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 The purpose of this study is to investigate two issues of color harmony, i.e., 

the relationship between color interval and color harmony, and the influence of 

area factor (area balance) on color harmony.  In this study, color harmony is 

defined as the degree of preference for color combinations; color interval of a 

color combination is defined as the color difference in the CIELAB color space 

between the two component colors ( ∆�
��

� ); area factor is defined as the area 

ratio between the component colors in a color combination. 

 At the first issue, we assumed that the degree of color harmony is, in some 

manner, the function of ∆�
��

� .  To verify this hypothesis, an experiment 

displaying 2-color combinations with different values of ∆�
��

�  was conducted on 

CRT display.  And the subjects’ preferences for these color combinations were 

recorded and analyzed.  The experimental results reveal a cubic-curve relationship 

between color interval and color harmony. 

 At the second issue, we assumed that a color combination will be harmonious 

when the area ratio between the two component colors is inverse to the “color 

intensity” ratio between them. Another experiment was conducted on CRT display 

to record the relative preferences for varied combinations with the same 

component colors but different area ratios.  The experimental results show that 

no matter what the “color intensity” ratio of a color combination is, the relative 

preference for the combination is the highest when its area ratio is 1:1. 

 In the first part of this study, four different shapes are adopted in the 

experiment to reveal their influence on the perceived degree of color harmony. 

The results show that the differences of the degree of color harmony among these 

four shapes are  statistically significant.  

 Moreover, we found that the combinations with complementary colors have 

higher degree of color harmony.  Also, the combinations with “equal-hue” 

component colors will lead to higher degree of color harmony, while the 

combinations with “equal-luminance” component colors or “equal-chroma” 

component colors will lead to lower degree of harmony.  The combinations with 

subject’s favorite colors have higher degree of color harmony, in which the 

combinations with 2 favorite colors have higher degree of harmony than those 

with only 1 favorite color. 

Keywords: color, color harmony, color preference, color psychology, color 
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interval, area factor, area balance, uniform color space, UCS. 
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1.1.  ���� 

 s¬B®�¯°/±.�²H³D�±´�µ¶·¸/¹º®»�¼&�

½¾¿��ªÀÁ�ÂÃÄÅ��/Æ[ÇÈÉ	�,��ÊË.�	�ÌÍ8

ÎÏE��/ q/�ÐÑ:ÒÓ¬Ô�Õ��:	4���:	5/Ö�<0

×ØÙÚ&DÛÜÝcRÞß�"�à�,áÚ®/q@à�âã0	��� 

(color harmony) �ä�, 

 �}/� 20 åæ%ç/Rè�	����¡éê8ën�¬	�ìO/ì

M[í�pîMï (process of trial and error) RvðÒØ�,ñnqò�¡óô

õáQö/÷²±øù[ú(\/ }�Nûeü®/ýþn����¬�/}

[0é�R�a, 

  q/����%����ùST	����¡���/K"×�®R�Ò

�	���:	�7ST�O/p^�Ò@��	
���Ý����¡%&

:	�7, 

1.2.  ���� 

 1944 � Moon and Spencer �Ò�?@�	�������/�p��@

H{���	����í�� (Moon and Spencer, 1944a~1944c),�}/-�

ácüNOP%�Q�gh/q�¡��"nNû:	���f�b®/K[�

t��/ }�¹���� (Pope, 1944; Granger, 1953, 1955a),q !�mF
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@���c/p^%���"Ø��	����ä� (Granger, 1955b)/o#$

%&F�É�<h, 

 '�Ø/F()ác*0	�����í��E+�¬/}�,:	8@H

����Ü-�Mï (Birren, 1985; Granville, 1987)6omF�ác*0./�

q/%²H�"��	����ä�/0¼12AB*3	���4 (Kuehni, 

1989; Sivik and Hard, 1994),ën(\��5/AB(6	�������í�

�/K7	8[E�6%���"��	����ä�/mK78	8[¼T�,

~AB9:���Rè������/AB;<=	��>?.�@S, 

 FAnq/AB�#$	����3�BC ! DD 	��� !�	�

� ! DD E0�����CFGH/IJ%NO����"/Ø���3�

 !"	����#$,����Mï./ABKL� Moon and Spencer �¡

���M5/N����OP[��O� (pleasing/displeasing color intervals) %

&	:Q (scalar moment) �,qr/ABm"@���	����:	�7/

RNO�ghST�Q,S 7�Ò@�TU}´V�:	�7, 

 �@��/�ST���Mï./AB%@HW��bp^+ØSTNO/

0�XAB�NOgh�´ø¯:/ABmYZ�*+ !"	����#$N

O/%[\�*+ØST®[3��������/RÉ*+ !�NOØ\]

	��	���NOgh/K�\[\*+"	����#$ïf, 

1.3.  ���� 

 ����C8ñ������R^</���������?¦��?§�

�?¨�.P%_[/`���þï�a^�^ 1.1Ri,��4?@�5bc

ø����de���%&`����a^,�É�?'��¢£fg./��

%hác�	��������<h�vZ/iën����<h/�Ò���
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�CD�¤¥, 

 ����?@�����8��	� !�	���=2���/_[n?

¦�,�������./AB%UVWXYZ]	:	�bp^+/_`ab

c"[\:	Rde���ïf4.q:	�	���f5/� %jktu�

�"lÒ;<	�CIELAB	��q:	�	���f/3c2���",�q

����./\�m���¬	�����"	����#$/K"n��	�

��:	�7�%&Moon and Spencer�	����¡tnST�Q, 

 ?'�����8��	�� !�	���=2���/n?§�._

[,�������./AB\o%UVWXSTNO/_`abc":	(\

o��>[\�bp^+/Rde�("��ïf4.q:	�("	���

f5,NOghp"Moon and Spencer�Munsell�	���¡/ST�Q�>

{, 

 ?������8��*+ !"	����#$/_[n?¨�,���

����./AB%Kq�rs�tu�[Y7)�l�¦H[\�*+/tn

ST	��	�� !�NO,NOgh%�Û��tu¦H*+Rde��f

2���v, 

 ?©�0����g¡/�®[������Rw¹�gh/Ý@`Vv�

`�/K�Ò@xNü�:	�7,qr"n��.[ú	y=z/m�Ò�¡

&{yª«/|}" ~���FR2�, 
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2.1.  	
������ 

 ��  (harmony) 893��3�%®���Á/}�F��������

�@��-�6}/�����	�;�/�8	���4���/ 19935,

Burchett (1991) �s@�	�(����./%��tuù (content analysis) 

�#$	���� !k�< 6 �òn�	�� ! (order)�	�2(�v 

(similarity) � 	�� ! (area) � �¬���¢� ! (association) �	�

2�xÝü (interaction)�%&	�*+ ! (configuration) �,�� !�-

BCvP%��/7�� 2-1Ri, 

 %�AB�ö� 6ò !/��Ø��-.�	�� !�	�� !�	

�2(�v��¬���¢� !�%&	�2�xÝü��%háÚ®���

<h�vZ,#n	�*+ !/ñn-R������#$Mn��/qz[

 ¡G�¡,
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Ê 2-1.  	
�������Ë (Burchett, 1991) 

	
�����3�Ë 

$E�Ë (original) ¿Û�Ë (revised) 

ÜeÝ (%) 

¥Þ®¯ 

intuition 

+ß�� 

appropriateness 

¥Þ<Ï�+ß�� 

association 
27.2 

��à´ 

system 

�< 

interval 

�ÌÍ�� 

order 
23.4 

há_g 

juxtaposition 

>â�� 

proximity and configuration 

��f>�� 

configuration 
16.9 

�µ¶ 

area 

[ã 

angular size of color field 

µ¶± 

relative size of color field 

�µ¶�� 

area 
11.2 

�ä_g 

dynamics 

��WåæçÃ 

interaction 
10.7 

a_Ý 

family 

aèÝ 

affinity 

��Wa_Ý 

similarity 
10.2 
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2.1.1.  ����� 

 Ostwald �	����¡"	�� !¢0B£/-�,��	�2wF@

���E��/�}¤¬¥¦��§/�¨��§�:	�"�}��6©Î�

ø/���n���4���/ 19935,Ostwald *0/ªC8��«	�	

���¬	�	���	�	�%&��	½®�²H	�/ê}·Ê��/

�^ 2-1Ri, 

 qr/Munsell �	����¡%�	�2�������0ë®/�Ò�

©���ù7�¯°�� (vertical harmony)����� (interior harmony)�±

²®��� (circular harmony)�³����� (oblique harmony)�³´���

�� (oblique side harmony)�µ¶+��� (spiral harmony) %&·±+��� 

(oblong harmony) �4���/ 19935,¸=/ªC� Munsell 	¹V.ºÉ

GHFY»�¼½¾¿	�/À¼Ñ:Ò���:	, 

 Ostwald � Munsell �	�� !������¡FÌé�ÁÂH/�8�

�B²ÖRª¹�	¹V./ªC�@���7¾¿	�/À¼Ñ:Ò���:

	,�}/��¾¿�7KÆÃÐ�¡ë®/mÄFÃÐ��QöP%��/ª

}ø���78�/ü Ostwald� Munsell 	¹V�@HÀÅ�¾	KL, 

 

 

 

 

 

 

Òé�ê�á 

Òë�ê�á 

Òì�ê�á 

Ò~�í 

îïðñòóô�õöZ�Ò�aµÚ
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D÷øùúÚ Ú îïðñòóô����N�OPDQRSDjðûüÚýþ��Ú ïðòýUy�DZ�/�á��

��¼º�#{���Q�	
{Ú ù���UyÚ

 Moon and Spencer (1944) 7�Ò{´V�	��M5,�B*0���:

	¼�;<	=2���/t<�ò�Æ4.�H���O�5�\@ (identity)�

òÇ (similarity) %&"> (contrast)6}[���:	7¼t0�?@ÈÉ (1st 

ambiguity) �?'ÈÉ  (2nd ambiguity) �Ê� (glare) ��H�[��O�,

Moon and Spencer ���;<	2���%²H	�Ëu (color interval) �	

�12®P%�Ì/�� 2-2 Ri, 

 q@M5¢FÍ�=z�n���OP[��O�CD��Ò DD ��C

D���@H���	����í��,o¼Î�8/Moon and Spencer��¡

�Ò= /-�ác%NO�ùST�Q/ghK[��-�¡��bv 

(Granger, 1955a), 

 

 

Ê 2-2. Moon and Spencer��ÌÍN� (JND : just noticeable difference){

�TMunsell ��à´ (Moon and Spencer, 1944a) 

�� o�� ¬K< �K< �a< 

Ç/ 

identity 
 0�1 JND 0�1 JND 0�1 JND 

 �/�� 

1st ambiguity 
1JND

1

2

�  1 JND�3 1 JND�7 

Ëè 

similarity 
 �

�

�

�
��  3�5 7�12 

 �6�� 

2nd ambiguity 
�
�

�

�

�
��  5�7 12�28 
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I± 

contrast 
 

�
�

�
���  > 7 28�50 

 
�� 

glare >10   
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2.1.2.  ����� 

 �n	�� !/�ç{ÉÏ��¡F3H�Munsell �¡%& Moon and 

Spencer �¡, 

 Munsell *0~;<	����-�f���f��Ð�<d>�/q:	

Ñ}�� (Granger, 1953)� 

 
�

�

� �

� �

�

�

� �

� �

=  (2.1) 

".  � �� ��  0	� i �	� j ���6� �� ��  0	� i �	� j � Munsell 

�f�6� �� ��  0	� i �	� j � Munsell �f�, 

 �@��/Moon and Spencer 7*0#$	��� !0	:Q (scalar 

moment in color space) DD :	.²;<	�	:Q=2/Þß(��<0©

Î`J>�Ñ}�� (Moon and Spencer, 1944b)/Ò. 

 
� �

� �
�

� �

� �

=  (2.2) 

". � �� ��  0	� i �	� j ���6 � �� ��  0	� i �	� j �	�12®

�ÓqH¹ÔeH (adaptation point, N�Munsell N5) �ÕÖ/�ã0�	:

×�4 � � �= + −� �
�� �� � / �  � �  tn0q	�� Munsell �f��

f56Moon and Spencer *0~ �  0 1�2 � 3 �Ñ}��, 

2.1.3.  ��	
�� 

 	�2(�v�-Ì89�:	.�;<	=2/́ FG�(\�(Ç�v

4�/q:	À}��,N�~;<	�	((\�/ABã-0��	(:	�6
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~;<	��f��f�(��/7ã0���:	�,qrmF���f:	��

���f:	���,�8��	����¡.ýØ�@�:	�7 (Heddell, 

1988), 

 ç[�Ostwald �Munsell 	����¡./\omÙÚ����74Ostwald 

��ÛÜ�ë�®�8%�v40¾	ë®�5,�}/���7"	����

#$/#$%&F¬%NOP%Q�, 

 qr/Moon and Spencer�ö Birkhoff �ÝáÞ" M = O / C 4M�Ý�

ïf/ O� ��f/C� ��f5/�Ò�@���	�2(�v�F��	

���Þ" (Moon and Spencer, 1944c)� 

 M
O

C
=  

". M 0	����ïf 

 C = (	J) + (F Munsell 	(���	"J) + 

  (F Munsell �f���	"J) + 

  (F Munsell �f���	"J) 

 O A n
i
h
H
i

n
i
v
V
i

n
i
c
C
i

i 1

5

= + + +
=
∑ � �  

4A 0	�������ßJ/A m
1

0 5m
2

0 25m
3

= + +� � /-. m
1

m
2

m
3

� �  t

n0~	:Q0 1, 2, 3��	"J6 i �i²H	����1 0\@/2 0òÇ/

3 0">/4 0?@ÈÉ/5 0?'ÈÉ6 � � ��

�

�

�

�

�
� �  0tn�	(����f

���%&�f��/´F? i H	����	"J6H
i
V
i
C
i

� �  0tn�	(�

���f���%&�f��/´F? i H	�������ýJ,5 

 N�� 5R 6/8� 5R 5/83H	�/%·Ê(�	:Q���>;<@:	 
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(.� = �)/7 

 C = 2 + 0 + 1 + 0 = 3 

 O = 1 + 1 (1.5) + 1 (0.7) + 1 (0.8) = 4.0 

 -. 1.5�0.7�0.8tn0	(\@��fòÇ��f\@���ýJ,q

:	�	���f0M = O / C = 4.0 / 3 = 1.33, 

 �}/qÞ"K[0-�ác��QghR�� (Granger, 1955a),[MA

B0(6�	�2(�v��	����¡./eFBC�#$:,#n-.�

à�Ð#$/7FáS@U���, 

2.1.4.  �������� 

 �� !�Burchett �tò.8BCvS|�@�4� 2-15,â�/�[

\¢�ã¿�#$�/[\���c"\@H:	/¢¼}Fä�[\�§a,

�N®/./Êå�(\�¢��æO/"	�����¬��0FE��¼

},m�; �q/	���Ñ�ç#$è%é%vðÒ{�������¡�

�, 

 0�\"Î	����¬���%&":	����¬��/3cFÐ�

�/F�ác (Granger, 1955b; Hogg, 1969) ST�%����c�ê@ë¬"

