
CHAPTER IV 

RESULT

เท the previous experiment (1), the results showed that the color appearance of 

the test patch returned suddenly to the original color when the window was changed 

from พ 2 to พร. So in this experiment we are interested to know whether the color of an 

objects would return to their original color, or the color constancy would take place for 

objects when apply to a reversed situation of room illumination from that employed in 

that previous experiment.

The color appearance of the test patch was determined by subjects. Each 

determination was not difficult for them. They could easily judge color appearance of the 

test patch by using elementary color naming method and took only a few minutes at the 

longest for experienced subjects and a little longer for inexperienced subjects. The color 

of the test patch appeared natural as an object in the space in most cases, but with a 

few exceptions. With the combination of red light 19 lx with daylight 6 lx and with 

windowl and 2 the red (5R5/3), yellow (5Y5/3) and gray (N5) test patches appeared 

unnatural. Including the extreme condition that was only red illumination 25 lx also 

observed such unnatural. They appeared too bright as an object in the subject room or 

sometime appeared shining. Yuwadee et al. (8) used the words unnatural object color 

and light source color for these appearance. But with all intensities of yellow illumination 

such unnatural appearance was not experienced at all. According to the concept of 

RVSI an object looks unnatural if it has the luminance to locate outside the RVSI.

4.1 Results of control experiments

The results of the control experiment are shown by using a usual color 

appearance diagram of hue and chromaticness elements. The chromaticness is given 

by the distance from the center and the outermost corresponds to the chromaticness of 

100%. The coordinate gives the hue in terms of the percentage of the unique hues, R, Y,



22

G and B. The color appearance of illumination of the test room (appendix A) is shown in 

Fig. 4-1 a for red illumination and Fig. 4-1 b for yellow illumination for all subjects. The 

appearance was judged by looking at a gray patch N5 placed in the test room through 

the window 1. Different symbols represent subjects, circle for the subject PP, X for DH, 

diamond for JJ, triangle for PH and square for MW. A filled circle shows their average. 

The color of the red condition R5+W20 appears almost the unique red. The other three 

conditions individual variation is large in judging the color of illumination. Although the 

data points vary among subjects in the case of red illumination, the average indicates 

that the appearance of test room illumination is almost unique red. เท the case of yellow 

illumination, the color appearance of test room illumination happened to be almost 

unique hue. Variation of data points is not large as in the case of red illumination, the 

appearance of the test room illumination is judged as unique yellow.
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Fig. 4-1 a Colors of four defined saturations of red illumination as judged for the test 

room, o  - the subject PP; X 1 DH; O , JJ; A ,  PH; □ 1 MW; •  1 the average.
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Fig. 4-1 ช Colors of four defined saturations of yellow illumination as judged for the test 

room, o . the subject PP; X 1 DH; o 1 JJ; A, PH; □  1 MW; •  1 the average.
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The original color of the test patches (appendix B) are shown in Fig. 4-2 for all 

subjects. These were obtained by observing test patches through the window 5 for room 

illumination of daylight type for both subject and test rooms. Different symbols represent 

subjects and their average as before. The color of the test patches were close to the 

unique hues. Individual variation is large in judging the color of the test patches 

because their colors were judged as an attribute of an object.

Y

Fig. 4-2 Original color as judged for the test patches.

4.2 Results of main experiments

Results of the judgment by five subjects (appendix C) are shown in Fig. 4-3a for 

the test patch 5G5/3 with the red illumination R5+W20 condition and in Fig. 4-3b for the 

test patch 5B5/3 with the yellow illumination Y12+W13 condition. Each section 

corresponds to a subject. Different symbols indicate the five sessions, squares for 

session 11 triangles for session 2, diamonds for session 3, X for session 4 and circles for 

session 5. Their averages are shown in Fig. 4-4a and b, respectively. The color 

appearance of the test patch 5G5/3 (in Fig. 4-4a) and 5B5/3 (in Fig. 4-4b), seen through 

window of various sizes, is shown by open circle. The color appearance of the test room 

is shown by a filled square and of original color of the test patch by X.
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Fig. 4-3a Data from the red illumination R5+W20 and green test patch 5G5/3 

combination plotted for five sessions. Sections correspond to subjects.
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Y

