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FIGURE 6.6: EXPERIMENTAL HEARTBEAT RHYTHMS
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TABLE 6.1: 0000 DOOO0OO0OO0OOO0OO

00000 |00000 |0000 |0000 |0000 | 000
Joob HoBoon [ms] [ms] 0o ms] |000C0 |0oOO
H-1 0000 250 500 0.50 750 3 3
H-2 00000 100 270 0.37 370 0 12
H-3 000000 100 650 0.15 750 > 3
H-4 ooooon 250 1000 0.25 1250 0 -10
5 000 375 375 1.00 750 I 5
H-6 3040000 250 1000 050 | 1000 = 0
00000000000000 | 028 0.13 025 | 030
ooodooooooogoon —0.13 -0.96 —0.25 -0.91
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TABLE 6.2: 0000000000000

ogooo (oooo (ooob (o000 (oooo (obobo (jobobob (oood oood
Hoon Hoobd [ms] [ms] 00 |00[ms]|00[ms |000| [mg |0000 |0000
Bl 0000 500 2700 | 0.19 500 2700 | 0.19 | 3200 0 3
B2 00000 70 410 0.17 70 40 | 017 | 480 i; 10
B-3 oood 1600 1600 1.00 1600 1600 1.00 3200 7 -9
B-4 ogoooao 2700 500 5.40 500 2700 0.19 3200 3 -10
goooooooooooooo 0.72 0.28 0.37 0.89 0.53 —0.43 0.85
gooooooooooooo -0.82 -0.31 —0.58 -0.69 -0.80 -0.43 -0.96
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FIGURE 6.9: RHYTHM PATTERN OF HEARTBEATS VS. RESULT OF ANIMAL-LIKE
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TABLE 7.1: DYNAMICAL AND GEOMETRICAL FEATURES OF EFFORT ELE-
MENTS

‘ Effort H Indulging Form | Fighting Form

Weight Light Strong
Space Indirect Direct
Time Sustained Sudden
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TABLE 7.2: TwO-DIMENSIONAL Shape

Plane of Movement H Table Plane ‘ Door Plane ‘ Wheel Plane

| wen |
Fighiting Form 77

Enclosing | Ascending | Retreating

Indulging Form - C] l

Spreading | Descending | Advancing
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FIGURE 7.1: EXPERIMENTAL DANCING ROBOT
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{Uturn = eleftWheel - erightWheel

Vtranslate — eleftWheel + QrightWheel

FIGURE 7.2: DEFINITION OF JOINT ANGLES AND VELOCITIES
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Lamcos 0 rightArm
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FIGURE 7.3: CONCEPTUAL DIAGRAM FOR TABLE-PLANE CALCULATION
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(defvar *nodding* ; 0000 ooogoon

> ((tempo 30 ; 0000 O000=30

rhythm straining ; U0 U=straining
measure Dab) ;0 (00000 )=pabl 0O
(#1 ;001

(head (low 2) (center 1)); 0000

(arm (center 3))) ;0000
(#2 ;02

(head (up 2) (center 1)) ;0000

(arm (center 3))))) ;0000

FiGure 7.4: O0O0OO0O
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FIGURE 7.5: QUESTIONARRY SHEET

(Turing Movement (Raising Arm Posture (Most-used Posture (Most-used Posture
of Dance 1) of Dance 2) of Dance 3) of Dance 4, 5, 6)

FIGURE 7.6: TyYPICAL POSTURES OF EXPERIMENTAL DANCES
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Dance 1 Time
0 2.8 5.6[s]

—t— —

Movement V\ V\ V\ V\

[deg] CCW 130 CW 260 CCW 130 CCW130 CW 260 CCW13(Q

0 rightArm +90/
0 leftArm .90

+35

9nod 0

FIGURE 7.7: MOVEMENT DATA OF EXPERIMENTAL DANCES 1
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Fig.7.80 000
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20 Time 4.0[s]

Dance?2 o
| I I ’

| | |
[ | [
On-Floor ‘ ‘ D ‘ P
Movement
20cm  -20cm 20cm  -20cm
R=15cm R=15cm R=15cm R=15cm

[deg]
+39

6 rightArm

-90

9 leftArm O

9 nod +35 g
0

FIGURE 7.8: MOVEMENT DATA OF EXPERIMENTAL DANCES 2

Dance 3 Time
0 .

Vtrans ° T i T i
[cm/s]'27
[deg]
0 rightArm+90/
6 leftArm _gg
+35
0 nod 0

FIGURE 7.9: MOVEMENT DATA OF EXPERIMENTAL DANCES 3
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Dance 4 Time
0 2.8 5.6]s]

Vtrans o
[cm/s] -14

0 rightArm®Y!
-90
0 leftArm -11”\

0
0 nod 28

FIGURE 7.10: MOVEMENT DATA OF EXPERIMENTAL DANCES 4

Dance 5 Time
0 2.8 5.6[s]
—t —
Vtrans
[les] 14 | | | | | | 1

d
0 rightArm[ _3%
0 1eftArm _11,_\\

0
0 nod 28

FIGURE 7.11: MOVEMENT DATA OF EXPERIMENTAL DANCES 5
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TABLE 7.4: EXPERIMENTAL RESULT : RELATIONSHIP BETWEEN LABAN’S MOVEMENTAL FEATURE VALUES
AND PRODUCED IMPRESSION