²HÎ	���ïf/�=Ot0|��f�.��f�ì��f�ò/ií[

\��f�Î	;<²H:	/� "n[\�:	�"4|��f	�î|�

�f	�/|��f	�î.��f	�/|��f	�îì��f	�….5�

abc"q:	���f/3c=2���ØP%��, 

 Granger %��  (ranking) ��"ST®[NO/gh-(�ïfK[�

É,}\o���/Hogg%ï-�nù (semantic differential rating) STNO/

-ghðF�É�;(�,!�3c�gh[ñ@ò/oAB*0�¬��"n
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	���4	���5�#$ez8E��, 
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2.1.5.  ��	����� 

 	�2��xÝütóô~">  (successive contrast)�\�"> 

(simultaneous contrast) �õh,qò�xÝü"n	����#$/#$%&F

¬P%��, 

 Chen and Yu (1996) ���¬ò£ö÷øf (visual acuity) �	�\�">

=2�����./ùü  OSA 	�12E0NOtu��	�ú�/\�� 

OSA 	�12.Ã-3	H=2�ÕÖ/�Ì0q3H	��">�,-��

gh�iOSA	�¼E0	�">��û, 

 �r� Chen �üý¡¢./m/üCIELAB	�ú�ª¹	�">�û�

4_þ�/19965,� CIELAB 	�ú�./3	=2�	�4∆� ��� 5.0

q'	�CIELAB	�12.��H=2�ÕÖ� 

 ∆ ∆ ∆ ∆� � � 	��� 	� �� � �� � �� 
= + +� � �
�

�  (2.3) 

". L*, a*, b* 0CIELAB	�12.������4^ 2-25, 

 OSA � CIELAB 	�12ê8�ç�eü®¢0Â����	�12

4Uniform Color Space; UCS5,Rè���	�12/89�q	�12./�

ÕÖ�Ã3�	�/�¬�R§ö�	���8(\�, q/AB¼%ü3	

��q12.��ÐÕÖ/Ø�iq3	�	���/Ò.	�,�}¹�ç0

�/	8���	�12K[E�/ABª}�ZF�'Ç��	�12P%/

ü/N�OSA�CIELAB�/}�¡¢.0ã=0��	�12, 

 ñ®[Chen���gh�i/Rè�	�\�">/Ç+¼%ü��	�

12.�	�Ø %�����Z6�	=/~AB
[@"	�=2�	��/

ABm\�
[��"	��\�">ïf, 
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� 2-2.  CIELAB ���� (Wyszecki and Stiles, 1982) 
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��������	
��

3.1.  ���� 

 s®[�¢£fg./é�¼�Ò#$	���� !8�Ð����Ðx

(#$É,��� !�/AB¾-.�	� !4�Burchett�tò.�n

	�� !5�	�� !�*+ !/E0������/-�ñ8�AB*

0�	��������./��� !8SBCm8Së�� !/\��ç

¬���.m8Sýâ���,p"�3� !/ABR�Ò�CD��� 

 1. �n	� !�CD�Moon and Spencer �	����¡% Munsell 	

�12®��f���f���	(�0�û/tn"	���O�[��OP

%�Ì4^ 3-15,�÷[¡-.���OP[��O�Ëu������;�

v�Ð/AB"q@M54���OP[��O��M558�a�,�}/A

B*0¬�"n	����8`Vv�/K[��£�öMï./Ot<	(�

�f��f�Hx(Ï¹�=fØP%L�,qz/ABCD���	�12

./3	H2�ÕÖ4	�5¼%\�ÙÚ�f���f���	(�/�c�

	��®�-Ì6Ò.~Ã-3	()�/w��-�¼} !�#$/-	�

��f4H5�3		�4∆� 5=2EFGHIJ��4^ 3-25� 

 � � ��� ��= � �∆  (3.1) 

 2. �n	�� !�CD�AB*0~;<	��� (A) �z;<	���

��ïf (S) <d>�/-:	Ñ}��,Ò. 

 � � � �� � � �=  (3.2) 

�Munsell�	���¡./��Rè�����ïf (S) â�Ì0;<	�f
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��f�Ð�4" 2.156}"Moon and Spencer}	/79�8�	:×�4"

2.25,�}3H�¡./�àÐcÑ8{;���AB��NOgh.ST>

{/Kp^k�Ò�¦~��Ì, 

 3. �n*+ !�CD�3	()�/[\�*+���"	���f*

<#$, 

 

 

 

 

 

 

 

 

 

 

 

^ 3-1.  Moon and Spencer	����¡i-^ 

�� (3.7) 

�� (0.7) 

�� (-1.3) 

���	 (-1.0) 

�
�	(-0.2) 

1.0 

10 

Munsell�� 

�
�
�
�
�

 

1.0 
�� (0.8) 

���	 (0.0) 

�
�	 (0.0) �� (0.1) 

�� (0.4) 

7 

Munsell�� 
�
�
�
�
�

 

1.0 

�� (1.5) 

�
�	 (0.65) 

�� (1.7) 

�� (1.1) 

���	 (0.0) 50 

Munsell�� 

�
�
�
�
�
�
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^ 3-2.  ���CDi-^ 

3.2.  ���� 

 1. ñn#$	���� !¢�/w�@j��RFä�/�F¬:��

:&�2®��é, q/������	� !�	�� !�*+ !/"

	����#$/\�m�����¬��"	����#$, 

 2. ����p"]	:	��ÆP%��/ }��gh¼}{[¦ün

�	:	��+,!�ABÊË.{ýØ�:	�Æ8�	:	4Ò.\�F�

H%®�	�Ñ:�@���Æ5/o�����sSë��]	:	/ØST

	��������/IJ����]	:	�	����¡ë®= /n ~

��./}ô~vðÒ�	:	�	����¡, 

 3. ���ùüUVWX (CRT) E0YZ	���ù/�CÉ�nUV	


�	��Àv���v,�}/!ìM@� !�J�"�/UVWXRYZ�

	��#$� (tristimuli) ���®�	%	��#$�¼}(�/oñnUV

WX	
8@H
&	/��n7
&	�ÁV	/3c0EF£ö®���,

 q����gh¼}{¦ün	
:	=KL, 

 4. *+ !�NO./ABª�Kq�rs�tu�[Y7)�l�¦H

*+��ST��/�CL�8Cú�t'RF�'	()=*+��,�}/

�0�Æù�RF�*+��8(t'/-��ghª}\]���RC���

�
�
�
�
�
�

�� � ∆� ��

�� 

���	 �� 

�
�	 

�� 
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«�/KÝ0��*+ !"	���#$���ë®, 

 5. NO.�abc�0()æOaé*+,ïf%®=-�.//÷0n

�2�ì1�¤¥/é%23{��abc, q/����gh{}ø�()

æO-�./"	������de�Z4, 

 

 

 

��������	��
����

4.1.  �� 

 � Moon and Spencer�	����¡./�íG@:	8���/8%-

;<	2�	(���f�%&�f�ØtnP%L5� (Moon and Spencer, 

1944a),�}/�o��í�ù�@ë¬���	��£�öìOK[(6,~

AB"G@:	§¹�7�4�iq:	"AB}	8���5/ABK[8 

0tn§a¹-;<	=2�	(��é��f��é%&�f��é /8�

Û9-��f/��-|nGHïf�/Ñöw�76�:;ø/AB�£�ö

MïK[�0��í:	��</}âOt<�Hx(Ï¹��íû�/S i

�ghP%8�4^ 4-15, 

 

 

 

 

	(�

�f�

�f�

8�Û9�
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� 4-1.  Moon and Spencer��������������� 

 � 3.1=./AB��Ò�o�CD����	�12./3	H=2�Õ

Ö4	�5¼%\�ÙÚ�f���f���	(��c�	��®�-Ì�/

��CD�'-89�¬��a¹RØ�:	./²;<	=2	���é>�

#$/}"q:	§¹[\���ïf,ABwsChen and Yu (1996) �£ö÷

øf�����Ø�/®[CDÇ+¼ñ	�">��H}w¹���¬�"[

\ïf">�:	/�F[\��£de DDChen and Yu ���8p"Ê�d

e}	/���78p"��de}	�, 

 N�@�ñ 5R 4/14�N10;<�:	/�@�ñN4�N10;<�:	/

3c({=�/��çc;<	=2�	�">4	�5> cØwé,sÊ�

deØ�/AB�?çc�£ö÷øf> cé/8 0çc�	�">4	�5

{é�@A6BC/ws��deØ�/7çc8�� 	�">4	�5{é

�@A/}·Ê{|���fD4�^ 4-2Ri5� 

 

 

 

 

� 4-2.  � !"#������$% 

 

	���4	�">5
	���f
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 p"��CD�Eä/AB����.DÛ@xNO/Xabc�UVWX

®��´F²H	�;<�:	4]	:	5/_`abc"��:	���ï

f4Ò.q:	�	���f5,NO�gh%�Û�ùSTtu/��OQA

B�CD4FÒ	��	���f=2���5=r/m\����¬	�G�

"	����#$/K"Moon and Spencer����¡%&��	����:	

�7/tnST�Q, 
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4.2.  ��	
 

4.2.1.  ���� 

 �NO�C���]	:	��Æ�/;<	�	��	���f=2��

�,-.ÖßJ0;<	=2�	�/�-	���v���4	(���f�

��f�5/ ßJ70q:	=	���f, 

(1) ÖßJ 

 �NO�?@;ÖßJ0:	.3�;<	=2�	�/-�Ì03�;<

	���	�12./-��H=2�ÕÖ,���Rùü���	�120

CIELAB	�12/-	�4∆�
��

� 5��Ì0 

 ∆ ∆ ∆ ∆� � � �
��

� �� �� � �� � �� �= + +� � �
�

�  (4.1) 

-. 

 �
�

�
� � �= −��� ��

�

�

�  

 �
�

�

�

�
� �� � � � �= −�		

� �

�

�

�

�  (4.2) 

 �
�

�

�

�
� �� � � � �= −
		

� �

�

�

�

�  

(L*, a*, b*) 0	��CIELAB	�12.���6X, Y, Z0q	���#$� 

(CIE 1931)6� � �
� � �
� �  70��«	��#$�,".� � � � � �� � � � �

� � �

�Þßén 0.01, 
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 �NO�?';ÖßJ0:	.3�;<	=2�	���v��/Ò.	

(���f���f�,�;ÖßJ����.��üØ��	���vtn�

	� !.�("BCv=r/müØ�QZF�	����¡,AB/ü�3

H	�ú�Ø�Ì��ÖßJ/.Munsell	�ú�� CIELAB	�ú�, c

��f4L*5H�Ìn" 4.2./}�f4C*57�Ì0 

 � � �� �� �� � �� �= +� �
�

�  (4.3) 

3	2��f�4∆� �5��f�4∆� �5¼eü" 4.2�" 4.3tnlw,#

n	(�4∆	 �5��Ì/���ùü SeveRIJ�Û9" (Seve, 1996)� 

 ∆	
� � � �

� � � � � �
�

� � � �

�  � � � � � � � ��
=

−

+ +
� � � �

� � � � � �
	 �

�

�

 (4.4) 

(2)  ßJ 

 �NO� ßJ0:	4]	:	5�	���f/AB�-�Ì0���

c"q:	���ïf�, 

 NO�Mï./ABXabc�� 1035;ñ[\	�;<�]	:	/K

abc0��:	P%�t4tJËu0 0L100t/% 10t02M5/�t�

��0���®�7��:	�ïf�, 

 �STN%tu�/���t�â�9< 0L1.0=2�J�, 
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4.2.2.  ���� 

 AB�NOçRO�²��
/tóbp^+�DÛ�	�o��¾¿�W

X	��P;�NOþïQ¥�N%z���ù�½¾:q�RSD
�/é�

_[��� 

(1) bp^+DÛ 

 0�TU*+ !"NOR¼}·Ê�VW/ABDÛ�@��NO.X�

Y�[ß�bp^+/�^ 4-3Ri,��^+80�}ú�ÙÚ 2 	()�²

H¼}ÒZ�*+��/}WnP%DÛ�, 2 	()��²H*+��./

S�C�F¦H�Kq�rs�tu�%&[Y7)�l�/�^ 4-4  (a) L (d) 

Ri, 
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� 4-3.  &'�(
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� 4-4. 
��)*�+,-("./(a) 012(b) 342(c) 562(d) 789):

;< 

 

(2) 	�o�¾¿ 

 0�Xbp^+4^ 4-35.�	�4	�o�5}ú�ÙÚ`�	�12

�¼}	�/ABcsPCCS	�ú�.�� 8H	��vivid, bright, deep, dull, 

pale, light-grayish, dark%& achromatic�/�^ 4-5Ri,�ö��	�/is

Munsell	�ú��²	(.ST¾	/@Á¾¿� 46H	�o�, 

 �®[8H	�./vivid	�°�¾ÖMunsell 10	(.�	6achromatic

	�4.Æ�	57¾Ö Munsell N10, N8, N6, N4, N2, N0 � 6 	6pale, 

light-grayish� dark�	�%Munsell�fP�f0 8/4, 5/4� 2/4�ctnP%

�Ì/sMunsellë� 5 	(.¾	6bright, dull� deep�	�7�öMunsell

²	(��+Z/[��`Nû¾	��f��f= /tnsMunsellë� 5 	

(.P%¾	 4N� bright	�./5YR��f> 5PBØw|6dull	�./5R

(a) 

(c) (d) 

(b) 
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��f> 5GØw|5,RFì¾¿�	�o��\`@Ri, 

 NO.Rùü�bp^+�ñ� 46H	�33;�}</ q]@�	`

NOtó� �
�

�� �	��=  ;pO (trials),qr/AB%Munsell N50bp^+

²u�ã¿	, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N10 

N8 

N6 

N4 

N2 

N0 

8/4 

5/4 

2/4 

bright 

dull vivid 

deep 

pale 

Light-grayish 

dark 

Munsell �	(� 

ã¿	�N5 

achromatic 



 

 28

 

� 4-5.  ��=����>? 
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(3) WX	��P; 

 ñn�NO8�UVWX®ST/ q"nWX�	�^�v���vÞß

P%_`,�}/[\�UVWX4./\@±aÅ5-�	��Æê[@o/

b#\@(WX�]jce= /mê�F����	��,0�\�WX�	

�^�vä�/AB¾ü�	^�v{|�UVWX  (ViewSonic 15GA 

Monitor)/]jSTNO=ç�XWXÇtde4#Í 30 te5,qr/�N

O=ç/êc%@xP;�ù/ST�	�J�f;,AB�P;�ù��� 

 a. %t
b	R (PR-650 SpectraColorimeter) �bWXg (R=255, G=0, 

B=0)�WXh (R=0, G=255, B=0) �WXi (R=0, G=0, B=255) �HWX

	�Nû	��#$� � � � ��� � � �� � � � � �
� � � � � �

 �� � � �� � �
� � �

,�ö

��;J�/¼lwWXRGB��RjYZ	�=�#$� (X, Y, Z)/3c=2

�lv��"� 

 � � � �
 � � � � �

� � �

� � �

� � �

� � �

� � �

� � �

=























−


�� 
�� 
��


�� 
�� 
��


�� 
�� 
��

�

 (4.5) 

