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green vivid 50 60 160

green brilliant 40 40 160

green light 70 20 160

blue dark 30 20 260

blue deep 40 30 260

blue vivid 40 45 260

blue brilliant 60 35 260

blue light 70 25 260

violet dark 20 25 320

violet deep 30 35 320

violet vivid 40 40 320

violet brilliant 50 30 320

violet light 70 20 320
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Red Yellow Green Blue Violet

2.
0

2.
5

3.
0

3.
5

4.
0

������

S
A

M

�
�
�
�
�

��������	
�� y5 = 0.68 x7 + 0.27

���� Valence
��� Valence
���� Arousal
��� Arousal
����Dominance
��� Dominance

7.2:

L* = 50

SAM

18

13 5 21.9 SD 2.05

7.2.3

[140]

7.2 5 SAM

7 SAM

7 5 [11]

Valence Arousal Dominance

Blue

CIELCh h Red

Yellow Green Blue Violet 30 80 160 260 320
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Dark Deep Vivid Brilliant Light

1
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3
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5

��� ����

S
A

M

�
�
�
�
�

��������	
�� y5 = 0.68 x7 + 0.27

���� Valence
��� Valence
���� Arousal
��� Arousal
����Dominance
��� Dominance

7.3:

Dominance Violet

Valence Dominance Blue

7.2 5

7.3

Valence Arousal Dominance

Dark Deep Vivid Brilliant

Light L* Vivid C*

Valence Arousal Dominance Dark Light

Light

Valence

Arousal Dominance

Valence Arousal Dominance
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7.3

7.3.1

R Ver.2.13.0 sem Ver.0.9-21

Valence Arousal Dominance N = 25

CIELCh L* C* h

2 5 GFI AGFI 0.95 RMSEA 0.01 CFI

0.95 AIC

BIC

Valence Dom-

inance L* C* h Arousal C* h

Valence Arousal Arousal Dominance Dominance Valence

1 z

p 0.6474 Dominance 2

Valence Arousal Dominance

1

Valence Arousal Arousal Dominance

Dominance Valence 1

1 z p

0.7774 Dominance 2

z p 0.7275 Arousal

3

7.2

2 3

7.4, 7.5

R2 Valence 0.837 Arousal 0.710 Dominance

0.660 Valence 0.372

Arousal 0.524 Dominance 0.218



86 7

7
.2

:

2
D

f
p

G
F

I
A

G
F

I
R

M
S

E
A

C
F

I
A

IC
B

IC

2
6
.8

4
0
.0

0
0
0
2
0
0

0
.7

6
3

-0
.2

4
4

0
.4

8
7

0
.8

1
0

4
8
.8

1
4
.0

1
0
.1

6
2

1
0
.6

8
7

0
.9

9
8

0
.9

5
3

0
1
.0

0
2
8
.2

-3
.0

6

2
0
.3

7
1

2
0
.8

3
1

0
.9

9
5

0
.9

4
7

0
1
.0

0
2
6
.4

-6
.0

7

4
0
.6

3
0
.0

0
0
0
0
0
0
0
8
0
0

0
.7

-1
.1

0
0
.7

2
3

0
.4

5
6

6
4
.6

3
1
.0

1
0
.0

5
0
9

1
0
.8

2
2

0
.9

9
9

0
.9

8
5

0
1
.0

0
2
8
.1

-3
.1

7

2
0
.0

0
9
5
7

1
0
.9

2
2

1
.0

0
1
.0

0
0

1
.0

0
2
8
.0

-3
.2

1

3
0
.1

3
1

2
0
.9

3
7

1
.0

0
1
.0

0
0

1
.0

0
2
6
.1

-6
.3

1



§ 7.3 87

�� 1

Valence
(R2= .837)

.664

��

.281 ��

-.255

Dominance
(R2= .660)

-.749

.168

Arousal
(R2= .710)

.132

.3761

-.473
.67

.612
-.132

1

-.28

.295

.215

.075

.323

7.4: 2

�� 1

Valence
(R2= .372)

.433

��

.281

��-.255

Arousal
(R2= .524)

-.302

Dominance
(R2= .218)

