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(A study of novel interactive robots that make
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A study of novel interactive robots that make cooperative

activities among multiple participants

Abstarct

Wellbeing — the word used “ happiness” or “health” . “Health” is defined
by WHO, Wellbeing used same meaning in many fields (ex. business, financial
information). In the field of robots, research and development have been con-
ducted with emphasis on improving productivity and efficiency. However, Wellbe-
ing arising from the interaction between humans and robots was not researched.
In this research, we research on Wellbeing from the interaction between humans
and robots in the field of robots. The emotions of ”interesting” and "fun” are
part of Wellbeing. In this thesis, we set a scene of a cooperative play through a
robot. Then we have organized the properties and characteristics of the robot that
mediate social interaction with physicality in that scene. We discussed how play
can lead to the formation of fun and communication.

In our daily lives, we play many kinds of games, and enjoy with them in some
various ways. However, playing alone TV games or toys often make us feel bored.
On the other hand, cooperative plays such as enjoying communicating and com-
peting with others let us to notice the other people " s feelings, also we can even
find an unexpected side of the other player. This kind of cooperative plays make
it easier to maintain the fun.

As well, in sports etc., although we can understand how to use our own body, we
feel “impatience” that results as inability to move our body well. As we repeatedly
practice, we learn some tips and radially alleviate our “impatience”. This predicts
acquisition of further capabilities and becomes a factor to bring people into further
practice. Entertainment robots have been studied and developed to construct
the collaborative plays that is not among people but in the relationship between

people and robots. Many of these robots can respond only to certain unilateral
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approach of humans. This situation cannot expose that human and robots can
play cooperative play.

The contents of this thesis are containing two interactive mediator robots (IN-
AMO and Column) for exploring how participants utilize those interactive artifacts
and are cooperative plays by them in human-human/human-robot social interac-
tion.

Chapter 1-2 is introduction and background. In this section, we described the
research purpose and structure of this thesis. And then we present research cases
related to this research. And as a central idea organizes which concepts in con-
structing body expansion and cooperative play in this research. Finally, we clari-
fied the position of this research.

INAMO (Chapter 3-5) is panel type robot that can charge the kinetic energy
by rotating the built-in flywheel and rotate around the corner of electromagnet
contacting with other INAMO. Users can control the moving of INAMO using
the joystick that can make quick acceleration and breaking of the flywheel. As a
cooperative play, users can precede the INAMO ' s moving by the collaborative
and competitive interactions with some “impatience”. In Chapter 3, we set up an
experiment by utilizing a game with INAMO to examine the effects of controlling
the timing and the direction of the robot ~ s movement by utilizing randomly or
deliberative controlling methods of human and INAMO itself in different condi-
tions. We analyzed the performance of the subjects and their impressions on the
experimental game. The results demonstrated the users exhibit more sense of fun
in the condition of the operation methods are able to controlled by users.

In Chapter 4, we demonstrated the user’s impressions and preferences for IN-
AMO ’ s behaviors and the roles of triadic interactions and sharing goals in the
collaborative play with INAMOs. When sharing a common task, we share not
only that common task but also “impatience” and sense of accomplishment.

When social reference was allowed, communication with the other one was easy,



and “interestingness ” was highly appreciated.

In Chapter 5, we developed autonomously moving INAMO based on the result
of chapter 4. Moreover, we observed collaborative play between this autonomously
moving INAMO and INAMO operated by human and investigated elements of fun
and establishment requirements for the play born during the communication be-
tween robots and human. The results showed that many participants who enjoyed
the game felt that they could communicate with the autonomous moving INAMO.

Column (Chapter 6) is ball-shaped interactive artifacts consisting of eight mod-
ules that are connected to twelve servo motors for studying the nature of behaviors
and communications in our everyday cooperative plays. Three users can control
the above servo motors by swinging the wireless modules “ Gear” simultaneously.
In the interaction, Column will become a social mediator to prompt the connec-
tivity of the users. In this section, we aim to integrate the expanded body of three
participants using a robot Column that functions as a social mediator. In subjec-
tive evaluation experiment, we revealed user ~ s feel more fun to the proficiency
level rather than the social reference in the cooperative play mediated by Column.

We consider that this result caused by Column s ability “impatience ” .
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DY BADMPEETHD LEZALND,
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/2, EHIIHFEPESOZ L 2R TWIEY, HODOFE2ELNDIERR LI,
MIFEOREENM: (AN BWED (ERE) Mo Tnd U D L5 &, Bk
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ME2EL D, $-BDOMREMEVERICEAEZE >TEC LTS Z L
EREFROS BIZHML TS, 2F D, NFHRLMEOHA L HCOMHAZ
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10 £B22E MRES

FEDHRERMPHLEEI NS, INAMO D561, BEDOEET S INAMO & AiF D#HfE
T3 INAMO EDEENL RS> THBEHL TV ZETEOHNTDOE DD EK L
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YRORY PPHBEIZZRBLTETEY, ECHFE LT, ORY bBREE
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MFEDARLT, A VBT 2 —AMEORTFIZEENT I ENTEIDLEZILN
% [13, 14, 15, 16],

Fr, WODOBLEUAIPEL I EHEDLMIL LT, IIADLDOWIZE [17] 2RI
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WODEEMIZIOWTHATWD, /2, BWOOKREZ, TOHEOIEED [
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e Catch(Sense) : 5 ETHUDEE LA X
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T L =B BESBNT, HFEOLKEFLMED-oTELY, AHDRE
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Comprehend : DT L 2T D, DNEILDEELAHX

