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MaHIZOT D ENTE, AIFROBRIL, BMBHRE . FEEEA. RE - AELN
b 2FRBE LV IHITBNT, BRYINRBREZ(COFECERL L 7=/ ny—
B a7 > QWK DD EZ, TNENOERICESTERODDIIE TR LIZ LD
Thd LA BN, ZORRIT. KBGO T — 0 A 7 % AW T2 BB DOBR%E & 31
Tr. BMBAFEE . BE. FEEOH S BRI Do T F M & VTR BFS &

BAAT O AP SN LIC kT, BoNEbOTHS EEZ LR,

8.2 HMIRDAELERE

AREmOFRMET., N FE TERBBICHOONLWEN T L A ENoT-, —RIIBE
LT —=NATE2MNeT =/ u P—BEOEMIC R AT RIZH D, £ LT, BHH
FEIZRWNTIE, TERD IR XD BRI L Tk & & 2 b LB FIE 2 ]
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TLOTIF R, RGO T — A 7725 TIXDOEBMBHFE D #2812 12 &
WO H L oTe, ZO7, FRMEDKE & U THERRICILD 2 LA TE RWEn
%< 720 | BERD ZIRIIMAGIT K 5 Bibf & i L TOZROMEEZAT 5 £ TIZE LR -
2o ZOBLRTIE, K THLNS LIZBEMBAROTE 2 Lic, S%OMFEE LT K
HIMR & DEIRET 21T > TV RETH D E B HILD,

SHTITEIZ DN TIE, FRIZARIEI RO & L TT > TSI O GHTITHOW T, 1736

WAL bk A ZRBRP AT E L T D e ERbND, #flzi, REREKROE

1

LOFHEIHTHER A, A C/NFARE 6 FHREOREZRE LIz AR (K51) & B (K
5-4) L TCHELT D &, A RITIEE ISR HICEER L Cofh L, B BIZIRES R EF
LTCHAi LT 5, Ziud, BEARICK LT B KROREDIT D M EEOFEE L D
KHIZELE > TWe Z EREZX BN LD, TORERITENEZDO L DOIZFIZRE T, Xt
GORE NGB OEAE 2 FHEEEN TR Y RIEREES L 22 ) o WER 2 & > 72 THE
HbEXOND, 5%, FEDRICET 2R L2175 5810F 25 L
RUICHEET L L L bic, HOEMOITFROEA LT & ThH D,

Fo. R TR E LIERKRREEROMGET — A 7E2IZLHE LT, 4, LV
EWIRO—RBAGT — 14 T AT BIER R L > TV 2 E R TREIND, K
T, 7=/ v Y—0RMEER D ARICHEIE CX h o Toizd, FEx BdhE REIA L
A E XL THIET L ZENTFETHLE LIz, LrL, 4%, RME(EmEZHE SN
BB ICHER TE D & O g 7 — I o 78 HBL L 723581213, BRI A & F 4 28 &
ZEUNZHIRE T D IO ERBM RO b RAET Z e nkwons &2 65,
RO L TEZD & ZLOHEBEFRIBHEHAZFEH S EWEEZ <D
FERFELERUBMENEZIEIR L LD LT 2HEAER LN TREND, TOL X,
—REIBAE DT — A TN X DN, FEE OBEARER & KO < & 91228 2 ASE
THIEREELWVWEEZOND, HICE X, AR Z e T & 2m4 7
— A TIHBE LEBRIZIE, O T—RIRGETH L 2L DEFRE LT, FEHEOBRAR
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BREFEDDIT D 2 & CHENR Y = /) v O—BIE~OTE L 12 50 E 5 vk B Tiet
FTRETHDLEVWIZ L THD,

ULD X578 82 A9 52 & 2 BHICEVZ 9 2T, AUFFEORRIT, BREAITKE
THRMOREENSHETETEELE RLERCEBNT, BORZOEbEABE LAY

DREREB I TEIZRET 5 WV OB EZE O DA T D120 DH R D LET D,
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143

T8k 1 MGEEH ZUNER L 7= DVD

# 6-1 OMMGEI U A D 55 BT 01725 29 £ TOMAGHER % HERD DVD |2

ik L7z, LAFIC DVD Ol s L OBIESEZ =T,

@ by TAZa1—HEME

HE - BESHMDVD

ORI
- 08~14
- 15~22
2237529

DVD % fAET % LIS 2 OBIEIZR D, £ 6-1 OBEES T 101~07) 108~14) 115
~22] [23~29] D 45DV T A=a =R, ZNENEERTHZ L TH T A=a—H
m~EBET D, BELIEWESDEENDI T T A =2 —2BRL, BEo 7 A=a
—OBELTEWESEZRIRT 52 LT, TOBGAMDPHAEIND, BEERILTH

HHDEFHEATNA TA FEND, LOBEEITIE, 108~14) PBRNSNHIRETH D,
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® HJA=Za1—EE (01~07)

by 7A=a—HET [01~07] Z@RT 5L, ZOBm~BEIT D, £ 6-1 OBGE
77 01~07 D 8 SOBUGER DY LAXA NNEKREND, HFLRANVERRT DL D
T OWMBEM DB FHAEIND, BBGBR P RKEE THAESND & BEWIZ Z OEHE~
Kb, ETFOERHAZ VEEIRTHZ LT, by A= —BEHIZRED ZENTE D,

(TR2] OXFITEIRTERVDOTHE, LFETIERLS AT U E2EINT 5,)

® JA=a—MEmE (08~14)

Ky 7 A= —MliE T [08~14] ZENT DL, ZOHEE~BET L, K 6-1 OBGE
77 08~14 O T ODWUGER DY LA A NNEKREND, FFLRANVERRT DL, D
B OMGEMPEEIND, SWBREM B RRE THAESND &, HEIMIZZ OEH~
Kb, ETFOERAREZ EERTHZ LT, My A= —HEIZRED ZENTE D,
(TR% ] OXFTENTE RO TEE, LFTERIRZ 2B 5,)
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@ HJAZ1—EE (15~22)

by 7 A= 2 —@ET [16~22) ZERNT L&, ZOHE~NBET D, K 6-1 ORGHEK
5 15~22 O 8 DOWMGER DV LA A NVNRERRIND, FTLRANEZIERT DL 2D
T OWMBEM DB FHAEIND, BBGBR P RKEE THAESND & BEWIZ Z OEHE~
Kb, ETFOERHAZ VEEIRTHZ LT, by A= —BEHIZRED ZENTE D,

