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Proposal and Empirical Demonstration of a
Three-Stage Framework to Bridge the Skill
Gap in CG Education at Japanese
Vocational Schools

Harutaka MATSUNAGA

School of Knowledge Science,
Japan Advanced Institute of Science and Technology

This dissertation proposes a three-stage educational framework designed to bridge the
skills gap in computer graphics (CG) education at Japanese vocational schools in the fields
of games, animation, and visual effects (VFX). The proposed framework is comprised of three
stages: (1) the development of fundamental skills for observation and analysis, (2) the Salad
Bowl Framework to support career development, and (3) a graduation production process to
foster creativity and enable students to apply their skills comprehensively.

The framework's implementation occurred in a three-year technical college's computer
graphics design department, where it underwent a preliminary trial. In the initial stage,
reverse engineering was employed to enhance visual insight, utilizing artificial intelligence
(AD) through analysis with the Philosophical Observation Decomposition Table and the
Concept Decomposition Chart. Subsequently, in the career support stage, a mentoring system
and internships were introduced to cultivate adaptability to diverse corporate cultures,
thereby enhancing early employment rates and mitigating the shortage of practical
instructors. In the final stage, creativity development, reverse engineering, mind mapping,
and project management methods were integrated with Al to enhance students' originality,
communication, and teamwork skills.

The proposed framework was empirically evaluated through a comprehensive analysis.
The evaluation results demonstrated the efficacy of these three stages, both individually and
collectively, in developing a comprehensive skill set deemed essential for industry readiness.
This study's findings, including the integration of Al-based idea generation and collaborative
methods, provide a tangible pathway for the reform of CG education in Japan.

Keywords: Computer Graphics Education, Skills Gap, Reverse Engineering, Artificial
Intelligence Integration, Vocational School.
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RPEBRCEFETDHY, ZORENHERICITONEIRZTH 5,

FIATREME QYW 21T 5 7T u v 2 Tld, HAZ0ICE 854, FEED
ABITHERIC & o THREPE S >, -HESHENTH 302 EEICT 4 X
J1vavd b, (Desirable) I INT-ERICTOWTIE, FNHR 5%
fiice ©E 200, EFHORENBENI 2S5 2EB8EBABERETH 2002 HEMT
52 EDNEETHL, 72, (Preferred) DEZEICBEHL CTIZ, VY —RPX7T
Ca—AEFEL, FIELOEEAEYICHHET 3 L, ERoEEEX
RS el fifEaHEZRET 2 2 EAAEEL %,

CCEFOBAILEWTIE, ZOMEEL T T, EEOBENDS HHE L
FIWTRLHE & 72 2, FRIC, $IEF — 20 R F A HMBERE 2 & L. il xsE
BERTHED &) R FHET 5 2 ko b s, EHATREMOHWI 2175 7 4
2Hyva vy Tid, THk2 (100%) | TH#Z 5 (70%) | TRGEEAHFE (40%) |
[ (0%) | OPUERIC AL, HIEo B2 BT 2,

[HiZk 2 (100%) | & FFffi & 2 B3R I1L, HICiEZ S nCs Y, FEI
EOoTHAMALZY AT =77 —%2HWCIERICEETZ b0 %iET,
ZoATIY —IK@T 2 ERIT. ffFoF TR L—-XICHAIAL Z L 23A[HET
HY ., B Y 27 b D70,

[HIZEZ 5 (70%) ] iIcHFEn 2 EHKE, BARAICIIRETH 2 D DD,
BB ELR D DEIRT, HlAE, FFEoL v &) v 7Bz v 7218
BAZh R D5 e E 03554 L, BIFOHGRZICH T % 2 & TEETE 225, BN
DIfTCTRREN VI L 72 D HE D% 0,

[WRRE S AEE (40%) | DEEHR X, Bl 278 % 1 v BUECHGEEZ #27- |
THADAER 2 W3 2 EERH 5, Hlz X, FHOL v &X Y v 7 FEPe R
DY I 2L —va VT (REDHOEF LY I oL —va vEdfizHw:
RZOEOKHRE) OBAREBREEND, ZONT TV —ICHHINZEHR
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oW TIE, PESEMICHEAEI»E I, £2Fa— ) TLOFHES
IRETRERHE R VL 02 FE L, WY BTz 2 72 L cEEon L%
HIWT 3 2 EDRH 5,