AB¼��cñê��?RjYZ	�� X, Y, Z �#$�/i�ö" 2.5�9

<WXRGB�/ñWXP%YZ,�}/ABvZNû®WXRYZÒ	�� X, 

Y, Z �#$�4%t
b	Rbw5/�ABRIJYZ�	��#$�=20

FR��,AB*0-.�� 0	��WXRGB��Nûbw� X, Y, Z �#

$�/3c2K7lv��, q/p"ñ" 2.5RÛ9ÒØ�gh/ÞßST

f;,f;�ùt0Æ�	f;�F�	f;3H, 

 b. Æ�	�f;�ù8/ST®[�HWX	��b= /i%t
b

	R�b 7HWXkl	��mf4.	��#$�.� Y �5/K%jk�"
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lwklmf�f;IJ/qIJ�+"��4Âý0'j�ï"5� 

  � �= � �  (4.6) 

". O 8ABRIJnÒ (output) �WX®�klmf6I 780�o¹q�

�/}ÞßcnG (input) �mf, 

 �^ 4-6Ri/�&ìf;ç��nGmfînÒmf���klK[8l

v�  DD~ABnGjYZ�klmf 
�
�/WXK[�YZABR|J�m

f�
�
/}8YZmf�

�
,wABIJWXYZmf�

�
�Æ�	/7ÞßnG 

�

�mf, q/~" 4.64^.Nûkl�jk"5lw= /wABIJWX

nÒGHkl	��4�
�
5/¼c����klmf4 

�
5LM" 4.6 "�<

f;mf 
�
�k	/qk	�X, Y, Z�#$�nG" 4.5 /"�<WX RGB

�/YZ�WX®/.w¹ABR���klmf4�
�
5, 

 

 

 

 

 

 

 

 

 

nÒ�O (Output) 

��kl 

Nûkl 

1.0 

1.0 
nG� I (Input) 

O2 

O1 

I2 I1 
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� 4-6. @A�B�CDEF�<G�HIJKLMNOPIJQRS�@AB�TKH

IUK9LRSVWXY�@AB�ZN[\&�]VW&^_ 
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 c. F�	�f;7%®[Æ�	f;�ù0ë®,ñn&f;ç�nÒ	

�F�fG|��+4�^ 4-7Ri5/ qABc%pîù (trial and error) F

ÒNOüWX�	�f;�J � � � �� � �� � � /�� 4-1Ri/� �F�	�

f;� (x’, y’, Y) �RjYZ	� (x, y, Y) =2����Ì0� 

 x’ = � �� ⋅ − +�  � 	 ���� 	 ����  

 y’ = � �� ⋅ − +�  � 	 ���� 	 ����  (4.7) 

 Y’ = � � �� ⋅ +∆  

". ∆�  0Æ�	�mff;��/Ò.RjnÒmf0 Y �Æ�	/-nG

mf4Ò.� YpG" 4.6.�O= /Rlw� I�5�jnÒmf2���, 

 �f;� (x’, y’, Y’) nG" 4.5 /"�<WXRGB�/YZ�WX®/

.w¹ABR|J�	�,�}/ñn®[	f��=2�"�Mï0lv�

"/�Nû��+�F��/ qf;gh0F��G�4��NO./é[F  

1.04 % �q�G�/rØ\`�5,qr/� 4-1�f;�Jmª¦ün���

R/ü�NOüUVWX/-�[\WX�f;�J�F����, 

 

A 

B� A: f;ç	f�� (x, y, Y) 

B: f; 	f�� (x’, y’, Y’) 

W: ��« W 
0.33 

0.33 
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� 4-7.  `�����CDEF�ZCIE���_ 
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a 4-1.  �b#cd���CD.TZefg#� !�VhgOPRS_ 

 � �  � �  ��  

R 0.58 0.67 0.77 

YR 0.63 0.87 0.77 

Y 0.90 0.95 0.87 

GY 0.97 0.70 0.86 

G 0.79 0.63 0.83 

BG 0.78 0.87 0.73 

B 0.75 0.53 0.77 

PB 0.65 0.53 0.88 

P 0.37 0.55 0.91 

RP 0.55 0.95 0.65 

 

(4) NOþïQ¥�N%z���ù 

 RFNOþï/tó	��[\	�ú�2�"��	�P;�	�YZ�

NOST�%&NOJö�_`�/�%MFC (Microsoft Foundation Classes)s

</�UVWX®tT,qr/NOgh%Cï	STJ�u9�`�/Kìñ

SPSS�ÛvVST�Ûtu,`�N%u9�þï/�^ 2-8Ri, 

 

 

 

 

 

MFC C SPSS

	�P;��

NOST��

NOJö=� �Ûtu�
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� 4-8.  �Vh�ijklm� 

(5) ½¾:q�RSD
 

 0TU[ÞC�
lVW/�NO�@�%¬	wxMyrz
l�{2�

ST4UVWX8q{2�|@�
lØ&5,NO.RO�S}D
tó� 

~V 

 PR-650 SpectraColorimeter 

 586 Personal Computer System 

 ViewSonic 15GA Monitor 

 VGA Card, Super-3 805, 16.7 M (True Color) 

vV 

 Microsoft Windows 95 

 Microsoft Visual C++ 4.0 (Standard Edition) 

 Borland C++ 2.0 

 SPSS 7.0 
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4.2.3.  ��� 

 K�NO�abcÁ 30Ó/�0é*+,ïf%®�	£ö;ý��¬,

-���n 20�¹ 31�=2/q���0 25.33�6.v 20Ó//v 10Ó6

DÛã¿c 19Ó/7DÛã¿c 11Ó, 

 0�babc�NO6f  (reliability)/AB�NOMï.%B�pO 

(test-retest) �deghÛ9]Óabc�(��J/�q(��J�Ì0ab

c�6f,abc6f�tw�+�^ 4-9 Ri,AB¾¿-.(��J0 0.5

%®cSTNOtu��¡/ÁÛ 15Ó,-� 15Óabc�NOJö7[ ù

�, 

Correlation between 2 responses

. 8 8. 7 5. 63.5 0. 3 8. 2 5.1 30. 0 0-.1 3

8

6

4

2

0

St d . De v = .2 7   

Mea n  =  . 4 8

N = 3 0. 0 0
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� 4-9.  30no&p� test-retestq��".T[r� 
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4.2.4.  ���� 

(1)  	�P;�]jNOç�STWX�	�P;4rØ 2.2.2=5, 

(2)  	£ö�b�KabcSGNO{2/K%	ö�ý�ê� (Ishihara chart) 

��abc	£ö;ý= /iST%��NOU�, 

(3)  NOçb�%UVWXYZNO@R/ü� 46H	�o�4�\`@Ri5/

Kabcs-.�¾ÒS�7��H	�/�^ 4-10Ri,qçb���[

�n�ê�çþT	���	���/}80�tuÎ	��f":	��

f�#$, 

 

� 4-10.  Vhs&�RSXY 
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(4)  NO�	<NOçb= /c�STNO,%UVWXYZjbp�:	 4^

4-115/Xabc��K_`"z:	���ïf,_`��"0�s 0t

¹ 100t=24tó 0�10�20�30….100t� 11HtJ5¾¿@�ab

c*0S¦~�tJ/E0"z:	��t,�t��0���®�7��

:	�ïf�,]j�t �F@jf{�t�e�,]ÓabcÁST 1050

;�tpO (trials)/-.tó 1035 ;NûpO/� 15 ;B�pO,��

1050;pO./AB��� 3jabc���26Ò.�? 263;�? 525

;�? 788;pO�/�F 1L5 te����2,NO.RYZ�^+:

	j��YZ�=�%�J��,`�NO�STé[OC 1>�, 

 

� 4-11.  Vh��RSXY 
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4.3.  ����� 

 AB�15Ó6f{|�abc�¾ÒØ 4"B�pOde�(��J�0.5

%®c5/"-NOJöST@ú���Ûtu,NOgh¼t0 4()�(1) 	

����	������� (2) "Moon and Spencer	����¡��Q�(3) "

��	���:	�7��Q%& (4) ��	�:	����, 

4.3.1.  �	
���	���� 

 bc� 15Óabc"�n:	���fP%q�/.lwz:	�q��

�f4.	���f5,AB%:	.3;<	=2�	�4∆� ��� 50�q�/

R"e:	�	���f0¯°�/7��Ò�^ 4-12���^,s^®�Ø/

-"eHÖ���+7ý�B/�+�[Ò	���f�	�=2FÐH��,

�}/AB0¼vZ-.Ç+�'ÉGH��, 

C o lo r difference in C IE LAB

160140120100806040200
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� 4-12.  �����tCIELAB�uv".�wx� 
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 0�}�÷���Òq@��'�����à0Ð/AB��q�® ( ∆� ��� ) 

%] 10 ∆� ��� Zt@��;,�\@��;./RF"eHâ£0	�(�/

���"eH�	���f8(q�% /.lwz�;�q�	���f,�

	=/ABcX	�� �f�ì/� i��"en[\	�4ì �f�	

�5�q�	���f/�q=2E�ÉÐH��,-gh�^ 4-13 Ri/A

B¼%����ÒGH����É	�4�q�5[í�P/-R"e�q�	

���f4¯°�6H 5Ç+ºÉ@�±�kl��{ßDDc8�|/� �

ì/� ��|,��±�kl¼üjk��"lw,�^ 2-14 Ri/�8@

��jkl/-jk"0 

H = � � ��� � �∆  
 � � ���= �  

= + × − × + ×− − −� ��	� � � �� � 
 �� � � ��� � � � �� � � � � � � � � � � � �∆ ∆ ∆� � ��� �� ��  

  (4.8) 

Óqkl�'jJJ0 0/7lwqkl�dkH (inflection point)/Ò.� 

 � � ��� ��� � � � � � � � � �∆ ∆= × × + × × × =− −� � 
 �� � � � �� �� �  

⇒  ∆� ��� �= �	 ��  

 � � � � ��	 �� � 	�	
=  

wsdkH4	�0 75.27/	���f0 0.50545�� @��ql/7��

qkl�n�H4t'dkH�5,��H��q���tn0 

 ∆� ���

�

�

�

=








�� ��

�	 ��

��� ��

 

��J�¼ìñl\ � � ��� � � �∆ = � 	�	
}Û9¡w, 
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C o lo r D ifference in C IE LAB

14 91231 048 56 545267

9
5%
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� 4-13.  ������ 95%qyzvtCIELAB�uv�".� 

C olor D if ferenc e in C IELA B
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� 4-14.  {|������CIELAB�u}~�;� 

�
�

� ���= �  
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� 4-15.  �d��6ZI, II, III, IV_ 

 

 AB�ö��H/�klZt<¦H	�Ëu/�^ 4-15 Ri,�¦H	

�Ëu (I, II, III, IV) Ç+� Moon and Spencer (1944a) 	����¡.��?

@ÈÉ (1st ambiguity)���òÇ (similarity)���?'ÈÉ (2nd ambiguity)�

%&�"> (contrast)��¦�O¢("e,�	�Ëu I� IV./	���f

�É	���P}�|/o	�Ëu I�q�	���f��>	�Ëu IVØw

ì,�	�Ëu II./	���fc�	���P}�|/°¹O¢S|H0�/

� c�£¤/#dkH0�,	�Ëu III�klW¥�	�Ëu II¦�®�

(d/oçc�q�	���f{ c0ì, 

 0�\�¦H	�Ëu=2���ïf/AB% t-testST¦H	�Ëu.

	���fq������Û��,gh�i��É�� 0.05��+�/²	�

Ëu�	���fq��=2 4	�Ëu I� II=26	�Ëu II� III=26

	�Ëu III� IV=25�NF�É���/�� 4-2Ri, 

Color Harmony 
.80 

 

 

.70 

 

 

.60 

 

 

.50 

 

 

.40 

 

 

.30 
0     20    40    60    80    100   120   140   160 

            Color Difference in CIELAB 

I II III IV 
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a 4-2. �d��6��b�������HG{|K�� t�� Z* aE p<0.05_ 

Region No. N Mean 
Std. 

Deviation 

Std. Error 

Mean 

I 1395 48.4731 21.95678 .587870 

II 9480 51.1593 18.14350 .186345 

III 4380 50.2808 19.34267 .292267 

IV 270 54.0741 19.69267 1.198458 

 

 t-test for Equality of Means 

95% Confidence 

interval of Mean 
Regio

n 
t df 

Sig. 

(2-tailed) 

Mean 

Difference 

Std. Error 

Difference 
Lower Upper 

I - II -4.356 1685.7 .000 * -2.6862 .6167 -3.8957 -1.4765 

II - III 2.534 8048.5 .011 * .8785 .3466 .1989 1.5579 

III - IV -3.124 4648 .002 * -3.7933 1.2142 -6.1736 -1.4129 

 

 ¼Ø�¦H	�Ëu�Zt8F-Ì�DD~AB>{3H:	�	��

�f�/w3c;<	�	��tn�n	�Ëu I� II/7¼%�bçc�	

���f> cØwì, 

 ®[tu�% 15Óabc�`Vq�ghØP%L�/ghÇ+´FGH

@ò����W¥,�}/�����^.4^ 4-125/-"eH�twZÆð

�tÖ�,0�\�8�ñnabc��n��}Jò�gh/AB%®[Zt

�;��ù/��� 15Óabc��n��kl/�^ 4-16 (a)-(o) Ri,-.

é(t�klê´F®[¦H	�Ëu�W¥/�}F�kl/-	�Ëu II�

III�O¢S|H�O¢SìHK[�t��/b#FO¢S|H�O¢SìH[

E���+/�^ 4-16 (h), (k), (l) Ri, 

 AB�ö� 15�kl�jk�J4� 4-35/tnÛ9�nkl�dkH�
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�/ghvZ-.��abc k jkkl�dkHÓqWn¢§%r/-� 14

�dkH�CIELAB	��4∆�
��

� 57F3.���4�^ 4-17Ri5/-

q�� 74.5�`Vkl�dkH	�� 75.277ý�', 

 ñq¼Ø/./�abc��n��P%L5/®[¦H	�Ëu�W¥�

�8E��,qr/ABvZdkHÇ+8@�´F@òv�"eH/��W¥

Ç+¼%��AB/�dkHE0¦H	�Ëu=Zt�ö�Eù, 

 qr/��®AB�	�ô~¨t<	(���f���f��c,BC�

�c"®[¦H	�Ëu�W¥/²´F©Co�#$:D�AB�����c

�	���f=2�����^4^ 4-18L^ 4-205/K%òÇ®[Zt�;

��ù/����c�	���f 95%6ªO2��� 4̂^ 4-21L^ 4-235, 

 s��^®>{�c�"eHtwZÆ/Ç+��f���4^ 4-195-

t�{03./m{F�����DD~�f�«>/-R"e�	���f7

«>,ABi�� 95%6ªO2��^/\ovZ��f���4^ 4-225´F

òÇ®[¦H	�Ëu�W¥,ñqAB¬��P%Ií��	(���f��

�f��c./�f�8��	���fSBC� !, 
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(a)

Su bje ct a.