(TR2] OXFITEIRTERVDOTHE, LFETIERLS AT U E2EINT 5,)

® JAZa—MEmE (23~29)

by 7 A=a—@ET [23~29) ZENT 5L, ZOHE~BET D, K 6-1 OMGEHE
V7 23~29 D T ODWUGER DY LXANVNEKREIND, FFLRANVERRT DL, D
B OMGEMPEEIND, SWBREM B RRE THAESND &, HEIMIZZ OEH~
Kb, ETFOERAREZ EERTHZ LT, My A= —HEIZRED ZENTE D,

(TR2 ) OXFITERTERVOTHER, LT TERIRY VE2BIRT 5,)
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f+8% 2 DVD IZUXER L = LIS D E#f

# 6-1 OMAGERS T DVD (SR LRI T2 0 9 B Bk 5 33 2R < #fILE Z H]
W B 2 LIS,

@ BHMBES 30 [TT0kd#z]

20004 20014 20024
107108 108108 ‘ 10}%105

ZhTLWaWwbn @ FhTLWaWebD  F FhT\WaWwebn @
N TLDHED @ FNTVDHD 1@ N TLDHD 1@

O HHMEFS 31 MBAE 80 FHFMERLEREZ Y 1 X]

--

(RZF D413 Saito et al. (2007) O EZISH LT2)
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@ BMBES 32 [TFUEREZY A4 X] (4 k)

@ HEMES 34 YV 5 mMABDERE]

1997 £F - 2001 £F

4R 16 17 19 20 21 22 23 24 25 26 27 28 29 30

o L L

5A o1 02 o3 04 05 06 07 08 09 10 11 12 13 14

1997@@ . ---------II
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2002 £ - 2006 £F

4H 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

o e e CE e " T

2002 e g = - =
Lads P e = f?
2003 i 4 & G LRSS T 6 L8 R
B 7% g - s UHas i e = 2 % s
2004 G5 [ 8 EE LGB0 RS0 Q0LBL 0 R RN G
2o00s | |Gl 6 R RRL L B L SL L 6L € 6
% 3 < < ”*' sy Ay iy e e T
2006 | 5t O A
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Gt S S SIS T VR VIS TR SR
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f18% 3 AXFMoHEEELEHEK

R4MF1: M4-4ADBHEEOE 1 HNELUE 2 KO DIE

5B B1ERS F2RH B F1HD F2Hn HEE B1HD F2Hn
HFH -0.482 -0.368 b -0.279 -1.102 5 1.349 -1.914
(& -0.751 0.493 FEhiy -1.127 0.197 ES -1.313 0.749
4 0.721 -0.645 <4 2.222 -1.292 2 0.132 -0.353
£ 0.260 -1.287 1=<EA 0.975 -0.420 HhHb 2.336 1.485
ELY) 0.308 -0.732 BT 0.367 -0.301 %% -0.160 0.944
izEl17 -0.750 -0.242 —& 1.254 -0.782 pE%) 0.870 -0.542
BERE 2.626 3.277 hE -0.511 0.176 215 -1.679 0.669
EIE 1.855 -1.530 I} -2.666 1.619 B 0.776 -0.876
=4 -1.413 0.483 < 1.223 -1.141 Emg 2.552 3.385
X -1.021 -0.385 SE -0.607 -0.635 3 -1.476 -0.328
BE -0.225 -1.586 BFEA -0.945 -0.086 i ) -2.421 2.169
AL 3.506 5.020 i -2.280 1.185 Bl 1.135 -0.705
HAS 1.572 -1.739 & -2.421 2.169 =LY 0.492 -0.904
91) 1.055 -0.475 B5E 0.936 -2.004 EL 1.055 -0.475
ETH -0.529 -0.033 £ -2.605 1.666 LW -0.473 -0.086
aRvk 1572 -1.739 o7 -0.515 0.949 LWL -1.053 0.792
B 0.504 -0.967 JGN -0.240 0.021 HEESLL -1.233 0.666
=4 -2.407 0.882 28 0.845 -0.129 A 0.133 0.778
i3 -0.339 -0.196 2[q -0.984 0.056 MHT 0.694 -0.726
BF -1.486 0.796 1@ -0.971 0.208 PHL -0.427 0.205
F—< -1.096 -0.855 9831 H 0.577 -1.966 %< -1.908 1.307
13 3.503 2736 10828 0.611 -1.894 b=l -1.119 1.208
e -0.290 -0.210 14 -1.222 0.877 PN 0.383 0.456
B9 -0.228 -0.260 259 -2.621 2.015 B -0.948 0.146
B -0.601 0.278 IYNILES -1.728 1.433 1] -0.661 -0.087
KR -1.231 -1.178 HYHES -0.061 -0.284 & -0.386 0.158
EA) -0.343 0.802 B2D -0.149 -0.489 B -0.845 0.056
ook 3 -0.743 0.048 Shd -0.386 0.335 = 0.058 1.453
fI3E -0.396 0.308 FARD -0.066 -0.565 & 2.259 -1.270
& -0.827 -0.390 B> 0.543 -0.665 il -0.918 0.564
£ 2.819 2.624 b1l 0.299 -0.344 B -1.361 1.122
fnag 0.001 0.461 R&3 0.309 -0.401 th -1514 0.653
UoKY 1.084 0.922 #5 1.352 -1.670 R 0.355 0.228
ik 0.490 -0.239 B3 -0.374 0.292 5] -0.540 0.187
RE 0.845 -1.088 BR3 1.058 -0.986 b3 -1.585 0.558
H -1.569 0.038 EZz25% 0.088 -0.982 ¥ 1.831 -0.674
Bk -1.231 -1.178 B3 1.010 -0.618 = 0.631 3.308
R 0.499 -0.792 < -1.304 0.389 £ 2.045 -1.200
=i 0.642 -0.559 EhHd -1.094 0.301 ® -2.421 2.169
e 0.452 -1.553 ¥ 0.393 -1.339 =x -0.731 -0.733
WALS 0.464 0.697 ERDB 2.265 -1.167
BR 2513 3.481 g5k % 0.983 2.481