[ (0%) | & HIMrE 2 2RI, BR R OBAEREE CIX RN 7 b
DTHb, COHGH, REFEEMGT 20, HEOBAZObDZRIETC
ERkDdDLNB,

BT B AT R o R < IE, i [HREER[RED &5 20 ] ZHIM3 2 0Tl
L TEDE ) BFECRIBEICELETE 20 MO BER~DFE T2\ D
o iR A E T 5, [BEESHEE (40%) J IS I N2 BFEITO VLT,
FAE D AT REM: L AT S B D (A & Bt I L 72 BT, EIEIED 2B 2 IRE T
2RO OLND, BRRAGEEOHWI 2175 7o X 2@ U T, iV
27 % /NBICI 2 85, GEY V — R EBRFRAICE S L, b7 CG RB
DEHE HIFT,

JVTAANS Y XV ITRCEFTET 4 RAAyyavyolReRRicEEN
D. 77— v =7V v 7 20FEREHNLTC.2v2 7+ T7—F%2CG
Efm~L BH{t T2 7uox 2 %iE®» 3 (X6.15),
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| After Effects, Premiere

Photoshop, After Effects

Maya, Pencil 4+, Substance Painter,
Arnold, Blender, Unreal Engine,
Z Brush, Live 2D

Maya, Houdini, NUKE, Adobe CC,
Unreal Engine, Cinema4D Substance
BEMICED L S Lpccy —Iiv%(#E Painter, Arnold, Blender, Unreal
BT30hT4RAyarezT5 Engine, Z Brush

6.15 : FEHA[REME DI 24T 5 BRD DCC 7 — v DiFERL
(BIERX : ©Team Luxfulgere)

VT 4 ANT xRy TR, BINEROFEM Rt L g E T, T
— LAY N—=~DORN R FESEE KB L, HIFOERM L EHEZED 5
ZexHfEL, L, &9 LEim e Bt oMEE:Z 0 Tlk, 7'm
Yl FRROBIEIRAES 5 2 LT TE R,

655700 bR IAXY FDOERK

AT 72 EHIRTREME 23 fERE & 7z, RICEEL L 72 2 0 p3E LRE R % s
TRV IR AVAVITH DL, BEFETRY 27 FTIE, F—LOD
SR 7l & HIEE T O Rk SN g, Fric, ey ko
Wranit L, @UNCERT 2 2 23, FiEAfEET I IR Tch 5, K
7uY s bk, B & LT PMBOK (Project Management Institute,
2021) 7L =LV =2 %BEHALOO WL CGTux sy ay 240k
B e dilfEET X 28 2 c Lo, EEWA T vy = 7 P EHFEZ R
L7z,

7uY 7t OETEMIZ. PMBOK (2021) OEH 7o+ 2 % Ficiki &
. EH O - EHICE, TeLx sy a v il Tniy—roER%
JCHL7ZAT Ly Fo—rRERA Lz, A7L Yy FY—FTlE, 7y b7 —
slrayb7—=0D200h7aY) —ICHEL, Ty b7—7TiE [K]
© [H] 703D 72y t DfifEETEZREL. TREPL €2 —RILE
ML/, —H, vavy b7—2Tlk, Ba vy 7 CRINEEH Yy +OERZR]
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FULL, 7T=A =y aveL v X ) v 7o#ETRIRERENICER L, h
&b, PMBOK oM 7 a v XICHI Y 2236, ERCEBIGEH I AT
LHWEE O FEBEN R ) vy RG0S EHE FEH L 72,

XHic, A7uY 227 bCid. CG7ui sy av 2L HFEFKLEZT —
y7m—%8AL, fifFofnzEE{ L 72 (X6.16), DCC Y — b LT
3 %2 MAYA 7 I3ZEREERE L L CRGERGIDB— MR TH Y, RV —27 7 nm
—ICHBTHHMHFEITRFEO L FHEH L T 5,

| First Approval ‘ ‘ Second Approval | ‘ Third Approval ‘

Instructor Review Instructor Review
T

[ -EIII

= EN T
==l El ES
T
FX Passes

Render Passes.