.296

.632
.258

.407

1

-.473

.748

.287

.212

1

.476

.355

.596

.782

7.5: 3

7.3.2

Valence Arousal

Dominance

Dominance 320 Violet

Dominance
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Dominance

Dominance

Dominance

h

7.6

x h/360 0 1

14.54

12.96

h 192.625

Dominance

0.2 0.4 0.6 0.8

3.
0

3.
5

4.
0

4.
5

5.
0

5.
5

�����

�
�
�
��
�
�
�
	


�

�

y = 3.992 x2 – 4.272 x  + 4.59
y = – 0.382 x  + 4.001

7.6: Dominance

h

|h 190| h190 Valence

Arousal Dominance R2 h 190

190 h Dominance
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N 25 190

7.4 Dominance

7.3

AGFI

R2 Valence 0.819 Arousal 0.765 Dominance 0.731

Arousal Dominance
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7.4

7.4.1

Valence 0.67

0.376 -0.132 0.433 0.407 0.212

Valence

Arousal 0.664

-0.28

-0.302 0.748

Arousal

Dominance -0.749 0.612

0.296 0.287

Valence

Dominance Valence

1 Valence Arousal

2

Arousal Dominance

Valdez Mehrabian[161]

PAD [74]

Pleasure Valence Arousal

[124, 118]

Valence

Arousal
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7.4.2

Dominance h/360

Dominance 190

h 190

h190 h R2

Dominance h

190

0 190 h Dominance 190

360 h

Dominance

7.5

[140]

Valence

Arousal

Dominance

Valence Arousal Dominance R2

Valence Arousal
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citePosner2005,Russell2003

Valence Arousal



8

[82]

[125, 112]

[86]

SD

SD

94
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[120]

Web

8.1

8.1.1

[58] Perceptual Analyses,

Implicit Memory Integration, Explicit Classification, Cognitive Mastering, Evaluation

[120]
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[136]

[137]

8.1.2

(affect misattribution procedure)[113]

( 8.1)

8.1:

[47]
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8.1.3

SD

(1)

(2)

[94] [37]

1.1 3.0 2.1 8.0

[65]

(1) ( 5 )

(2)

(3) (4)

[58]

75ms

[58]

A

B A B

B
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8.1: H V/C RGB

H V/C RGB H V/C RGB

5B 4/2 79/101/108 5B 7/2 157/179/185

5B 4/8 0/109/143 5B 7/8 61/190/219

5B 4/14 0/117/178 5B 7/14 0/200/255

N 1.5 0/0/0 N 9.5 255/255/255

8.2

8.2.1

6 ( 8.1) 15

12 (6 2 )

[65]

8.2 (No.1 15)

(No.16 27) 6

(5B) (4, 7) (2, 8, 14) 5B 4/2 5B 4/8

5B 4/14 5B 7/2 5B 7/8 5B 7/14

sRGB

Munsell Color Science Laboratory Web

CIE xyY 1 Bradford

6 RGB 79/101/108 0/109/143 0/117/178 157/179/185 61/190/219

0/200/255

N1.5 N9.5 RGB 0/0/0/ 255/255/255

(No.3 4 7 8 9 11 12 19 20 21 22 23 24) (No.1 2

5 6 10 13 14 15 16 17 18 25 26 27)

(No.3 8 12) 1.1 3.0 2.1

1http://www.cis.rit.edu/mcsl/online/munsell.php
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8.2:

No. No.

1 5B 4/2 - 5B 4/8 16 N1.5 - 5B 4/2

2 5B 4/2 - 5B 4/14 17 N1.5 - 5B 4/8

3 5B 4/2 - 5B 7/2 18 N1.5 - 5B 4/14

4 5B 4/2 - 5B 7/8 19 N1.5 - 5B 7/2

5 5B 4/2 - 5B 7/14 20 N1.5 - 5B 7/8

6 5B 4/8 - 5B 4/14 21 N1.5 - 5B 7/14

7 5B 4/8 - 5B 7/2 22 N9.5 - 5B 4/2

8 5B 4/8 - 5B 7/8 23 N9.5 - 5B 4/8

9 5B 4/8 - 5B 7/14 24 N9.5 - 5B 4/14

10 5B 4/14 - 5B 7/2 25 N9.5 - 5B 7/2

11 5B 4/14 - 5B 7/8 26 N9.5 - 5B 7/8

12 5B 4/14 - 5B 7/14 27 N9.5 - 5B 7/14

13 5B 7/2 - 5B 7/8

14 5B 7/2 - 5B 7/14

15 5B 7/8 - 5B 7/14

8.0 (No.4 7 9 11)