AT/ EURLA T 4 M TIUHETA,
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R4F2: MA4-4DFREDE 1 RHEFUVE 2 D DIE

REID £ 1M F 2 REID £ 1M %2 E 5
1 -0.906 1.154 18 -0.699 0.778

2 -0.140 0.763 19 0.593 -1.117

3 -0.080 0.408 20 0.552 -1.216

4 -2.053 1.371 21 0.000 -0.592

5 0.950 -1.150 22 0.280 0.156

6 -0.470 -0.811 23 -0.737 1.103

7 -0.332 -0.297 24 -0.455 0.029

8 -1.426 0.367 25 -0.734 0.008

9 0.135 -0.326 26 -0.024 -0.669

10 2.764 3.845 27 -0.870 -0.185
11 0.610 -0.330 28 -0.045 -0.093
12 0.981 -0.738 29 -0.935 -0.197
13 -0.635 -1.186 30 0.356 0.097
14 -1.131 0.569 31 0.676 -1.363
15 1.519 -0.660 32 -1.206 0.514
16 -0.635 -0.400 33 0.227 -1.397
17 -0.462 0.252 34 -0.273 0.071

SAEIT/ N EURLATE 4 M TG TLA,

RKA4113: H45DEHEED
FBLIEAPELVE2 RS DIE

R4-H4: MA45DERED
FLIRPELUVE 2 RS DIE

134

HEE F1IRD F2HY RED HF1H8Y HF28H
14 -0.258 -1.748 1 -0.062 -1.818
& 0.147 -1.385 4 0.326 -0.571
=} 0.640 -0.425 9 -1.542 0513
7 0.640 -0.425 10 0.399 2.461
23 -0.820 -0.056 14 -1.798 0.474
=i 0.855 -0.170 15 -0.113 1.060
= -1.342 -1.343 16 -0.891 -1.793
ELy -1.385 0.442 17 0.602 1.334
4R 0.358 2.121 18 0.258 -0.911
e 0.722 0.178 22 -1.519 -0.523
g -2.638 0.840 24 0.804 0.206
AN 4 TR, 26 08z 0ol
26 -2.938 0.975

27 0.878 0.004

28 0.878 0.004

30 0.399 2.461

32 0.823 -0.161

34 0.878 0.004

KA/ INBUR LU 4 T CIURE I,



K445 K46 DY SAF—HEDEREICHE T SHEKE

VIRE—HEDERRE  HEKE VIRE—HEDERE  HEKE
1 0.462 10 0.823
2 0.545 11 0.884
3 0571 12 0.952
4 0.643 13 0.978
5 0.714 14 1.094
6 0.727 15 1.121
7 0.733 16 1.342
8 0.794 17 1.490
9 0.800

MARIT/NBURLLT 4 M CIUETA,

£5411: H51DEEBEDE LIRS LUVE 2 KT DIE

HEE F1HD H2BH BIEE B1HED HF2BH BEE B1HED HF2Hn
ECIN -0.521 0327 &EE 2.220 4702 #E+3 -0.623 0.188
RiE -0.512 -0.127 %& -2.038 0130 HT? 1.561 0.971
HhEk -0.691 -0.463 REE -0.537 -0319 #&z53 0.273 -1.049
£ -1.345 -0.317 Xt -0.742 -0300 BR3% 1.925 -3.005
B9 -0.688 -0.168  4EEX -1.285 0123 4£x5% 1.522 -1.630
S 0.494 -0397 K% 0.036 0000 #z5% 0.028 -0.419
B -2.418 0463 HE§E 0.035 0091 B3 0.313 0.809
ZBbRFE 1.216 -1.008 HA -0.521 0074 #2253 0.377 -0.207
BUHEA 0.402 0779 L\AL\A -0.450 -1734 B 0.796 -0.259
HR -1.740 0366 FEKZE 0.900 0311 %> 2.196 -1.201
Ia -0.752 -1.045 FHX 1.519 2626 E5 -0.168 -0.770
e 1.423 -1.845 % 1.239 -1542 < -1.820 0574
TR ERN -0.513 0434 FHXR 1.822 3760 *1EZRD 1.857 0.899
19 -0.933 -0779 B=AX -0.311 -0.345 HAFENEDHD 0.244 0.149
k% 0.259 2103 & -0.663 -0.296 #=xB -0.889 -0.149
HAS 0.572 3158 R 0.098 1042 BEsh 0.380 -1.958
afyk 0.572 3158  RHA -0.689 1739 fhd -2.672 -0.574
KEE -0.739 0102 1=X&A 0.328 -1193 k% 0.365 1.281
&5 -0.076 0264 4H -0.200 -0615 Bl -0.351 -0.489
YI¥o5 -0.265 1761 Hé& 0.408 -0.753  #FHLLY -0.798 -1.199
A -0.550 -0242 —%& 1.423 -1576 Bl 0.028 -0.035
LY -0.291 -0614 Jz/OS— -1.129 0355  ELL 0.853 -0.777
RS 1.222 -0.680 2004 £ 0.797 2050 L 1.890 -1.880
T—4 1.254 4373 2000 4 0.562 2165 LY -1.733 -0.347
=1 -1.151 -1.110 YA /N—THL Rk -2.616 0.893 ALy 0.282 0.958
94X -2.682 0614 B> 0.113 -0339 @EHWL -0.880 -1.003
S5 1.180 4178  Hh3 -0.066 -0215 —F& 0.564 0.277
UoKY 0.391 -0.315 %1% -0.152 -0213  #HT 0.391 0.450
B 0.986 -0.059 MK 1.056 -0.048 L 0.809 -0.742
HA9)L -1.792 -0.144 %% 1.167 0375 HWHT -0.258 -0.552
Pt -3.237 0533 &> 0.812 -0.080 K 1.410 -1.211
-4 -0.797 -0271 &< 0.302 0096 1.194 -0.176
E11& 1.548 1412 P9 1.061 0213 A 0.160 -0.327
FATE -0.097 1653 A% -2.493 0751 It 0.482 0.413
Bl 0.581 -0359 R3 0.599 0742 £ 0.399 1.457
Et 1.061 3722 HZ% -1.437 -0481 % -0.212 -0.235
fIzE -0.347 1685 #hd 1.328 -1.709  #% -0.764 -0.026
HiE -1.164 -0.660 H5 -0.374 -1421 B 1.155 3.863
]z 0.162 -0.306 {5 -2.850 -0015 & -0.807 -0.384
B -0.435 -1.258 &S -0.949 1974 8 1.910 1.441
E1T -2.253 0132 #2Z3 0.078 -0614 # 2.028 1.489
o -0.979 -0988 ED -0.682 -1.138