e [ e
AnimationData
Animation Rig_Facisl

Rig Data+Facisl Rig Dats
Chack Medel_Facial
Model_Facial Taget_Render

6.16 : ZZERIEICH T 2EELINET —2 70—

L L7, HA4ETHRRL LB, EEORETHEHORAZA VITL o
TEHENZ2 7 -7 70 =R B—offE7n—CTliIIxCco7ndx
7 PMCHEIGTERVWE WIRELDH D, ZDTdD, FAX A NVITH#EIG L 7 5]
DT =2 7u—%EEL TN, SRAERFFE~OMICIENEEE 25, K
Iuy e/ Tk, ZOFEIINICT 570, BRI CHEALEREDOT — 7
70 —%%#|C L 22, PMBOK (2021) O&EM 7ot 2 %ML L 7-1EHER
V= 7u—F v 7R v bRFEAEE L EWNS L ICEIREIGH % e
T EHFEZRALZ, 2hooBEREHAe L. REOHIFICE T 5 EE
AR E RS 2 R T v T4~ BT B,
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6.6 X7 v /4  EERAEEM DORET

— LHHEIC B W TIE, DT X 2 TR A X5 BRICE U 2 By
%\%%%@mW&ﬁ&éb&%@ﬁféck#XﬂAT%% %K\Wmé
Ro—HM L WE 2R T 2 7201z, ilicHfEF I Nz BR2HiEa L. &&
%&ﬁtﬁb%ﬁﬁ?%fu&xﬁﬁ%kﬁéo%:@$$Ti\7~77U

DE LA TLC, ~2 & =Y ay b TFHAL Vv EFEALEZRG 7022 %28
AL, TEmOFEB RN WE 2R T 2 HA 2L 72,

YAZ—=vay b THAVIE, BBV 2T ALRTIE AL, 3DCG Y —L
IC X BEFIET v+ 2T S 5 B EBGREIE O B4R Riggt e LT
FREET 2 o AWRGEE 7' 1 & X Tl EEEEEEIC X 2 HER 2dilfE 7 v —DfREE L |
~AZx—vay b EHWERAEN R WEREED o0 FERZ A L. Bt 7
Bz EXEad o, RENAEY 2 7 VIEOREZR 2,

Step2 Step3 Step4
Ab—1)— EZa7ILER RIETRETED
B 5% 2D )L 78R3 REF
2347 F = - 247 —F
S E oy iy & T ":"_J"fx‘_:/ VS d) WSy brd pccy— L=
—  JOvkSaedm > 7Y ARR »  wRE—avk

L FH A
wiez | g
o ey W A =i i Ly ) W
1 =l = 2
=R
F— Photoshop,
— — fter Effects
5240 S ;ﬁg P After E
Ui — += — Uhi—
F4+305—E7 - _ » Maya, Pencil 4+,
IR F S HR—ET I~ Substance Painter,
15 - 2B Amold, Blender,
FoA—a D s FoA—tea Unreal Engine,

B S

et Z Brush, Live 2D

L1727k
FPoA—ims

Tovia FFwsa
T .
7o SEal—igy ruF

“SAHA5—

)7 o hL - TR ob IR
e e v
1 2

v Ay bk

FHET

6.17 : A& 7' 1 & 2 DL

X 6.17 1. A7 v 7 2(A =V —=F[F) 2»6 27 v 7 4 (EHATHENEDWEEL)
FCOME TR RDHENETRLTC D, ATV F3DY— VA X—IFHFA
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v 2D vy ZBF) KBWn Tk, VAN—RZ VYTV VT EBLET A
VIANY =L T T aT v T HEVRLEEL, A=Y —FK—FLTH
vy F A VvORBEREEEEHER L, ChiCLD, A=Y —D T —<itt
REPEEWICEE I N, 374 VEINCE D SRS TRE L 72 -
770

IHIL, ATy T4 DwRARX—vay b THAL v TlE, DCC Y — %G
L7747 —FZyvy=7 Vv %@BLC. 7474 v 7, avryYy b (VFX)
DiELEZED 5, TOWBETIE, HFy—voeryaTAfE R EXE 27
FC7n <L BT 2 EHITREME 2 B RS RV ICHEE L . HIfE 7 m — D GE LA X 5
TeREHEL TV,

