONRET
28, WERRE, FEORROBHRE, 77 ABBEORESELLZIhoORBRRBWT Y 7 AR



116 R ¥ @ £ 30

T N e N
1= CVJ o

(Y

FoErnk Atk Ay A HE 2 A
AEYNE T L NIE DN

4 —ie - BE I O
\ i ) =D T H

BEAFEMNE R, FEVPEEE TRCU~20HEAIET 58RO ONTWIRETH S, EX
FREREE, [FBOHE L HEEENTRES 2, BRESIER T 2 ERNLBEHICREH -
FEHEECHILL 5 2EHEBEI O CRESNLLBE] Ths, EXFEMEHOZER, HERL
A MRIEEER] [HERELAR—Y] O3 O0FFCRELHEINTL 3,

ERFEBED 7 7 AHEDOFEHIZ111.8ATH 355, BERENTISALEEICKE L, Lk
DBoTC, 77 ABMEDIEEICKERBELFRET 5, EEATEREHOZHEBIC OV TEEDI%
PUENSETERLEZLTVS RFXFHBEOVE 2 —12BT 5 WG, 1998), 7 7 AHED
WEoEDENKREVDIL, EXFEREVRENBETH21:0THS, £/, RERBROME 2~
BOSEEDBEREICHIGL Twinizg, 75 AFEOK X LRIBORERC/NE 2RBIHOZ%E
Hb, TOL, FENEMERHCEE T 2ERSH 3 2 D2ERBPOZEENRICHFEI N
REIZBERDD 20,

EARTERED 7 7 ABHE L FEEFMOMEREBERE A 2 &, 2EOMER LERC 7 7 AR,
[FHEDOER], NEOERE |, [RAEORE], [HEKOBM], HRENHBEE] tZhThEE
REOHBEEFOI LSO DI R 5T, BIC 7 T AL [ZEDER] OHEENEL, 75 A
B TEEOBEK] OWB%E2HAL Tnd, BEXRFFRHIBLW T ZARENKES LD L
[(FAEDOEHK] MMETTA2ERANEN I LBbd o,

x5 EAXEBEHB® I 5 AMRUE L IRETFH1EES

FHiEE FHRAMREL
¥FHEDEK -.48 *
NE D FERERE -.34 *
BEOBE -.31 *
Hux 0B -.44 *
RERIHEE -.43 *

*1 %BKETEE

) L
SELBERIEOKFooER, SEULEBEORETH S, SEULRBE R, [HEEDES
ED, BLEERRED T, BERASCHELWEEY SO 5RE] L LTHEEISh TV 3,
SRXARIE D 7 5 AFUED T34 ANTHEEREIZ12.1TH 5, FRO6FEOFH ) 27 A
DHEAZ L > TRRD0GEBZ T RENS 7 7 AREEKNIBCHENT B2 ¥ TE, BE
D77 AL T, 0% ULDOFEVPFRTHEL T LW RABELEREVLD S (2FHE
BEOVE 2 -T2 WG, 1998)., EB¥EBFOSTF CREBTEF/G U TE & 8T



19994 BoH # R & i 117

HIEEZZ S 3 7y 2 1 ) YAk N2 S 238K L NS &SN 7Y (RS L) 7R RE ) - SRS

BPHEFAFILCVID, LU, MYorNW Y 7 AR C V3D myny o Ty, XA C U CATFEH b
s 3 >

AIRE R BEIEIIREINETH S D,
=SSR AL T N 2y = o AR ) b e s i RO REEEG A 7. 2 L 2 = o RE 3 Y YN A B s
5 aa X0 e V)/ 7 AMT%CN%ETWU THIRIRITR T or O Cy S ATRIRNA, ! FVEH"A] | Y