Effort Shape Impression (Score Total) Impression (Number of Persons)
Weight | Space | Time || Door | Wheel | Table || Joy | Sur- | Sad | Angry || Joy | Sur- | Sad | Angry No
Dance prised prised Impression
1 17364 | —7060 | 18.6 20.6 01]0.376 | 49 6 0 2| 17 3 0 1 0
2 6742 | —3628 | 40.0 || —11.6 34 | 0.364 1 2 0 10 1 1 0 7 12
3 2787 | —1060 | 18.6 20.6 456 | 0.376 0 30 0 0 0 15 0 0 6
4 128 | —1583 7.1 | —18.2 465 | 0.320 0 0] 39 0 0 0] 20 0 1
5 99 | —1583 | 18.6 || —18.2 237 | 0.320 0 0] 29 1 0 0] 17 1 3
6 99 | —1583 | 18.6 || —18.2 | —219 | 0.320 0 0] 21 9 0 0] 12 8 1




Dance 6 Time
0 2.8 5.6[s]

Vtrans 4
[cm/s] 0 1 | 1 |

0 rightArm [dfeggg
0 leftArm 116

0 nod 0
-28

FIGURE 7.12: MOVEMENT DATA OF EXPERIMENTAL DANCES 6
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TABLE 7.5: KENDALL'S CORRELATION COEFFICIENT BETWEEN LABAN’S
MoOVEMENT FEATURE VALUES AND PRODUCED IMPRESSION

Impressed Effort Shape
Emotion | Weight ‘ Space ‘ Time Door Wheel Table
Joy 0.93* | —0.56 | 0.18 0.67 —0.07 0.67
Strong
Surprised | 0.69* | —0.15| 0.09 0.89* 0.14 0.89*
Strong Ascending Enclosing
Sad —0.75* | 0.33 | —0.67 —0.61 0.15 —0.61
Weak
Angry —0.15 | —0.42 | 0.67 —0.17 —0.75* —0.17
Advancing

(*: Asterisk indicates that the correlation is significant with significant level
p < 0.05.)
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TABLE 7.6: FACOTR ANALYSIS RESULT ON EXPERIMENTAL RESULT

Factor F1 F2 F3
Fator Contribution 0.33] 0.33] 0.27 Com.
0 Weight || 0.93] 0.28] 0.11[0.96
£ 4 | Effort | Space |-0.95] —0.06]-0.17] 0.94
§§ Time 0.05| 0.35] 0.91]0.95
5 o Door 0.53[ 0.78[-0.27]0.97
S © | Shape | Table || 0.48] 0.86] 0.13]0.98
= Wheel |[-0.40[ 0.32[-0.69][0.73
Joy Score 0.98] 0.07[-0.14]0.99
#of Prsn| 0.99] 0.07[-0.11[0.99
%"ﬁ Surpirsed Score |[-0.13] 0.90[-0.30[0.92
g2 #ofPrsn|-0.13] 0.90[-0.30[0.92
i OS Sad Score ||-0.43| -0.78|-0.42| 0.97
Sz #of Prsn|-0.43] -0.79]-0.39[ 0.96
S Angry Score ||-0.02| -0.15f 0.89] 0.81
#of Prsn|-0.09] -0.22[ 0.84]0.77
No Imp. (# of Prsn.) [[-0.34] 0.53| 0.65]|0.82
Dance 1 2.18] 0.20(-0.34
5 Dance 2 -0.32] 0.66] 2.02
A Dance 3 -0.56] 1.71[-0.83
8 Dance 4 -0.58] -0.93]-1.53
8 Dance 5 Z0.33| -0.77] 0.07
Dance 6 -0.38] -0.87| 0.60

‘Com.” is Communality (0 O O ).

000000000 00D0O00000 Table7600000000D000O OCom-
munality (00 0)0000000000CO0O0OCOCO0O0OOODOOOOOOOOO
0000000 (D0ooooo0oo)ooooooo

goobobooooboboobobobobobon Fig7130 00000
goobbobbbobbbooobbbobbuouobboobobbobooogo
gogorbuobobbdbboogobuoouboboboobooooouooooboo
oooooo“cbob"0boob0o0og3gbooobbboooobobOobDono
gooogobobbbdodgdg —-o39bbououoboooouoboooon

gobboobooobooobooobbobobobuooooogobooon
gboobobbbooboobbdoboobobobboooboboobobbod
0000000 0000000 20000000000000000CO(O0O (Up)
0000000000000 0O00O0 (Up)Ooooo)obooooo20000
gboooubbobooobobb2bddgobuoobooobbobuooan

104



Weight Space Table Door Time Wheel
Effort Effort Plane Plane Effort Plane
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FIGURE 7.13: PATH DIAGRAM DEPICTING FACTOR ANALYSIS RESULT
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FIGURE 7.14: SPACIAL REPRESENTATION OF SIMILARITY OF THE IMPRESSIONS

106



gbobbooooboooooboboobooobobobbobbbooooooon
ogeordpuboooobobbbbbobdoooubbobobooooooobn
ooooooobobbo20 “coobobobobooboobooooroooboogon
goobobbobdbbooobobobbobbobbooooboboboooa
ggbbooobbogobuoboooboboooboboobbbbodooooo
gbobodoobobbboobbooub ebboobboobbbobuoon
gobboboooobbobobboodoooboobooboboooooo
gboboooobboobooboabon

gbbgoboogbbuoobboboooobbubooboobbobboa
gooobboobbboobbboobbobbbobbbbioboobobboo
ggoobobbobbobuooooobobbbooooobboobbobo
gboobobbobobbbooobbboooobbooooo

gogobguboobbbooboobbobobobooouoooboaan
gooogbooboobobobobbboobooobbbuobbdoooobobbobo
goboobbougboobbbodoboobooboboboboooooon
goobbooooboooboobobn

gobobogugdbogoobooobboobboooboboobon
goboobbouogoboooobooobooobbbdebdobobbOon
guodbdlgobooboobbooboobbooobboooobogoo
gobobobobgooooboo