B, YAX—vavy b THA VIR (EReko TR R T REEE LT,
fto> gy P XD RATL THIEDTON S 720, BRACEBRE CHEBMEN: 23K
WEHMT I NG ATD, —EORITHIRER CHET /M1 H 5, ZDY;
HOHHT A2 7 b 27T — 27 70— OFBEF R T, B 7 SR £
BFBoMma 2D 3 2 & C, HfFOMEEAAIREE 725, KT v XTI, 7
ERTREERD 2D TiE | HIFOETICIL . TRELZK Y 23D,
WZANIGZITY T L ZEHRE LTw3,

Zo—#HD 7k R, BALEN LR T — Tk HRBREEE KA L. EEO
CG HIFBIBIC BT 2HIEY — 27 7u— I EWEBEAHET 2 2 L 2HE L
TWw3, ThICE Y, PEFHEHGBN L2 Y2 7 &> O EREICES FTD
WA Z RN L. BIEM: & BT 2 HEWICHR AT 28N 2ES 28
n[REL 7n B,

PEFIHEIE IC X A GECIX, MEMOFHEICIS L CREDOEKRN AT -2 7 a—
%8 A9 %, Team Luxfulgere @7 — 2 Tl, {EMIC Vtuber WEENE TN
52 &h 6, Vtuber BIEMRELEEEL, EfFoR 2V FTE—vavFy T
Fr— AT LRER LV 2y — v ofiifi%iTo7 (46.18),
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X 6.18: FE—vavVFx 7F v —v 2T LDOIEHY]
(EEft : OTeam Luxfulgere)

ZHLETre 2% RT, BRINICZAZ—vay P THAL v ~EBITT 3,
YRR =Y ay b TYEAVEE DETED ONTE L2 TOHEERZRA
L. o a v MIckEBT TRl E ot L —o 08y — v Th 5 (X
6.19), O LRIL, fER O MEERIC BV Tl CEEREEH 227,
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6.19: v2&x—vav bt THA v (KEMK : ©Team Luxfulgere)

CGT7=X—vavofilfEcid, FikECRFHETE R WEROREELERE
BEES 2 HHH 5, FFICLL T OEROMER S EE L 725 -

- T2 A—=vav, 77 b ORI R L tRER R

-1 7V =B oLy R Y v R ARG 7 LR fiT

- FER B A DR H A BEEIR (BRERRNR L X, EE O %HE (i
3DCGET N, 2DFA—N=RA V', TFATAVI, T727 &)
DA DETBRICAE N 2 A RN 2l B3 ) 2Rd)

IO DN %M LT, EROFIEIC LR T BAERNICiEECcE 2, 20
R, ERETCORT Va2 -1 ) Y — 20l HiHH % X OV IFZEICLTE I L
DHREIC TR 2, I b, v A X —3 3 v MIESERD GVE FLHE % ffE7 4 2 1%
HOE2F, FFicz 727 POREE, 7474 v 7T 7 AF ¥ DHERK,
T7 7 bOEFRE, SN REESSCEREHIICONT S LT, B
FEW i 2 RHNC R A LRk c & 2, 2k Y, (EREEROTERE L &S
B ENAREL D, TDXIHIC, v AKX — a3 v FORITHEITEIR. AR
filfE 7 v 2 2 Oz L mE A ERGEL KBS 2720 ORI R EFETH
%,

UE, 420257y 7%BLT, F—LELT A VI bR — U —F%,
Y2 T bAFE, £ L CEBIMRMEOWRG £ ©, AlEHETE RO 70 OfiaH 7
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70 —FDEBICOVWCHLETCE S, 2T Fu—F3, [HADALEM:% 5] %
HLARL, F—2L LCofiffzmEmeD, EENAZA X LOEE2{EET 2
ZeZHEL TS, XAEITIE, ZOHMAENT 7 v —F ORI %2 ZBIHYICFT
T 272D DFEEAHRICOVTHRETT 5,