NERLAEOHBEERD

7
BOHEMEE |, [HEORE], [EKROEM], MENHEE] L% Z
, 27T AR/ Z 0WIF PG

EOSAS TR o T, Iy T AL [EROMIN] OMHEEENE
FIZ L > TEEDEREEITHEAIE NI E3b oI,

-~ 3

®6 SEXLRENS S R L IDETHOEME
FFEEE AABBERAR
¥ & OEK -.38 ¥
E D AR -85 %
BEOHE -.39 *
F R O N -.49 *
MR A 2B 4z x

* IBKETEER

(3) XBEIF+—
FRO6FEELDEZEERYTE, (25 0_A vy 7 BB HE 200, EFIHBE DS -
BALXKBVAEE I F—FEROBE] L LTER LI F— 0O RERHLREA L, XRE
EiZ 4 BN, BREFEZ2HEMOER Y I F—2XEE TZBELZTNITR 5w, HALY],
ERtvIF—07 5 AREOBEREIBATH >, 6 EEOEREY I 7 —DFHZHEEHIZ
23.3ANTHo12, L, EBRLIF—0D7 7 AHENKETEL LB, 2¥FESTH
ELigfahTwi, 7, FEPTA» SLARRERBE SR oniz, &R FHRIEE
o T, EEHFEERIBIZRCES BE, K707 4 THEDOSM, BROLEEE DI S
MOBBHEIZL->TC, BRI S -7 7 ABELKBHNT 2B TER, 2T, 20
ERvIF—07 5 AHEEOLSFETMED L 5 CHELE 2 1:D» 2 FRIEE L FR10
EEDOT V7 — MEREHBL T 5,

R 2 ABRRIIX
XARERE S — BARERL IS —

FE O FE CFRIFE 1k TR FE FRIVEE 1t

ZHREHDVY 23.4 19.0 -4.4 22.4 19.3 -3.1
¥HEDOEK 3.54 3.73 0.19 3.54 3.62 0.08

NE DR 3.46 3.89 0.43 3.50 3.46 -0.04

BEOHE 4.11 4.35 0.24 3.95 4.07 0.12

Ll OR: - il 3.77 4.05 0.28 3.74 3.83 0.09

MR AR 2 3.62 3.99 0.37 3.62 3.69 0.07




118 XK # @ £ HIE

TR ROER L 3 F—| quEﬁaImmgly

AN v ~ N

,i,
BT Hwckol, ZRITHEY, FEOER] T0.19, [NEOHEMEE | T0.43, [#E D
7~ =N

N 29 [$BODAaEE I HFE | 770 27HS2ESE ML 2. B N ¥ — % N rchz=m
U.Z0y MO EARHMAL/IR ] CVU.OIIXSRATIMWE R /Ilo ~“ X Vy | PIFFV/

\Ji

Z A, 23 4 A 510 OAANL. 4N
A TR,

LU .T/NNT T2 A0 .V T.TN

E%Fj%F%émﬁExJTiﬁw%b%M%L%éﬁt_tL&éoK%%%@&if—f%
ANUATW 7 7 AR EHENT 5 ZEBFEFECEROD 5 Z EBHEL NI NI,
—HERNROERE L I F—Tid, FHIRIC Y 5 ABBEE3 IABY T2 N TE, ZEF
fiics 2 28, FEOER] T0.08 (2.0%), HEDOEHE] T0.12 (3.0%), HEROHE]
T0.09 (2.3%), [HENHBEE] T0.07 (1.8%) EEFMAED 25, [WEDEMFEE | 0.04
(1.0%) #EFImEIET I ¥, %ﬁ%@%%ﬁ\%—Tui%ﬂ%®§%k<%—it®£
fbidehol b i b, XRNUROL I F—DHANZ T AREDE 2 5 HENFEICEN, XFh
ER I -0 0ERER L IF -3 7 S ABENBEERER LG ORERETHL LEZS
h3,

EXTERE, SEXURIE, Bt I - —0ORBROSTICB W TH 7 7 R ARSI
WEEE2ZL b ol, HBEENELETCRSNIMERZ, 100282 %27 5 AFEED
BE, J0~AOARBED Y 7 ABMEDREE, W0AEBED 7 7 AHED X S F—L o I REREOR
REERBCBOL T EFICERE N, Lo T, EDOXIRTBEICHLTH 7 5 ARELE