NE T A AR IR E, TOBEZREBRLUZY, BEAVRDRo/E ZIC
ZHDLRFFD LFARIZ TBE LAY 2&U 5,
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LMDMEE, XI5, TOBREAEL ADPEHNL TWEDE R TNS
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ARV IR BINTIRBIZZOBMEZHEL, TOIAVERETIET I8
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BEH 24] 1%, =V & T A A Y baARy bofle LT, (1) RTHELED, (2) HAE
FZERLD, Q) BIELTELD, () FEZILa2BLE L WD 4DIZMEL TV,
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FINEDTYVATAVAY NORY NOEZEZ 022 T3,

7z, /N [25] I ATHIEES L OBRMBIZDREMNO T X T A VA Y FARY
MIBEELINDIERZZFEL, UFNDO 3 DOEICAEHL TS, ZD5HHIC
BWT, TR &R - HfRE WD T4V 252033y OfANEELZ>T

FkE c TERE] O A TFA VAV N [RE] TES
T D> D I R 2 RSP B E DS AR DB I 0 L X R Y DG %2 5] St Z
THTFITY —
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LRV DENIIa=r—a vy Thd e LU TEY, INAMO *® {Columny %
WEEDE LRV DENII a=r—vaveifadeEILN5,

Hgld AL &2 AR—YEEPHEEE O L 5 I AFPEROZITFLT DS
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FIRAL D2 D128 LU TW5, INAMO ® {Columny & AN&Dh»HhE&5HE
BREZEZTHDY, II2a=—2avERYABARLEAL TS ML SR
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2.8 PMMEBLBIVATLATHAVEBSELAX

NI B FEREZ5TH%Y TRl &AM, YATLAT7F A D—>D
Y UTIRIELTWS [27],
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MEND EL WML D E R > TE LRGP HSOEEM Y ORFRHT
BEIHCRZRFICEE UAIPRELIZEUDI AL VD ES S,
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T ZBUBHILIEBBLUAIZERUD-DICEHEHETHDEF A5, INAMO ®
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¥ 3.1: INAMO D48

bl ANE TRy N DHENZETGEHTOIAIa=r—ayzisn
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WBEITLEDTHD,

AWM INAMO 23 Y hO—F 2 HWTEET 2546, BIARO INAMO TIXTD
ME EZTOETHEDELSIZKDLK DAL TCUEVHELAMIZBE T &
MTERN, TIT, D INAMO & EBREAIC &> THft - D232 2L TH
EARANOBEITZ S, /2. INAMO % HIEH N E T AL — AT IEMEICEIE
2121k INAMO Z1FTaL, JRE DFRERIPMOD INAMO & DEHEIRIEE,
FFOREZKICURITNIERS RN, [§EnLT ] 2&ULBHKY hTHD,
2O UAZEMEFERMMNS, ORY hTHYBNL, /ERDA A —ITHBEKRD A
TOFESBEHTEILNTET, FAFPMEDLZANBELZDUFONNETHRY
cThd,

ABETIE, 1 ANBECORET/S3RIVEORY N INAMO 2#8/ET28IZEU 3
[LEMNLE ] Z2FHMD LT, 20 £ EMLY ] DRNEHBIGMAEL LTE
NRBEUAIIZEDE S BHEE G225 DMNIIDWT EBFHESEERIC X VAN
522U,

3.2 [B83LL3T] LIEHRERE

AV VHFHECOAREZ BH LAY THDEUTWD, ULALAENSL, &K
AVVHEBIZ TBEULAY ] BRATHDDIZDNTDIEKITIT> TR,

F 2> N INA O Flow B [4] Tld, 70— REICHDH, AFELIDODH
Y, TORNFUTEALT, KHEELE2K>TUES, 70—REBIE. H2YHIC
FEHL TR EFIZEUIDRIZFNIZRZBIZELDNTVWDIRETHD L LT
W5, TORRBIZIE, 17RO EITR/E DN GoTWd & FITEL
LNdE LTV,

F2, M- J - ) AOBEREERE (5] O T, DECEIE, REKYEZ Bk
BIZADTEO LD L TI2HRIZE>THES LN TVWIFTHTHD] LT
BV, BolEEEZ RO LT8, B REREZE~Z56UZHENTARATEE
ULAILRDELT WD, RulHEIEIE, HHRAME BEAENH) EoT VD L
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T oEND,

512, NI BB UA IO THERAMOBRN 5HELKL T WD [23][28],
ZZTo, TEH BDHEYHETO THE LAUTHE L LTHD, ZOHER
B D FKPHETEI LT, BUED2BELAINETDELTEY, HHRD
BEHE, IOHITMEANDBHRLIEETIDOHD G0 e D S LDIBERHDH L UT
Wa,

IN6DIZ NG, BMEZEMNECZITWV, BB LAIEZRHL, U L7201
IE. TOBEOTDH AV ERE TIZHERERP, B#TTOLONL5256N05
WL DN VA% D ELHBTZZENEETHD Z Wb b, KFSETIL,
BEOHBEDR R A R A (B) & L, ZThb a2 Xed TRy b
ZHAWECTE ZOBBRNE RS I L 23EHT 5,

INAMO OFEIZ BT B IEWEAT (B) 1X. 7 T A1 A1 — )b o [aldz 7 A X [l iz &
(FLV—=FD&AIVT), HlOTRY b &DEBIRI, KL DEENEZ LMD,
BAEBE P U R NIER SR WVERIFZ VLD IR Z D0, ERICEEEL2 T
B2, BloaRy b & O - 2EEOY) ) B Z 1 INAMO 2372 T3 72O
FIXZTOYVBEIRAIVIIZEDED LT, 771 B —I)VDIalEE b
TEEDMAIFENTDEIENTEDS, KREDEBIZOWTIE, EBRIZEID R ITNIED
MOROVESEZ <, INAMO LE/EE LS 5 2P0 T 201 TldAa <, mED
TROFERIZESTHEENDGEDTHD, 25U N6, INAMO OEIEIZE
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E—HIZBOTUH LU TOLKGEEDH Y, DULFEPNRIPERINNNT VATH
5LFEZTWVWD,
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3.3 /XL ORY hINAMO DG E EE