Color Difference in CIELAB
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(b)

Su bje ct b.

Color Difference in CIELAB
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(c)

Su bje ct c.

Color Difference in CIELAB
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(d)

Su bje ct d.

Color Difference in CIELAB
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(e)

Su bje ct e.

Color Difference in CIELAB
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(f)

Su bje ct f.

Color Difference in CIELAB
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� 4-16.  ��o&p�H{|������CIELAB�u}~�;� 

�
�

= 0.934 �
�

= 0.656 

�
�

= 0.869 �
�

= 0.750 

�
�

= 0.860 �
�

= 0.896 
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(g)

Su bje ct g.

Color Difference in CIELAB
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(h)

Su bje ct h.

Color Difference in CIELAB
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(i)

Su bje ct i.

Color Difference in CIELAB
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(j)

Su bje ct j.

Color Difference in CIELAB
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(k)

Su bje ct k .

Color Difference in CIELAB
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(l)

Su bje ct l.

Color Difference in CIELAB
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� 4-16.  ��o&p�H{|������CIELAB�u}~�;�Z�_ 

�
�

= 0.805 �
�

= 0.989 

�
�

= 0.526 �
�

 = 0.753 

�
�

= 0.888 �
�

= 0.932 
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(m)

Su bje ct m.

Color Difference in CIELAB
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(n)

Su bje ct n.

Color Difference in CIELAB

160140120100806040200

.90

.80

.70

.60

.50

.40

.30

.20

.10

Observed

Cubic

  

(o)

Su bje ct o.

Color Difference in CIELAB
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� 4-16.  ��o&p�H{|������CIELAB�u}~�;�Z�_ 

�
�

= 0.803 �
�

= 0.612 

�
�

= 0.762 
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Co l o r  d if fe r e n c e  in  C IE LA B

10 0. 09 5. 090. 085. 08 0. 075. 070. 06 5. 06 0. 0

6

5

4

3

2

1

0

S t d.  Dev =  11 . 54  

M ean =  74 . 5

N  = 14 . 00

 

� 4-17.  14�������	
������� 

a 4-3.  15no&p�H�����tCIELAB�uv".���}~[� 

Independent:  Color difference in CIELAB 

    No.  Mth  Rsq  d.f.    F     Sigf   b0      b1        b2        b3 

    a CUB  .934  11   51.69  .000   .42   7.3E-03   -1.2E-04   5.6E-05 

    b CUB  .656  11    7.01  .007   .38   7.6E-03   -8.2E-05   2.8E-05 

    c CUB  .869  11   24.28  .000   .44   5.5E-03   -1.2E-04   6.9E-05 

    d CUB  .750  11   10.99  .001   .24   7.9E-03   -1.6E-04   7.8E-05 

    e CUB  .860  11   22.45  .000   .52   5.7E-03   -9.3E-05   4.4E-05 

    f CUB  .896  11   31.44  .000   .33   1.2E-02   -1.7E-04   7.8E-05 

    g CUB  .805  11   15.15  .000   .56   5.4E-03   -9.8E-05   4.8E-05 

    h CUB  .989  11  324.60  .000   .58   1.8E-02   -2.0E-04   7.7E-05 

    I CUB  .526  11    4.08  .036   .58   1.8E-03   -4.0E-05   2.2E-05 

    j CUB  .753  11   11.16  .001   .24   1.7E-02   -2.8E-04   0.0001 

    k CUB  .888  11   29.14  .000   .26   8.0E-03   -7.0E-05   1.6E-05 

    l CUB  .932  11   50.34  .000   .22   9.2E-03   -1.2E-04   5.6E-05 

    m CUB  .803  11   14.92  .000   .21   1.0E-02   -1.9E-04   9.3E-05 

    n CUB  .612  11    5.78  .013   .32   1.1E-02   -1.7E-04   6.8E-05 

    o CUB  .762  11   11.73  .001   .27   1.4E-02   -2.0E-04   8.3E-05 
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H ue Difference in C IE LAB
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� 4-18.  �����tCIELAB��Z∆� �_uv".�wx� 

Lightnes s  Dif ference in C IELAB
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� 4-19.  �����tCIELAB��Z∆� �_uv".�wx�

Luminanc
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C hrom a D ifference in CI E LAB
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� 4-20. �����tCIELAB��Z∆� �_uv".�wx� 

15151201803754658259451020100512001650189021453675N =

Hue  Dif f e rence in  CIELAB
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10524084081012603120253527453870N =

Luminance D if fe rence  in  C IELAB

88.1398

71.5249

66.7237

54.3738

43.8999

34.8808

25.4771

14.8514

4.3565
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6030046593015002610289529103855N =

Chrom a D if fe rence  in  CIELAB

81.4658

74.5523

64.3800

54.7780
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5.0154

9
5
%

 C
I 
C

o
lo

r 
H

a
rm

o
n
y

62

60

58

56

54

52

50

48

 

� 4-23. ����� 95%qyzvtCIELAB��Z∆� �_uv�".� 



 

 56

4.3.2.  �Moon and Spencer�������	
 

 ��������	
������I, II, III, IV���� Moon and Spencer

�����������  (1st ambiguity)!"�#� (similarity)!"��$

�  (2nd ambiguity)!%&�'( (contrast)!)�*+,-'./0123�


45����6789:;�<�/=>?����@ABC�DEF�G9

Moon and Spencer@HI�����JK-���"LM���%&�M�

��)�%&N@'.����M
9O�P2Q�RS-T/ 

 ��UV�WX9Y�Moon and Spencer@HI�Z�����
[\

N@'.�]^���M9OT_@ �̀��+a6��+!�bc
d% t-test

efHg>hi9Ojkl�mn�o/ 

(1) -�Wp 

 qrMoon and Spencer (1944a) ������
stuvwi�-

�� 1 JND%x
yz�{�-!|-�� 1 JND}7hiyz���� 

-!|-�� 7}12hiyz�#�-!|-�� 12}28hiyz��

$� -!|-�� 28}50hiyz�'(-!�~ 4-2�/N��{�

-!"�#�-!��'(-!����+
1���� -!���

$� -!���6��+|��+����M.�(6��+e8�/ 

 s���2Q�r�����-����%��
G�%[\Z�]^

���Mhi
9OT_Moon and Spencer�bc/01
��P�F�2Q

�����d���	���� -!�u��
=>���GN���

-���C�(�/�~ 4-4@�
]^���M���9�{�-!(55.76 

%)
���9�'(-!(49.66 %) ���$� -!(49.73 %)/k0?�

Moon and Spencer�bc6T����$� -!�]^���M.�9�
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��
012QRS k�N]^���M��'(-!-{/>¡
�

Moon and Spencer����
�'(-!(1.7) >�{�-!(1.5) >�#�

-!(1.1) >��$� -!(0.65) >���� -!(0.65)
1?¢£¤¥¦

§�2Q�RS6T�2Q�RSzY�{�-!(0.56) ¨�#�-!(0.53) 

>��$� -!(0.50) ©�'(-!(0.50) �/ 

 

a 4-4. cdMoon and Spencer ���6��b������HG{|K�� t

��H�n/%Z* aE p<0.05_ 

Relation in 

Munsell Hue 
N Mean 

Std. 

Deviation 

Std. Error 

Mean 

identity 1800 55.7556 18.6923 .4406 

similarity 4800 53.3708 19.4285 .2804 

2
nd
 ambiguity 4800 49.7292 19.7623 .2852 

contrast 12000 49.6558 19.7688 .1805 

 

 t-test for Equality of Means 

95% Confidence 

Interval of the Mean 
Compared 

Item 
t df 

Sig. 

(2-tailed) 

Mean 

Difference 

Std. Error 

Difference 
Lower Upper 

identity 

- similarity 
4.5 6598   .000 * 2.3847 .5315 1.3428 3.4266

similarity 

- 2nd ambiguity 
9.1 9598   .000 * 3.6417 .4000 2.8576 4.4258

2nd ambiguity 

- contrast 
.22 16798   .828 .0733 .3376 -.5884 .7350

 

(2) LM�Wp 

 qrMoon and Spencer (1944a) ������
stuvwi�LM

�� 1 JND%x
yz�{�LM!|LM�� 1 JND}0.5hiyz����
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 LM!|LM�� 0.5}1.5hiyz�#�LM!|LM�� 1.5}2.5hiy

z��$� LM!|LM�� 2.5}10 hiyz�'(LM!|LM�� 10

%��yz�ª«LM!�~ 4-2�/N��{�LM!"�#�LM!��'

(LM!����+
1���� LM!"��$� LM!��ª«LM!

���6��+/ 

 ��2Q�����d���	���� LM!��ª«LM!�u

��
=>���GN���LM���C�(�
RS�~ 4-5@�/N]^

���M�
�'(LM!(54.07 %) >��$� LM!(52.06 %) >�#�L

M!(49.49 %) >�{�LM!(44.56 %)
?k0¬Moon and Spencer�bc6

T���'(LM!(3.7) >�#�LM!(0.7) >��$� LM!(-0.2) >�{�

LM!(-1.3)|N��#�LM!�]^���M.�(��$� LM!e

8�
012QRS ®-¯/ 

 

 

a 4-5.  cdMoon and Spencer ���6��b������HG{|K�� t

��H�n/%Z* aE p<0.05_ 

Relation in 

Munsell 

Value 

N Mean 
Std. 

Deviation 

Std. Error 

Mean 

contrast 16230 54.0659 19.3084 .1516 

2
nd
 ambiguity 5100 52.0647 19.8314 .2777 

similarity 5310 49.4878 19.2524 .2642 

identity 4410 44.5578 21.2000 .3192 

 

 t-test for Equality of Means 

Compared 

Item 
t df 

Sig. 

(2-tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Mean 
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      Lower Upper 

2nd ambiguity 

- contrast 
-6.4 21328 .000 * -2.0012 .3120 -2.6127 -1.3897 

similarity 

- 2nd ambiguity 
-6.7 10357.3 .000 * -2.5769 .3833 -3.3283 -1.8256 

identity 

- similarity 
-11.9 9007.7 .000 * -4.9299 .4144 -5.7422 -4.1176 
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(3) �M�Wp 

 qrMoon and Spencer (1944a) ������
stuvwi��M

�� 1 JND%x
yz�{��M!|�M�� 1 JND}3hiyz���� 

�M!|�M�� 3}5hiyz�#��M!|�M�� 5}7hiyz��$

� �M!|�M�� 7%��yz�'(�M!�~ 4-2�/N��{��M!"

�#��M!��'(�M!����+
1���� �M!���$� �

M!���6��+/ 

 ���2QRS�~ 4-6@�
��$� �M!����� �M!z

���M��5
?k0§¬Moon and Spencer�bc6T���{��M!"

�#��M!��'(�M!�]^���M.�(���� �M!���

$� �M!e8�
°2Q�RS -¯/ 

a 4-6. cdMoon and Spencer ���6��b������HG{|K��

SNK��H�n/%Z* aE p<0.05_ 

Relation in 

Munsell 

Chroma 

N Mean 
Std. 

Deviation 

Std. Error 

Mean 

2
nd
 ambiguity 4080 53.3456 19.6665 .3079 

1
st
 ambiguity 6390 52.6948 20.2380 .2532 

similarity 9240 51.3506 19.6124 .2040 

contrast 4770 50.6688 20.0334 .2901 

identity 6570 50.4962 20.0941 .2479 
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Student-Newman-Keuls

6570 50.4962

4770 50.6688

9240 51.3506

6390 52.6948

4080 53.3456

.056 .080

Relation in
Munsell
Chroma

identity

contrast

similarity

1st
ambiguity

2nd
ambiguity

Sig.

N 1 2

Subset for alpha =
.05
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 ���Munsell-�"MunsellLM��Munsell�M�±5
&N@'.

����Mhi�¥¦²³
´µ�¶ 4-24}¶ 4-26/(�?±·¥¦²³

�¶ 3-2�Moon and Spencer@�¸�¥¦²³
�%¹º»5d6¼½5j?

¾¿�ÀÁ���Â0¶ 4-26 ÃÀeÀÁ�¿
°N23'.Ä��ÅÆÇ 

ÈzÉÊ
�
�§���/�>�7
Moon and Spencer�Munsell-�"Munsell

LM��Munsell�M�±*ËM�
'�{�!"���� !"�#�!"

��$� !��'(!)��HI�²³ÌÍ
d6ÎP2Q�RS@ÏÐ/

01
Ñ?±*ËMR_w�*ÒÓ�ËMh½��P�F@ÔV�∆�
��

� �


2QRS@~º¸e�ÌÍ T_Moon and Spencer@`����� !"�#

�!"��$� !��'(!)ÕÖ�¶ 4-15�/ 

 

 

Color Harmony

Var ia tion  of  Munse ll Hue

50403020100

.56

.55

.54

.53

.52

.51

.50

.49

.48

Observed

Cubic

 

� 4-24.  ������Munsell��u}~�;�ZR
2

0942= . _ 
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C olor Harmony

V aria ti on  o f  Munse ll Va lue

86420

.56

.54

.52

.50
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Obser ved

Cubic

 

� 4-25.  ������Munsell��u}~�;�ZR
2

0 943= � _ 

C olor Harmony

Var ia t ion  o f  Mu nse ll Chrom a

14121086420

.55

.54

.53

.52

.51

.50

Obser ved

Cubic

 

� 4-26.  ������Munsell��u}~�;�ZR
2

0 673= � _
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 ������� CIELAB ∆ ∆ ∆� � ��� �� ��	
�����������

������� 4-21�� 4-23���� Munsell����Munsell  ��� Munsell

���!"�	
����� 4-24�� 4-26��#!
$%&'()�*+,-.�

��/0��Munsell����	
$%�� 4-24��1"23
4�������

567���8)9:;�<=>;?@ABCDE�FDEG���>)H����

I 50�14�JKL;MK9�� CIELAB ∆� ��	
���N�� 4-21��>A

DE
4�OP�Q���RSH
4��T+ 

 ��������	
����
���������
�������

 !"�Munsell#$
%&'()%*+,- CIELAB#$./0123

45�6.
789:;�<=
>?�@ABCCIELAB#$DE
'F7

89G��HIJ?KCLMNO
PQRST%*
<=,UC 10 F%*

VWXYLMNO
Z�[>"\]^�_`a%*
<=,��%&`b

cd
eB@�fgh
ijk> 
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4.3.3.  ���������	
�� 

 l$@7�%&`b
m%�nh	]MYop (Heddell, 1988)�(1) q

r%
m%�n (the principles based on complementary color relationships) C

s  (2) � ()
m%�n  (the principles based on a common color 

denominator)> 

 7�t�pm%�nu��
vw�x:J�-%�y�-z,{�-&

,@|}~��m%�nU9 4-21�9 4-23[3���C CIELAB %*

U∆�
��

� [.�,%&�-��vw�}~���nU9 4-14[> 

 7�t�pm%�nn:��J���G4�����
>��
���

����m%�n�U�z,��&,[y��%�m%�n�y��z,m%

�n�Cs��&,m%�n��>��
P�Y��������ns���

���n
m%-;o���%&`b,
h��C t-test.���*�:

� ¡> 

 ¢�t���nY���m%�n���
PQ£:¤��
m%¥��

�
m%o�
��%&`b,.¦C-;§A�¨�©�n��ªC t-test

���*�:� ¡«§��vw¬��*� ¡®u��
vw}~��

m%�n> 

 ��
��vw� 4-7� 4-104®>�G¯f��%�m%�n�°±

��vw
}~ U�%�m%¥��%�m%
��%&`b,M²Y 55.65 % 

b 50.34 %o�³f$´@
 ¡*�[>�µ����m%�n�y��z

,m%�n�Cs��&,m%�n����vw ®�����n
m%

¶3³f;S
��%&`b,>·¸¹u��
°º����%�
m%:

;»¼
!����y�z,b�&,
m%n�^/;»¼> 
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a 4-7.  �K���9�Z�������_H�{|������� t�� 

870 46.1609 22.57776 .765458

14655 50.9915 18.62932 .153888

Munsell
Value and

Chroma

Equal

Unequal

Harmony

N Mean

Std.