7.5 U0

gobobbgoogboogboboboobboobbooooboonoo
gboodoobbbobodbobobbobbboouooobbouoboon
gobboobbogboobbobbouooobuobooobbbon

0000000000000 00O0000OoO0oOo0ooooooooDoD (o
O000)00D0D0O000000000000oOo0ooooooooOoooDooOooDo
goouobbbuodgooobooobbooooooooobooboaoon
gboobdoobobbbodooooooboobobobboooboobboab o
gobobooogboooooobooobobbooooboobobobobbouoooa
gbogboboboobobbbodgd

gboobbobdooboboobbbbbooobooboaobboaaoon
gboboouoobbbooooooobooobon

107



gboogbobooooobooan

1) 0000000000000 00oooooooooooooooUoooDooo
ooodo0 “cbobobooboboor’oboboboboobbobobooboobog
gbobbooobbuooboooabod

2)0000000000000O0000 10000 2000000000000
goobbotbouodgugbogbboboogooboobboobbboooo
gobobbobbdooogobobobbbooooobobbboboooogoa
gubddbdooobuoboooobouobbobbuobbboobobbo
gbooboggoobooubooobon

3)0000oOoO0ooOoOoO0o0OCO0O0OO0O0O0O0U000OOO0DODO0OooDoOooLooOO
goobbbobooaobobbbbbbooobobbbouobbobooaon
0000000000000 [WoODoo0ooooooooooooooooo
gotbugooooobbobbooodgooooboboabogoobbon
gobboodgbbobooooobooan

gbooguoogoobooouoogbbobbuooboboooooboa
gooobbobbobooogbobbobbbuobobbobodoboodoogo
goobdoboobbooooobboooobbobbooobobbboooa
gobobbooobbbuoodgobboooobbobuooobbuooboon

gobodgbboobbobdobbuoobobooooboobobooooboon
gbooobbbboogbobogoboobbboubobooogan

gooudgbuouguoboooboboogobbobbobobogooan
gbogbooobdgbooboobbbobooobbooboobooooboaoon
gbogbouogbobbbogooooobbobbboobobbooobboooon

108



O I1I0

oo ooood






U8 bbb ubotduoud
g obootgdoootdd

Jooon

gbgubbbobdgbbogogbbooobobobooobobogobn
gogobbobbbbddboooouboboboooooooouobbobobooon
goobooboboogn

goggoboooboboboobobbobbbbooooobobobbbaon
gooboogo

gbgogbobbouogobuobiobooobuooouboobbuanoon
gbobobogoboobuobbobooooboooon

gbooogobbogobooobbooboboodbooooooobo
gobobobobobogudaboogboboobobbobooouoabon
guogdooboboooboooobboo

81 UHUOOUOOOOO

goobbboooobbobobbooobobbbooooboboobo
gboboboboobboobuobooooobobboobboooobbobobboobn
goubbodooooobbobboooobbbuooobooooobobobobo
g

gbooogbboboogobbibgbbobbobooboobouoog
gbogbobdobbdooboodouooboubuooooboooboobobon
gobobuobobuogobdoboobbbbooooobbogobbboooubo
ooobooobooobooboboboobb0 “obobboor’obboboooboo
gboobuobgogobboooboobooobbbboooouoooooao

111



guobogobbobdobbobdobouooboobobbooboobboobbn
gogdbobboooooobooboooooooobbbo

O0000000O000DO0OoOODOOOO0OOOODODOOOOoOoOoOooD (o
O00)0000000C00O0O0000000oDooOOOoDOoDOOCOOODOOdODOoO
gooooooo

8.2 HUOOOOOOODOO

8.2.1 00O

goog ooo "0 obog"gouogoooobuoooooobbooon
gbobooouoobobbbooobobogobobboooobobd

gbogobbuogbbbuooboooobbboobbobbobbubooo
gobobbbobobooodoobboooooooboboboobbbuooboogoa
gboogoon

gbobobboogouooobooobobobobboboboobbobbboboo
gboobbobbbobodgboooubobbbobbobooobobbbobo
goooguobobbouogobboobbooooooboobboboooon

gbobobogbbooobouoooooobboboobbooooboo
goboodgg oo "bg obouooboboboooobboooooooon
gobooobobogrboboood

.22 [UIUOUOOOUOOOLOUOOOUOLOOLOOONO

ggubooobbbodo,oooboboobbbbbboooobboo
go,gbbooodgbb,gboobobb, bbb ooob,obboon
goobbooboobooo.bbuooooobab,bboobboooboo
O0000O0ooooooo [96).

I A

gbboouboboooobibobobooggooo.gobboboobbboo
goboobobob,bobboobbooobbog,gobboooboooboon
go.bboobdobboodgbboooog,obbboobobboobooboo

112



gobobo,gbobbboobbg,ggbbuodguoobbooooobaod
94 OO0 OOOOUODOOOOOOOOOOODOOOCOODOOOOOOOOOOO
g.ogooogogoon.

gogb,gbboubgobbboooubdobbbobooouobooooon
goodo.