Fig. 4-3b Data from the yellow illumination Y12+W13 and green test patch 5B5/3

combination plotted for five sessions. Sections correspond to subjects.
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Fig. 4-4a Data from the red illumination R5+W20 and green test patch 5G5/3

combination plotted for average
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Fig. 4-4b Data from the yellow illumination Y12+W13 and blue test patch 5B5/3

combination plotted for average
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There are always a set of five data points corresponding to five different 

windows W1, พ 2, พร, พ 4 and พร, but some points overlap and we can only see fewer 

points. เท Fig. 4-4a when the test room illumination was red, the data points from W1 and 

พ 2 overlap in all subjects and they locate at the rightmost point in all the subjects. เท 

most subjects it locates at a bit left side of but very close to the illumination color. The 

interpretation of the color appearance for these conditions is simple. The test patch is 

seen as an object placed เท the subject room as it fills the window completely and 

appears as if it is pasted on the front wall of the subject room. The color appearance is 

therefore determined in relation to the recognition axis of the RVSI constructed for the 

subject room. As the subject room is illuminated by a white light, the direction of RX 

coincides with that of the fundamental axis FX or the vertical direction เท the illustration 

of RVSI. The color appearance then coincides with the psychophysical color that is the 

color suggested by the chromaticity coordinates.

Figure 4-5 shows the chromaticity coordinates of five test patches measured 

under the test room illumination of red (R5+W20) and yellow (Y12+W13). The 

measurements were actually done by increasing intensity of lamps by keeping the ratio 

of colored lamp and white lamp to make the luminance of the test patches high enough 

to be measured by a color luminometer. Filled square and circle show the chromaticity 

coordinates of red and yellow illumination, respectively. Open squares are chromaticity 

coordinates of test patches under the red illumination and open circles under yellow 

illumination. The open square with a dot inside indicates the test patch 5G5/3 of Fig.

4-4a and the open circle with a dot inside indicates the test patch 5B5/3 of Fig. 4-4b. 

A cross shows the chromaticity coordinates of the white lamp used in the test room.

เท Fig. 4-5 we see that the green test patch locates toward upper left from the 

red illumination color that is toward green direction. This is reflected เท the results shown 

in Fig. 4-4a when the window was small, W1 and พ 2. เท Fig. 4-5 we see that the blue 

test patch locates toward left from the yellow illumination color that is toward greenish 

blue direction. This is also reflected in the results shown เท Fig. 4-4b with W1 and พ 2.
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เท Fig. 4-4a it is clear that when the window was opened to พร the color 

appearance suddenly shifted toward left and came close to the original color. That 

sudden change with พร did not take place in the subjects pp and MW, but the shift 

toward left occurred. The sudden change shows that the color constancy took place 

with พร. This fact was found by Pontawee et al. (1) and they concluded that as soon as 

subjects recognized the existence of the test room the RVSI for the test room was 

constructed and the color appearance of test patches was determined based on the 

RVSI. This is nothing but to say that the color constancy took place. The sudden 

recovery to the original color is also confirmed in Fig. 4-4b.

X

Fig. 4-5 The chromaticity coordinates of five test patches measured under the 

test room illumination of red (R5+W20) and yellow (Y12+W1 ร)
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The results from all five subjects and for all the saturations of red illumination 

(appendix C) are shown in Fig. 4-6a-d, a for R5+W20, ช for R12+W13, c for R19+W6 

and d for R25+W0. Sections in each figure corresponds to subject as in the case of Fig.

4-4. Different symbols represent test patches, square for 5R5/3, triangles for 5Y5/3, 

diamonds for 5G5/3, exes for 5B5/3 and circles for N5. Filled circles show the original 

color of the test patches and large filled squares show the colors of illumination.

When the window was small as W1 and พ 2 the color appearance of the test 

patches shifted to the red direction but เท different degrees depending on the saturation 

of red light. เท these situations the color of the test patch was judged based on the RVSI 

of the subject room and the color appeared as expected from psychophysical color of 

the test patches. When the window was enlarged the color shifted to return to their 

original colors because the color of the test patch was judged based on the RVSI of the 

test room. For the condition R5+W20 the color appearance of the test patches came 

close to their original colors. For the condition R12+W13 the color appearance returned 

to their original color เท most test patches, but there are exceptions. Color of the green 

test patch was much far from the original color in the subjects pp and MW even with the 

window พร. Color of the blue test patch was not close to the original color เท the subject 

PP. For the condition R19+W6 the color of most test patches returned in the direction of 

their original color. The subject pp showed a little bit different pattern from the other four 

subjects. For the condition R25+W0 all subjects show a similar pattern of the color 

appearance change. Regardless the test patches the data points fell on the horizontal 

axis implying that there was no yellow color nor blue color. They appeared all reddish. 