(No.19 20 21 22 23 24)

[98] 23

73

50 28

8.2.2

HP LP1965

sRGB



100 8

75ms

125ms 100ms

( 8.2) 27

28

28

8.2:

8.2.3

[98]

1 0
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8.3

8.3.1

0.497 0.431

Welch t

(p < 0.1) ( 8.3)

( 8.3) (No.1 15) No.2 14

No.1 3 5 13 (No.16 27) No.20 22 23

No.16 17 19 25 27 No.17

8.3:

8.3.2

8.3

(1) 1.1 3.0

2.1 8.0 (No.7 11) 0.54 0,43

(No.10) 0.46

(2)

1.1 3.0 2.1 8.0 (No.4 9) 0.5 0.54

(No.5) 0.39

(3) (No.3 8 12)

0.39 0.46 0.46

(4)

(No.1 13) 0.39 0.39 (No.2 14) 0.57
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0.61 (No.6 15) 0.46 0.5

8.3.3

8.3

(5) (No.20 21 22 23

24) 0.64 0.54 0.57 0.5

(6)

(No.18 20 21) 0.5 0.64 0.54

(No.20)

(No.25 27) 0.32 0.39

(No.17) 0.18

(No.26) 0.5

(2 3)

(p < 0.05) (p < 0.05)

Tukey HSD No.17 No.20

(p < 0.01) No.17 No.21 (p < 0.1)

(p < 0.1)

8.3.4

(No.3 8 12)

(No.2 14) ( 8.4)

No.2 4 7 9 11 14 19 20 21 22 23 24 No.1 3

5 6 8 10 12 13 15 16 17 18 25 26 27

0.527 0.449 Welch

t (p < 0.01)
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8.3:

No. No.

1 11 0.39 16 10 0.36

2 16 0.57 17 5 0.18

3 11 0.39 18 14 0.5

4 14 0.5 19 9 0.32

5 11 0.39 20 18 0.64

6 13 0.46 21 15 0.54

7 15 0.54 22 16 0.57

8 13 0.46 23 16 0.57

9 15 0.54 24 14 0.5

10 13 0.46 25 9 0.32

11 12 0.43 26 14 0.5

12 13 0.46 27 11 0.39

13 11 0.39

14 17 0.61

15 14 0.5

8.4

8.4.1

(1) 1.1 3.0 2.1

8.0 [37]

(2)

1.1 3.0 2.1 8.0

[37]
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8.4:

1.1 3.0 2.1 8.0

1.1 3.0 2.1 8.0

(3)

[94] (4)

0 12 [37] 1.1 3.0

2.1 8.0

(5)

[65] (6)

8.4.2
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(1)(3)(4)

(2)(6)

(5)

(4)

0.497 0.527

( 8.4)

8.5
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(1) (2)

2

SD

[58]
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8.6

5B
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[78]

[22]

/ [77]

[54]

( )

affective computing

111
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9.1

9.1.1

[111]

[37, 38]

[134, 135]

[100, 44] [126]

Affective Computing [117] [157]

[45]

[97]

Affective Computing
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9.1.2

[72]

9.2

9.2.1

Semantic Differential (SD)

(affective meaning) Osgood[104]

SD

[68]
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[63]

Osgood

/

/ / /

9.2.2

SD [109, 110]

[133]

Gao [20]

7

-

- - 12

3

Ou [105] - -

- 10

(colour activity) (colour weight) (colour heat)

- -

Ou [108]

8

- - -

- 4 - -
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-

-

Sivik[138] -

-

-

Gao Xin[19]

2 -

-

- - (appearance)

9.2.3

[161, 140]

Pleasure Arousal Dominance

PAD [74] SAM [56] Valdez Mehrabian[161]

PAD Pleasure Arousal Dominance

Suk

Irtel[140] SAM Valence Arousal Dominance

U

1 Valence Arousal

2 Arousal Dominance
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9.3

9.3.1

[20]

[108]

9.3.2

1

part-of (p/o) attribute-of

(a/o) ( 9.1)

[53]

1http://www.hozo.jp/
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�������	����


��������������

���	

9.1:

9.1

YAMATO (Yet Another More Advanced

Top-level Ontology)2 [85] YAMATO

9.2 YAMATO

3D

(occurrent) (continuant)