8.23 UUUULUOOOLOLbbubLObuOOLbUuObUod

gobooobobogoobobuoobbooobuoo,ggogoooboob,o0oon
gbobuoboobdoboodgbobboabgobooobobooobog.

goobdoboobboouoobooobboobuoooboboobobuogon
gbobbobbboobdooboouobooboobbboobooboooon
oooooooboooboobo“obbbbobo0or’obbooooob oo
gbouobbbooougoogbuoobbooobuoodggooogaboon
gobobooobooooo

gogdbbboobobuobobbobbobboobo.

8.3 LU uooubobuuooobobobuooon
oo

83.1 UUOD

gboogouoogbboogbboogbooobboboooogboobboo
000 (CooOO00O00)oUoOoooDoOoOU0OoU0C0OOooUOOoDODOooOoooo
godooboooogbooboooon

83.2 UUON
gdd

gbbobdg2000bb o2 bboog200bbodgg3goon
20000000000

113



FIGURE 8.1: OVERVIEW OF EXPERIMENTAL GRAMPUS ROBOT
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m
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\‘ é

FIGURE 8.2: EXPERIMENTAL GRAMPUS ROBOT AND ITS MOVEMENT
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When touched, robot changes behaviar.
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FIGURE 8.3: REACTIONS OF THE ROBOT
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FIGURE 8.4: SCENE OF THE EXPERIMENT

TABLE 8.1: QUESTIONNAIRE FORM
Q. 000000000000 bObOD 0000 UoDoooobooo?
(00O ‘0b0oOoDpoooo”. 10 007,20 ‘00007, 30 “0DOO”.)
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sgugiloogboooub,gooboboobbobbbobooboon
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Table 8.10000000ODOODOO.

gobogoosgbbbgob vgbobouooboboooobooobo.
gboobouoboooboobobbuoboon
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0cI

TABLE 8.2: IMPRESSION RESULT DATA OF PASSIVE REACTION
ooo | ooo |ooo |ooo|ooo|oooo|oooo
A -2 1 -3 -3 0
B 0 1 -2 -1 0 Oo0dooooooooon
C 2 0 0 2 -1 Obod0oooooooo
D 2 -1 -3 -1 0
E 0 2 -3 2 -2
F 2 3 -2 —2 0
G 1 2 0 1 -1
H -2 2 -2 2 0
I —2 1 -1 -1 0
J 2 1 -2 -1 -1
K 2 0 -1 -1 0
L -1 2 -3 -1 0 dodoooooooooooa
M 3 0 -2 2 0
N 3 -1 2 -1 3
O 3 0 -3 -3 0
P 2 2 -3 —2 0 Oodo0ooooooooooa
Q 2 2 -2 3 0 0000000000000 (Do?007)0000
R 3 -2 1 -1 2
S 2 -1 -1 -1 1 0dddddobooooOoobDOooooboooooon
T 0 1 -2 -1 2
oodad 2 1 -2 -1 0
AR 2.72 2.45 4.16 2.34 0.02
5%000 (D000 |000 |0DO00 (000 -
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TABLE 8.3: IMPRESSION RESULT DATA OF REPELLING REACTION
ooo | ooo |ooo|ooo|ooo|oooo |oooo
A 1 0 1 -3 0 oooad
B -1 0 -1 -1 2
C 2 0 0 2 -1 oooooooooo
D 3 -3 -3 -3 3
E 2 0 2 3 0
F 2 0 1 1 1
G 2 -2 2 1 1
H 1 0 0 1 1
I 2 2 -2 2 -1
J 1 1 -2 -1 -1
K 2 -1 -2 2 0
L 1 2 0 1 2 ddoddoooboooooooooooooooooooao
M 3 1 -3 2 0
N 2 1 1 -1 2
O 3 1 -3 -3 0
P 2 0 -3 -2 0 0odoooooooooooa
Q 1 -1 1 3 1 ooooooboooooooooooaa
R 1 -1 2 —2 2
S 3 2 -2 2 -2 0dd0dd0o0o0ooooo0obO0oooobDoooooon
T 1 0 -3 -1 1
ooo 2 0 0.5 1 0.5
Ooad 5.24 0.68 0.91 0.59 1.91
5000 |0D000 - - - -
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IMPRESSION RESULT DATA OF IGNORING REACTION
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TABLE 8.4:
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= EIntensive
< @ Slightly-Intensive
S 10 e - fe=mf r---| | Fair
E O Slightly—Meaningless
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Z 5 ===[llI==>==-- - efefpnn ---| | Very—Meaningless
0

Passive * Repel * Ignore * (*: p< ()_()5)
(IzI=2.72)  (|z|=5.24)  (|z|=2.06)

Reaction Type

OO0:00000000000000O000?bOO0b0DODOO0ODOOOoOooO? O
Question 1: “Do you think the movement of robot is expressive of some
intention?”

FIGURE 8.5: RESPONDENTS OF QUESTION NoO.1
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20

o 15 === |E Very—Friendly
% E Friendly
< [ Slightly—Friendly
%S 10 ====| | Fair
Fi O Slightly-Hostile
g O Hostile
Z 5 -=--| | Very—Hostile
0

Passive * Repel Ignore (*: p< ().()5)
(IzI=2.45)  (|z=0.68)  (|z|=1.83)

Reaction Type

O0:00000000000000007? /00007
Question 2: “Do you feel the robot has goodwill or hostile feeling?”