This is understandable. เท Fig. 4-7 Chromaticity coordinates of test patches are plotted 

on the CIE xy chromaticity diagram. เท the case of yellow illumination of the highest 

saturation they all lied on the spectral locus. Although we could not measure the color of 

test patches for the red illumination of the highest saturation we could suppose the 

colors also lie on the spectral locus having only red color in the sense of psychophysical 

color. Then the color appearance can be all reddish.
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PH

MW

Fig. 4-6a Results for condition R5+W20. Each section corresponds to a subject.

□  1 the test patch 5R5/3; A  1 5Y5/3; O , 5G5/3; X 1 5B5/3; O , N5

•  1 original color; ■  1 color of illumination
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Fig. 4-6b Results for condition R12+W13. Each section corresponds to a subject.

□  1 the test patch 5R5/3; A  1 5Y5/3; 0 , 5G5/3; X 1 5B5/3; O , N5

#  1 original color; ■  1 color of illumination
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Fig. 4-6c Results for condition R19+W6. Each section corresponds to a subject.

□  1 the test patch 5R5/3; A  1 5Y5/3; o  1 5G5/3; X 1 5B5/3; o  1 N5

0  , original color; M  , color of illumination

T  m W 3 ) b
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Fig. 4-6d Results for condition R25+W0. Each section corresponds to a subject. 

□  1 the test patch 5R5/3; A 1 5Y5/3; 0 1 5G5/3; X 1 5B5/3; 0 1 N5 

•  1 original color; ■  1 color of illumination
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Fig. 4-7 Chromaticity coordinates of test patches are plotted on the CIE xy 

chromaticity diagram

The results from all five subjects and for all the saturations of yellow illumination 

are shown in Fig. 4-8a-d, a for Y5+W20, b for Y12+W13, c for Y19+W6 and d for 

Y25+W0. Sections in each figure correspond to subjects as in the case of Fig. 4-6. 

Different symbols represent test patches, square for 5R5/3, triangles for 5Y5/3, 

diamonds for 5G5/3, exes for 5B5/3 and circles for N5. Filled circles show the original 

color of the test patches and large filled squares show the colors of illumination.

At one glance we notice results are quite different among saturation of yellow 

illumination. With the illumination Y5+W20 the color appearance almost coincides with 

the original color for all the test patches and for all the window size. เท other words the 

subjects perceived color of test patches as if they were placed in the illumination of 

daylight type if the saturation of the yellow illumination is very low. When the saturation
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w a s  in c re a s e d  to  Y 1 2 + W 1 3  s o m e  c h a n g e  o c c u r re d , p a r t ic u la r ly  w ith  the  b lu e  te s t p a tc h . 

It a p p e a re d  as  g re e n  w ith  W1 a n d  พ 2 a n d  re tu rn e d  to  the  o r ig in a l c o lo r  fo r  w id e r  

w in d o w s . T h e  e ffe c t o f th e  y e llo w  illu m in a tio n  e x p a n d e d  to  o th e r  te s t p a tc h e s  w h e n  th e  

s a tu ra t io n  is fu r th e r  in c re a s e d  to  Y 1 9 + W 6 . W h e n  th e  w in d o w  w a s  sm a ll as  W1 a n d  พ 2 

th e  c o lo r  a p p e a ra n c e  o f th e  te s t p a tc h e s  s h if te d  u p w a rd  to  th e  y e llo w  d ire c t io n  b u t in 

d if fe re n t d e g re e s  d e p e n d in g  on th e  s a tu ra t io n  o f y e llo w  lig h t as e x p e c te d  from  

p s y c h o p h y s ic a l c o lo r  o f th e  te s t p a tc h e s . W h e n  th e  w in d o w  s ize  w a s  e n la rg e d  th e  c o lo r  

s h if te d  to  re tu rn  to  th e ir  o r ig in a l c o lo rs . W ith  th e  y e llo w  illu m in a tio n  o f Y 2 5 + W 0  the  

re c o v e ry  o f th e  c o lo r  a p p e a ra n c e  w ith  th e  la rg e s t w in d o w  พ ร  is ra th e r p o o r  in m a n y  

s u b je c ts  a n d  in m a n y  te s t p a tc h e s . P a rtic u la r ly  th e  te s t p a tc h e s  o f b lu e  a nd  g ra y  s ta y e d  

fa r  fro m  th e  o r ig in a l c o lo r  e ven  w ith  พ ร .