MAEIT/NEORLLT 4 M CIUFE I
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K512 M5-1DFRENE 1 KN ELUVE 2 KO DIE

RED F1RD FE28HH REIDD H1HS HF2ES REID H1HSY F2mH
1 1.401 -1.610 37 0.586 -0.291 73 -0.606 -0.328
2 -0.012 -0.041 38 1.139 -1.390 74 0.050 -1.177
3 0.591 -0.355 39 -1.173 -0.724 75 -0.556 -0.209
4 -0.499 -0.459 40 -0.699 -0.285 76 0.068 -0.284
5 -0.043 0.548 41 0.527 2.072 77 -2.397 0.138
6 -1.146 0.072 42 0.971 0.417 78 -3.257 0.367
7 -0.994 -1.211 43 -1.600 -0.313 79 -0.830 0.108
8 0.418 -0.672 44 0.339 -1.585 80 -0.302 -0.272
9 0.159 -0.677 45 -1.911 -0.015 81 0.095 2.395

10 0.570 -1.208 46 -0.754 0.735 82 0.006 -0.356
1 1.591 3.385 47 -0.590 0.205 83 —-2.569 0.823
12 0.352 0.831 48 1.691 -1.835 84 -1.164 -0.542
13 -1.775 1.002 49 -0.151 -0.251 85 0.691 -0.057
14 1.394 -0.660 50 -1.323 -0.756 86 -1.028 -0.361
15 -1.856 -0.116 51 -0.757 -0.241 87 1.741 -1.432
16 -1.161 1.760 52 1519 -1.704 88 -0.018 -0.493
17 0.361 -0.321 53 1.003 -0.630 89 -1.908 -0.522
18 0.045 0.002 54 -0.525 1.055 90 0.382 0.289
19 -0.979 0.188 55 0.284 -0.627 91 0.775 -0.695
20 -0.218 -0.155 56 0.116 -1.367 92 -0.156 0.492
21 -0.242 0.148 57 0.815 -0.882 93 0.909 0.125
22 1.128 -0.048 58 1.684 2.536 94 1.195 -0.931
23 0.487 -0.252 59 0.510 0.262 95 -0.564 0.389
24 0.783 2170 60 -0.706 -0.220 96 0.632 -0.166
25 0.584 -0.203 61 -0.063 -0.103 97 0.629 -0.614
26 1.546 1.853 62 1.552 -2.617 98 -0.393 0.100
27 1.189 0.148 63 -1.190 -0.425 99 -0.812 -0.412
28 0.865 -0.031 64 -2.384 -0.065 100 0.138 -0.154
29 0.865 2.489 65 -2.062 -0.612 101 -0.903 1.224
30 0.270 0.235 66 0.125 1.049 102 -0.014 0.333
31 -1.322 -0.593 67 0.592 -1.416 103 0.265 -0.592
32 0.207 -0.425 68 -0.128 -0.314 104 -1.086 -0.408
33 —-1.554 -0.553 69 -0.669 -0.863 105 0.138 -1.052
34 -0.242 -0.648 70 -1.121 -0.868 106 0.813 -0.775
35 0.074 1.163 n 0.881 -0.597 107 -0.018 0.798
36 -2.705 0.755 72 -0.714 -0.533

MAEIT/ IR LUT 4 M CIUEE LA,

R5-13: @52 DREBED
FLIRASELUVE2 KD DIE

BEE ERR %2 B
F -0.243 0.556
AR -1.089 -1.473
=4 2.875 -1.195
A -0.184 0.863
E -0.249 1.116
ik 1.264 0.110
By 0.360 -0.730

KAEIT /N BUR LU 4 T TR I,
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K514  H52DHBEDE 1R IVE2HIDIE

IRE D £ 1S F2MS REID £ 1S F285
1 -0.292 0.681 42 -1.311 -1.803
5 -0.802 -0.561 43 3.461 -1.463
6 -1.311 -1.803 45 0.106 0.081
7 3.461 -1.463 46 -0.531 0.325

1 0.333 0.852 47 -1.311 -1.803
12 -1.311 -1.803 51 -0.221 1.056
13 0.333 0.852 54 -0.261 1.211
17 1.201 -0.559 58 -1.311 -1.803
18 -0.271 1.035 61 -0.271 1.035
19 -0.439 -1.349 66 -0.531 0.325
21 -0.292 0.681 67 -1.311 -1.803
24 -1.311 -1.803 68 -1.311 -1.803
25 0.977 -0.380 7 0.071 -0.107
26 -0.300 1.366 73 -0.271 1.035
28 -0.292 0.681 79 0.650 0.596
29 -0.531 0.325 80 2.491 -0.664
30 0.614 0.408 81 -0.296 1.024
32 -1.311 -1.803 88 0.434 -0.894
34 2.491 -0.664 96 0.434 -0.894
35 -0.271 1.035 100 -0.766 -0.373
36 -0.300 1.366 101 0.333 0.852
37 -1.311 -1.803 102 -1.311 -1.803
40 1.224 -1.044 107 -0.390 -0.672
41 -0.271 1.035

KA DI/ INEURLLT 4 T CIUEE I,

K515 M5-3DISRE—HEDETRMEICHEITHHEKE

DI R3—HE DR HrEKE DIRE—HE DERRE BrEKE
1 0.000 27 0.667
2 0.000 28 0.692
3 0.167 29 0.700
4 0.250 30 0.743
5 0.250 31 0.748
6 0.286 32 0.766
7 0.333 33 0.776
8 0.333 34 0.806
9 0.369 35 0.858

10 0.375 36 0.912
11 0.400 37 0.958
12 0.421 38 0.960
13 0.441 39 0.971
14 0.444 40 1.006
15 0.455 41 1.109
16 0.455 42 1.149
17 0.500 43 1.244
18 0.500 44 1.385
19 0.500 45 1.627
20 0.500 46 1.648
21 0.500 47 1.712
22 0.500 48 1.827
23 0.515 49 2.092
24 0.600 50 2.805
25 0.600 51 2.831
26 0.656 52 3.929