ENMCEERE I TwAEEZTIVTHAS I,

6. HELRE~DHER

HEBERZORET 7 — MEROSMID S, 77 ARBEMNEEI X 2 1EFNMz 52 &
BELTLATDZ ESFER S LTz,

77 ABER, Trr— b MRIBZRLEERAOHEEE b O,

c 77 ARER, [ZEOER], TRFOHERE |, [REOBRE], [Ekoinl, [EEMHEEE]
EEELRADHEBER b D,

© 77 ABUR & FE DRI & ORI, SR TER T 2 AMEEOE S L35,

© 77 ARURIC & > THEEOREFHDOKI6 % ZFAT 2 Z L2 TE B,

s VA LMD o D E OB oL OBEEEHRT I LI TE R,

i~ & —~ O VRV P NIV & T [= S S

BIEBIDZTICB W T Y 7 7 AFEPIREFMICFEEE 2 Tw3,

ZDEIBERPS, REOHBERBLZAT TRD LI RHARLPEINDLITH S I,
O HEUREBIEEAOEHZT CIIBALD 2

FHOREFMOKI6%1E, 77 ABEEWIBEITIET Y b -V TELVLERIZ X - THH
ENDBZEPHONIIR 0Tz, TD I EIZ, FHFD DRYIOBIZEHESEHE 1 3O RN E

DFHHDOHEBERRES>TLEIEVDI ZERZERT 29, Lo THRY DS LUHLEREIOEH
WAoo TFHlix L TERZ ZEBTER Y, EXFEUBCEHL TBALBENR IR TV S, #HL



19995 OB #® B & 1 119

MFEED NARF127 )3 > X ) a3k 7 Ly \A.l:,i-,:%FEs)v‘L;n-r',\»ao«ntz.: Fa b
VJEXRIPVIIT /) e — ) L//s_PD(dr’/J WO CVA) RN EGRRICANLALDNS LD Jo L//;/J D Gy /\:f—?)(
BOREFIL, ELXOBECLIBRERELREL LY I REOALD2DDHEHPSEBE N BN
ETH59,

Q@ KHBZ S ADBEIEHMOFTHEET 3

I I ABENKEL R BIFEZEDREIINT 2 ERBEL RAEABPHES M IZE NI, Lizhio
T, KB 7 ADWELRPY T 2 H0E0E, FEEROBOFEELHEFCEELZ L 2ThER L%
wiew, HEHBEEZEN TR EIERFHEET L EHFZ oS, L, HEIZZFX
BENKRE 2L [HEDRE] bETTL2LE24Er6FEEN T3, [HEDOHE] /L
THEEDBELLFMMTEZDOLEVIMELEZ SN L 59, HEAHOEHHEDE EF T+HAT
HBLEVEIZBEVTHS D, BEEROFEONESZI0AU LOZEDZET I2HETH 5,
ZDEIBRRBUEY Z ARG U BERELRAR L ER T I2LEND A, HETH 7 7 AHUEH
ARELTCHFECIATHADE WBERIEEL TWS, ZOLIBBELDMTIILHEETH
55,

@ KHMEZ I ADRERV LT ILELD D

75 ABERNNEVWE EELEDOFMEANEL 5 I EBHL LR o1, FEOFHEEFED 57
WDy T AREERNT B 2N TENTEE LWL, WALARETODIR MSBREERS,
KBE Y S ADBMEDRBL %E 2 558, 77 AKRELEBEOEYE2FBAL R 5 LFAKRC, F—FH
MIZB U227 5 ABBOIES DX EMHE/NT 22 e BEE LRSS, ACABORE CHEE/M L -
T2 7 ABBICKRERIESDEDDH B35S, FERMOFZFL LW I BEA»r6MELLR A5, REKCX
6%%%%%ﬂékivfﬁ%§?%%ﬁ,%Eﬁﬁ%?éﬁ%%%%fgt<t%ﬂ%ﬁ%%m
@%ﬁ37ﬁ®%¥%%ﬁkknt U*l?Aﬁ&#%%Tbévoit,k%®ﬂﬁﬁﬁkb
THEIRBIEEZER T O, FREHBLARHEZERPTODLLOLIHEEL 7 7 ABMEL LS BEA» S
BERETOLEND S D, EBRBIHEESLTHE, 7V F a7 5B < wdhlnk, FERXL-
T 7 ABBEDORE S DEBKEL L BA[REEE D > T3,