3.3.1 INAMO DT HA ¥ EEXEEDEKE

HURD INAMO (ZFEHFAIET 5 (="FHNE X1V TREZSEEHEDD) Z&
NHEEL TR ENRAREZEFR LRIV D LS BREZR>OFRY N ThHD, #E
BOINAMO I N E R L, BESGERU LA OBEITS L5 RBFEROERY K
EUTCORME A TN S,

NAOVEIO R Y b INAMO OWEBIZIE, 7 74 A — IV EIEIEN S B EEOH
gL RPE— 4 INAMO [+ 2 8#i 4 2 ERA. HIEERREN OSBRI T
5o 77AKRA I EigI W, HEECEIEI L I LICE o TRET DHHEME
E—AYVMILY, TNEEARAATND INAMO DR T 1 2K % [z X ¥ 5 {4
AL BT WD, 72, INAMO OFTHFICEE X N2 EBRADOHIEIZ L > T,
B9 % INAMO [Al LD - DEE rIRE & 25, Z DR, INAMO DEHRIZED
T INAMO R OEHEBEFREZ YV EZSD Z LT, INAMO HE2B#HIE5 2
LINTE D,

IOV, 77401V eBEAZHANZHEORY & LT, MIT THYEX
N T3 M-blocks 23 2 [29, 30], ZDOHKRY MEFa—RoOOKRY hTHY,
HULCEIES 2721 TARL, onRy &L, BhiamOmE 720, HHO
ORy heHEELUEWND E2 X UED, D> TEHENDEDLDL ZENAEETH D,
AW CTHAT S INAMO &%, BEOHBENRRY, X VIELY, HHRE
IEgHIENTED, ULULAAS, MIT TOMZER, KEEGTO EENS
B 2 BB DREFER, IR A S EANZ EI S 2 — R AR OBE L W o 72
KERTOMNHZHKE LTBY, RSETOANEDA VEF 7Y ayOffEiliz
R LU TR,

INAMO (FZ OEEFEMN S, INAMO BAKTIE T DG CRIELES) % 4 5 721
T, HEAMIZEEIT L Z & ZHRAW, HERRIZAN D 72123 thd INAMO
ZEME UTHEEL ARG, BEIT2H6ENH S, INAMO IZHKRZ L 5 F < HEE
FAMICETHED I ENTEIRVEIZMRAD L I, MFEOHIZE] ST MH
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ab a® a8 &

) 754 A —
(a)INAMO I+ @$7 iy 77N (@) BEAD
\“.’42
B Ko;z D ik B

X 3.2: INAMO DKL B

HER>TWd, ANTIE, TOEAFEIZIOWTHLSERD,
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INAMO 2SHIZ A HANDOBE %175 72121% INAMO [[ L 23k eIz
2ZENEFELV, L5 TH3.2(a) DIREED & 5 12 INAMO [F - 23 E K
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2. 774 KA — D - 2l 1k
INAMO [ E2 & S NREETH A D INAMO DA, 7714 HK1 —I)v&
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3. BEADYYEZ
INAMO WEBD 7 Z A A — IV HNEIEE Ui dd % & [FIRFIZ S i A DR % 1)
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WED D, IR I ND G OBRA S MEI N5 (K3.2(b)),
4. BEEH AN OBH)
EMEE—AY N EBRADHEDOYINERZ2 L1 I VT EITH LT, i
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LI ENTED, ZOEMEZ 2R TRAIZHYIRUITS 2 & THEEAMA
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DA% RS DEENLUP T VEEHBTEHET 55, il - N7 —=25 v
B DZEET 2 72 DFENE L WIGA L I L T, BIEICBVTA L TERLL S
HEETDHAETIINT VAR ENS 2D, LVBELAIZELOLNDDTIE
BN EE R T,

ZTIT, BIEOHMBEE2HETD 2T, BEHICGEXBERPEE LA X
MWED &S IZEAT 202 BRI ZE V72 EEFHIERIC K > TH LT B,

3.4.2 ZERAE

EESINE X, B0y b a—22HAWNWT 1 A0 INAMO #2135, EE
EORTIEH3.9DEDIZHR->THY, oMl EiZiZarRy NO#EETZ « —IL R



28

B3E ORY hOBEICEITSZ THEHNLI] & TB8ELBY]

TERBIE For—t
C%j m
! ]
& [} . BEHBEE
0% kPC RIA kK= R

Sepze WBEBAAS /—I

X 3.9: EERE DT

ELUTHRTA FAR—RPEIPNT WS, EBRSINEXZOFIZIbIY bO—F
RO IRETERN A — T B, 7Ur—MIBEZDBIZIE. BHOVIZHE
LTHDPCORTETCHELTE SV, PC ETEMIZEZTE LS/