6.7 FHIF %=

AR TIE, REL LT 70 —F DR %ZFHE T % 722 iC, Creswell & Plano
Clark (2018) DRIET 2RAMICEZ AL 72, SR, HROHEHM¥KD 3
FHCGTHAF—a—x 3441204 (BT 70%. FHER 20 ) THERK
INB 10 F—LoThb, 7—2UWNEIL, ERZIT > -HERBE O KR %572
Lo, mEMEEICESR, B - BEWOME» bREEZITo 7, BT — X
& L . California Critical Thinking Skills Test (CCTST) ®JGHRZ{#FEH L 72,
Z D75 A MlE. Facione et al. (2002) X327V T4 AN VIV ITAFALE
A9 2 EHEEOm VY — A L LORCEBMEIN TS, AT, FEL
THEFEOMBEZFET 2720, 10 F—2LZxtRic CCTST #Hw7=7L
TANERALT AN 2EML 72, FHEiZ 7 20X F v (Ohr, . S,
P, AR, T 7 =2, BlEMHL A/ R—va V) KoV T, 12550
AT =N TITbN, BEA AT ORFERIE 35 MTH D (7 A T O BLRIFH
KIIfMEE ALl 2SIz 0),

BT — 2 NE T, FRoBEE 2 RICEREGEA v 2 v a—%FEfu L
Teo TOTEIZ. SNHE OREERCEFZ RIS DI L T 5 Kallio et al.
(2016) . F7=. &ZMHITIX SNS (Slack, Discord 72 &) % v 7z fill{F @ o
U ZAKHE L, 2SR IC 10 2 BB, BIER R . MR 7 v 2 X
DRIEZEIFL 72, Mz T, HUKBIC X 2 HEPOBIKLIGKAZEL T, F4E
DR, W, HAMFRICET 2 EZIEL 7, 7—2aicswCid, &
{7 —2icxf L <, MBS, SEEMBITZEMA L2, BT —xicid, 4 v
A2 a—%Y EICT —<9MFiE Braun & Clarke (2006) & AE DT FiE
Erlingsson & Brysiewicz (2017) % 7z, sif&MIC, IREWSEIE O IEG 1T
T+ 4 v~ Creswell & Plano Clark (2018) 2o %, W - BT — X D HE %
Fa L, REFEOHR. A =X 4, HERERAWICER L2, 51T,
AR EEOHEMARICL Z2NEHA v A2 —%2B L C, Afisko 7 7’vn —F %%
BIFICEHIE L 72,
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6.8 CCTST #Fh

CCTST DEEIERZH V7L T A e RA M T A MDA TICH LT, MHEY
St L LR 2B L 72, BT ORER, VN—RZ vy =T Y v IR
o (W) ombEefhoxF o (HEm, FH. G, # ) om ke of
ISR O IEDMEE (r=0.45-0.60, p< 0.01) 22H 57z,

SRR CTIE, 4 v P2y ¥ v 7B Z M ER, glEtte 4 ) ~—
va v A a T ZtRERE LB RS 2iTo 72/iR, ~4 v F=y v
v ERESAEER 2 7 0 FER VIR T L 725 C LR E iz (B=0.38,
p<0.05), £72. f VY& 2—F—&IZx LT, Braun & Clarke (2006) @ 7
— < 3i7F% & Erlingsson & Brysiewicz (2017) O WA T2 #H L 72,

AR CIRE L -HEFEOM R LTHESTRE AT, 2B 2 Y5747
N vERYy TRy aviiBIT A EDRERE D ENEEDN, FEORD
WCRELFELAEZETH B, 10 F— 2RI CCTST 2727 L TR
P (ERITAL) ERRPTRE (FEHRTAL) BFEML 2RI 6.20 TR
L7z (A2 7 o BAENEEIEE 6.4 2SI iz v, ),

35
30
25
20
15
10

A B Cc D E F G H I ]

F—AL/CCTST A7
B OILTRA m@RARTA

X 6.20: CCTST #fHfHL7Z7L T A EEXF TR DGR
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#6.4:

CCTST @ & 2 7 24

VA%
b
G F—L |filiEtE L
. - - . T RIET - E
CCTST| . abr | deEm | B | aEm | s ST ladteay
FZ b v—7 | ¥k Aa7F
S=tye
b
@
@) 3 3 3 4 3 4 4 24
Team A +5
® 4 4 4 4 4 4 5 29
@) 4 4 4 3 4 3 4 26
Team B +5
@ 5 5 4 4 5 4 4 31
@ 3 2 3 2 2 3 4 19
Team C +7
@ 4 3 4 2 4 4 5 26
@) 2 3 2 2 3 3 3 18
Team D +8
@ 4 3 4 4 4 4 3 26
@) 3 2 2 1 2 1 1 12
Team E +6
@ 4 3 3 2 2 2 2 18
@) 4 4 5 5 4 5 5 32
Team F +3*
@ 5 5 5 5 5 5 5 35
@) 2 1 2 2 1 1 2 11
Team G +1
@ 2 2 2 2 1 1 2 12
1 1 1 1 2 1 2 9
Team H @ +8
@ 4 2 2 2 2 2 3 17
@) 1 1 2 2 2 1 2 11
Team I +15
@ 4 3 4 4 4 3 4 26
@) 2 2 1 2 3 2 1 13
Team | +13
® 4 3 4 3 4 4 4 26
CCTST 7 A } 2 B OFHli 2 2 7 > — M iE, 2 AOIREHFIC X 356 %M U T 1~5 O R 7 — )L Tl & 41,
KA TIE35HTH 5,
*F— L Fom EFBEE+3 TH B0 BN AR CRIER M EABZE I,