B u t c o n tra ry  to  th e  c a s e  o f re d  illu m in a tio n  o f th e  e x tre m e  sa tu ra tio n  th e  c o lo r  

a p p e a ra n c e  c h a n g e  in th e  c a s e  o f y e llo w  illu m in a tio n  o f th e  e x tre m e  sa tu ra tio n  is w ith in  

th e  e x p e c ta t io n  fro m  th e  re s u lt o f P o n ta w e e  e t a l. W ith  sm a ll w in d o w s  W1 a n d  พ 2 the  

c o lo r  a p p e a ra n c e  s h if te d  to w a rd  y e llo w  s id e  a n d  w ith  la rg e  w in d o w s  พ ร ,  พ 4  a n d  พ ร  it 

s h if te d  to w a rd  th e  o r ig in a l c o lo r. S u d d e n  c h a n g e  o f th e  c o lo r  a p p e a ra n c e  fro m  พ 2 to  

พ ร  d id  n o t ta k e  p la c e  a n d  th e  s h if t w a s  ra th e r g ra d u a l e x c e p t the  b lu e  te s t p a tc h  w ith  

th e  s u b je c t JJ .
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Fig. 4 -8 a  R esu lts  fo r  c o n d it io n  Y 5 + W 20 . E a ch  s e c tio n  c o rre s p o n d s  to  a s u b je c t. 

□  1 th e  te s t p a tc h  5R 5 /3 ; A 1 5Y 5/3 ; O, 5 G 5 /3 ; X  1 5 B 5 /3 ; O, N 5 

#  1 o r ig in a l c o lo r; H  1 c o lo r  o f illu m in a tio n
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F ig . 4 -8 b  R esu lts  fo r  c o n d it io n  Y 1 2 + W 1 3 . E ach  s e c tio n  c o rre s p o n d s  to  a s u b je c t. 

□  , the  te s t p a tc h  5 R 5 /3 ; A 1 5Y 5/3 ; O ,  5 G 5 /3 ; X  1 5 B 5 /3 ; O ,  N 5 

#  1 o r ig in a l c o lo r; ■  1 c o lo r  o f illu m in a tio n
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F ig. 4 -8 c  R esu lts  fo r  c o n d it io n  Y 1 9 + W 6 . E a ch  s e c tio n  c o rre s p o n d s  to  a s u b je c t.

□  1 th e  te s t p a tc h  5 R 5 /3 ; A 1 5 Y 5 /3 ; O ,  5 G 5 /3 ; X 1 5 B 5 /3 ; O ,  N 5 

•  1 o r ig in a l c o lo r  ; ■  1 c o lo r  o f illu m in a tio n



42

Y  Y

PH

MW

F ig. 4 -8 d  R esu lts  fo r  c o n d it io n  Y 2 5 + W 0 . E a ch  s e c tio n  c o rre s p o n d s  to  a s u b je c t.

□  1 the  te s t p a tc h  5 R 5 /3 ; A 1 5 Y 5 /3 ; 0 , 5 G 5 /3 ; X 1 5 B 5 /3 ; O ,  N 5 

•  1 o r ig in a l c o lo r; ■  1 c o lo r  o f illu m in a tio n
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T o  se e  o v e ra ll p ro p e rt ie s  o f c o lo r  a p p e a ra n c e  c h a n g e  in te s t p a tc h e s  a n d  fo r  

d if fe re n t s a tu ra t io n  o f illu m in a tio n  c o lo r, w e  to o k  th e  a v e ra g e  o f th e  fiv e  s u b je c ts . F ig . 4 -9  

is th e  re s u lt fo r  re d  illu m in a tio n  a n d  F ig . 4 -1 0  fo r  y e llo w  illu m in a tio n . T he  c o lo r  

a p p e a ra n c e  o f  th e  illu m in a tio n  in th e  te s t ro o m  is sh o w n  b y  la rg e  f il le d  s q u a re s . D iffe re n t 

s y m b o ls  re p re s e n t te s t p a tc h e s .