KARIE/NBURLLT 4 M TS IA,
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K516 M5-4 DHHEDNE 1 KN ELUE 2 KO DIE

HEE F1ES F2HN B F1HS F2HH B LIS F2En
JF -0.250 0192 HRK# -0.548 1557 @K 5.077 -1.796
= -0.084 0405 Tk 0.200 0337 ®3 -0.440 0.985
FH 0.256 0278 Kt 1.206 -0579 b -0.924 0.272
BH 0.088 0415 4H -0.515 -0452 ZI+3% -3.646 -6.444
HEW -0.242 -0.326 1={SA 0.294 0616 4Xz25% 0.142 0.815
£E=Y -0.553 0277 —& 0.287 0016 #z3% 0.591 0.695
Sy fiMAE -0.806 -0.106 &H& -0.096 0.700 15T -0.447 0.714
1) -0.506 1441 BEHA 0.076 0531 XT3 5.028 -1.664
B3 -0.345 -0.318 k& -0.222 1188 i3 0.187 -1.038
FLE -0.509 0294 BHE -0.170 -0.309 &S\ 0.616 -0.090
INF -0.180 0572 & 1.818 -1.117  #FHLWL 0.690 1.005
= 0.396 -1.269 —% -0.158 0059 K=l -0.226 -0.525
Bk 3.761 -1060  20m~30m -0.010 -0467 %L\ -1.286 1.856
Fk 0.023 0.899 A~H 2.671 -1515 4L 0.006 0.100
B9 -0.605 0924 TFUTv -1.165 0220 %%IC -0.735 0.230
4R 0.020 1153 HYHES 1.229 0365 E 1.004 0.582
b 4 -0.854 1161 &S 0.440 -0.008 AH(c -3.212 -6.080
a4 -0.585 1310 Hohd -0.681 0470 0.160 0.059
FE 0.404 0208 B3 0.099 0298 K -0.031 0.181
'8 -0.912 -1886 3 -0.270 0490 = -0.367 0.533
A -0.711 1825 &S -0.386 0448 3 1.206 0.140
Bt 5.077 -1.796 4%3 -0.075 -0.446 4 -0.331 -0.041
24k 4.250 -1.767 %1% 0.745 -0.461  fi§ 1.482 -0.373
Py 1.004 0582 FHIR3 -0.508 -0.767 #% 0.934 0.062
=X -0.468 0808 &&T -0.877 0215 & -0.091 -0.218
UoKY -0.179 0629 MK 0.041 0636 = -0.609 1.272
Ik -0.033 -0752 BR3 -0.778 1303 Kk -0.791 -0.640
- E S -2.751 -4.945 E#< 0.320 0202 i -0.765 0.962
2 0.498 0454 D 2.156 -0.158 iz 0.129 -1.379
iR -0.272 -0.055 RXL3 -0.614 0399 & -1.169 1.194
ik 0.229 -0125 #2253 -0.632 0.660 % -0.591 1547
g -0.681 1378 ZEhHd -1.247 -3161 & -2.313 -4577
Ef# 4716 -2880 #Hzb 0.499 0370 £ -0.533 0.863
TRE -0.309 0134 H3 -0.218 0.147 1t -0.320 -0.736
[AVTRY) -0.692 0236 Hf=3 3.701 -0954 R4 -0.296 0.087
| -0.219 0450 EhHB -0.898 0578 % -0.918 -0.734
b+ o4 -0.490 0464 REDH 3.868 -2693 @ 4716 -2.880

AT/ NS LT 4 T CIUEEHA,
517 B54DRFREDE LB LUVE 2 KD DIE

RED SF1H» F2HH RED HF1RHY F2/HH RED F1HRH F2mH
1 -0.521 0.479 14 -0.344 -0.798 27 -0.476 -0.653
2 -0.973 0918 15 0.142 0.059 28 1.044 0.074
3 1.325 0.060 16 0.071 -0.318 29 -0.590 0.776
4 0.043 0.408 17 -0.296 0.762 30 4930 -2.060
5 0.590 0.438 18 -3.520 -6.656 31 -0.076 0.524
6 -0.704 0.154 19 -0.137 0.798 32 -0.445 0.172
7 0.975 -0.197 20 -0.258 0.880 33 -0.413 0.541
8 -0.055 0.557 21 1.386 -0.099 34 0.936 -1.402
9 0.357 -0.064 22 -0.242 0.213 35 -0.196 0.017
10 -0.280 0.293 23 -0.679 -0.419 36 0.144 0.357
11 -0.118 -1.177 24 -0.946 -0.899 37 -0.627 1314

12 -1.016 -1.089 25 0.034 0.082

13 -0.088 -0.188 26 -0.079 0.292
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R5-118: H55DNDEEED
FLIRASELUVE2 KD DIE

R5-19: M55DKRED
FLIRAELUVE2 RS DIE

EHEE E1WS E2HR REID R EXT
L 1.251 -1.138 3 1.338 -1.244
g 0.602 -0.130 4 0.588 -0.409
k& 1.173 -1.280 5 1.178 -1.186
B/E 0.167 -0.157 6 -2.154 -0.983
—% -0.784 -0.037 7 0.644 -0.142
F 0.879 —0.836 10 -0.352 0.456
ik -0.094 0.197 11 0.211 0.085
0] -0.177 0.519 12 0.644 -0.142
K -0.110 1.092 13 -0.838 ~0.040
FHA -3.243 -1.763 14 -0.118 1.194
g2 —0.272 2.237 15 -0.291 2.446
XA RS DIEIT/NEABLT 4 HiCIUEE A, 16 0.272 0.036
17 1.255 -1.399

18 -0.101 0.215

19 0.644 -0.142

20 1.255 -1.399

21 -0.470 0.088

22 -0.330 -0.106

23 -0.470 0.088

24 -0.291 2.446

25 0.644 -0.142

26 -0.514 0.264

28 -3.469 -1.927

29 0.698 -0.700

30 -0.291 2.446

31 -3.469 -1.927

32 0.644 -0.142

33 0.644 -0.142

34 -0.194 1.076

35 -0.204 1.820

36 0.263 0.526

37 0.991 -0.693

KAy DB/ 4 M CIUEE A,

F51110: B56 DY SRAI—BEDRERICHITHHEKE

VIRI—HEDRRE  HEKE VIRI—HEDERE  HEKE
1 0.333 16 0.744
2 0.400 17 0.750
3 0.400 18 0.782
4 0.429 19 0.900
5 0.500 20 0.904
6 0.500 21 0.973
7 0.500 22 0.997
8 0533 23 1.040
9 0533 24 1.188