FIGURE 8.6: RESPONDENTS OF QUESTION NO.2
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Number of Answers

20
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E Very-Wild

E wild

&= Slightly-Wild

M Fair

O Slightly—Tamed
O Tamed
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Passive *

(|z|=4.16) (IzJ=0.91)

Ignore *

Reaction Type

(|z|=2.28)

(*:p<0.05)

O00:000000000000000? /00000o?
Question 3: “Do you feel that this robot is tame?”

FIGURE 8.7: RESPONDENTS OF QUESTION NO.3
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Question 4: “Do you feel the robot machine-like or animal-like?”

FIGURE 8.8: RESPONDENTS OF QUESTION NO.4
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Question: “Do you like or hate to put your face near to the robot?”

FIGURE 8.9: RESPONDENTS OF QUESTION NO.5
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TABLE 9.1: SOCIOMETRIC MATRIX
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FIGURE 9.2: EXPERIMENTAL INTERACTION ROBOT
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Sound Sensor

Touch Sensor

Acceleration
Sensor

Limb Actuator

FIGURE 9.3: SENSORS AND ACTUATORS OF THE ROBOT

FIGURE 9.4: ACTUATOR-SETUP OF THE ROBOT
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FIGURE 9.5: SCENE OF EXPERIMENT
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FIGURE 9.6: IMPRESSION ANSWER SHEET

gbuogdbbooooboouoobbbouoobboooooo

A1) J000O0: 0000000000000 D00O0O0OOO0ODOOO0OODOO0

oo0oboooooobobobooboobboboboobbbobooobbD “obo
oo’oooooooboooobooooooboooooooooobooobog -
oobo’dogoboobooobobbooobuooobobooobobboo
gooobobbooooobon

A2) J0000: “0000070000000000O0O0O0O0O0OOOO0O0O0

000000 10kPa]000000000OO0DOODOOOOOOOOOOOO
OO0 “cobobo”oboboboboobboboboon

A3) JO0O0O0OD0: “00000700000000000000O0OOO0O0O0

gogoboogbbdobboboobboboooboboobobobbon
40m/s]00000000O000OOOOOO0OD ‘0000007000
gogoobobooooon

A4)0000O0: “00000070000000000 4000000 O0OOCO

gbooboobobboooobbououobbbboooobbogd

A)DOOOOO: “000007’0000000000000000000O0 4.0[s]

gboooguoobobobbobooobobbooooobobooooon

152



Vi

F1GURE 9.7: RoBOT REACTION BEHAVIOR: TYPE B1 Raise Arms

VW

F1GURE 9.8: RoBOT REACTION BEHAVIOR: TYPE B2 Move Legs
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B3) 00000000: 1.000000000000000000000000
00 (Fig.9.900)
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FIGURE 9.9: RoBOT REACTION BEHAVIOR: TYPE B3 Curl

FIGURE 9.10: RoBOT REACTION BEHAVIOR: TYPE B4 No reaction

154



TABLE 9.3: RESPONSE PROBABILITY TABLE OF NON-RANDOM 1-TO-1 REAC-
TION PATTERN RI1 (D =C =1)

B1 B2 B3 B4

Human O Robot || Raise | Move | Curl No
Arms | Legs Reaction

Al (Call) 1 0 | o 0

A2 (Touch) 0 1 0 0

A3 (Shake) 0 0 1 0

A4 (No Action) 0 0 0 1

B4) 000: 0000000000000 OO(Figv.1000O)
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TABLE 9.4: RESPONSE PROBABILITY TABLE OF SEMI-RANDOM REACTION PAT-
TERN R2 (D = C = 0.5)

B1 B2 B3 B4

Human 0O Robot || Raise | Move | Curl No
Arms | Legs Reaction

A1 (Call) 0.5 0.5 0 0

A2 (Touch) 0 0.5 | 0.5 0

A3 (Shake) 0 0 0.5 0.5

A4 (No Action) 0.5 0 0 0.5

TABLE 9.5: RESPONSE PROBABILITY TABLE OF FULL-RANDOM REACTION PAT-
TERN R3 (D =C =0)

B1 B2 B3 B4
Human 0 Robot || Raise | Move | Curl No

Arms | Legs Reaction
Al (Call) 025 | 025 [0.25 [ 0.25
A2 (Touch) 025 | 0.25 | 0.25 | 0.25
A3 (Shake) 025 | 025 | 0.25 | 0.25

A4 (No Action) || 0.25 | 0.25 | 0.25 0.25
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TABLE 9.6: OBSERVED DISTINGUISHABILITY AND CONTROLLABILITY BE-
TWEEN SUBJECT’S ACTION AND ROBOT’S REACTION

Reaction R1 R2 R3

Pattern | Mean | Stdev | Mean | Stdev | Mean | Stdev
N 54.4 4.8 53.7 3.6 54.4 5.5

[ [bit] 4.1 0.34 2.0 0.30 | 0.35 | 0.11
D 1.0 0.0 0.54 | 0.04 | 0.11 | 0.06
C 1.0 0.0 0.49 | 0.04 | 0.08 | 0.02
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TABLE 9.7: OBSERVED DISTINGUISHABILITY AND CONTROLLABILITY BE-
TWEEN ROBOT’S REACITION TO SUBJECT’S NEXT ACTION

Reaction R1 R2 R3
Pattern | Mean | Stdev | Mean | Stdev | Mean | Stdev
[ [bit] 0.35 | 0.13 | 0.27 | 0.10 | 0.31 | 0.14
D 0.20 | 0.07 | 0.14 | 0.05 | 0.17 | 0.08
C 0.20 | 0.07 | 0.20 | 0.11 | 0.19 | 0.08
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Non-random 1-to-1 behavioral reaction pattern of the robot (C'= D = 1) produced
stronger impression of existence of the robot's intention significantly comparing to
semi-random reaction pattern of C' = D = 0.5.