AHEROE L LT 10 F—Lh 9 F—LTREAaT DN EXRBHE I,

Team I & Team J IXFFiCHEE M EEZRL, 2NZh 156 5L 13 5o LR %
AEkL7Z, TNHLDF—LlF, 2V T4 Ay XV TICBIT AR REE

WMUCTHE OO PANE 7 n e R 2R EEL, KER RT3 T& %,

T7m, AT AR AT AV FEEH CRAMBEEE G, T -5 4 R b

FHPANE ) 2 FL T2 5 & S HAMTIBIR S EREL T 5 2 & % it

BLTe Thbb, 3 [H A 5-#b % | OE%R%EE A 7= WEmiEe)E o
TR ARETNTCEY, a7 Ay "= T7—F5 4 2 MEHOHWHEERIC X 3
[ X5 B O OfERR ] OEBAGEEZ R0 Th s, BAEMICIE, 7o
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Yo MEfTHRICaT AV AN—BERLZHE LOREET —T 4 A DHE
PR s S R I B W 2 F:ifle, T—T 4 A L DRBENT AT T2 a7 A v A
—etkave 7 MICHRNICHAET 2 2 & TEMDE D R E L 7 FHl 23
BRIz, 72, T—7 4 A b2 OREI NIRRT £ v
—OHIEFHO RE L #R L, FRELTXOVMENRT —2 70 —Dff7Ic
DIRDB I L. WIT DRGSR A F AP AICEE LG, il 4 DR & RIFEIC
7u Y=y b ROffifElr EIcEHFLS L Tws 2 ERHL IR o T,

YN—=RT VYT Y v 7 FRE RO BRSO 5307 535 42 O H it 19 3
fift & ZEMTHRERIC G 2 725280, &2F — LIBT3 AaTom bz
MR L LCBiTz, Team I TiE, 0828 1 s 6 4 i~ & RIEIC 1L 72,
INLDF =23, Z2VT4AANY Y F Yy 7%BL T, B BEETIERL,
TEMOAREN S CHEM AL, 2hz B ofifFIccHT 2 50& 215
720 — 1T, Team G D X H IR a7 7MKL, M EDRER (11 55205 12
M) Ty —Ab RNz,

~A VI VI EEHALETATTER T e 2AORRICBAL T, 1
0F —2h7F—LiCHBVWTANELE 4 /) =2 a VEEHW X a7 o EasEis
I,

UEofER»b, 20574 A0y vy F vy Z3INHEKEE (Convergent
Thinking) IC & &% 53, ALEFEME (Divergent Thinking) %17 L &3
DHEEERI-FT e PRINT, FRlic, VN—Rz v =T Vv e~V F
<~y VI RMALSDEEFE T AR, FEOELOMEAMR E ., Al
HOFBICHSG L T35 L3EHN - BT — X OMAi2 b XFfI iz, &
DI, HBEHIGICBWTZ YT A ALY VXV IR BEMIICEAT 2 2 &
T, AlEWEE A LI € 27200 AFEL L AREEZREL TW 5,

BRI~ A v P~y Z7RIEHTE LA E~Df v A 2 =200, HEZFEN
FREBEONT, ThD DR, SV OEERCEERRORE. BTWn»3
L ERICHA -2 L oBE M & EAR 225 B 2 E S ICE R ICBE X ¢ C
Wizo G OREE T ORI EROREROMRIFICH 2 | 2[5 L Wrkh
> 72 ERROEEAE VB A 2\ [ECRZTEOHEE] & v o 288,
BWEDIRENS) & 7 5T W3 2 LS DT R - 72,