Deviation

Std.
Error

Mean

 

-6.187 940.573 .000 -4.830551 .780773 -6.3628 -3.2983

Equal

variances

not

assumed

Harmony
t df

Sig.

(2-tailed)

Mean

Difference

Std. Error

Difference Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means

 

 

 

a 4-8.  ������9�H�{|������� t�� 

1125 55.6533 18.37347 .547791

14400 50.3354 18.89157 .157430

Munsell Hue

Equal

Unequal

Harmony

N Mean
Std.

Deviation

Std.

Error
Mean

 

9.111 15523 .000 5.317917 .583679 4.17380 6.46200

Equal

variances

assumed

Harmony

t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means
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a 4-9.  ������9�H�{|������� t�� 

2205 45.9002 20.95646 .446286

13320 51.5188 18.42221 .159621

Munsell

Value

Equal

Unequal

Harmony

N Mean

Std.

Deviation

Std.

Error

Mean

 

-11.854 2796.38 .000 -5.618542 .473973 -6.5479 -4.6892

Equal

variances

not

assumed

SCORE
t df

Sig.

(2-tailed)

Mean

Difference

Std. Error

Difference Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means

 

 

 

a 4-10.  ������9�H�{|������� t�� 

3015 49.6484 19.40751 .353448

12510 50.9792 18.77260 .167840

Munsell

Chroma

Equal

Unequal

Harmony

N Mean

Std.

Deviation

Std.

Error

Mean

 

-3.471 15523 .001 -1.330792 .383397 -2.0823 -.579289

Equal

variances

assumed

Harmony

t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means
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4.3.4.  �����������	 

 �½Fm%G�¾¿��4»À
V%�¿���Ám%
»ÀÂ,Ã2

3Ä¨ÅÆ3�½Fm%G ��¾op»À%�¿����Ám%
»ÀÂ

,Ã23¨�¯�¾�p»À%
ÇÈÅÆJ���É��¤Cop-;


P�.ÊË@BÌÍ�(1)Î�� °º�
F²-;«(2)aÏ-;> 

(1)  Î�� °º�
F²-; 

 ÐK��Ñ���AºUÒ 46p%ÓGÔÕ 3p»À%[¥��
vwU�

�"� 46p%ÓooOÖ
×%m%.¦CØM[Î�� °º�F²-

;µ����¾»À%yb��¾»À%�opm%ÇÈ���»À,¹Ùf

_� �C t-test��o�:�f ¡
*�>Ú� ��¾op»À%
m

%"��ÛW°º�3¸¯f 3Om%:���Ó
m%ÇÈU C
2

3
3= [

2\�Ü-;> 

 -;
vw�9 4-274®>���¾»À%yb��¾»À%�opm%

ÇÈ15W°º�GÛ�W�A�
��»À,|;¨>ÝC t-test��opm

%
»À,*�����vw ® 15W°º�Gf 12W
»À,*�³f

$´@
 ¡)U ¡ÞßY 0.05[� 4-11y 4-124®> 
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��� 
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� 4-27.  15 no&p�#5����t75����u��H�p{|��

���� 
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a 4-11. 15no&p�#5����t75����u��H�p�{|���Zwith/

5����2without/75����_ 

Subject 

No. 
Favorite colors N Mean 

Std. 

Deviation 

Std. Error 

Mean 

without 903 55.6368 9.6851 .3223 a 
with 132 56.2879 11.1482 .9703 

without 903 56.0133 10.3405 .3441 
b 

with 132 69.0909 11.2877 .9825 

without 903 47.7962 21.7401 .7235 
c 

with 132 48.8636 20.9561 1.8240 

without 903 29.3023 22.1580 .7374 
d 

with 132 38.2576 21.0233 1.8298 

without 903 60.9413 10.3861 .3456 
e 

with 132 67.1212 9.1243 .7942 

without 903 56.2901 12.9331 .4304 
f 

with 132 64.7727 12.6289 1.0992 

without 903 62.8128 12.4875 .4156 
g 

with 132 66.2879 12.2571 1.0668 

without 903 49.1251 18.4309 .6133 
h 

with 132 54.2424 19.6582 1.7110 

without 903 59.3245 11.2366 .3739 
i 

with 132 59.3182 11.3375 .9868 

without 903 45.2824 17.9770 .5982 
j 

with 132 54.6212 19.1182 1.6640 

without 903 48.9369 15.8562 .5277 k 
with 132 53.7879 16.7847 1.4609 

without 903 45.2713 23.2481 .7736 l 
with 132 56.0606 19.4095 1.6894 

without 903 32.0044 13.9038 .4594 
m 

with 132 43.1061 15.3897 1.3395 

without 903 46.0244 19.5126 .6493 
n 

with 132 56.9697 19.7673 1.7205 

without 903 53.4994 16.6596 .5544 
o 

with 132 57.8788 17.4754 1.5210 
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a 4-12. 15no&p�#5����t75����u��H�p{|����� t

��Z* aE p<0.05_ 

 t-test for Equality of Means 

95% Confidence 

interval of the Mean No. t df 
Sig. 

(2-tailed) 

Mean 

Difference 

Std. Error 

Difference 
Lower Upper 

a -.637 161.215   .525 -.6511 1.0225 -2.6702 -1.3680 

b -13.410 1033   .000 * -13.0776 .9752 -14.9912 -11.1640 

c -.529 1033   .597 -1.0674 2.0167 -5.247 2.8899 

d -4.365 1033   .000 * -8.9553 2.0517 -12.9811 -4.9294 

e -7.135 184.364   .000 * -6.1799 .8661 -7.8887 -4.4711 

f -7.059 1033   .000 * -8.4826 1.2016 -10.8404 -6.1248 

g -2.993 1033   .003 * -3.4750 1.1609 -5.7531 -1.1970 

h -2.954 1033   .003 * -5.1173 1.7324 -8.5167 -1.7179 

i .006 1033   .995 .00629 1.0483 -2.0507 2.0633 

j -5.529 1033   .000 * -9.3388 1.6890 -12.6531 -6.0245 

k -3.258 1033   .001 * -4.8510 1.4888 -7.7724 -1.9296 

l -5.807 190.490   .000 * -10.7893 1.8581 -14.4544 -7.1242 

m -7.840 163.296   .000 * -11.1016 1.4161 -13.8978 -8.3054 

n -6.010 1033   .000 * -10.9453 1.8213 -14.5192 -7.3715 

o -2.803 1033   .005 * -4.3793 1.5622 -7.4449 -1.3138 
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(2) aÏ-; 

 \-;P�:¤4f 15 W°º�
��vw�àá�����¾»À

%y�¾�p»À%y ��¾op»À%�'pm%ÇÈ-;°º����

'pm%
��»À,�C t-test��'�¹Ù:�f ¡
*�> 

 -;
vw�9 4-28 4®��»À,â¨
:�¾op»À%
m%

�ã:�¾�p»À%
m%3âS
n:��¾»À%
m%>��ÝC

t-test ��'p��»À,¹Ù
*�����vw ®'��f ¡
*�

U ¡ÞßY 0.05[� 4-13b 4-144®> 

 "@BopP�
-;]C¬�äx:ÒF²-;y{:ÒaÏ-;.

�»À%
åJ¥���Ám%
»À,:æ³ijk
>·¸¹�m%

GåJ¡çè¿��4»À
%&�n\m%é»À
Â,¤ç¨Uêë\m

%
%&`b,ç¨[> 
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 74



 

 75

a 4-13. �#75����t5��d���u��H�p{|����� t�� 

13545 49.8841 18.8520 .161983

1935 56.2326 18.2315 .414459

Favorite

colors

without

with 1

Harmony

N Mean

Std.

Deviation

Std.

Error

Mean

 

-14.521 15523 .000 -6.348515 .451791 -7.4459 -5.6748

Equal

variances

assumed

Harmony

t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means

 

 

 

a 4-14. �#5��d���t5��d���u��H�p{|����� t�� 

1935 56.2326 18.2315 .414459

45 65.5556 17.3933 2.59283

Favorite
colors

with 1

with 2

Harmony

N Mean
Std.

Deviation
Std. Error

Mean

 

-3.395 1978 .001 -9.3230 2.74646 -14.709 -3.9367

Equal

variances

assumed

Harmony

t df

Sig.

(2-tailed)

Mean

Differenc

e

Std. Error

Differenc

e Lower Upper

95% Confidence

Interval of the Mean

t-test for Equality of Means
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4.4.  �� 

 uì
vx]MYíîïð��� 

 1. ×%m%G
OÖ%%*U∆� ��� [¥Ám%
%&`b,¹Ù³f

½pñ�78>Ñ���
vw��¬�\78:'ãòó
ñ�78U�

4.8[>�G]¤%*ôõLMYíö�íöbMoon and Spencer4÷
�t

�øù�y�ú��y�t�øù�y��-��³f��
cî> 

 2. Moon and SpencerCMunsell%�*yMunsellz,*yMunsell&,*�

�`böû�`bö�ôõ�ü�m%»À,U%&`b,[4Ä6
ýº

þu��
��vw����> 

 3. ��l$%&`b
m%�nu��
��vw}~�G�qr%


m%�n�«Ú��� ()
m%�n�Gn¯f��%�m%�n�¥�

�vw���µ����m%�n�y��z,m%�n�Cs��&,m%

�n���¥��
vw�¶> 

 4. Ñ�u��
��vw×%m%G§�¾T¿��4»À
V%�

n¿���Ám%
»ÀÂ,¤-��¾»À%
m%./¨>\� ��¾

op»À%
m%�»À,¤¨�¯�¾�p»À%
m%> 
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�������	�
�����

5.1.  �� 

 %��2� (area balance) �é�Yij%&`b
	�2�¹�(Burchett, 

1991)>����J�

m%@����
%&�´Ö���3����


%&�´Öh��>!:��Ó
%&:���
%&Æ��Ó
%&�

�X����
%&�Æè���
%&Á�Üè�
���Æl$@fo

F¡�
�x���9���ÌÍ¦C��b�ü��YMunsell%���

x��YMoon and Spencer%���x> 

 Munsell 
%���x�Y�m%G�OÖ%
��¥�z,�y&,�


��Ö¶-�\m%� `b (Granger, 1953)�� 2.14®>]^Munsell

�4÷
%&���Â,�üYÁ%&z,�b&,�
��> 

 !�P�Moon and Spencern�Y����9`a%��
h�C"

Ö�#�$��%&���'�@�9C`a(kh�."Ök)
�$�
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Ó>��%&
�#�$3 ̧*�åf�pú�k)�$
+,-.Moon and 

Spencer/¹Y�%k)� (scalar moment in color space)>'�@k)
�üY

(k¥k0
��3�%k)�né�üY%��¥�%k0�
��>�G

�%k0�Y½%&J%&1ÙG
W2î±34î (adaptation point) ¹Ù


56UJMunsell%&1ÙG�34îYN5[>Moon and Spencer��ª-6

�OÖ%
�%k)�-�Y 1y2y{ 3�Ám%� "Ö�#�$U! 1-

2{ 37 "±�$[�� 89`b (Moon and Spencer, 1944b)�� 2.2

4®>�G��%k)�
-�Y 1�%��b�%k0�¹Ù:À:¶-


78>]^%&
���Â,�Moon and Spencer3¸;:-�%k0�> 

 "@4B�x:Munsell{Moon and SpencerJµ�
%���xG�

åf�<
%&��OÖ%
�� (A) bÁOÖ%
���Â, (S) Ö¶-

��m%� `b>�9 5-1 (a), (b) 4®Munsell �xb Moon and Spencer

�x�%��
=>�f�� 5.1
?�� 

 � � � �� � � �=  (5.1) 

� Munsell 3¸�G
 S YÁ%&z,�b&,�
��«3� Moon and 

Spencer3¸�G
 S nYÁ%&J%&1ÙG
W2î±34î
56ë

4÷
�%k0�> 

 �op�x��%&���Â, (S) 
�ü@��åJ¡@h*�>

�AB�p�üJ�
m%@³f;C
%&`býº)�ÆJ Granger 

(1953) -; Munsell ¥Moon and Spencer%���x
��Go���%&

`b
ýºß=,A�Y 0.73©�Y 0.18U%&`b,ýº�¥�
�¹

Ù
�78�[ ® Munsell 
%���x��%&`b
ýº);C>��

�vw��nD~EF
G,>Ju��G���¤��ú�
��> 

 YTÊËOÖ%
��-¢�Ám%
%&`b,4HÖ
ij��J�
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�G�´T�I��J°º�JKLMN@¿�³f� OÖ%y� ��-


m%U×%m%[OP°º�
FQ»À���m%��RS�RT
3

S"KL¦CUV�W·Ö�4
���%&`b,�U��ü^ 5.2.1�[>

��vwC$´PQ��MX ��Î�Munsell ¥Moon and Spencer
%�

��x¦C��> 
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� 5-1.  �������EF�/(a) Munsell��2(b) Moon and Spencer�� 

(a) 

A1 

A2 
S1 

S2 

���� 

���� 

A2 

�b� (N5) 

A1 

���� 

���� 

S1 

S2 

(b) 
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5.2.  ���� 

5.2.1.  ���� 

 u��=�:ÊËJOÖ%� 
×%m%ÇÈ�� ��-�%&`b

,
ij>YZ�YOÖ%
��-2Z�nY\m%¹���%&`b,�> 

(1) YZ� 

 u��
YZ�Ym%GoOÖ%
��->��G[�� 35 ã�� 

(trials)Û�ã��GJ°º�¿� 6p� m%y!� ��-
º�9?>

� 6p��-:"M²\]b\^oFOÖ%
��h�3_/� 

 
�

�

�

�

�

�

�

�

�

�

�

�
� � � � �  

êë 

 0.17, 0.40, 0.75, 1.33, 2.50, 6.00> 

(2) 2Z� 

 u��
2Z�Ym%
���%&`b,�>b���Utíì[4÷


�%&`b,�� ¹`J��%&`b,�:-J��-a��Z (1:1) 


Ç?�2� 
OÖ%3bc¿��� 
»À,«���%&`b,�n:

-JOÖ%a��Z
ÇÈ�2� 
��-3bc¿��� 
��»À

,> 

 !�F� î:�%&`b,�
��:°º��m%
deØM«3��

�%&`b,�
��n:Ñ�°º�JÛã�� (trial) G� 6p� ��

-!� m%¹º�9?
»À3S¦CW·3_/>W·PQY 
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 �
�

� = −�
�

 (5.2) 

�GPY°º��Ám%
»À3S���Yf� 1�6¹Ù
:a�U1®

â»À�ãY 23….«6®â�»À[«� �Y���%&`b,�I´

g©����� 1.0, 0.8, 0.6, 0.4, 0.2 ¥ 0.0> 

5.2.2.  ���� 

 u��hTº�9?�´bm%ÓuÕi��µ4f��A
��ßj�

MN%&
k:y��lÂmn¥��`�
PQyopm2¥qr�j��

¥���� Us^ 4.2.2�[> 

(1) º�9?�´ 

 u��
º�9?tu@uvY���U9 4-3[>!���
º�9?