B2, #EL TRy hORAMEZBEI L, AKX — MUK & X DAL

BEFTCHEH LB, AX—MISAFEFTCTESTELHIEDEREL -, AX— Nl
MILEDBIFZOE X1 HTI5E

HBENERICIN— RN E2UBGEDEL 5T
Ldnwe U,

72, BEZEIIAZ—MIEE, KNDOAEZ DN RTL T2 T
WAHORY NMIEIZDFThd,

3.4.3 ZEERESmnE

FERS AL 18 % (CEYI4ER 21.6 %) THMEIE 114, ®ET2TH 72, EBR
SIEETRTORGEZITOEDE L, TOMEFIEAT VA —=)NT V AITERL
Tir> 7,



3.4. FERFTMEER 29

#3.1 HEHBEE AT TV —
HMES | EHAE A5 ) —

QL | BERY b OBMEH BT X /-

IRy~ OEERK
Q2 | BRY R EREY IEETE

Q3 | BRY N EBESOED EHO LS ITEL -

B AD R K
Q4 ORy NaEhdayhibhrork

Q5 ARy MIHBRIDITELZWTHHIMED > TS LD ITEU 72

=i ogua
Q6 HBRIAZARY DT EZOVFHAMED > TE 2 & D ITEU -

Q7 HEREFT—AE LU TELD-

o7 — L
Q8 OFRY MITF—LE UTHLULATWE LS Z o7
Q9 ORY MIHBOEETH TS LS E o~
Q10 IRy MEHRZOEFRED IZENTWVW Ry s DERYE

Q11 ORY MESRZEEBLUTHNTWDE LD 7Z- 7

EBEFHIEIZ W ZEMIEE 2R 3.1IRT, Fallr@ 7 RRICINSDEHEIZ DWW
THME(B: TS, 4:0RTOES, 3: EH6TERWV, 2: HFVTHED
BN, 125 EDRW) THZE 2RO 2, BREEIFE T IV —IZHEINTS
D, TNZTHNQL. Q2ikaRY NOEIERIZOWT, Q3. Q4 IXHARDIEREKIZD
WT, Q5. Q6 IFEEDHMEIZDOWT, Q7. Q8IET—AMEIZDNT, Q9. Ql0,
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#3.2: MG

WRES | FHTES (MS) | FAfi | Pr(>F)
Q1 5.796 7.623 | .0013 **
Q2 9.389 8.484 | .0007 ***
Q3 0.241 0.173 | .8417
Q4 8.167 7.388 | .0016 **
Q5 14.74 10.95 | .0001 ***
Q6 1.241 0.672 | .5150
Q7 0.574 0.477 | .6240
Q8 1.056 0.742 | .4810
Q9 7.463 5.103 | .0096 **
Q10 9.722 7.257 | .0017 **
Q11 0.796 0.670 | .0516

*p<.b, *p<.01, **:p<.001
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% 3.4: BAUL U AIERAHT 7 ) — K VMR
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Ql Q2 Q3 Q4 Q5 Q6 Q7
B iEHNBRHED cHENBRAEL

X 1p<.05 kX Ip<.01 >*k>kx :p<.001

4.3: +L 2B IRO A HEkE R

%4.2: tBUERE (- AMBROE)

Question || df t-value | p-value
Q1 147.73 | -2.516 | 0.013 *
Q2 147.83 | -1.357 | 0.176
Q3 137.72 | 6.063 | 0.000 ***
Q4 130.86 | 6.289 | 0.000 ***
Q5 149.10 | 5.271 | 0.000 ***
Q6 139.08 | 3.017 | 0.003 **
Q7 144.01 | 5.079 | 0.000 ***
*p<0.05, **:p<0.01, ***:p<0.001
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X Ip<.05 k> :p<.01

& % H (S 1)

K43 -BUERR (B=HOAHE : &F1)

Question || df t-value | p-value
Q1 68.151 | -1.075 | 0.286
Q2 72.866 | -0.381 | 0.703
Q3 64.476 | 2.102 | 0.039 *
Q4 67.956 | 1.388 | 0.169
Q5 73.911 | 1.198 | 0.235
Q6 65.089 | 2.692 | 0.009 **
Q7 70.849 | 2.014 | 0.048 *

*p<0.05, **:p<0.01
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% 1 p<.05 k> :p<.0l

* %k 1 p<.001

X 4.5: 2 =IHOAMIZ & B g (544 2)

K44 -BUERE (B=HOAE : & 2)

Question || df t-value | p-value
Q1 64.713 | -1.066 | 0.290
Q2 72.902 | 0.563 | 0.575
Q3 72.582 | 2.957 | 0.004 **
Q4 72.974 | 2.688 | 0.009 **
Q5 73.661 | 3.563 | 0.000 ***
Q6 73.643 | 2.811 | 0.000 ***
Q7 73.653 | 2.016 | 0.047 *

*:p<0.05,

. p<0.01
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FeHHT IR B2 TEHILT, ANeORY heDIIa=r—yaviEE
BITEDLERMETHA VL U,

5.3 FEEFLMESR

5.3.1 EEREMN

AREBTIE, A-INAMO O AR A EC OB BEHREME T DEE LAY
DFENEHED 720, (a) BB INAMO BT ¥ X LZEIET 56 L HTFOH X &
WL &5 LT 2EADIEDEDE N L, (b)LED O AU & 2 NHRRED R
DERZLZAIE, TOWHOD [BELAX] PTITOIIa=r—Yavil
WETDHRNED LD ITEDLL D%, B ZE W72 EBFEHGERICZ VRS

T D,

5.3.2 ZEBRAE

FESMEN Y v —F 2 HWTEET S INAMO & HA#EIEY 5 INAMO
ChL, BEMEBETEDIS LW R AV 2HET D, 1:R171% 3 0TI,
Bk 9 2 FERGAM (RDEODOEM L NIBREBOFROAM) ITLD 4 82—V %
F1ET D, BAEH4EITo 72, F2. EBRSIEE. FBRZ O S E1Z INAMO O
BAEPRHEIC DOWTHM A2 T 2B 72— X275 ED L Ui,

EBRSMF I, TORY MEBATLEZIV] CBREEXT2, £/, AR
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EUT MEFoORYy beHAUL, RAEIZEFEIYE. 71—V R EIZHDHROEE
FTTEBRYIEDODNTLEZIWV] EIEX T,

INAMO D#fEIFX EFRIZZITTE 2 LD TRk R 72, HIOTHIET D ADH
B ESBETLZIUNTET, I<DOLOLRVEFERIKD>TL 5 AHE
WD o772, HARDEIEDHAKRTLHIZEEL TWDRETFOE T A (15 2
EYZRTE 5ok, TORISEEMEZ LU TE SV INAMO OEIEIZH DFRE
BN BICERZT> 7,