YAMATO

[83]

component

-secondary -primary

-secondary

YAMATO

2http://www.ei.sanken.osaka-u.ac.jp/hozo/onto_library/upperOnto.htm



118 9

9.2: YAMATO
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YAMATO

[67] -secondary

YAMATO

( )

X ( )

[148]

YAMATO

YAMATO
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9.3.3

Barušs

[5]

[6]

(operationalization)

9.3: ( ) ( )

YAMATO (external state) (actor state action)

9.3

of what

9.3

of what
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depend on

9.4

YAMATO

on what

referring to YAMATO

“ ”

(brightness)

(lightness) “ ”

“ ”

( 9.5) YAMATO
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9.4: ( ) ( )

value

value

780nm

380nm 1nm

[70]
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-

-

2 2

-

( 9.5) - component

2

-

- -

- 16

[19, 20, 30, 109, 66, 75, 89, 133, 145]

9.1

component

- +

- −

9.3.4

(

9.6)

SD
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9.1:

- + +

- +

- +

- − −
- −
- −

- +

- −
- − −
- +

- +

- + +

- − −
- −

- + +

- + +

+/−

0

( 9.7)

value YAMATO
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9.4

9.4.1

YAMATO

[141]
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9.4.2

YAMATO

-

-
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[99]

“ ”

“ - ”

“ ”

9.4.3

27

8 2 17

2

16 CG

9 3

1 27

2

23 2

27 355 99

99 30

17 52

27

205
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- 16

205

16 130 63.4%

52

27 3

24 174

16 74.7%

16

- -

- -

- -

6

1

[127]

9.4.4

(1)

(2)
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YAMATO YAMATO

(1) (2)

(2)

1.1

9.4.5

16
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- -

Valence Arousal Dominance

- -

[55]

-

[159]

9.5

YAMATO
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9.5:



§ 9.5 133

9.6:

9.7:



10

10.1

10.1.1

10.1.2

YAMATO

YAMATO

134
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CIE

CIE

(CIE) CIERGB CIEXYZ CIELAB

CIELCh CIERGB

CIEXYZ CIELAB

CIELAB

CIELCh

(color matching)

CIERGB YAMATO

10.1.3
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10.2

(cd)

( 555nm)

( )

10.1 YAMATO

extrinsic accomplishment RGB

10.1

participate in (p/i)

(CIE)

10.2

YAMATO
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10.1:
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10.2: ( ) ( )
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10.3

10.3.1

CIE

10.3

YAMATO component

mesuement of ( 10.3 a)

component

10.3.2

10.3 (2)

-

- component
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10.3:
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10.3.3

10.3 (3)

component CIERGB

CIEXYZ CIELAB CIELCh component coordinate

input output

component input output

CIERGB

CIERGB

I (λ) r̄ (λ) ḡ (λ) b̄ (λ)

RGB 10.1

λ 380nm 780nm

( 10.2 )

10.1

CIE R G B ( 10.3 b)

R =

∫ ∞

0
I (λ) r̄ (λ) dλ

G =

∫ ∞

0
I (λ) ḡ (λ) dλ (10.1)

B =

∫ ∞

0
I (λ) b̄ (λ) dλ

CIEXYZ CIERGB

CIELAB

L∗ C∗ h

( 10.3 c)

input

output
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10.4

[89]

10.4.1

7 1 7

[20] - - -

- - - -

- - - - -

[140] red green blue 3 dark deep vivid

brilliant light 5 15 CIELCh

(PXLab)

(ColorEdge CG245W)

6

( )

3 91.2%

CIELCh L∗ C∗ h

1 C∗

−0.571 (p < 0.05) 2 L∗ 0.882 (p < 0.001) 3 h 0.902 (p < 0.001)

1 (chroma) 2 (lightness) 3

(hue) Gao [20]

7

[89] Gao

- CIELCh

LD = 9.922− 0.089L∗ − 0.052C∗

0.861 LD -

- CIELCh L∗
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C∗ -

L∗ C∗

-

10.4.2

10.4

-

component

-

component

component measurement of

coefficient

component

1 2 3

L∗ C∗ h

CIELCh

component

component -

L∗

C∗ h

10.4.3

1 (chroma) 2

(lightness) 3 (hue)
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10.4:
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C∗ L∗ h

C∗ L∗ h

( 10.3 c)