FIGURE 9.11: MAXIMUM LIKELIHOOD ESTIMATOR OF INFORMATION TRANSFER
EFFICIENCIES (C' = D) vS. INTENSITY OF IMPRESSION OF EXISTENCE OF THE
ROBOT’S INTENTION
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Number of Answers

"Attitude of robot
seems funniest."

00 A O i A W N = O = N WM LVLEON I ®
> O>

"Attitude of robot
seems least funny."

Eight subjects judged the full-random reation pattern (C’ =D= 0) is the funniest
among the 3 reaction pattern. Other 8 subjects, however, judged (C' = D = 0)
1) acquired
D =0.5)

pattern is the least funny. The non-random 1-tol reaction (C’ —D=

rather less funny judges. Compering to them, the semi-random (C
acquired relatively strong funny impression.

FIGURE 9.12: MAXIMUM LIKELIHOOD ESTIMATOR OF INFORMATION TRANSFER
EFFICIENCIES (C' = D) vS. INTENSITY OF FUNNY IMPRESSION
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The judge of cuteness was divided into two tendencies; 1) 9 subjects felt more
cuteness on the full-random reaction pattern (C'= D = 0), 2) 6 subject felt more
cuteness on the non-random 1-to-1 reaction pattern (C'= D = 1).

FIGURE 9.13: MAXIMUM LIKELIHOOD ESTIMATOR OF INFORMATION TRANSFER
EFFICIENCIES (C' = D) vS. INTENSITY OF CUTENESS IMPRESSION
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FIGURE 9.14: FREE ANSWERS FROM 5 FEMALE OFFICE WORKERS AND 5 IN-
DUSTRIAL DESIGNERS
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O00O0AQOOOOO0OO0OBOOODOOOOOODOOOOUOODODOODOOO
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ggouogboooguobboboobbobodgboooooboboaon
DoobobooooboobooWwilecoxon OOODOODOOOOOOOOOODOOO

OO0 A0 BOOUOUOOOOOODODOOOMann-Whitney J UDOOOOOO
googo

OODAOBODODODOOOODAODO BOOOOOOOODOODDODO
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gooboob 20000

goon

H,=“A000 BUOOOOOOOOOOOOOooooon” (A.5)

00000 /, 000000000000 (alternative hypothesis) 0 O O
Hoooooogo

Hy=“A000 BOOOOOUODODOODOOOOooooooo” (A.6)

00000 H,OOOODOOOOOOOO (null hypothesis) 0 0 00O

All2 0J00O00OO0OO0O0ODODOOO
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TABLE A.1l: RANKING OF DATA IN C
Data 9 31719 (1016 5 3 5 2 1 1
Rank 251851412511 5|65 |85|6.5]|10]11.5|11.5
Belongs to A AJA| A B| B B
1 1

N
N
e
—_
N
)

Duplication || 2 2

C=A+B=1{9,3,70910,6,5,3,521,1} (A.7)

0000 CO0OC0AO7O00BOS00000000O00OCOODOODO (OO
00000000000 0000ooo0ooo0gg)0Dooo0oooooDAQCOOO
oooooooBOoObOOOobbOoOoboooobOooobOoooboOooooobO
gboobodgboboodo

gogbdobbbbdobiboouobooobobobbbobbouaoooo
O000Mann-Whitney 0 UDOOOODOOO

Mann-Whitney O UO DO DO DOOODOOODODOOOOOOOOOOOOOOO
00000000000 D0O0O0000U0OoDoDOOobOOn TableA1DODDODO
goboobboguobooboooobgbuoooooooo

O000O000000000ABOOO “DO0O"Rs,RpgO0O000O0DOO“0OO”
O00ABOOOOODOODOODODOODOODODO

O: 00000 Ry, RgOOWilcoxonOD OO OOOUOOOOOOooOOoOOO
goon

Ra =) (Rank of Data) =2.5+85+4+25+1+5+6.5=230 (A.8)
A

Rp =) (Rank of Data) = 8.5+ 6.5+ 10+ 11.5 + 11.5 = 48 (A.9)
B

gog

RA+RB:(NA+NB)(NA+NB+1)/2 (AlO)

gbogbboboobobobooonobon
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obooobguvgobooon

Np(Np +1
Uy = NagNp+ % — Rp (A.11)
NA(N4+1
Us = NpNa+ % — Ry (A.12)
U = min(Ua,Up) (A.13)

oo vbobobogobbooobboobobooboboboooon
oooobogoobbo vdoboboboobooobo1ooboboboooon
OO0ON4>20, or Npg>2000000UDOOOOO0OODOOOOODODOO
ooooobodoboooobobooooobuoobobobboobobovunboo
gugboobboogobbbbobboboabobobobb

goooodbobooboobbobvvdoooooooobuo z00bobobOoon
gbgdouoobuuguboobboobbobbbibtzbuoboobood
00000 (00 “zscore”) 000000000 0OODO z00ULOO0O0DQ0ODOOO
godag