I 51T, FEEBREITOENI, INAMO OEEIZENTE S5 720D, ME 7z —X%
Bz, MHFE 2207 =X T2/, BAIOT7 = — XL LT, ES
MEHLANTL DD INAMO 2#/EL. BEITL414 I 722 A—J DK
REZMRTD 72— ATHb, ZOM. £5—D20DINAMO F#kEL 7ZIRFET
Hd,

HEIRE—NTOHIEEZITAD EERENMHM U ZGE, ROBEH 7 - L
UT. EBREDOEMET S INAMO L ZHIZHEMEL TE 5V INAMO %1t U 72 4L H
RO %R IT o7z, ZAUCEY, REEETS 2L T < BEAMIZED D
ZERRFHIEIET DI L TO FKEHK I EATIRNI L 2R L 7=,

5.3.3 ZEERSNE

KERBINE L UT, TEBOFEEZPMNI 204 TERET>/Z, DRy bl
SEDBRLU, RECEHELU CHEMBEE TEDIDLK XA 2527, ERSnE
20 L DOWERIE, BME194, K14 Z2>TEY, EROIEIE 19 7% 5 46 5##.
SEYIAERS 24 T o 7=,

ERBINE L, SMORRD 4838 =2V DIRZ #0235 B INAMO &
O, &/N2—V DT 14, BRIMRIC X 25HIi%2 7272, BRIfKERS1IIRT, &
EIE 42007 TVIZHEIN, ERSMEIFTERICEALU Tk (5: 258
D, 4:RRTIOIED, 3 ELELTERY, 2: P TH-LAN, 1:F5ELA
W) THEZTZ LS ICUL,
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#5.1: FBEHEFERICS T EMEE L A7 TY
QL | =Ll TELDE

= LRSS ERM

Q2 | Bv@EicanoaRy heEgETE

Q3 | HFEOBRY MIESIYL LI ZEU -
ARy ~OEYMEIZE Y S EM

Q4 | HFEOTRY MIRZEIZ S LT8G HPEMEH - /-

Q5 | HEOBRY MIdH R EFEBIZENIZ S & LT\

Q6 | FHFOLORY MIHRZEXHIZEZ S & LT\ dAIa=rr—vavilBd 28R

Q7 | HFOBEARY hOKFFHPEXNZHMETE /2

Q8 | HFIX T =L U THELATH MFOHEL XY 55

5.3.4 ZEERFMH

FEBEM L UTREL 200542 HE L2, AR INAMO O 2 0
WEPERRIEBOFROERTH D, RDIEDENE A ER, NHEREOFRD
%z BEREL, INHD2D0ERZ ZTNTHMAGDOERIBTLDD/N4 —
vEHABU-,

RDFENDENTH D A BROKEIL, Al: T VX LIZEET D, A2: ADH)
& ATEEST D (RAEICEFELEDLTD)D2DOTHD, NIHIREOHROE
WTH2 BERNDKHEL, Bl: WEREOBREL, B2 NEIREOBRD Y O
2OTHd, ZITORNEREL X, BEMINAMOBEHEL LS &35 Z L 21l
HIMEZADEDTHD, ERTIE. WHREBOHRD Y D56, BfFd 258 37
Hid 5 INAMO B s il 3 iE X 7z LED A3k LR, B 7THEIZ SR %
D5, 72, Bl B2RMHICHED ST, ERFBOEGR L UTINAMO Effdko
LED W79 %,

M L BEROM IR %R 5219, Al/Bl, A1/B2, A2/Bl. A2/B2 2 ZhTh
A, B, C. D&MLIER,
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#* 5.2: FEERZAE & IR DXt

2 EVEER A
Z VA NZEIE AL | K EHIZEIE A2
B
R
% | fxRAL Bl A C
ES|
B | BixRdHY B2 B D

5.2: FEBRT « —IV R

T, BB —VIEHI R —NT U AIIE L., TV A NIERE T,

5.3.5 ZERIRIE

FEERRERBEZ M 5.1 12187, BERIIKIZH D 71—V ROFHZEBRSBIMNE L b
IV NE—F &R0 RETIT S, EBRFEITNY 2 VORI L. EBH T D
77 LADORME - EIEZ 1T\, 7 1 —)V R ETOE INAMO OEERIL A BIZL U /-,
74—V R ETD&INAMO Ok F 2 ildd 27212, FEBRSMENS T 14—V
REFEATHA T ZHREL TS,
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Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8
BoUF L LEDRKT 0524 L LEDRIE
B B EAENE: LED = KT O 1R EN4E : LED sk

5.3: FEERAE R

E72. INAMO 2EMET S 74—V REX5.21TRF, EBREAATZIZHD, THL
M) IE AR — MLED S 90 cn OHIEUIZ RS> TV D, B ADRERIEH AT (45 cm).,
BHEDFERIII 4 0D 3 DML (T2cm) TH D, EERSMEITIE, HEOKRE HED
I EDRRELEA D OHIWMENZ T2 & SR L 7,

5.3.6 EERER

BRI Z 2D EED AT DFEHEE X 5.3 12RT,

HRDEOER A L BIRERN B A AL INAMO & OHFEMZERIZED & S IZ#
BrEZTODINED DI, AN EITD, ZHOLIEEZT 572012, £9 E
FiRAE & U CTHRKUE 5% T ZIehl B i 2170 72 AT OREREZ&K 5.3
IR

ZTORRE, 232a=r—YaviZBlIT25EM] THD. Q5. Q6 D _IHHTHE
FOENEETHY. Q7. QO_IHH THEBMAIHATE 2, ZNEETH
2 ZIHBEIZDWT 5.4, 5508 T, ¥H 5 0OME Ml ER O EEE, B
D ERNERDAKIEL 2> TN D,
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* 5.3: D Mk B