10 0.545 25 1.231
11 0571 26 1429
12 0571 27 1.606
13 0.600 28 1.767
14 0.667 29 2.342
15 0.732

MARIT/NEORELT 4 M CIRUFE I
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R5-111: W57 DEEFOE 1HDEIUVE 2 i DiE

HEE F IS F2RH B LIS F2En B F1HD F2ERn
JF -0.095 0724 = 0.127 0151 & -0.962 -1.439
AL 2.110 -0.544 BB 1.153 -0518 &% 1.434 -0.533
ECIIN 0.566 0178 B% 0.150 -1144 48 -0.277 0.047
94X -1.269 -0.523 &Y -1.253 -0.004 1={EA 0.532 0.141
BR{& -1.736 -1.041 EEHE -0.552 0740 & 0.076 -0.874
ET4 -2.321 -1.897 REA= -0.539 -0759 SE 0.098 1.472
FH -0.053 -1.756 ¥% -1.167 0191 80 & 0.507 -0.127
Hh—FK -1.761 -0.730  E%EA -1.430 -2403  HYHES 0.119 -0.116
N 0.249 -0.107 fh5k -0.547 -0.865 HHB -0.425 -1.023
Bz -1.433 -0.886 iE -0.705 0070 B> 0.569 -0.032
=@ -2.300 0669 HBHAR 2.093 -1.007 %013 0.766 0.670
o 0.116 -1.036 LBV -0.397 -1338 R3% 0.268 -0.199
B 0516 -0233 X1 3.074 -1.507

MAET /I BUR LT 4 T TS IA,

K51 12: M57DEREBEODE LS LIUVE 2 O DIE

REID F1RD F28H REID F1RD F2/H REID F1HY F2mH
1 -0.911 0.215 36 0.075 -0.588 n -1.714 —-2.041
2 -1.194 -0.977 37 -2.503 -4.439 72 0.420 -1.567
3 0.809 1418 38 -0.185 -0.300 73 -0.536 -0.137
4 -0.490 0914 39 -0.337 1.469 74 -0.496 -0.155
5 -0.237 0.048 40 -0.483 1.901 75 -0.185 -0.062
6 -1.674 -1.717 41 -2.785 2.747 76 0.777 1.416
7 0.937 -0.236 42 0.722 -0.763 77 -0.442 0.181
8 -0.216 -0.613 43 -0.313 1.638 78 -1.052 -1.243
9 1.211 -0.239 44 -0.425 -1.021 79 0.601 3.244

10 0.899 -0.162 45 -0.857 1.787 80 0.601 3.244
1 1.218 -1.196 46 0.780 -0.027 81 0.786 -0.396
12 -0.324 1.045 47 1.054 -0.869 82 1.747 0.108
13 -1.923 0.066 48 -0.906 -0.359 83 0.401 1.286
14 0.784 0.683 49 -1.511 3.060 84 -0.316 0.777
15 2.345 -0.592 50 -0.805 -0.550 85 0.510 -0.520
16 1.666 1.003 51 -0.293 -1.769 86 1.838 -0.148
17 -0.564 0.196 52 -1.277 1.209 87 3.180 -1.253
18 0.401 0.608 53 2279 -0.503 88 1.220 -0.137
19 0.804 -0.039 54 -0.228 0.938 89 1.718 0.036
20 0.229 0.634 55 0.119 1.178 90 -0.038 0.159
21 -0.042 -0.234 56 -1.085 -1.871 91 2.183 0.036
22 -0.326 -0.283 57 -1.700 1.192 92 -0.405 -0.530
23 0.288 2.489 58 1.055 -0.567 93 -1.985 -1.085
24 0.064 -0.369 59 -0.041 0.266 94 -0.386 0.091
25 -0.221 0.031 60 0.151 2.381 95 -2.483 -1.834
26 -1.050 -0.396 61 -0.152 0.415 96 0.158 0.641
27 -0.127 -0.893 62 -0.366 1.686 97 -0.290 -0.989
28 -0.065 -0.298 63 -0.128 -0.632 98 -0.579 -0.701
29 -0.646 0.070 64 -1.365 -0.320 99 -2.539 0.032
30 0.997 -0.621 65 -1.543 -0.151 100 0.181 -0.812
31 0.593 -0.866 66 0.665 -1.210 101 0.448 -1.198
32 0.563 -0.921 67 -0.490 0.553 102 -1.053 -0.749
33 -1.457 0.230 68 0.77 -1.309 103 -0.980 2.068
34 1.936 -1.037 69 0.461 -0.087 104 2.991 -2.098
35 —-1.483 -0.174 70 -0.533 -1.000 105 -0.134 1.678
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R 51113 : M58 DHHIED
FBLIEAPBELVE2 RS DIE

HEE £ 1S £ 2B
E1ie -0.829 0.490
=8 -0.996 -1.739
80 4 1.228 -0.150
£ -0.569 1.431

KA AT DT/ INEBURLLT 4 T TS I,

K51114: 58 DEREDE 1L HRELUVE 2 RHDIE
RE DD £ 1M ¥ 2@ REID £ 1HS %2 He
4 -0.926 0.588 39 -0.637 1.716
5 -0.064 0.708 42 -0.637 1.716
8 1.372 -0.180 48 1.372 -0.180
9 1.372 -0.180 53 1.372 -0.180
17 -1.113 -2.085 56 -0.926 0.588
18 -1.020 -0.749 60 -0.637 1.716
19 0.130 -1.133 63 1.372 -0.180
21 -0.892 0.073 76 1.372 -0.180
22 1.372 -0.180 82 -0.926 0.588
24 1.372 -0.180 83 1.372 -0.180
25 1.372 -0.180 90 1.372 -0.180
28 -1.113 -2.085 96 -1.113 -2.085
31 1.372 -0.180 97 -0.637 1.716
32 -0.064 0.708 99 -0.926 0.588
38 -1.113 -2.085 105 -0.926 0.588