เท th e  re d  illu m in a tio n  a ll th e  d a ta  p o in ts  a re  d ra w n  to w a rd  r ig h t w ith  th e  w in d o w  

W 1. T he  c o lo r  a p p e a ra n c e  o f te s t p a tc h e s  is in f lu e n c e d  d ire c t ly  b y  th e  re d  illu m in a tio n . 

W h e n  th e  w in d o w  is e n la rg e d  to  พ ร  so  th a t th e  s u b je c ts  c o u ld  se e  m a n y  o b je c ts  in th e  

te s t roo m  b e s id e  th e  te s t p a tc h  a n d  c o u ld  re c o g n iz e  th e  e x is te n c e  o f th e  te s t roo m , th e  

a p p e a ra n c e  re tu rn  to  th e  o rig in a l c o lo r. B u t p e r fe c t re tu rn  o n ly  o c c u rs  fo r  th e  lo w e s t 

s a tu ra tio n  o f  th e  te s t roo m  illu m in a tio n , R 5 + W 2 0 . W h e n  th e  s a tu ra t io n  is  in c re a s e d  to  th e  

n e x t s te p , R 1 2 + W 1 3 , th e  re tu rn in g  b e c o m e s  im p e r fe c t in s o m e  te s t p a tc h e s  s u c h  as  

g re e n , b lu e  a n d  e v e n  g ra y . For a fu rth e r  in c re a s e  o f th e  s a tu ra t io n  th e  re c o v e ry  

b e c o m e s  p o o re r  a n d  a t th e  sa m e  tim e  th e  a p p e a ra n c e  o f y e llo w  a n d  b lu e  d e c re a s e s . 

F ina lly  w ith  th e  s a tu ra t io n  R 2 5 + W 0  no p e rc e p tio n  o f y e llo w  a n d  b lu e  is e x p e r ie n c e d  a n d  

a il th e  p o in ts  lie  on  th e  R -G  ax is . G ree n  is n o t p e rc e iv e d  e ithe r.

เท th e  y e llo w  illu m in a tio n  th e  s itu a tio n  is q u ite  d if fe re n t fro m  th e  re d  illu m in a tio n . 

R e g a rd le s s  th e  w in d o w  s ize  th e  c o lo r  a p p e a ra n c e  in m o s t te s t p a tc h e s  c o in c id e s  w ith  

th e ir  re s p e c tiv e  o r ig in a l c o lo rs . O n ly  e x c e p tio n  is th e  b lu e  te s t p a tc h  w h ic h  a p p e a re d  

g re e n  w ith  sm a ll w in d o w s . Even w ith  la rg e  w in d o w s  it a p p e a re d  g re e n  fo r  th e  m o s t 

s a tu ra te d  illu m in a tio n , Y 2 5 + W 0 . เท g e n e ra l w e  m a y  s a y  th a t th e  c o lo r  c o n s ta n c y  h o ld s  

fo r  th e  y e llo w  illu m in a tio n  o f all th e  sa tu ra tio n  in v e s tig a te d .

T he  d if fe re n t p ro p e rty  b e tw e e n  th e  re d  a n d  y e llo w  illu m in a tio n  c a n  b e  m o re  

c le a r ly  d e m o n s tra te d  b y  re p lo tt in g  o n ly  the  d a ta  o f พ ร  in F ig . 4 -9  a n d  F ig . 4 -1 0 , w h ic h  is 

sh o w n  in F ig . 4 -1 1 . D a ta  o f te s t p a tc h  N 5 a re  n o t p lo tte d . F illed  c irc le s  w ith  d o tte d  line s  

a re  o r ig in a l c o lo r  o f te s t p a tc h e s . S y m b o ls  c o rre s p o n d  to  th e  s a tu ra t io n  o f illu m in a tio n , 

o p e n  s q u a re s  to  th e  le a s t sa tu ra tio n , a n d  o p e n  tr ia n g le s , o p e n  d ia m o n d s , a n d  o p e n  

c irc le s  fo llo w . W h e n  w e  c o n n e c t fo u r  d a ta  p o in ts  o f a sa tu ra tio n , w e  c a n  c le a r ly  s e e  th a t
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th e  c o n n e c te d  q u a d ra n g le  ra p id ly  s h rin ks  as th e  s a tu ra t io n  o f th e  illu m in a tio n  in c re a s e s  

เท th e  c a s e  o f th e  re d  illu m in a tio n , b u t it d o e s  n o t in th e  c a s e  o f th e  y e llo w  illu m in a tio n . 