Question Factor F Value | Pr(>F)
RSN A | 0.169 0.685
Q1 F/REK B 0.146 0.707

RHAEA (A:B) | 0.184 0.673
RO EENER A | 1.667 0.212
Q2 FIRERB | 0.000 | 1.000
ZHAEM (A:B) | 0.066 | 0.800
RDEENER A | 0.314 0.582
Q3 FIRERB | 0.016 | 0.902
R HEAEA (A:B) | 0.019 0.891
MRDEENER A | 0.151 0.702
Q4 FIRERNB | 2.335 0.143
REAEA (A:B) | 0.234 0.634
MROEENER A | 19.11 0.000 ***
Q5 FRERB | 2.040 0.169
R HAEA (A:B) | 0.000 1.00
RO FENER A | 10.26 0.004 **
Q6 FRERB | 3.585 0.074 ¥
R HAEA (A:B) | 0.076 0.785
R EENER A | 3.016 0.099 ¥
Q7 FIRERB | 0305 | 0.587
R HAEA (A:B) | 0.369 0.551
MRDEOERI A | 0.033 | 0.858
Q8 FRERB | 3.944 0.062 ¥
R HEAEA (A:B) | 0.299 0.591
t:p<0.1, **:p<0.01, ***:p<0.001
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MIHBRZERBIZEZ S L UTW 2] LEITIRDEENER A ITDOWTEREN
RBOLN, ThRDL, REIZELOERE A VBPRSEMEB IO LT, 4 LMD
FYED A BEE 5 Z DD 2 EDNDRAMIC I > THL MR- 72,

Q5 THFOBRY NI EFEFIZEIZ S & LTW] Tk, IV X AICEH
B2 AL DEEIZATTVEL B>TEY, TRY MAES L L TRV
HEERSINEIIE U TS, TO—HT, Q6 MIFOORY MIHRZLERH
WEIZS & LT\ Tk REIZEET S A205GICAAT7NELSZ2TEY,
HARY MAES LU T2 I8 2 ZBRBINEIXE L T3,
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EDENMIEST TORY MAHZEHHFAL TWENE D] WS ERNIZEHE
EEZTOVEZEWHEHINZENEETHD I ENOLMRTED, X HITEMRH
EED DR D B E D DN D 72012 Holm EZ2 HWTLEHEK Z T\, T
DFERIZONWTHERT S, AEAEESY T FIMRT L U T Holm #5112 & % £ EHELER
2iTo7, TOMER, Q5. Q6 LELIIENEETHD I ENRHLLNZ, Q5. Q6
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ENERETHD RO LML, Q5 Tk, A-CH, B-CHi, B-D® 34T,
Q6 TIXA-CHtl, B-CRID 2HTH o7z, THHDMIX Q5. Q6 1b 5T, ik

BEONBERDKEDANZELL TO D RO THY . ZOFE»S & 55
MrORREMWATED, Ld>T, AAILTORAKZGECTHEONZHR %
NR=2ZTHA VU BENICEET 5 INAMO O FN L, HBEETHD A
W UT, BRY el - T2 ENTITVE L0 EEEZAEANTZ
CILHUAITHD Z DN D,

UL S, BRERICEU TGN ENER L 5 A8\, R T4,
ZMEDFHIZASET, [LED ORHIZKN DWWz LEEULAZEZA, RIFLE
NEOVTELT, KOVWEABMEERL T LR T RN~ E R T,
IO, KEBRTIIFORY NONIRENS < ANIEDS>TELTED
FRTOENRARONZ RS2 DE L, UTFDEFELZETIIIRDETFNERN A TDEIZ
DNTHEL TN,

INSDOFERMNS, ORY WS AANGHUE D L UTWEEEZ NFEL S
ZEMTETVBEM, Q7 HHFOBRY NOKFEFLREXMNEETE /2] LWvWD
A==y aVyPMiRAENES P 2ECHETIREDRGETEEN R LN
Moz, TDZ NG, KERTIEEZORY b A& DHFEMNRESEERT
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mELNOZ TR L OFELM>T= 1 AENE
BELOGEN = TUA L o BLOGIN - HTAENE

5.8 ZEL XT & B LR

S/ vy, TOERKE LT, TELEWHT L UTHILL TOWARWEEDNH >
EIenHIToNnsd, ME 7 —X%2RTEEDOD, EERSMEDOHFIZIEERED
F < INAMO 2BMETE o2 A B YD TOREBTEREZIT - /2 8ER, ECE
UCTHRIL U B ATREMED D B, T 2T, WL UTKRIL LA L T D TR
BEZHTTHRL, ORY b N DD % AL I ERIZDODWTERT 5,

F—LADELIICL DR

WL UTHAL L 7ZMME S IND—DDHEAEL UT, EERSINEZETH D ANEL
DIMEIPRDHD, ZI TR, ERSMENELDOGELT D THRVESIC
DTk %o

Ql =LA UTHELD~Z] ODHEHOFAMA I T W4 LG, T—LE U
THEUDZE U, FHMAIT TN IUTOEEELD B> L W L7, KRS
MEBZELD/ZMME DN LD AT OFEEE X 5.8 IR, BI/RER B IXAEMN
RoNBNZ D, T TR ENER A IZDWTRT,

T—=LEUTEUDZLERIZELZDIE51 Fl, BLORN>ZEMELZDIE
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% 5.4: tMUEREE (L 310 & B HE)

Question || df t-value | p-value
Q5 47.205 | 2.935 | 0.005 **
Q6 45.408 | -3.007 | 0.004 **
Q5 26.431 | 3.166 | 0.004 **
Q6 25.137 | -1.877 | 0.072 ¥t