;00000000b0ooooboobooobooobo
ooboooboobobobo ;00000oogooog

d;=(00:i000000000) (A.14)

D0000000000d, =1, dos =2, dy=1, ds =1, des = 2, ds5 =
2, do=1,dys=20000000000D00O00O00

D= Y d(di—-1)=0+6+0+0+6+6+0-+6=24 (A.15)

i:allrank

gbd z000dod
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TABLE A.2: CRITICAL VALUE OF Z-SCORE

Significance
Level 10% | 5% | 1% | 0.1%
Two-tailed Value
S.L. = 2P(0 to ) 1.64 | 1.96 | 2.58 | 3.29
One-tailed Value
S.I. = P(—oo to 2) 1.28 | 1.64 | 2.32 | 3.09
‘Z-score’ is another name of normal distribution variable.
Therefore you can easily make this table from the famous table of normal distribution.
Adopted from Ito[101] and Sheskin[100].
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U— NsNg/2—1/2

= DNAN
\/NANB(NA + Np+1)/12 — 12(NA+NB)?NAB+NB+1)

(A.16)

z

goboobo,z==263000000000000000000000040
0000/ 00000000000000

0000 [2/00000 A200000000000000 5% 00000 1.96
O000|z/000000 |,/0000000000D00000O HyOoDoOoooo
00000000000|z/=263>1960000000000 HOOOOOO
oooooobo [,000bboon

OO0O0DACOUOO BOODODODOOOOOOOOOODODDOODOOD

A.2 Mann-Whitney 0 U DO UOOOOOOOOO
[

1: // Mann-Whitney 0 UD OO OOODO

2: // 19980 110 10 MO M MO

3: // (c) Toru NAKATA, 1998.

4: // MUOD0O00O0O0OOMann-Whitney J UODOO0ODOOOOO

5. // 0000000000

6: // MDOOO0O0O0O0O0DOO0O0O0O0O0O0MOOOOOO0O00O019840
7: // 00000000000 OOOOOO0OO0O0ODOOOODOOm
8: // MIIOD0O0OO0OO0O0OO0O0O0OO0OO0O0O0OODOODOODOOODOO0OO00AO
9: // O00O0D0OOOD0OD ODDOOODO0O00OO z(0OO0O0 zz)"OO0DODOOO
10: // 00000000 z00000000000000000000
11: // 0000000000 0printf 00000000 OODODODOODOODODODO
12:

13:

14: #include <stdio.h>

15: #include <stdlib.h>

16: #include <math.h>

17:

18: void main()

19: {

20: int n,m; //00000000000000O0000

21: float datal[30]; /000000000

22: float ref[30]; //000000O0ODO0O

23: int i=0, j=0;

24 float r1= 0.0, r2 = 0.0;
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25: float ul = 0.0, u2 = 0.0, wu = 0.0;//00 00000

26: float zz = 0.0; /000000

27: float tempzz = O;

28: float gtl[60]; /000000000 0OOOOOO

29: float swap;

30: float gtgl60];//0000000000O0OOO0O

31: long nowrank = 1;

32: long lastrank;

33: long surank[60];

34: long dup(60];//000000000000ODO

35: long AA = O;

36: long tempdup;

37: long temprank;

38: float gtrank[60];

39:

40: for(i = 0; i < 30; i++) {

41: ref[i] = 0;

42: }

43: for(i = 0; i < 60; i++) {

44 dup[il = 1;

45: gtrank[i] = O;

46: }

47

48:  printf("Mann-Whitney O UO OO OO OO \n");

49:  printf("Copyright (C) by Toru NAKATA, 1998.\n\n");

50: printf("O000O00O0OO\n");

51: printf("O000000000O00O0O0OO0OO0OCOO0O0ONa";

52: printf("O00000O00O00OOOOOONn > 7 ");

53: j =0;

54: scanf ("%d",&]j) ;

55:  if(j <1 || j > 2) exit(0);

56:

57: /00000000000 O0O0ODOODOOO0

58: if(j == 1) {

59: printf ("0 00000000000 O0O00OO0OOOOO0O0O0OO0O0O0O0OO0
O00\n";

60: printf("O000000O0O00OO00CDO90OOOOOOONn";

61: /000000

62: i= 0;

63: while(1){

64: printf("Data No.%d = 7 ", (i+1));

65: scanf ("%f",&(datal[i]));

66: if (datal[i] == 99.0) break;

67: it++;

I
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68: if(i > 30) {

69: printf ("Too much Data!");
70: exit (0);

71: }

72: }

73: n=1i;

T4: m = n;

75:

76: /00000000004

77 printf("Data num = %d.\n",n);
78: for(i = 0; i < n; i++) printf("%3.1f, ", datalil);
79: printf("\n");

80: }

81:

82: //00000000
83: if(j == 2) {

84: printf ("0 000000 CO0OOOOODOOOOODOeSODOODOOO0O0
\n");

85: //000000

86: i= 0;

87: while(1){

88: printf("Data No.%d = 7 ", (i+1));
89: scanf ("%f",&(datal[i]));

90: if (datal[i] == 99.0) break;

91: i++;

92: if (4 > 30) {

93: printf ("Too much Data!");

94: exit (0);

95: }

96: }

97: n=1i;