KA DI/ EURLLT 4 T IR A,

R54115: 59D S A2 —HEDREBIZH T LH56KE

DIR5—HE DR BrEKE DIRE—HE DR BrEKE
1 0.143 23 0.744
2 0.200 24 0.750
3 0.200 25 0.758
4 0.250 26 0.778
5 0.333 27 0.796
6 0.333 28 0.806
7 0.429 29 0.810
8 0.441 30 0.816
9 0.500 31 0.833

10 0.500 32 1.042
11 0.500 33 1.049
12 0.500 34 1.171
13 0.500 35 1.213
14 0.552 36 1.221
15 0.600 37 1.258
16 0.600 38 1.571
17 0.600 39 1.655
18 0.611 40 1.779
19 0.667 4 2.083
20 0.682 42 2.371
21 0.711 43 3.194
22 0.714

AT/ EUR AT 4 M TS TLA,
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R5-1116: K510 DEHEEDE L PP LUVE 2 O DIE

HEE LIS F2ERR 5B LIS F2En HEE F1HD F2En
=48 -0.444 -0673 E 0.039 1167 Bl -0.436 -0.856
7+ 0.302 -1318 & 0.364 1553  #ELLY 1.171 1.058
H%F 0.900 -1.341  Hé& -1.535 -1.684 BELLY 0.297 -1.387
Pt 1.245 0187 1={EA 0.861 0.345  ELLY 1.239 1.628
5H 0.920 2.109  Fk 0.063 0518 AL 1.192 -1.054
BEE -3.109 2252 FHEML -0.001 0834 #WHT 1.420 0.029
FLE 2.206 -1203 92nB 0.161 0814 K 0.181 -1.322
=) 1.399 2099 BS5 -0.790 -1.133 % -1.122 -0.392
fnsd -0.076 0651 R? 1.426 -0623 #H& 0.693 0.614
128 -0.807 -0.361 %1% -0.363 -0.618 LU 1.254 -0.298
fIE -0.382 -0508 ZEhH3 -0.184 -0.444 & -1.533 0.190
UKy -1.436 -0.603 &> -1.696 -1282 B -2.330 0.852
AR 1.384 1880 & 0.791 1163 H -2.920 1477
WALVA -1.461 -0069 BRh3 0.738 -1678 & -0.382 0.892
RIERKE 0.787 0745 K 1.285 0.762
4H 0.170 0242 ¥z 0.470 -2.158
SARI/NBUS LA T 4 T CIEEFA,

#5117 : K510 DEREDFE 1 A B L VE 2 O DIE
RED F1RSY F28H RED HE1ES F2mHH RED F1ES F2RH
1 0.059 -2.358 16 -0.772 0518 31 0.787 1,005
2 -0.905 0.126 17 0.683 -0.979 32 -1.509 -0.631
3 1.432 -1.354 18 0.595 1.803 33 0.147 -0.434
4 0.948 1.701 19 0.635 -0.549 34 0.200 -0.781
5 -0.188 -1.428 20 -1.779 1.346 35 -0.403 -1.291
6 -2.731 1.889 21 -0.251 -1.295 36 0.718 1.311
7 -1.706 0.637 22 0.532 1.097 37 0.647 -0.098
8 -0.529 -1.112 23 -0.825 -0.233 38 0.852 -0.218
9 1.249 0.152 24 0.045 -0.509 39 0.539 0.084
10 0.947 1.687 25 -1.586 -0.114 40 0.728 0.912
11 -0.087 -0.001 26 -0.441 0.779 41 1.993 -0.619
12 -0.154 -0.262 27 -0.833 -1.729 42 -0.447 -1.197
13 -0.498 -0.235 28 -0.128 0.130 43 -0.232 -0.006
14 -1.366 0.694 29 0.476 -0.469 44 0.750 -0.993
15 0.465 -0.399 30 1.038 0.883

MAEIT/ IR LUT 4 M CTIUEE TN,
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#5118 : M 5-11 DK HEED
FLIRDELUE2HSDIE

#5119 511 DERED

FLIROEFLVE 2 RO DIE
BE

HAEE FIkSD  F2EH REID ERRE %) EX A %)
PEES -0.642 -0.131 2 0.420 0.446
& 1.107 1.837 4 1.153 1.959
=} 0.862 1.281 5 0.387 -1.383
i 0.844 1.234 6 -0.752 -0.164
=320 0.331 -1.101 7 -4.027 1.641
it 0.189 -0.608 11 -0.182 -0.774
ES 0.370 -0.963 12 -0.265 -0.464
B —3.438 1.306 13 0.221 -0.764
AR DIEIAEURBAT 4TI EA, 14 1.153 1.959
15 -0.752 -0.164

16 -0.265 -0.464

18 -2.389 0.738

21 0.221 -0.764

24 -0.752 -0.164

25 0.410 -1.297

26 0.921 1.021

27 0.023 -0.919

28 0.217 -0.175

29 0.989 1.549

30 0.553 0.908

31 -2.389 0.738

32 0.410 -1.297

34 0.304 -1.073

35 0.387 -1.383

36 -0.752 -0.164

37 -0.752 -0.164

40 -0.182 -0.774

42 0.304 -1.073

43 0.387 -1.383

KA DTN EURLLT 4 T TR LA,

#51120: M5-12DY S RZ—HEDEREREIZH T 55EKE

VIRI—HEDRRE  HEKE VIRI—HEDERE  HEKE
1 0.400 16 0.728
2 0.429 17 0.750
3 0.500 18 0.753
4 0.500 19 0.924
5 0.500 20 1.010
6 0.500 21 1.026
7 0.545 22 1.053
8 0571 23 1.079
9 0.600 24 1.212

10 0614 25 1.333
11 0.625 26 1410
12 0.636 27 1.638
13 0.667 28 1.698
14 0.676 29 1.898
15 0.714

MAEII/NEBORELT 4 M CIUFE I
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Phenology Observation Learning by Image Archives

Kazuhiko NAKAMURA

[Abstract)

The objective of this thesis is to clarify the policies of teaching material
development for the introduction of phenology observation by image archives into school
curricula. The thesis comprises eight chapters.