Z OHRIX, McAdams (1993) oI HCYIREOFEE | HER L BA L T 5,
P BT, BEOREBPLE G EBNEE & (E R EIE 2@ R L., ¥
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BXARCTRET 22T, HCOPREZHHEL L5 LilAhTniz, ol
DERVANEREAR 2 L, BIfEDEF R —> a VICEHBEAKE 2R 2L vz,
72, RAFHEE L TA VR 727 2 —0BIRHAED S 13, [FAE0FECE)IE
ZHID, HET I cHEOBENE LV CE ) [FERTFud hu
TG ZHREIToTE D, BARZFEROEL I ICRLLE] Y, <A
VI T HRBELEZ VT A AN VIRV ITRFEEA VRN T 7 X2 —DX
RO, XV EY) iR EICE  AlREME SRR X Lz,

—J7C, AN ABEREZRME -] [BACHO#EEEZ S S Lz
7] o zER BNz, D% L. Gongalves et al. (2014) 2345
T aXoic, 7THur AT A7 TREER, —forhict - CH#SE
75?%( FENLTWEAELHLEEZRLTNS,

. AlEHoREEREE S Big-C YT 2HADT = A — 3
/ﬂ@ BWTIE, 20X AT 7a—F3MANZ D 20T E N ATEL &
DISEZERRBINT WS, WH (2006) [ZBLE /72 7 I XDHE] ITE W
T, EEFHIHS (1987) ICALNDEF—L AV AN—DRIEZ T Fa Y itk
AT TFEOREMMEERRERML T3, $7-, EiR (2023) OBl /A2 5 /2E
S4EFs ) ICHONS X, AOEEFRMEEORELHEIOIT2HCD
HEAR, HAMEHOTY = A = a VORIEEICHFLG L T3 2 LRI h
T3, ZOEEIT, AEEDREEME & LT Big-C x5 2 i %2 5D,
SHBROFBICTHFE T 2HFE L D,

IO ORI, AR CIRET 2 FiE»., #L I 2HEvwo208 HRKDT
A=y avHBCBWTEEREHZR I RELTRBL WS, HAD
RERCEREEMERE DT 2082, AN ARHORRE R VB L %
TBELTEY, SBROBETFEOWEICE W TEETRSEE SR L
TWwa,

INOLORERIT, ~4 v F~v v 7% EHLAETATTER v RET
AHBERNTH 5 —77T, ZDREPBIFICN T 2 LAICKRELIKFT 2L %
B L TWw3, B, X F L L o242l AAREER 2 (B Ic )ik X ¢ 3

LI B A LT, XY FIRClb I AT T e — F N
ThHA9, 5HBOMETIE. KT 7o —FoFhE L EHEHZ < S5k L,

TGN 2 BIEEBE OFEBIC O 2 2 A[REMED & 5,

135



CG i@t ic B 220N, AlEME. 3 X OEBENIOFEEIZ, 8 F
—LTDF—LT—27RaT DM e TF— L TOIMERF L (2N R RER
PEEN ) om Ee LRI Nz, I Team D & Team I Tlk, 27
LDRAFANR2EH 2L 4H~LHEEFICHELEZ, 2V T a0y vy TRy
va v TliE, F—2NOKEIGHPEREM, MERRT 70 —F 1o 0T
Wi T, ToRELTCINLDAFARMELEZEEZLND,

ARIFFECTIRE L 2B TR oA & EEM S TRENE % JE i 2 720
4 oA v A2 —%FEL 72, e LT, RETERICHT 25
T EENTH Y, ERXRO= - PNESL TD I LIRINTL, &Kt
DA v A2 —FEllIZfTE A L2 2SI Nz,

FROEHITREHL LT, 2 00FEELRESVIETONE, T, Atz
RFEOREEERNRICOWT, TPERMMEV b DIcAH YV F Y T4 %
AD DL ENRTELZREEMZ] LR FHEIL 7z, ZDREF k. ATt T 7
o —F A OMAMNEE G EHT E TR TH L EEEMT TS,

KT, D thid ATRRIC BT 2 RF RO EEEZ3EH L. [ALRRIC B W T,
A3 D 7z v o WA ZHAIER X VER 2 EBHBECIT> 2Lt e
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