-

2

( 9.5)

L∗ C∗

10.5

YAMATO
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( )

Warm-cool Heavy-light Active-passive Hard-soft

[105] Harmonious-disharmonious [106]

CIELAB CIELCh [59] L∗
C∗ h

Ou [107]

-
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10.6

YAMATO
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V





11

WBT e-Learning

Educational Data Mining (EDM)

[4, 122]

[2, 88]

[3] [26, 29, 91, 143, 158]

EDM

[103]

Web

[144, 149, 162] [26, 88, 128, 143]

[103]

e-Learning

151
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11.1:

11.1

11.1.1

30

11.1 PC

11.1

1)

2)

3)

2
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4

3 4

11.1.2

5 PC 1280×1024

1

30

EMR-AT VOXER

3

3 2 1

4

11.2

EMR-AT VOXER PC x y

60 96-256

1 352-440 2 496-584 3 640-728

4 784-872 y

y

5 2

3
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35.8

2.4

6.7

14.8

32.8

4.9

40

44.4

26.9

92.7

53.3

40.7

4.4

�� ��� ��� ��� ��� ����

��

��

��

��

��� �	 
� �

11.2:

58

2

4

16.0% 18.7% 25.3% 40.0%

3 44.7% 18.0%

10.0% 27.3%

11.2 35.8%

32.8% 26.9% 4.4% 0%

14.8% 44.4% 40.7% 0%

6.7% 40% 53.3% 0% 2.4%

4.9% 92.7%

85.1% 93.3%

58 14

11 6 6 4

16 5
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11.4:

11.3
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学習者

心理状態推定モデル

メンタリング生成支援モデル

心理状態

ITS

LLI リソース

HLI リソース

休憩を促す・注意を喚起する ...

マウス速度・顔の動き ...

学習履歴・課題得点 ...

行き詰まり・集中力の低下 ....

補習課題の提案 ...

12.1:

12.1

(IMS: Intelligent Mentoring System)

[71] IMS

IMS ITS(Intelligent Tutoring System)

( )

( 12.1)

High-Level

Interaction(HLI)

Low-Level Interaction(LLI) LLI

IMS

e

HLI
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12.2

12.2.1

1 YAMATO (Yet Another More Advanced Top-level

Ontology)2

YAMATO

of what

of what quality

on awareness

12.2.2

YAMATO

referring to

YAMATO

1http://www.hozo.jp/
2http://www.ei.sanken.osaka-u.ac.jp/hozo/onto_library/upperOnto.htm
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12.3.2 Academic Emotions

(academic learning) (classroom instruction)

(achievement) Academic Emotions [114]

Achievement Emotions

Achievement Emotions Questionnaire(AEQ)

[116] enjoyment boredom anger hope anxiety hopelessness pride

relief shame

enjoyment boredom anger activity emotions hope anxiety hopelessness

prospective outcome emotion pride relief shame retrospective outcome emotion

(object focus)

(value) (control)

(valence)

[115] enjoyment

(valence) (activation) [116]

(object focus) (value)

(control)

enjoyment enjoyment

12.3.3

Academic Emotion Achievement Emotion

AEQ
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activity emotion outcome emotion
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focused outcome/prospective focused outcome/retrospective focused

prospective outcome emotion retrospective outcome emotion

activity focused outcome focused

occurrent

continuant

activity focused outcome/prospective focused outcome/retrospective focused

activity focused
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12.4

objective focus subjective value subjective

control Control-value Theory

objective focus

subjective value

subjective control

[96] e
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(value) (control)

Control-value Theory[115] objective focus activity enjoyment

anger value positive negative boredom

36

[1] Control-value Theory

positive affect negative affect boredom

(interesting/entertaining) (easy to concentrate)

positive affect negative affect positive/negative

value (bored) (tired

of activity) boredom subjective value

/ /

subjective value

subjective value / /
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Semantic Differential (SD)

- -
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- appearance
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SD

Self-Assessment

Manikin SAM SAM

SD

(Implicit Association Test; IAT)

(Affect Misattribution Procedure; AMP)

[58]

AMP

SAM AMP

(a) (b)

SAM ( ) AMP( )

SAM [140]
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AMP
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HRI [24]

(Anchoring Problem) [12]
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(HEO)2 [21]

YAMATO
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2http://www.semedia.dibet.univpm.it/heo
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