T he  c o lo r  c o n s ta n c y  o n ly  h o ld s  fo r th e  le a s t s a tu ra t io n  เท th e  re d  illu m in a tio n  a n d  it 

b e c o m e s  p o o re r  a n d  p o o re r  fo r  h ig h e r  sa tu ra tio n . F o r th e  y e llo w  illu m in a tio n  the  

c o n n e c te d  q u a d ra n g le  re m a in s  a lm o s t sa m e  as th a t o f th e  o r ig in a l c o lo r  e v e n  the  

sa tu ra tio n  is in c re a s e d . T h e  la s t s q u a re  o f th e  h ig h e s t s a tu ra t io n  a p p e a rs  d if fe re n t from  

o th e rs , b u t th e  d if fe re n c e  is c a u s e d  o n ly  b y  th e  c o lo r  a p p e a ra n c e  o f th e  b lu e  te s t p a tc h , 

w h ic h  a p p e a re d  g re e n  e v e n  w ith  พ ร .  T he  c o lo r  c o n s ta n c y  h o ld s  q u ite  w e ll w ith  th e  

y e llo w  illu m in a tio n .

F ig. 4 -9  M ea n  re s u lts  fo r  the  red  illu m in a tio n  a n d  five  te s t p a tc h e s . E a ch  s e c tio n  

c o rre s p o n d s  to  an  illu m in a tio n  c o n d it io n .

□  1 th e  te s t p a tc h  5R 5 /3 ; A 1 5Y 5/3 ; O ,  5 G 5 /3 ; X  1 5 B 5 /3 ; O ,  N 5

#  1 o r ig in a l c o lo r; D  1 c o lo r  o f illu m in a tio n
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F ig . 4 -1 0  M ean  re su lts  fo r  th e  y e llo w  illu m in a tio n  a n d  five  te s t p a tc h e s . E ach  s e c tio n  

c o rre s p o n d s  to  an  illu m in a tio n  c o n d it io n .

□  1 th e  te s t p a tc h  5 R 5 /3 ; A 1 5Y 5/3 ; o 1 5 G 5 /3 ; X 1 5 B 5 /3 ; O , N5 

•  1 o r ig in a l c o lo r; ■  1 c o lo r  o f illu m in a tio n
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R e d  Ilium w 5 Yellow Ilium W5

F ig. 4-11 M ea n  re s u lts  fo r  th e  re d  a n d  y e llo w  illu m in a tio n  a n d  fo u r  te s t p a tc h e s , 

o n ly  พ ร .

T he  re su lts  o f th e  a m o u n ts  o f c h ro m a tic n e s s , w h ite n e s s  a n d  b la c k n e s s  fo r 

d if fe re n t w in d o w s  fro m  th e  c o m b in a tio n  o f te s t p a tc h  a n d  illu m in a tio n  a re  sh o w n  in F ig.

4 -1 2a fo r  re d  illu m in a tio n  a n d  in F ig . 4 -1 2 b  fo r  y e llo w  illu m in a tio n . T he  c o m b in a tio n  is 

in d ic a te d  a t th e  u p p e r  o f e a c h  s e c tio n ; fo r  e x a m p le , 5 G 5 /3  R 5 + W 2 0  d e n o te s  the  g re e n  

te s t p a tc h  5 G 5 /3  o b s e rv e d  w ith  th e  c o n d it io n  o f re d  illu m in a tio n  5 lx c o m b in e  w ith  

d a y lig h t 2 0  lx. S y m b o ls  re p re s e n t e le m e n ts : o p e n  s q u a re s  fo r  c h ro m a tic n e s s , o p e n  

c irc le s  fo r  w h ite n e s s  a n d  fil le d  c irc le s  fo r  b la c k n e s s . T h e  o rd in a te  g iv e s  th e  a m o u n t o f 

e a c h  e le m e n t in p e rc e n ta g e  a n d  th e  a b s c is s a  th e  w in d o w  s ize . เท th e  c a s e  o f th e  g re e n  

p a tc h  o b s e rv e d  w ith  re d  illu m in a tio n  c o n d it io n  R 5 + W 2 0  a n d  R 1 2 + W 1 3  sh o w n  in F ig.