GoFOÖ%
��-a�Y 1:12\Ju��w�5� 6 p��-
Ç?

��9?*xÝyz{|>\`��CÂ�mn
PQDEº�9?�PQ

��4BUÂ�
��}^~Ví[> 

 J�

DE@º�9?:"oF%���3Ö
�9 5-24®>t�

F%�:�¾aFº�9?
h����Y � � 	
 �
� �

��Y R>t�F%

�n��Jt�F%�@:�p³f�ò?�
%����ó�¾o���

�òóyCsh���@
½���>DE@̄ �¤��ó�À©��%&

t�F%�ëDE�Ö>���ó
PQMY'Fª�ëDEt�����ò

óyh���@
�óyCst�����òó> 

 t�����òó
DEPQY�K����Ú���òó
cîëh�


�� � � 	
 �
� �

�©Z�T��´g���òó
���. (x, y)� 
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� 5-2.  &'�(����  

 

 x = 

�
 + movingR * cos (movingAg) 

 y = �
�
 + movingR * sin (movingAg) 

�GmovingRbmovingAg
c��M²Y 0b½FZ��Uë��}G
Z�

m_fInitAg���¤��t�F%�
5�P�3YTJÛã��GJ 6

Fº�9?
5�P�aÏ�	\��¤Î� 6p� h�
��-3yz`

a!��� 
��¤C��89� 
aÏ5�P�[�¡��
A�

o�M²CmovingStepb angleStepUo��Y��[ �\]d±�movingR
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\]ÚRUh���[Y�\ët�����òó
 î> 

 h���@�ó
DEPQY�Òt�����òó
 î¡�CRY�

����¾
¢,Y pi * m_fCurrentArea>�G piY��£m_fCurrentArea

YÁOÖ%
��8�ë 2/7, 4/7, 6/7, 8/7, 10/7, 12/7� 6F��U� 6F��

¤��Áº�9?
OÖ%��-[> 

 t�����òó
DEPQbt�����òóú�� `J�t��

���òóC movingStep b angleStep  �\^d±���.¤±h���

� � 	
 �
� �

 Y�> 

(2) m%ÓuÕi 

 u��
m%Óu:Ò���
 1035Om%ÓuGÑ����
vwÔ

Õ6 35O>ÔÕ
�nf�� 

 t���n:4ÔÕ
m%¥��¾�ph�
%&`b,>JÔ6


35Om%G��¨%&`b, 15OyG%&`b, 15OyCsS%&`b,

5O> 

 t���n:J� 35Om%ÓuG�Om%
OÖ%¹Ù¥��¾�p

h�
%*U∆� ��� [Cs�ph�
%k0- (arm ratio)> 

 4fIÔÕ6.
m%ÓuCs4�4
OÖ%%*y%k0-�~V

�4®> 

 

5.2.3.  ��	 

 ¦¥��
°º�[ 16W�Yh§¨©Â,C@y%�#:�
ªQ>
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�«¬Mf� 19®± 37®¹Ù��«¬Y 26.50®«̄ ) 12W°) 4W«

�´±²� 14W³�´±²� 2W> 
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5.2.4.  ��
� 

(1)  %&k:�Ûã��A���MN
%&k:Us^ 4.2.2�[> 

(2)  %�#�º�´°º�����µÙ�C%#���¶ (Ishihara chart) 

=�°º�%�#:�¹©Ý��C�
��> 

(3)  ���ÛO�� (trial) GKLMN@ �5� 6FOÖ%� y!��-

� 
m%U9 5-3[J°º�¿��UV�� 6 Fm%
»À3S>U

V
P�Y�Z»À3SC·¸-.J� 6 Fº�9?@O� (click) ·¸

¹ºÁº�9?
¹@Pë6�3S»¼U1�6[>�Ö 6Fº�9?


RS©]O�MN½¾
�OK�O¿C����O��UJO��OK�

O¿¹A°º�]{|�3S[>6 Fº�9?
6�W2"����>

ÛW°º�[�� 35ORS��>aF��
��hÀw� 10MÁ> 

 

� 5-3.  Vh
�RSXY 
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5.3.  �	
�� 

 ��
vw]MY'FÂÃ� (1) %��¥��%&`b,
78 y (2) �

Moon and Spencer%���x
��Cs (3) � Munsell%���x
���> 

5.3.1.  ������������� 

 ��Ä��� 
��-4�4
��%&`b,Ã�_�¡��-h�

3ZÅ>ÐK��¤°º��� ��-
º�9?�RS
vwÑ�� 3.2

W·Ö��%&`b,�©´g 16 W°º�
���>ÝC��-
���

YÞ�Æ4�4
��%&`b,���YÇdÆDEo�
789>JÞ

�Æ@i���
�":YT¤qYÈ�78
op��-�/�9
G

ÉCÊ�¿Ë�cd>¢���- 0.5b 2.0
���M²Y -0.3b 0.3o

��/�Þ�ÆY 0¹`Uêë��-Y 1:1[>vw�9 5-4 (a) 4®���

-
���UÞ�Æ[Y 0�4�4m%
��%&`b,â¨>·¸¹�

x��Ó
m%�OÖ%
��-Y 1:1�°º�
»À,|â¨> 

 �FvwÌQÍÎÏ�g³��-�%&`b
ij¥%&
���Â

,ä7ÆYT��ª���µ
] )��Ý¤Ð��9 5-4 (a)>�ã��C

3p� 
%k0-ôõUr2/r1[.öM9@
�4îUM²Y 1.0C�1.0�

2.02.0C@[Ý¤���4î
���CÑóq�Òe>�wMoon and Spencer


%���x::=
ÓÔ�� 3�Ñó¤JÞ�P�@��Õ¡>�3v

w�9 5-4 (b) 4®� 3�Ñó�Ö���4ý×
Þ�Õ¡¶3q�	�

J�c5�6½pÂ,
�	)>�;:Ø�x%k0-
h��_�O

Ö%
��-Y 1:1����%&`b,|:â¨
>3?�@���F²

¿Ë 35 Om%%Ó���%&`b,¥%��-
789��âC��-

�h|J 1:1¹½U~VÙ[> 
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 ���Ó
vw��Ú�ÛÜ�Ý�2Y] fÞè2�HÖ\�v

w>¢��OÖ%
��y��-
��yº�9?
H?y%&
5�P�…. 

��>�3��2�::u��
ßn«�ÞJ�Ó
ßn�*�Ã89@

B
vw>!YTà	c^��áv��C�
MXââM²Ò Moon and 

SpencerCsMunsell%���x
¢,.� �F��
vw 
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5.3.2.  � Moon and Spencer�������	 

 Ñ� Moon and Spencer 
%���x�m%GOÖ%
%k)- 

(moment ratio) Y 1y2{ 3�Ám%� `bêë���%&`b,¤â

¨> 

 YT�����x��ãä���
LMNOPQJÞ�Æ@U%k)

-[CÛ 0.2VWLM�FNO�C��%&`b,YÇdÆDE6��%

&`b,
 95%åæöÙ¥%k)-¹Ù
789�9 5-54®>�789�

ç¾f½pèé��%k)-hÀY 1.0��4�4
��%&`b,U��

»À,[Yâ¨>Ò�êïòó.�U9 5-69 5-7[�Fèé�ç7Yz >

3���¤9 5-7Þ�ÆU%k)
���[W·Öë��¹©�êïòó

� ®�%k)
��ë��ç��4�4
��%&`b,ç¨�9 5-8

4®> 

 @Bvw�ç}~Moon and Spencer
�ÂÃ%���x>�3ì§�

F���Moon and Spencer:}~
ÓÔ�@��U5.3.1�[
��vw�

Á�_ØzÆ �o�*f�P:�:=
>�:����TC�o���> 

 (1) t�������¤��%&`b,y¥%k)-
���o�¹Ù

78
íî9U9 5-9[C� 
%k0-ôõöMÖ'N>�'NM²Y�

%k0-J 0.5C��%k0-J 0.5�1.5¹Ù�Cs%k0-J 1.5�2.5

¹Ù�U��¤�'N�Y%k0-Y 0.5y1.0b 2.0
m%[>¤öM
vw

M²DEêïòóU�9 5-10 4®[vw¬��'�òóJÞ�
P�@�

�Õ¡T3'�â¨î
Þ�Æ�.U%k)-
���[M²Y -0.3y0b 

0.3>êë�%k)-Y 0.5y1.0b 2.0�%k0-Y 0.5y1.0b 2.0
m%³

fâC��-> 

 Ñ�Moon and Spencer%���xU� 1.2[âC��-U���[�üY
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%k)-U� ��[hC%k0-U ���[
ïêë 
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� 5-5. �������� 95%qyzvt�¡¢�v�".� 

Relative P reference

Mo m e nt  Ra ti o (M2 / M1 )

543210
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� 5-6.  �������t�¡¢�v�".�
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��� � � � � � � � � ��� � � � � � � � � � ��� � � � � � � � � � ��� � � � � � � � � � � ��
Moment Ratio (M2/M1) 
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M ean of Relative Preference

L o g(Mo m e n t ra tio )

1.51.0.50.0- .5-1.0
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� 5-7.  �������t�¡¢��TKv�".� 

M ean of Relative Preference
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Log (Momen t ra tio )
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� 5-9.  �������t�¡¢��TKv".�wx� 

L o g (Mo m e n t ra tio )
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 �
�

�
��

��

��

=  (5.3) 

��������	
���	����� 5.3����������	��

1.0��� !�"#$%�����	&'()�*+������	�� 1:1� 

 (2) ,-./0123456�����	 (A2 / A1) 7���	 (r1 / r2) 8

9:;�<=>�(> 5-11?@�ABCMoon and Spencer����D#�<

=>��EFGHI*JKLMNOP
QR� 1.0�SH�TU�V>�WX�

Y�����	� 95%Z[\9]�^_EFGH`"abMNOP�cQRd

"ab� 1.0�ef��Y 95%Z[\9]�gLEFGHhabJKLMNi

Sjklm�����	n� 1.0�opSHqrs"#���	�&'()�

c����	tu� 1:1� 

 vgw./0xyWX�> 5-8?��x#�abJz>���{|}:;

?~%�m(> 5-10 ?@���wLGH��|}�>|��GHn��K�

����8��> 5-8�xy�"aZ�v�a����Moon and Spencer��

��D#Y�^0|�������Ug��K�m5.3.1 �n���xy�"

��e��6� 
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Arm Ra tio (r1 /r2 )
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5.3.3.  � Munsell �������	 

 23����K�m5.3.2�n�,-./0������Munsell���D

#�/ ¡¡45�����	 (S2 / S1) 7¢£¤£�¥�	 (VC1 / VC2)89

:;�<=>
EFSH7EF 95%Z[\9>�(> 5-12?@� 

 ABCMunsell����D#�<=>��EFGHI*JKLMNOP


QR� 1.0�SH�TU�V>�WX�Y�����	� 95%Z[\9]�^

_�EFGH`"abMNOP�cQRd"ab� 1.0�ef��Y 95%Z[

\9]�gLEFGHhabJKLMNiSjklm�����	n� 1.0�

opSHqrs"#¢£¤£¥�	�&'()�c����	tu� 1:1� 

 a��Munsell����D#d�¦§�^0xy����g}�w�m5.3.1

} 5.3.2 �n�xyJK¨��rsY�^0�©ªL«¬�"#)+��®

$%����	� 1:1¯�*+��e��¤°}£±J�²�� 
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5.4.  �� 

 �³�x#a���P�F´(¬1 

 1. Y�^0�µ©ªL«¬m¶�+�
��	�·¸¹ 6 
º»

>¼�~¼
�½¾¿ÀÁÂÃn�¦º��Ä��	� 1:1�+��cÅÆ£

�²mrs�+��e��¤°}£�²n�g.xy�Ä^0|�Ç)+��

È¹ÉÊ� 

 2. Moon and Spencer����D#Y�^0|�"¦§��qrsY�^0

|�"#$%�89����	&'()�c+������	�� 1:1� 

 3. Munsell����D#Y�^0|d"¦§��qrsY�^0|�"#

$%�89�¢£¤£¥�	&'()�c+������	�� 1:1� 

 

 

 

 

 

 

 

 

 



 

 99

 

��������	
�������	���

6.1.  �� 

Y,-³�ËÌÍÎ®|�ÏÐBurchettm1991n�ÑÒ�¤°}zÓ��

Ô�Õ�¤~¼ÖzÓ�×ØÙÚ6 16.9%�¸ÛÄÜÝÉÊm27.2%n7�Þ

ßzÓm23.4%n�TU�YÍÎ�¤°}D#�àá|�âãä¹Ýåæ~¼

zÓ�çè�OzabJ~¼}�¤K���¹é©ab����YVê·ë^

0�L«¬��"ìíîï7ðª� 

ñò23óô~¼zÓ��¤°}�ÑÒJõö��÷�6Ø��¤°}D

#�ÍÎh�ø��Y�ùú|ûüîï6�Õ-�eý�~¼:;���¤°

}�ÑÒÖ�þ�ÍÎ�c�Ø�Oz¹-1 

,K.OzJ�6ô�Y��^0|�����+�>¼�?�	X��¤

°}^0xy�Y¶�+��L«¬�ÍÎ�ÉzÓ7���zÓ��¤°}�

ÑÒ�®wÜ
�eý�Y��¯�K����~¼:;�U-�eý�~

¼:;ú��"����Y�W+���¯�ÑÒ6�¤°}£�����(y

¹�����ÑÒ�£¹�&���a��	�~¼:;�c��¤°}£�

ÑÒJ�ä��Y�w³�^0|?�eý�>¼m> 6-1bn��T¹����


 !
�"7"î�ý#HÃ"��ý#$%m> 6-1an��Ù�&ìí'(e

ý>¼��	�U"�'(ceý:;�)P�cY�*�^0|�J+v½¾
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¿ÀÁÂ�>¼�5,�"-.�÷/�Y��01��¤°}�^0¯��¤

���ÁÂ���23456��g>¼�"í5,�z���c78í5,

��2~¼�9�÷:��~¼�°}£�ÑÒ�)���)~¼a;<Ñ

Ò�£75,���=íÙ�±¹>gÜùúXô¢� 

,-.OzJ�6?£/0YÍÎ���zÓ|���*���¤°}Ñ

Ò�?��xy�Y���^0xy@@�"#+�$%��AB�£()�+

������	±J 1:1�g@T7��C�D	����D#"E��§g�

�xy�dFJ��zÓG���¤°}È¹¢@�ÑÒqTU23hHIab

JY^0|�vÄg�J~¼zÓ?~%��z��23KYgÛ�ùúL�

M�NÜ"��eý~¼zÓ�O��É7���zÓ��?KÛ�0 � 

PÄ���gQçèP}Oz�23RS6KT'^0XÍÎÕ-�eý�

~¼:;��¤°}�ÑÒÖ�Yùú|�23�½¾¿ÀÁÂ"�eý~¼�

XUVW��É7����^0�÷¸�X6ä·�+�$YX���^0xy

�ZS������� 

 

 

 

 

 

� 6-1.Za_�d
��)�-(". 