T:p<0.1. **:p<0.01

F—=AhELUTELDEZA

T—LhEUTELDBMN27ZA

29 HFITH o7z, BIH8IZHDEDIT, BUDALELEIELZANTIRDFFNDEN
W h 53, Q2 NEWVEVIZHADOORY N EBETEZ), Q4 TFHHFOOKRY
MIZEIZ S T2 ERLREMBH o721, Q7 THFOORY hOKRHPHE
MEHMTE], Q8 T =L U TEUATWZ] O 4D>DHEHTHAMN
AATINELBD2TWD, ZOZENDH, T—AhE LU THELLEZODHEREL LT,
HEOHMEE, HFORY NOEAKE, TUTHFLOIIa=r—Y a3 VdiHE
BREDTH D I enbhol, HIEMEIIDWTIRREIZTERD,

INAMO IZ&F bR ERDH o7z, T—L%FEUATWZE WSO KY MIE
WD D EBSEUDZETAFTID)ZTDOHCIZ TBELAT] Z2EUTWD,
INAMO % 72 Z OB TIZ A <N U 6B %EE 525D UTHRA, FHIEZ K
UdZ &k, HFL IR > THEVTZMEEL TOEENRSRY, TO
fER TBELAY] 2HMCBELUTVDLERTED,

T2, EHH5DRGHFNTEH, FEREAMKIZQG. Q6 TEMNR OGNS, TNHIZ
DN t-MRE & 172 ZASRIEINICEDE R, HDWVITERBERYH D Z & A5k
ATEZ (R54), T—AEUTELDZAD, TS TRVADL INAMO O 5
WIZ & THFABERICERH D LIBUTVWD I EBHERTE 5,

HPFOLRROPEXZHMTE, I3 2a2r—2avezd Il eNTE L
BUENIT =L UTELDMEAIZHY, [BH LAY Y232 —Vs
VICORIZEEDH D Z L AREBIND, TOZLIIDNTHA ZFREEITo
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I EHETEIENE D PR ZDOEINED [BELAY ] ILEEE25, Z
NEHEUAIOMIEHIZH D [Control] IZEESBERL TS, TI T, 5 EL#H
ECEEGE LTS TRVWGEIZDIT TiEimd %,

Q2 MAWEDIZHAZDORY NEFEETE 2] OHEOFAMA 2T 3 ED
G, DESEETEARLL, FHMAI TR 2N FOGAEHRIETES Kozl L
7o FEBRBMEND E<BETESAENE I NEX5.9I1TRT, 22 TH, BIRER
BIRIEVAEOLNBZNZ &S, ROFNER A IZDWTRT,

DELSKBETEIALLEELDEITHY], BIETEI RN/ LRIELZDIF43
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1 il |

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
mEETESUF L OEETE- HEAENE
DIRETEGA o= TUF L DBRETEEN o HERAEE

X 5.9: #EMEIZ & 2 EER

EWZPPD6T, QL 77— UTHELUDZ] OFHMIiAI T NELSB>TWVD,
DFEBETEIALEUD LTI —LDED TBE LAY ] 2L L
IZEN > T\ 5,

ANALDBECDZETD [ —L e UTHELUDKZ] OFHiiADT LIRS 5, b
U AR AR 510 1R T, D ELHEETELGETIE. RIFBODENI LM
o3, ANALOHKMSREHFTHLELABED [BELAY] 2E& LTV
ZeWOnNd, F/2 KNSR EHIRU 725G & IR U THERN SR Z HIR U
ZANRALEDHEDEDE TBE LAY 2L V@EELTEY, HEHHIIENE
BTH2IeMNRDOLND (T VX Lp=0.034, %X H:p=0.038),

DELEETE GG, QT THFOOKRY NOKFELPEMZHFETE /2] 12
DVTH, RDBIBONDENIAPDOLT, HETS /L EUD I THMAITY
MNELSBR>TWD, L I3 2= —Ya v L ORIZEBEDRH D Z & AVR
BIND, N FBREDRER, pEA0.08 THh Y EREMIRI NI,

T2, BEHEIZBEWTEHERE LD IZ, REIFBEVDENT Q5. Q6 TEMNMRT
X5, t-REZGTOER, BETIAZNEINIIHIDLT, MEHIENEE
ThHdILWMRTE/Z (£55), 2ITH, DEHEETEIALZALZESTHROA
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O R TCRN Y |

T—LELTELDT
B A-ANHSHSEHY) O AN AHSBBSELL)
B A-BRYNSUA L) @ A-AR vk (HEEAEE)

X 5.10: FiisETOEER & O ks 5=

# 5.5 t-BUER R (BIEVEIC & B HK)

Question || df t-value | p-value
Q5 32.247 | 2.8942 | 0.007 **
Q6 39.698 | 3.0296 | 0.004 **
Q5 34.078 | -2.172 | 0.037 *
Q6 40.747 | -2.7605 | 0.008 **

*:p<0.05, **:p<0.01

D ESHETI A

BETE B2 A

H INAMO DIEZENDFEWIZ L 5T, INAMO B ALHFL T E D NIZ
DWTENEFNTWVBE I NS,

YMNA—ZDABDICL DL

BAEVEIC KD, OO TBH LAY RT3 —Ya vy ENENE S
W 5225 2 ENBERMBOBENSRINAZ, £ T, SMEIEBRTHN

YRA—=FDANIOWTEEERHZDTRBENNEEZEZOND, 5.6
ERSMFEOELZMETOIAY MO—FDASTRNEZRT, RhD A, B, C, DX
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#5.6: ¥ ha—7 AJTRI (%)