4 -1 2a th e  a m o u n ts  o f c h ro m a tic n e s s  w e re  sm a ll w ith  w in d o w  1 a n d  w in d o w  2. B u t w he n  

lo o k e d  a t th e  g re e n  p a tc h  th ro u g h  w in d o w  3 th e  a m o u n ts  o f c h o rm a tic n e s s  in c re a se  

w ith  th e  a m o u n ts  o f w h ite n e s s  a n d  b la c k n e s s  d e c re a s e . O n  th e  o th e r  h a n d , w h e n  

o b s e rv e d  th e  g re e n  p a tc h  w ith  re d  illu m in a tio n  c o n d it io n  R 1 9 + W 6  a n d  R 2 5 + W 0  the
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a m o u n ts  o f c h ro m a tic n e s s  w e re  la rg e  w ith  w in d o w  1 a n d  w in d o w  2  a n d  d ro p  s u d d e n ly  

w ith  w in d o w  3. T he  d ro p  is re p la c e d  b y  b o th  w h ite n e s s  a n d  b la c k n e s s . T h is  in d ic a te s  

th a t th e re  w a s  a b ig  c h a n g e  in th e  re c o g n it io n  from  w in d o w  2 to  w in d o w  3. W ith  the  

fo rm e r  w in d o w  th e  s u b je c t re c o g n iz e d  o n ly  th e  s u b je c t ro o m  a n d  th e  te s t p a tc h  w a s  a 

m e re  o b je c t  b e lo n g in g  to  th e  s u b je c t  roo m . W ith  the  la tte r w in d o w  th e  s u b je c t  c o u ld  see  

p o r tio n s  o f p la n t le a ve s  a n d  o th e r  s u b je c ts  b e s id e  the  te s t p a tc h  a n d  c o u ld  c le a r ly  

re c o g n iz e  th e  te s t roo m . เท th e  c a s e  o f b lu e  p a tc h  o b s e rv e d  w ith  y e llo w  illu m in a tio n  

c o n d it io n  Y 5 + W 2 0  a n d  Y 1 2 + W 1 3  th e  a m o u n ts  o f c h ro m a tic n e s s , w h ite n e s s  a n d  

b la c k n e s s  d id  n o t c h a n g e  m u c h  as  sh o w n  in fig u re  4 -1 2 b . T h is  b e c a u s e  o f th e  

s a tu ra t io n  o f y e llo w  lig h t is low  so  th a t th e  s u b je c t p e rc e iv e d  th e  c o lo r  o f illu m in a tio n  

a lm o s t w h ite . R esu lts  fo r  th e  b lu e  p a tc h  o b s e rv e d  w ith  y e llo w  illu m in a tio n  c o n d it io n  

Y 1 9 + W 6  a n d  Y 2 5 + W 0  w ith  w in d o w  1 a n d  w in d o w  2 th e  a m o u n t o f  c h ro m a tic n e s s  w e re  a 

litt le  b it  la rg e r  th a n  w ith  w in d o w  3.
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5G5/3 R5+V\20 5G5/3 R12+W13
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F ig. 4 -1 2a  C h a n g e  o f c o lo r  e le m e n ts  fo r  d if fe re n t w in d o w  s ize . □  1 c h ro m a tic n e s s ; 

o 1 w h ite n e s s ; •  1 b la c k n e s s . T he  te s t p a tc h -re d  illu m in a tio n  c o n d it io n  is sh o w n  at 

th e  u p p e r  o f e a c h  s e c tio n . A v e ra g e  o f f iv e  s u b je c ts .
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F ig. 4 -1 2 b  C h a n g e  o f c o lo r  e le m e n ts  fo r  d if fe re n t w in d o w  s ize . □  1 c h ro m a tic n e s s ; 

o 1 w h ite n e s s ; •  1 b la c k n e s s . T h e  te s t p a tc h -y e llo w  illu m in a tio n  c o n d it io n  is sh o w n  

a t th e  u p p e r  o f e a c h  s e c tio n . A v e ra g e  o f f iv e  s u b je c ts .
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