@ FEREEEOHEERAEZRD TV

2o = D> S N T A T T
=l 7

77 AR, BERBUCREIEEEE525, FELBHON MDD
INE R e BIFETREIC D, B OBERS 7 7 AR ERL TREEZTo-TwasLeEIHN 5,
HENT S AHFBO/NSOWEELE (AT 5 2 L X, REVBBIZHEERNIV LI L RFAT
WBDAETIREL, FEVHEET L OMEERRFATHWS LERT 2 LHAEETH S S, EE,
¥ 3 F—EROEHEIN L CTEEOFHEIT S V. T I EECERBENIT > 7 — b O BHEEARE
BTH, FEVRKEZEELAET 200K, PARTESMBEOFEEEZ LTELWERIET 2%
ERSHERONT (F{BHEOVE 2 — BT 2 WG, 1998), D& 5 2#Kbifim» &%4w



120 R % W % B30

B 7 D—FXETNESE Y W EHEROEXE L7
VAT J/IIBII VW IXIR o Uy 2AJTIFIVIIXIRE R0 L

F (1984) i3, ZHRELFFCIEE & ZEOHANERABLETH S LIERL Tw5, HEMZFEE

L MAO E /e A SEYE ) o hEME . = 2
CWHATFMETEDLL CIXRE 7 7 7

PP T AN
o

1
|7

~ X -k Z A
v 9N CADD Jo

[ix]

1) 72XV A ORITHETE, B ZRBEOBET  AKENRECEERES5 22 LM REN

2) MISHEHEBFCHET 2% OFEIAETIE, NREERO FBKBREER L D HEHRBE
ZENHSHIIENRTWS (2T, 1996),

3) extERBoHRT [FAKREE] &, RE7 77— FOMRN L7,

4) ZHBR¥EDOT7 7 — T, ROWMEERMEE L L TW2, [YINNRDbMYRT &,
(L BR8], [FEOERK], [RAEROHETE | [REOERE |, [HEOHE],
(BB OEIN], -0k o70] [T, ABVTIboted] RV [BENHEE] T
H5,

5) HEIWMETT V7 — MCRIFELRTRTOEED, [FEzohlkwv/ bhdiwn] LEE, b
LS BETZATHBEEENTHRVT -5 L ax Lz, £1z, 2EORZERY58.5%TH -
Tetze, BENDT V7 — FEBERBBUTD D UERTRNWT —F L H LI,

6) FRIBOFD [FHIIEZ, 77 —+~v—27Y— bOFBOMERVET I L 2ENIELETH S,

7) 2T, 20DKRFETORBBROECETF VIV ET —FDIZS DX THEALLDS, 77—
MR OZE L HEMOEVHSDVIHEL THWE EEZSNS, REREDOES, F (1991)
wEhiE, BELEREE (—H8T) 2EEHNETI3EEERTo TR 7 AFM LT
TR R o EEBINTWVS,

8) EXAFEHECREABEERLEEI NI, MEVEILRL DML SRz, B ) —
WL TiE, SHFARICIVZHERDITS D EMBEE TN OERTIODSH 21T 72,
9) 7oA EERR, HYTAREOEDL L URHECHZORMBELHEE 3oy bo—
VLIS WBHDTHZBFEOFMICHERE XL T3 LEMIN T2 (KM, 1989, K -

pa=yun 100K)
S~y 1990/

EWEZE (199]) [HEDOTHE LBRZALHETI L > 5 — KT : 1% L 44

PR (199) [2REMOBNL, MRS L HENR] BB KBREENES

SEIEEAOL 2 — MY 5 WG (1998) [REEAFC B 5 2¥IBHEOTEE B
LT 2¥3BEADL Ea—] AHERYE

LEEAFIE—HEEHERAL (1992) [AHEBEAFCBY3HE7 v 7 —  BERSE



19994 R ® R & T 121

(RFHEHE) FRIFE] £

LZHBRENE-BHBTEEES (199b) [FAHERFCB 2HNE—HHBHEERESDE
BOHRRKESHBROFE FRIEEREE] HAHEARF

EERE - REEY (1996) [KEOFEFMIC b & DL BBEMROIT] [RFERE] HE265

MAER (1999) [T & ZREEFHE ] OFREBA ] [HEfmHE] H75

W =y ¥—F (1984) (BEHER) [REEREDORE] ENNAZF LR

REZEWS (1992) [ 1 DE BAROREHE | X3t & RENM] No332

RE#EWHS (1995) [ DE BHAROEEHE | B S thD /R 5EFFM] No332

ZHEE - BE R - FIFFERE - BIR5A « BRI (1987) [F4IC & 2 BB | PIoEE@ L4
BRI OWT] [-RBEBFFESH] BIBH 25, 162-166H

ZEEE « F/IIER - BEF_AL - EIEREK - BIRSL < SLEHH - ETEIT - FWNEZE) (1989)