EBSmE | A | B C | D |%E&&&E| A | B | C | D
1 26.0 | 25.8 | 31.2 | 15.3 11 25.0 | 26.5 | 25.8 | 24.2
2 23.6 | 26.5 | 23.3 | 21.2 12 19.9 | 26.1 | 14.9 | 21.5
3 17.4 1192 | 15.0 | 25.1 13 31.3 | 34.7 | 39.6 | 36.9
4 43.6 | 70.5 | 48.9 | 474 14 28.7 | 36.9 | 33.5 | 38.8
5 33.0 | 26.9 | 30.7 | 31.6 15 33.2 [ 37.2 | 32.7 | 32.7
6 32.9 1309 | 23.1 | 30.1 16 324 (294 | 27.7 | 28.1
7 25.3 | 34.8 | 25.1 | 25.5 17 35.8 | 38.3 | 35.6 | 32.5
8 44.8 | 56.6 | 36.7 | 57.8 18 47.0 | 29.1 | 26.6 | 30.2
9 18.6 | 21.0 | 29.5 | 24.5 19 44.5136.9 | 35.2 | 44.4
10 28.5 | 26.9 | 30.6 | 26.7 20 36.1 | 32.8 | 32.2 | 26.7

FMELRIUEDTHD, Rl EBRSMED 15847 3 I N2 O
IV NA—=FDANEGFTOZMIIDVTHIRTRLTWD, ERSMEREIZA
TPRIUFER LR > TP, BIEEAN TR E R > TE ASPRIIZZE I
HFEVRLNZN, TIT, 3O —FDAIPRIMIZEZ2ETD [BEH LA X
XAIa=—vay, #EHIZONWTERTE-ZO WardiEIZ &7 T AR v
TaIFN, 3DODTI)IN—TIZHHEL 7=,

o VIL—TA
AHDPDBNTN—=TTHd, T8N DTIN—TIZE L, FIERIERRH
124237 (23.5%) TH 2B, ZN—7 A DBEMKOEE% X 5.11 1R T,

o V)V—7B
IV MA—=FDAABRRRDLRNETIN—TThHd, 110D ITN—"T
WE U, P ER L 59.3 7 (32.9%) TH D, 7I)V— 7 B DERKKD -
% X 5.12 12mR 9,
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TINV—TALZN—TBTHIRLTAD L, BIERRBODLZNTIV—T A DS
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EDOBESD INAMO O E X, HFOMT [ S RN L W AIE E INAMO IZE
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EHHD TN —TE Q2 DEAEMWICEIT 25 A 2 7 AMEWV, RIEDOFER LY,
BEREZHBULTRLE, DESEFETLIILATERL T ENLET] B TH
ELAT] IZER STV,

JIWV—T AIHE 7 = — A CEE R LR BT S 2500, FEEIZHER INAMO
EERE D FSEIETE RS/ LU ZDTIERNEEZOLND, TOF Yy

W& TEENLY] 2HKIEL [BELAX ] IZER -2 LRI N

TN—TBIFHE 7 2 —ATOHEPAR+HTHY., > ESHEETEI RN/
EEZLNDG, MFEZADIRHEIDLL, BT F<HEMEL. HEAMIZES
DEUAEDTIEROMNEHEIN

IV ME—=FDATTRANS, HFORRT ZANENLEEL TS N
EIZHT2EENLIZRERNLE, HFLDIIa=r—Yarvze)DD
WOLLUTD IEHELAT] XTI LRI N,

53.8 F&&H

AREBRTIE., HELZSMMTAINAMO B CO IR ZE DK % 7 2
CIEXTERPSZ, UL2ULANS, INAMO OIRDEVDEWNZES [BELA
X XTI —Ya VI TAIHRDENEERTX-, X512, ARy



72 B5E A& INAMO EOHBMARECEIIa=Zr—>3 Yy

111l

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
mAl (>4 L) OA2 (iHREAEN1E)

5.11: Z)0V—7 AfER

Q1 Q2 Q3 Q4 Q5 Q6 Q7f Q8
mAl (SH L) oA2 (HREE)

5.12: Z)V—7 BfER
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3.6.2: HE IR
Question | Factor F Value | Pr(>F) Question | Factor F Value | Pr(>F)

R SHER A | 0.045 0.833 R SHRER A | 11.29 0.0023 **

Q1 AATHBER B | 3.007 0.094 Q8 AATHBER B | 4.725 0.0383 *
R HAEH (A:B) 0.000 1.000 X HAFH (A:B) 0.525 0.4747
RIS IR A | 0.294 0.592 R SIEERN A | 1777 0.193

Q2 AT RN B 10.81 0.0027 ** Q9 AT RN B 0.146 0.0246 *
L HAFH (A:B) 1.730 0.199 R HAFH (A:B) 3.613 0.068
M SHER A | 1.818 0.188 RS IEERA A | 0.44 0.512

Q3 AITEEER B 0.146 0.0047 ** Q10 AITEEENR B 1.923 0.176
X HAEH (A:B) 0.818 0.374 X HAEH (A:B) 0.077 0.784
RS IRER A | 7.016 0.0131 * R SIRER A | 4.36 0.046 *

Q4 AT HIER B 13.136 | 0.0011 ** Q11 AT R B 11.923 | 0.0018 **
X HAFH (A:B) 1.136 0.2955 X HAFH (A:B) 2.764 0.1071
RS HRER A | 3.678 0.0654 R SHRER A | 0.434 0.516

Q5 AATEIBERB | 5.321 0.0287 * Q12 ARATEBER B | 10.695 | 0.0029 **
R HAEH (A:B) 0.024 0.8789 R HAEH (A:B) 3.639 0.0667
R SHZER A | 5.934 0.0215 * R SHZER A | 0.232 0.634

Q6 AT B 14.737 | 0.0006 *** Q13 AATHEBERB | 30.58 0.000 ***
X HAFA (A:B) 3.684 0.0652 X HAFA (A:B) 6.66 0.0154 *
RS IREER A | 1.189 0.285 RS IREER A | 1.651 0.209

Q7 AT IR B 0.697 0.411 Q14 AT IR B 0.000 1.000
R HAEH (A:B) 2.259 0.144 R HAEH (A:B) 1.489 0.232

*p<0.05, **:p<0.01, ***:p<0.001
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