01 
34 
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� 6-1.�b��������	
������ 

6.2. ���� 

�^0�ØÍÎY¶�+�L«¬�eý�~¼zÓ��¤°}�ÑÒ�z

��Y^0|�23�"��eý~¼�XUV[\%��¤°}^0�»>	

8"�~¼?fI	X�¤°}£9�ÉÊ� 

^0]^�%w&_`1m1n"�~¼zÓ7�¤°}£�:;��&m2n

"�~¼zÓ¬����zÓ��¤°}�ÑÒ�Ygw_`�^0|��a�

��
 !
�"
"î�ý#HgbÕ-�eý�~¼Öm> 6-1an��^

0 qcÜ^0N�|�dÜ¦º�ef% 8Ü'»0� 

^0|�g(¹w.��a�1m1nb"��~¼zÓqm2n�"

�°}£Ãh�+��z(�c?fI	X��¤°}£� 

6.2.1. 
�� 

�^0?e�µ.ij�k1º»>¼��l
�¤����X
¿À�¤

�ðª
^0m��în��&^0op7qrRj�ijÃ��as�Ä¬1 

m1ntº»>¼��l 

-�eý?��~¼:;¹ã��Y23�ùú|�é��?¹�~¼

´�^0�ub�l8v��N~¼:;XÍÎ�z��^0?w�Õ-

�eý�~¼:;Ö�x�JwÜ�¤�¯�Y¯�?y	X�~¼:

;��Ø:zYÍÎ¶�+���¤°}^0¯�ab�ÑÒ�º»>

¼8~¼zÓ�{(����6ÍÎ�¤°}^0�eØ��&|·}~

-�eý?¹ab�~¼:;�23Y^0|���
 !
�"
7"
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î�ý#Hgb~¼:;�®%^0�º»>¼� 

 

 

m2nt�¤���X 

�ùú�YÍÎ~¼zÓ�ÑÒ�£�z�Y�¤����X����6

^0?R��(Ø�m"�°}£�+�n��&�X+�$Y���

Ù�z�V^0-?:��+���X�X�^�X6 15 $+����

�k²�¤°}£
|�¤°}£7��¤°}£�+�µ 5$��X�

O�(¬1 

a. }~²
|
�Ã"��¤°}£�+�� 

b. }~µ�É&'7���	�"�+�� 

?¹��l��¤+���(� 6-1.?@1 

 

a 6-1. -(".u��=�>? 

 color 1 color 2 

No 
Munsell 

Renotation 

Munsell 

Renotation 

 CIELAB � �¡¥� 

�Vh

®��

���¯ 

1 5P4/12 N4 54.4614 0.2402 ° 

2 5Y2/4 N2 8.6025 1.0255 ° 

3 5Y2/4 5B2/4 15.4148 1.0656 ° 

4 5R8/4 5P8/4 20.9527 1.2258 ° 

5 5R8/4 5Y8/4 49.4123 1.7100 ° 

6 5PB4/12 5RP5/4 45.3031 0.4215 � 

7 5R4/14 5BG6/8 106.5028 0.7347 � 

8 5G5/6 5P4/6 68.9064 0.8763 � 
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9 5P4/12 5GY8/8 127.9340 1.3140 � 

10 5YR5/4 5B2/4 42.9362 2.5947 � 

11 5Y8/14 5PB6/8 133.9615 0.6045 ± 

12 5PB6/8 5G8/4 64.6147 0.9496 ± 

13 5BG6/8 N10 53.2989 1.0732 ± 

14 N4 N8 41.0785 2.1765 ± 

15 N6 N10 40.5069 5.1524 ± 

m3nt¿À�¤�ðª7^0m�în 

�^0�¿À�¤ðª��m�� 4.2.2�n7^0m�&¨e���K

�"�J��8ìí���Director��1�1înf%���|8-.

�_`��k+�����ÁÂ7^0Ð���Ã�����1L�

Lingo��f%����^0Ð���7����:�Mircosoft office

�Excel�1�&ZS�1 SPSS 7.0 for WindowsX���?¹�m�(

> 6-2.?@� 

 

 

 

 

 

� 6-2. �Vh�Vhm�� 

 

m4nt^0op7qrRj 

Y^0N�|��6��"�Ø�*H��¦º��23YKÜ����

�����*H� 9]��^0�̂ 0|u¹½¾¿ÀJ�K�*HX

 

���� 

VhT²� 

³�t´µ 
�¶[�t�

� 

MFC Director & Lingo Excel SPSS 

 

Vh�·%¶ 
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¡�^0|?e�qrRj7^0K7^0-&¨e�(�� 4.2.2�)¢ 

6.2.2. ��� 

£7�^0�¦º�^ 32¤�C¥��&C�£��
�¦§¨v�©Ý�

ª«¬�=Y 18~3889�p�ª«� 21.44qc|®Ù¹ 22¤�¯Ù 10

¤qRS°±� 18¤�²RS°±� 14¤� 

6.2.3. 
��� 

m1nt�¤³¨1dÛ^0´t����+����¿À�¤³¨� 

m2nt^0�ô!1Yd¤¦º���^0��Wµ¦º�ô�Õ�¤°}Ö�

�¶��·ô^0¸,��ß7����� 

m3nt^0��1̂ 0´t¯�W¹¦º�º�ÜÝP�»¼��kÙa
ª«


RS�²RS°±Ã�(> 6-3?@�#¬X���Ø�^0_`��%

�ÉzÓ7���zÓw&_`�]^�k 8Ü'»0� 
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� 6-3. -(".uVh¸¹º� 

 

 

a.  "�~¼zÓ¬�c�¤°}£9�:; 

g_`�^0�^�� 4Ü'^0�dÜ^0�º»>¼J"����a

J��
 !
�"7"î�ý#H�YgbÜ^0L�+�>¼���

	Y^0|½�¾�"(�¿��À�+�ÁÂ�Ûß�¹¦º��W

��dÜ�¤+��$Y���c�¤°}£�����V 0�Á 100�

89m�� 11 Ãhn�¦º��ÂÃxlÄÅ§Æ®���Ç¬ÂÃ

�?ÇÈ�ÉsÊf%�(> 6-4?@�d¤¦º�Yg_`�^0|�

^�� 60Û���»0m15Ë4n�cÜ^0��ÌeØ 15~20�Í��

fg_`^0¯�ÎÏ6KÛ 5�Í�ÐÑ¯9�ÐÑ�?��¬KÒÓ

�^0� 
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� 6-4. -(".u��Vhº�tVhm� 

 

b.  "�~¼zÓ¬����zÓ��¤°}�ÑÒ 

YÐÑ¯9N��Ç¬ÕGOÖs´t���zÓ�^0�Y^0|�a

���
 !
�"7"î�ý#Hb~¼�®%º»>¼��^0�

^�kbÜ'^0�dÜ'^0|�½¾¿À��¯ÁÂ 6e�$%��

Test 1 Test 2 

Test 3 Test 4 
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÷��	"��>¼�Ø�¦º�BC�dÜ>¼�°}£XÏßm(>

6-5n����1�ÂÃÔlÄÅ§��Õ��°}�+�>¼��>¼

�s@@�Õ1Ö�Ç¬���¬KÜ°}£��l�Bß�lf 6 Ü>

¼Ç¬È��sÊf%�YÏßN�|�A"'ÖÇ×�K×ØÏß�a

S#Ç¬ÕResetÖ×Ø��Ïß�]^�� 60Û�Ïß^0�cÜ^0

��ÌeØ 15~20�Í� 

 

� 6-5. ������� 

w_`�^0±f%��¿À��@Â*¦º��^0Ð���¬X�
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#Ùa�lÕÚÛ^0Ö
ÕxÜ��Ö�ÕÝ�ÞßÖm(> 6-6n� 

� 6-6. Vh»§º� 

6.3. �	
�� 

^0xya�% 2_`����ÍÎ1m1n"�~¼:;7°}£�ÍÎq

m2n���	7e�°}£�Y"�~¼:;89�ÍÎ� 

6.3.1. ���������� 

�6Øóô"�~¼:;�º»>¼�?fI�¤°}£9�ÉÊ��& 15

$��²
|
��¤°}£�+��?fI��¤°}£9�ÉÊÙq���

�6��¦º�?~%�abÑÒ�23�fà¦»�]RSmwithin subject 

designn�(Ê����aá 4 >¼89
�°}£+�89��&¦º

�89�ÉÊÙ��ZS/��xy(� 6-2?@�b"�eý~¼?�I�

°}£mF=6.2, Sig.=0.001n��+�?�I�°}£mF=26.2, Sig.=0.000n

7¦º�89mF=1135.1, Sig.=0.000n�YZS�/���±�aâ¹@Ù�É

ÊÙ�g�@���.(�±��¤°}£~%ÑÒ� 

 

a 6-2  »¼o'p½%¶�-(t��u¾�T[� 

¾�¿À Sum of squares df Mean Square F Sig 

o&pv 

Error 

98512.5 

2690.2 

1 

31 

98512.5 

86.7 

1135.1 0.000 

�)-( 

Error 

2135.6 

10555.3 

3 

93 

711.8 

113.4 

6.2 0.001 

�� 22734.6 2 11367.3 26.2 0.001 
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Error 26803.4 62 432.3 

-(*�� 

Error 

643.2 

9978.7 

6 

186 

107.2 

53.6 

1.9 0.068 

 

 

 TU�Ygbeý~¼897�+�89�§ãJäK�(ÊX¡�

~%6c|�ÉÊÙ��åW�23WVµ~¼7µ+�?fI�p��¤

°}£XWm� 6-3n�æÂY~¼���"î�ý#>¼?fI�°}£p�

�m59.2n¢@8²qY+������²°}£+�?fI�°}£p��8

²m65.2n�g��xyYZS�ú�Jçâ¹@ÙÉÊ��#Ù�23�e�

	8X�����ww�e	8cÉÊÙ�xy(� 6-4?@�Y~¼����

�
�"7 !�~¼89��e	8��È¹@Ù�ÉÊq÷JuØ7"î

�ý#~¼e�	8¯�YZS/��á@@¹¢@�ÉÊ�Y�z��23è

#Y�^0|�"î�ý#~¼��¤°}£â¹ÑÒ����V� 6-3aW	

b~¼°}£�liÉ®|���~¼�é<ê¼J�'�m Std. 

Error=1.50n�dáJ!¦º�Y��~¼?fI�°}£ê¼8�K¨�?�

Y/�����¤°}^0�����~¼,�º»>¼��·� 

 

a 6-3.  �d-(t¨d��u���{|K³�a 

-( Mean Std. Error �� Mean Std. Error 

01 55.66 1.50 °����� 54.68 2.41 

56 53.47 2.14 ������ 46.48 2.42 

34 53.52 1.84 ±����� 65.28 1.77 
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789):; 59.27 2.03    

 

 

 

 

a 6-4.  �d-(t¨d��u���{|K�u contrast test 

¾�¿À Sum of squares df Mean Square F Sig 

-(---01-56 

ZError_ 

153.12 

2441.98 

1 

31 

153.12 

78.77 

1.94 0.173 

01-34 

ZError_ 

147.34 

2426.43 

1 

31 

147.34 

78.27 

1.83 0.180 

01-789 

ZError_ 

415.68 

2638.09 

1 

31 

415.68 

85.10 

4.88 0.035 

56-34 

ZError_ 

0.05 

2365.27 

1 

31 

0.05 

76.29 

0.00 0.979 

56-789 

ZError_ 

1073.38 

2511.50 

1 

31 

1073.38 

81.01 

13.24 0.001 

34-789 

ZError_ 

1058.00 

1690.44 

1 

31 

1058.00 

54.53 

19.40 0.000 

��--°��-��� 2153.32 

8041.93 

1 

31 

2153.32 

259.41 

8.30 0.007 
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     °��-±�� 3591.28 

7577.21 

1 

31 

3591.28 

244.42 

14.693 0.001 

     ���-±�� 11306.3 

4483.43 

1 

31 

11306.3 

144.62 

78.176 0.000 

 

 

6.3.2. �������������� ��!"#$�%& 

���_`�^0xy����_`�/ X	8b~¼:;?��x

y��k1m1n���7e��¤°}£�:;
m2n� Moon and Spencer

���D#�/ 
7m3n�Munsell���D#�/ � 

 

m1nt���7e��¤°}£�:; 

åWØóô�áJ"���	?�I�e��¤°}£�ú�¹ë���:

;�U"�~¼:;�º»>¼?�§�xy��"�¹ÉÊ��23���	

����opj�?�I�e��¤°}£�iSj�45w��:;>X�

��åW�23Wì<���^0�xy�(> 6-7?@�®��	��� 0

�¯í�?�I��¤°}£�²�dáJ!�"#ë���+��®+���

	� 1:1¯�¦º�?fI�°}£�²�UY^0-�§g��xy�JçJ

z�º»>¼��J~¼zÓ?~%���#¬X23á�bº»>¼��a

45��	��7e��¤°}£89�:;>X����� 
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� 6-7.  �����TKt��������".ZVh
�®_ 

xy(> 6-8(a)~(d)?@�"#J�äK~¼:;�º»>¼�����

	7e�°}£�:;��ÁÂ��£�K¨Ù��6ÈÕ�KÂî�23�

b>¼7��	�&°}£89:;���ZS/��xy(� 6-5?@�b

>¼�I�°}£89È¹ÉÊq��	�I�°}£âÁÂ@Ù�ÉÊ�U

¿°}£p���²ïd�=Y 4/37 3/4�¤��g��d7[\%�ùúx

ye�qdáJ"òÇ)K>¼�®��	���Y 0ðñ¯�ce��¤

°}£�²�T�µopj���wò¬ó�rs��	� 1:1¯�¦º�fI

��¤°}£�²� 
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Log(Area Ratio)
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Log(Area Ratio)
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�
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� 6-8. �������	
�������������� 

� 6-5  �������	
���������� !"# 

 !$% Sum of squares df Mean Square F Sig 

���� 

Error 

0.00 

2.15 

3 

15 

0.00 

0.14 

0.00 1.00 

	
� 

Error 

7.26 

2.15 

5 

15 

1.453 

0.143 

10.135 0.00 

Student-Newman-keuls 

&a'()  &b'*+ 

&c',- &d'����� 
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Subset for Alpha .05 
	
� N 

Mean 

1 2 3 4 5 

1/6 128 0.3320 *     

6/1 128 0.4091  *    

2/5 128 0.5175   * *  

5/2 128 0.5658   * * * 

3/4 128 0.5784   * * * 

4/3 128 0.5972    * * 

 

 

 

 

 

 

 

�2�� �Moon and Spencer����	
�� 
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�Moon and Spencer
����	��������
�����moment 

ratio������������� !"�#��$%�	�&'()*+��

����,-.��/ !012
34567"89�&':9;<���=

>
?@�5ABCDE"FG 6-9HI������JK� 1.0��H�L


.��/ !0MN"OP�QRS��T�U6� 0.5QV�0.5~1.5- 1.5~2.5

WXY��H�L
�/ !012
34G�ZI$W[��T�\]H�L


 !0^_�`abcdbefghijR	���
��T�JkFl��

�
Mm���� 1:1" 

� 6-9. ���������./������01�&234�5678' 



 

 116

�#ABRSno���?@
pq�&'rsQ������,�ab

t�.��/ !0�uvt�6w�x[no
?@*+yzG-{|^_"

?@FG 6-10(a)~(d)HI�J}~�������,� 0��j����� 1��

C.��/ !0MN�����[no
=>?@�����$�
��"�

��&'�������,-.��/ !012
yzG��QRS
��T

�\]6�WY�1QV�1~212�J� 2��6w*+{|^_�G 6-11�a�

~�d���?@��`x[Go��$W�^_�6w`abcdbefg��

$?@:-���
?@J}.S���`��Z���V�����R�CG

o�l������` 1:1 �����M 
 !0"¡�9R	� Moon and 

Spencer �	��¢£¤¥�¦§x[noH�
?@�ZI¨`©[�}ª�

:«¢$x[no
=>?@¬Zpq" 
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(a) ��  (b) �� 

(c) �� (d)��� 
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� 6-10. �	
���������������������� !� 
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� 6-11. �������	
�������������������������

� !"#$%& 

 

 

 

 

 

(a)'(  (b))  

(c)*+ (d)��� 
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��������	
����������������������

�� 95% !"���#� 6-12.(a)~(d)$%&'(Moon and Spencer���

)*��+���,�-./012345�678 1.0���&9:�;</

=>?@�AB0>�C����D;EF2345�67GDHEF8 0&I

��J=>?@���KLMN�O;PQMoon and Spencer���RS��

�)*& 
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� 6-12. �������	
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c��%� � m10 � 

bright ���%� � m 5 � 

deep ���%� � m 5 � 

dull ���%� � m 5 � 

pale ���� m8/4� m 5 � 

light-grayish ���� m5/4� m 5 � 

dark ���� m2/4� m 5 � 

7���N0, N2, N4, N6, N8, N10� m 6 � 

�

1. c��%� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

 1 5R 4/14 (0.5734, 0.3057 ,0.1200) 

 2 5YR 7/14 (0.5252, 0.4168, 0.4306) 

 3 5Y 8/14 (0.4699, 0.4920, 0.5910) 

 4 5GY 7/12 (0.3949, 0.5367, 0.4306) 

 5 5G 5/10 (0.2329, 0.4331, 0.1977) 
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 6 5BG 5/10 (0.1850, 0.3280, 0.1977) 

 7 5B 5/10 (0.1729, 0.2347, 0.1977) 

 8 5PB 4/12 (0.1773, 0.1659, 0.1200) 

 9 5P 4/12 (0.2778, 0.1808, 0.1200) 

10 5RP 5/12 (0.4022, 0.2523, 0.1977) 

 

2. bright ���%� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

11 5YR 8/8 (0.4310, 0.3820, 0.5910) 

12 5GY 8/8 (0.3696, 0.4542, 0.5910) 

13 5BG 6/8 (0.2236, 0.3311, 0.3005) 

14 5PB 6/8 (0.2360, 0.2365, 0.3005) 

15 5RP 7/8 (0.3603, 0.2869, 0.4306) 

 

3. deep ���%� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

16 5YR 4/8 (0.5070, 0.3994, 0.1200) 

17 5GY 4/8 (0.3868, 0.5384, 0.1200) 

18 5BG 4/8 (0.1890, 0.3234, 0.1200) 

19 5PB 3/8 (0.1908, 0.1799, 0.06555) 

20 5RP 3/8 (0.3930, 0.2395, 0.06555) 
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4. dull ���%� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

21 5R 5/8 (0.4413, 0.3240, 0.1977) 

22 5Y 6/8 (0.4426, 0.4588, 0.3005) 

23 5G 5/6 (0.2690, 0.3860, 0.1977) 

24 5B 5/6 (0.2215, 0.2701, 0.1977) 

25 5P 4/6 (0.2903, 0.2347, 0.1200) 

5. pale ���� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

26 5R 8/4 (0.3510, 0.3224, 0.5910) 

27 5Y 8/4 (0.3650, 0.3826, 0.5910) 

28 5G 8/4 (0.2924, 0.3523, 0.5910) 

29 5B 8/4 (0.2671, 0.2998, 0.5910) 

30 5P 8/4 (0.3012, 0.2868, 0.5910) 

 

6. light-grayish ���� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

31 5YR 5/4 (0.3968, 0.3614, 0.1977) 

32 5GY 5/4 (0.3482, 0.4097, 0.1977) 

33 5BG 5/4 (0.2591, 0.3246, 0.1977) 

34 5PB 5/4 (0.2662, 0.2687, 0.1977) 

35 5RP 5/4 (0.3421, 0.2954, 0.1977) 
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7. dark ���� � 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

36 5R 2/4 (0.4184, 0.3032, 0.03126) 

37 5Y 2/4 (0.4543, 0.4573, 0.03126) 

38 5G 2/4 (0.2640, 0.3845, 0.03126) 

39 5B 2/4 (0.2048, 0.2518, 0.03126) 

40 5P 2/4 (0.2908, 0.2261, 0.03126) 

8. 7�� 

No Munsell Renotation CIE 1931 Specification (x, y, Y) 

41 N0 (0.3333, 0.3333, 0.0000) 

42 N2 (0.3333, 0.3333, 0.03126) 

43 N4 (0.3333, 0.3333, 0.1200) 

44 N6 (0.3333, 0.3333, 0.3005) 

45 N8 (0.3333, 0.3333, 0.5910) 

46 N10 (0.3333, 0.3333, 1.0000) 
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Color 1 Color 2 

No 
Munsell 

Renotation 
No 

Munsell 

Renotation 

Color Difference 

in CIELAB 
Arm Ratio 

9 5P 4/12 43 N4 54.4614 0.2402 

37 5Y 2/4 42 N2 8.6025 1.0255 

37 5Y 2/4 39 5B 2/4 15.4148 1.0656 

26 5R 8/4 30 5P 8/4 20.9527 1.2258 

26 5R 8/4 27 5Y 8/4 49.4123 1.7100 

27 5Y 8/4 31 5YR 5/4 49.0415 0.3211 

8 5PB 4/12 35 5RP 5/4 45.3031 0.4215 

12 5GY 8/8 42 N2 99.0060 0.5540 

4 5GY 7/12 19 5PB 3/8 122.7348 0.6209 

1 5R 4/14 13 5BG 6/8 106.5028 0.7347 

28 5G 8/4 36 5R 2/4 81.2102 0.7834 
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4 5GY 7/12 8 5PB 4/12 137.5608 0.8081 

23 5G 5/6 25 5P 4/6 68.9064 0.8763 

20 5RP 3/8 29 5B 8/4 78.6169 1.1590 

9 5P 4/12 12 5GY 8/8 127.9340 1.3140 

32 5GY 5/4 42 N2 48.8644 1.3334 

31 5YR 5/4 36 5R 2/4 36.0050 2.4111 

31 5YR 5/4 41 N0 39.4214 2.5353 

31 5YR 5/4 39 5B 2/4 42.9362 2.5947 

43 N4 46 N10 60.9809 3.6439 

3 5Y 8/14 24 5B 5/6 119.4348 0.4371 

3 5Y 8/14 38 5G 2/4 111.7803 0.4742 

3 5Y 8/14 23 5G 5/6 91.3694 0.4760 

3 5Y 8/14 14 5PB 6/8 133.9615 0.6045 

3 5Y 8/14 8 5PB 4/12 148.6771 0.7228 

1 5R 4/14 46 N10 85.5564 0.7884 

18 5BG 4/8 33 5BG 5/4 6.6604 0.8809 

14 5PB 6/8 28 5G 8/4 64.6147 0.9496 

13 5BG 6/8 46 N10 53.2989 1.0732 

41 N0 46 N10 89.2358 1.1844 

26 5R 8/4 46 N10 25.9935 1.6487 

43 N4 45 N8 41.0785 2.1765 

31 5YR 5/4 46 N10 58.6443 3.0028 

44 N6 45 N8 20.6018 3.0775 

44 N6 46 N10 40.5069 5.1524 
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12 .3571 .8929 .491071 .154647

12 .0000 .6061 .252525 .174955

12 .0000 7.9755 2.60736 2.312204

12 .0000 .3953 9.9E-02 .178762

12 .0000 .6652 .332594 .221729

12 .4484 2.6906 1.45740 .814053

12 .0000 .5618 .327715 .289286

12 .0000 1.2821 .747863 .370096

12 .0000 6.0606 2.90404 1.793721

12 .0000 .6309 .289169 .162438

12 .0000 .2994 2.5E-02 8.6E-02

12 1.5000 4.4000 2.96667 .874210

12

x1

y1

YY1

x5

y5

YY5

x8

y8

YY8

x46

y46

YY46

Valid N

(listwise)

N Minimum Maximum Mean

Std.

Deviation
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void CMainFrame::GetPatternPath (int X0, int Y0, int R, CDC *pDC) 

{ 

 int    movingR; 

 const int  movingStep = 1; 

 const double  angleStep = .05; 

 const double  pi = 3.1415926535; 

 double   goalAg, 
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     outerAg, 

     movingAg = m_fInitAg; 

 

 pDC->BeginPath(); 

 pDC->MoveTo (X0, Y0); 

 for (movingR = 0; movingR <= R; movingR += movingStep) { 

  movingAg += angleStep; 

  pDC->LineTo (int (X0 + movingR * cos(movingAg)), int (Y0 + movingR * sin(movi

ngAg))); 

 } 

 goalAg = movingAg + pi * m_fCurrentArea; 

 for (outerAg = movingAg; outerAg <= goalAg; outerAg += angleStep) 

  pDC->LineTo (int (X0 + R * cos(outerAg)), int (Y0 + R * sin(outerAg))); 

 movingAg = goalAg; 

 for (movingR = R; movingR >= 0; movingR -= movingStep) { 

  movingAg -= angleStep; 

  pDC->LineTo (int (X0 + movingR * cos(movingAg)), int (Y0 + movingR * sin(movi

ngAg))); 

 } 

 pDC->CloseFigure(); 

 pDC->EndPath(); 

} 
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Re lative  preference  (5 P4/1 2, N 4)

Log(area ratio)
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Re lative  preference  (5 Y2/4,  N2 )
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Re lative  preference  (5 R8 /4, 5 P8/4 )
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Re lative  preference  (5 R8 /4, 5 Y8/4)
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Re lative  preference  (5 Y8/4,  5YR 5/4)
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Re lative  preference  (5 PB4 /12,  5R P5/4 )

Log(area ratio)
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Re lative  preference  (5 G Y8/8, N2 )
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Re lative  preference  (5 G Y7/12 , 5P B3/8 )
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Re lative  preference  (5 R4 /14,  5BG 6/8)
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Re lative  preference  (5 G 8/4,  5R 2/4)
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Re lative  preference  (5 G Y7/12 , 5P B4/1 2)

Log(area ratio)
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Re lative  preference  (5 G 5/6,  5P4 /6)

Log(area ratio)
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Re lative  preference  (5 RP 3/8, 5B8 /4)
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Log(area ratio)

.8.6. 4.20.0-.2-. 4-.6-.8

.8

.7

.6

.5

.4

.3

Observed

Cu bic

 

Re lative  preference  (5 YR5 /4, 5 R2 /4)
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Re lative  preference  (5 YR5 /4, N 0)
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Re lative  preference  (5 YR5 /4, 5 B2/4 )

Log(area ratio)
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Re lative  preference  (N 4, N10 )
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Re lative  preference  (5 Y8/14 , 5B 5/6)

Log(area ratio)

.8.6. 4.20.0-.2-. 4-.6-.8

.8

.7

.6

.5

.4

Observed

Cu bic

Re lative  preference  (5 Y8/14 , 5G 2 /4)

Log(area ratio)

.8.6. 4.20.0-.2-. 4-.6-.8

.8

.7

.6

.5

.4

.3

Observed

Cu bic
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Re lative  preference  (5 Y8/14 , 5P B6/8 )
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Re lative  preference  (5 Y8/14 , 5P B4/1 2)

Log(area ratio)

.8.6. 4.20.0-.2-. 4-.6-.8

.8

.7

.6

.5

.4

Observed

Cu bic

Re lative  preference  (5 R4 /14,  N1 0)
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Re lative  preference  (5 BG 4/8 , 5B G5 /4)
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Re lative  preference  (5 BG 6/8 , N 10)
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Re lative  preference  (5 R8 /4, N 10 )

Log(area ratio)
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Re lative  preference  (N 4, N8)
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Re lative  preference  (5 YR5 /4, N 10 )
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Re lative  preference  (N 6,N 8)
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Re lative  preference  (N 6, N10 )
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