98:

99: printf ("0 000000000000 OODOOOOOOeDODOO0OOO0O0O
\n");

100: /000000

101: i= 0;

102: while(1){

103: printf("Data No.%d = 7 ", (i+1));
104: scanf ("%f" ,&(ref[i]));

105: if (ref[i] == 99) break;

106: i++;

107: if(i > 30) {

108: printf ("Too much Data!");

109: exit (0);
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110: }

111: }

112: m= i;

113:

114: //00000000004d

115: printf("O0 000 [OData num = %d.\n",n);
116: for(i = 0; i < n; i++) printf("%3.1f, ", datalil);
117: printf ("\n");

118: printf("O00O OO [OData num = %d.\n",m);
119: for(i = 0; i < m; i++) printf("%3.1f, ", ref[il);
120: printf("\n");

121:

122: %}

123:

124:

125: /00000000004

126: for(i = 0; i < n; i++){

127: gtli]l =datalil;//00000000

128: gtgli]l = 1.0; /0000000000
129: }

130: for(i = 0; i < m; i++){

131: gtli + n] = refl[il;//00000000
132: gtgli + n] = 0.0; /0000000000
133: }

134:

135: //0000000gt0O0OOOO0O

136: for(i = 0; i < n+m -1; i++){

137: if(gt[i] < gtl[i+11){

138: swap = gtl[il;

139: gtli] = gtli+1];

140: gt[i+1] = swap;

141: swap = gtglil;

142: gtglil = gtgli+1];

143: gtgli+1] = swap;

144 i=-1;

145: }

146: }

147:

148: /*x%

149: for(i = 0; 1 < n + m; i++){

150: printf("%d: %d %d\n", i,gtl[i],gtglil);
151: }

162: *x/

153:
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154:
155:
156:
157:
158:
159:

//0000000M 0000000 surank

good

160:
161:
162:
163:
164:
165:
166:
167:
168:
169:
170:
171:
172:
173:
174
175:
176:
177
178:
179:
180:
181:
182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194
195:
196:

VAT

*x /

nowrank = 1;
for(i = 0; 1 < n + m; i++){
surank[i] = nowrank;
if(i <n +m -1 && gtli] > gt[i+1]) nowrank++;
if(i < n +m -1 && gt[i] == gt[i+1]) dupl[nowrank]++;//0000

3

lastrank = nowrank;

for(i = 0; i <n + m; i++){
printf ("%2d %2d (%2d): %f %f\n",
i+1, surank[i], dup([surank[il]l,gt[i],gtglil);
}

//0000000000000
AA = O;

VAT

*x /

for(i = 0; i <n + m;){
tempdup = dup[surank[i]];
temprank = i + 1;

for(j = 0; j < tempdup; j ++){
gtrank[i] += temprank + j;

}

gtrank[i] /= tempdup;//0000000

for(j = 0; j <tempdup; j++){
gtrank[i + j] = gtrank[i];
}
AA += tempdup * (tempdup * tempdup -1);//AA0 00

i += tempdup;

for(i = 0; i < n + m; i++){
printf ("%4.1f (%2d): %f %f\n",
gtrank[i], dupl[surank[il]],gt[il,gtglil);
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197: for(i = 0; i < n + m; i++){

198: if(gtgli] == 1.0) rl += gtrank[i];
199: else r2 += gtrankl[i];

200: }

201:

202: /*x*

203: printf("r1 = %4.1f, r2 = %4.1f\n",r1,r2);
204: *xx/
205:

206: ul

(float) (n *m + 0.5 *x m *x (m +1) -r2);

207: u2 = (float) (n * m + 0.5 *x n *x (n +1) -rl);

208:

209: /*x

210: printf("ul = %4.1f, u2 = %4.1f\n",ul,u2);

211: *x/

212:

213: //wid w20000000 wOOODMudOdOOO

214: if(ul < u2) uu = ul;

215: else uu = u2;

216:

217: ///*x*

218: printf("U = %f, A = %d\n",uu, AA);

219: //*xx/

220:

221: zz = (float) (uu - n *m * 0.5 -0.5);

222: tempzz = (float) (n * m * (n + m +1) / 12);

223: tempzz -=n *m * AA /(12 *x (n + m) *x (n + m + 1));//000000
oooo

224: tempzz = (float) (sqrt(tempzz));

225: zz /= tempzz;//Z20 00000

226: printf("O00 Z = %f\n",zz);

227:

228: if(zz < 0) zz = -zz;

229: printf ("abs(Z) = %f\n",zz);

230:

231: /000000

232: if(zz > 3.29) printf("revel 0.1%% OO OK\n");
233: else if(zz > 2.58) printf("revel 1%} OO O0K\n");
234: else if(zz > 1.96) printf("revel 5%) OO O0K\n");
235: else if(zz > 1.64) printf("revel 10%% OO O0K\n");
236: else printf ("0 000000000 0OOCCOOOOO0ONn";
237:

238: if(zz > 3.09) printf("revel 0.1%% OO OK\n");
239: else if(zz > 2.32) printf("revel 1%} OO O0K\n");
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240:
241:
242:
243:
244
245
246
247 :
248

else if(zz > 1.64) printf("revel 5%} OO
else if(zz > 1.28) printf("revel 10%% OO
else printf ("D 00000 DO0OODODOOON\n");

printf ("type 99 to quit\n");
scanf ("%d",&i);

exit (0);
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