Chapter 1 described the background, objective, composition, and method of the
study. Throughout history, many people have made phenology observations. In recent years,
the topic has gained attention as an index of the influence that long-term climate change has
on animals and plants. Since phenology observation does not require specialized knowledge
or skills, everyone can grasp the influence of complicated environmental transformation as
intuitive information. In addition, phenology observation can be performed in schools and
connected to the larger study of long-term environmental transformation. Although it is
considered effective to use image archives for phenology observation, the introduction of
phenology observation by image archives into classrooms has not yet been fully explored,
and it is judged that the current level of practical knowledge on its implementation is
insufficient. First, Chapter 1 clarified the issues that arise in the introduction of phenology
observation by image archives to elementary and junior high school classes. Second, along
these issues, it examined the policies of teaching material development.

Chapter 2 specified the directivity of teaching material development. The academic
significance of phenology observation by image archives is an improvement in the objectivity
of phenology observation data, improvement in observation frequency, and reduction of
observation costs. The educational significance of phenology observation by image archives
is the expansion of the time scale of observation. When phenology observation by image
archives is introduced into an educational curriculum, there is a possibility that its
academic significance may be lost. On the other hand, in order to ensure educational
significance, teaching materials should be developed taking into consideration teachers’

lesson goals and educational objectives. Therefore, it is necessary for teaching material
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developers to cooperate with teachers to create materials that honor both the academic and
educational significance of phenology observations.

In Chapter 3, phenological phenomena observable by the target image archives
were checked. The image archives used in this research are the daily animation and audio
accumulation collected since 1995 in the University Forest in Chichibu, the University of
Tokyo. As a result of daily observations of the image archives, seasonal variation has been
roughly characterized from the phenology of many species, and interannual variation as the
difference between two years has been grasped from the phenology of some species. Detailed
analysis of interannual variation was possible by observing the full bloom date of Cerasus
leveilleana (Koehne) H.Ohba for 15 years using the image archives. However, a long-term
trend could not be identified, and therefore, it is necessary to study the image archives over
an even longer period.

In Chapter 4, issues that arise in the introduction of phenology observation by
image archives into school curricula were extracted through a multicycle examination of the
teaching materials with teachers at elementary school X. In the lesson given to 34 sixth
graders at the elementary school, the teaching materials used had been developed based on
the suggestions of three teachers who had tested a previous version of the materials and
created a lesson implementation plan. The lesson was video-taped, and how the teachers’
intentions were reflected in the lesson implementation and how the children reacted were
analyzed. Furthermore, a textual analysis of the children’s post-lesson writing about their
impressions was also performed. The results showed, first, that the teachers chose to have
the students learn about the four seasons because the children were already familiar with
this topic. Moreover, the children’s post-lesson comments suggested that the ineffective
method of relating the teaching materials to their observations prohibited them from
expanding the time scale of their observations. In addition, the teachers initiated a
comparative observation between the present and 14 years before. However, since a
long-term trend could not be identified using the image archives, in this lesson, the topic of
long-term trends was not addressed. Through the research investigation, three issues in the
introduction of phenology observation by image archives to the elementary school class were
identified. The first issue is how to observe seasonal variations based on students’

experience. The second is how to expand the time scale for observation from one year to two
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or more years, and the third is how to perform phenology observation over a two-year period
or longer so that students can learn about long-term environmental transformation.

In Chapter 5, five lessons in schools A to E were analyzed individually for insights
into a policy for teaching material development. In the case of school A (6th grade
elementary school class), it seemed that the observation of seasonal variation only inspired
their interest, that learning using a multi-year time scale, which many children performed,
was not based on the children’s life experience, and that confusion of interannual variation
with long-term trends occurred in the observation periods of only two years. In the case of
school B (6th grade elementary school class), it seemed that it was effective to give an
immediate experience relevant to the image teaching materials, that the time scale of the
children’s observation was gradually expanded, including the immediate experience, and
that studying mast seeding of Fagus crenata was an appropriate way for the children to
learn about interannual variation. In the case of school C (7th grade junior high school class),
it seemed effective to use learning materials pertaining to local experience, regardless of the
filming site of the image, if the contents of the image teaching materials were relevant to the
students’ previous experience, that there were many students for whom expansion of the
time scale of observation did not follow because it was early compared with school B, and
that the students used the time scale of 80 years uneventfully. In the case of school D (4th
grade elementary school class), seasonal observations were detailed, starting with the
teaching materials linking directly to the four seasons. Since daily observations are required
for long-term phenology observation, this was positioned as an important learning element.
In the case of school E (science club of a junior high school), the observation period of 15
years was insufficient for determining whether or not the observed phenomenon was a
long-term trend, and there was a need to revise the teaching materials to emphasize this
fact as well as to reiterate this information verbally to the students.

Chapter 6 examined teaching material development corresponding to the three
issues. The teaching materials used in six cases were divided into two categories: those by
which children observed a phenomenon on a yearly time scale and those by which they
observed a phenomenon on a multi-year time scale. Teaching materials that ask children to
observe a more detailed change based on their previous experience are recommended as

most appropriate. Moreover, expanding the time scale from one year to two years may make
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the lesson difficult for elementary and junior high school students. Therefore, it is desirable
to include learning that supports the expansion of a time scale including an immediate
experience. A lesson on multi-year phenology observation, in order to allow children to
understand the difference between long-term trends and interannual variation, should
clearly show whether the time scale of observation is long enough to demonstrate a
long-term trend. When the time scale is insufficient, it should be pointed out to the children,
in the teaching materials as well as by a verbal account, that the phenomenon observed is
not considered a long-term trend but interannual variation.

Chapter 7 examined the significance of phenology observation by image archives
for the teaching material developers, teachers, and children in this research. The teaching
material developers acquired fundamental and practical knowledge for developing materials
that demonstrate both the academic and educational significance of the topic. Teachers
acquired knowledge about how to shape their lessons to teach students about both the
academic and educational significance of phenology observations, by learning themselves
through observation of intuitive information by image archives. Meanwhile, the children
acquired the motivation and skills for accessing image archives independently and making
phenology observations by the archives.

Chapter 8 presented the conclusion and directions of future study. The results of
this thesis research provide a guideline for classroom phenology observations that lead to
learning about long-term environmental transformation. The recommendations benefit

teaching material developers, teachers, and children.
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