(%4 & 2BEFE - FEOHE L BEFMOBRCOWT] [—BREFERHK] BlIEE1 S,

56-59H

Chau, Chak-Tong (1997) “A Bootstrap Experiment on the Statistical Properties of Students’
Ratings of Teaching Effectiveness”, Research in Higher Education 38(4) 497-517

Gibbs, Graham. et al. (1996), “Class Size and Student Performance: 1984-94" Studies in Higher
Education 21(3) 261-273

Mateo, Miguel A., Fernandez, Juan (1996) “Incidence of Class Size on the Evaluation of
University Teaching Quality”, Educational & Psychological Measurement 56(5) 771-778

Prichard, Keith W., Sawyer, R. McLaran (1994) Handbook of College Teaching: Theory and
Applications, Greenwood Press

Scheck, Christine L. et al. (1994) “The Effect of Class Size on Student Performance:
Development and Assessment of a Process Model” Journal of Education for Business 70(2) 104-111

Toby, Sidney (1988) “The Relationship between Class Size and Students’ Ratings of Faculty: Or
Why Some Good Teachers Should Not Teach General Chemistry”, Journal of Chemical

Education 65(9) 788-790

(f158) ABEOBZESEIZ, 2~53F0HERH, 1BLU6EEMTH 5,



122 K % @ % 530 %

n wy - -

ize and Student Ratings of University Teaching

Toshiki NAKA% Toru UMAKOSH Ik

This paper examines how class size affects student ratings of university teaching. University
teachers have to consider class size in the process of their lecture plan and its implementation
and evaluation. Many researchers in the U.S. have investigated the effect of class size and
most of them confirmed that large class size has a negative effect on university teaching. In
Japan there has been much research on the class size in the field of the elementary and
secondary education, but little attention has been paid to higher education studies.

Correlation coefficients are investigated between class size and the other educational factors
by using large-scale samples of student ratings at Nagoya University. The indicators used on
the analysis are the degrees of “student motivation”, “student understanding”, “enthusiasm of
teacher”, “intellectual stimulation” and “student overall satisfaction”. The samples are
collected from 1,453 undergraduate classes in SY1998-99. The class sizes range from 1 to 336
students per class. The average of the class sizes is 52.5 and their standard deviation is 43.8.
Investigating the relation of class size and the student ratings, the findings confirm that,
contrary to findings of former papers in higher education studies in Japan, class size
significantly influences student ratings. The results from the analysis are summarized as
follows.

—Class size negatively affects the rate of returned questionnaires.

—Class size has a significantly negative correlation with “student motivation”, “student
understanding”, “enthusiasm of teacher”, “intellectual stimulation” and “student overall
satisfaction”. The indicators of the student ratings are likely to be lower in the large class.

—R-square with every rating is higher using the logarithm of the class size rather than the class

f the variation in student ratings.

— No significant correlation can be found between class size and variation of student ratings.

—Class size has also a significantly negative correlation with student ratings in groups by
divided subjects, large class lectures, small class seminars and language classes.

These findings have the following implications for the improvement of university education.

* Research Associate, Nagoya University
** Professor, Nagoya University
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—Teacher’s efforts have limitations for educational improvement because some of the student
ratings are explained by class size, which teacher cannot control. For this reason the
improvement of university education can be attained both by teacher’s effort and by better
teaching conditions.

—Teachers in a large class need more energy in teaching because student’s motivation is lower
in the class. However, the reality is that enthusiasm of teacher is also lower in the large
class. Teaching methods for large classes should be developed and used in the class.

—The number of large classes should be decreased. Though reducing size of all classes is
desirable for educational purposes, it is difficult with limited resources. To decrease the
number of the large size classes, the standard deviation of the class sizes in the same subject
should be minimized.

—It can be interpreted that students prefer interaction with teachers because teachers often use
the interactive method in smaller class. Teachers should put emphasis on the interactive

methods of teaching.






