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Preface 

 

2020 is quite a slow movement because of the pandemic, COVID-19. However, we 

were trying our best to achieve the goal as much as we can.  

This annual report 2020 of Color Research Center aimed to present the academic 

activities and others that happened in 2020 (Year budget from October 1st, 2019 – 

September 31st, 2020). There are many contents shown in this report such as CRC 

information, student exchange, international conference, cooperation of CRC, and 

researches. These will show the achievement of Color Research Center all the year. 

We extremely hope that this report will be advantages for the organization. Also, 

we would like to acknowledge everyone for the support. That made CRC achieved the 

target. We will try our best to develop our activities to make a huge advantage for students 

and staffs. 

 

           

   

       

           Director of Color Research Center 
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Message from CRC’s Director 

 

Color Research Center CRC was established in 2013 to 

promote the color science and technology. Beside the main aim 

of CRC we made continuously effort to push and promote 

RMUTT’s strategy such as internationalization. As years passed, 

CRC carried out many researches and activities. Many scientific 

papers have been published by staffs of CRC on international 

journals such Color Research and Application, Jr. of Optical 

Society of America, A, and Jr. of Color Science Association of 

Japan. We started collaboration with many international 

universities by exchanging MOU, such as Huafan University, Taiwan, Yonsei University, 

Korea, Chiba University, Japan, Ritsumeikan University, Japan, Meijo University, Japan, 

Utsunomiya University, Japan, and Yamagata University, Japan. Many Japanese scientists 

helps CRC by becoming international advisors, Prof. Yaguchi and Mizokami of Chiba 

University, Prof. Yamauchi of Yamagata University, Prof. Shinoda of Ritsmeikan University, 

Assoc. Prof. Kawasumi of Meijo University, Prof. Ayama of Utsunomiya University and Prof. 

Saito of Waseda University, Japan. Some of them are serving co-supervisors to graduate 

students in CRC.  

In 2020, we faced with a trouble situation, pandemic of COVID-19 and many 

activities were forced to stop or speed down. We lost opportunities of staff and students 

to attend at international conferences and to go abroad as exchange students. But, 

because of this troubled situation we could start a new program of online international 

exchange lecture with Utsunomiya University. 

We can assure that our activities will continue this coming year also. 

 

 

 

 

 

Chanprapha  Phuangsuwan, PhD 

Director of Color Research Center 
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General Information 

 

A Briefly History 

Color Research Center (CRC) is a highly regarded research and development in 

color science in field of science, engineering and design.  CRC is an integral part of the 

Faculty of Mass Communication Technology, Rajamangala University of Technology 

Thanyaburi. With international professional scholar’s support researchers, students, living 

society and industries. Therefore, CRC have set of high-performance equipment for serving 

all teaching and research activities. This report contains CRC’s equipment and research 

activities in past fiscal year. 

 

 

The CRC was formally established in August and the open ceremony was held in 

December 2013. We intend to promote color science and its application in this country 

and join and cooperate with color scientists in the world.         

 

CRC Logo 

 

The logo represents the hue ring of the opponent colors 

theory composed of four unique colors, red, yellow, green, and 

blue. 
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General Information 

 

Location 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Color Research Center is located on 4th floor in Faculty of Mass Communication 

Technology, Rajamangala University of Technology Thanyaburi. 

Address: 39 moo 1 Klonghok Thanyaburi Patumthani 12110, Thailand 

Contact information 

Tel: +66 2 5494538 

Email: crc@rmutt.ac.th  

Website: www.crc.rmutt.ac.th 
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CRC Members 

 

 

 

 

                                  

   

 

  

   

 

 

 

 

 

 

 

  

Dr. Uravis Tangkijviwat 

Assistant Professor 

Field to cover: Color preference and color psychology 

Dr. Mitsuo Ikeda 

Professor 

Field to cover: Color vision, Visual information processing 

Dr. Chanprapha Phuangsuwan, Director of CRC 

Assistant Professor 

Field to cover: Color vision and color appearance 

Dr. Kitirochna Rattanakasamsuk 

Assistant Professor 

Field to cover: Elderly vision and universal color design 

Dr. Waiyawut Wuthiastasarn 

Assistant Professor 

Field to cover: Media Accessibility 

Pappim Chuenjai 

Technical Assistant 
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International Advisors 

 

 

 

 

 

 

 

 

 

 

 

Dr. Hirohisa Yaguchi 

Professor Emeritus, Chiba University, Japan 

Field to cover: Color appearance model 

Dr. Hiroyuki Shinoda 

Professor, Department of Information and Computer Intelligence 

College of Information Science and Engineering,  

Ritsumeikan University, Japan 

Field to cover: Visual information processing 

Dr. Yasuki Yamauchi 

Professor, Faculty of Engineering 

Yamagata University, Japan 

Supervisor to Phubet, Ph.D student 

Field to cover: Organic LED 

Dr. Mikiko Kawasumi 

Associate Professor, Department of Information Engineering, 

Faculty of Science and Technology 

Meijo University, Japan 

Visiting researcher, Rajamangala University of Technology Thanyaburi 

Field to cover: Human interface 
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International Advisors 

 

 

 

 

  

Dr. Yoko Mizokami 

Professor, Department of Imaging Sciences, Graduate School of 

Engineering 

Chiba University, Japan 

Field to cover: Color vision and visual information processing  

Dr. Miyoshi Ayama 

A former Dean of the Graduate School of Engineering 

and School of 

Engineering and a Professor Emeritus of Utsunomiya 

University. 

Field to cover: Visual ergonomic and Kansei 

Dr. Miho Saito 

The Executive Vice president and a Professor Emeritus of 

Waseda University, Japan. 

Field to cover: Cross-cultural study of color preference 
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Instruments 

 

 

No. Instruments Amount 

1 Spectroradiometer: Konica Minolta CS2000 1 

2 Spectrophotometer (360-740 nm.): CM-3700d 1 

3 Spectrophotometer: Konica Minolta CM-512m3A 1 

4 Spectrophotometer: Konica Minolta FD-7 1 

5 Illuminance Meter: Konica Minolta CL-200A 3 

6 Illuminance Meter: Konica Minolta T-10A 1 

7 Illuminance Meter: Konica Minolta T-10MA 1 

8 Illuminance Spectrophotometer: Konica Minolta CL-500 A 1 

9 Luminance Meter: Konica Minolta CS100A 2 

10 Haze Meter: HM-150 1 

11 Farnsworth-Munsell: 100 Hue Test 1 

12 The Munsell Book of Color Glossy Collection 1 

13 Eyes Tracking: ASL The EYES-TRACKING*7 1 

14 Program ASL Result Plus 1 

15 Laptop HP 1 

16 Laptop DELL 1 

17 White Calibration Plate 1 
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Research 

 
Researcher Name of the research project Publish Year 

Chanprapha  

Phuangsuwan 

and Mitsuo Ikeda 

Ikeda, M. and Phuangsuwan, C. (2020). The 

Effect of Tissue Paper on the Color Appearance 

of Colored Papers. Journal of the Optical Society 

of America A, 37(4), 114-121. 

Journal of the 

Optical Society of 

America A 

2020 

Sukontee, P., Phuangsuwan, C., Iyota, H., Sakai, 

H., and Ikeda, M. (2019). Color of Cooked rice to 

Improve Appetite for Elderly. Proceedings of the 

5th Asia Color Association Conference, 

November 29-December 2, 2019, Nagoya, 

Japan, 39-43. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Chitapanya, P., Phuangsuwan, C., and Ikeda, M. 

(2019). Color appearance of objects in the 

environment lit with LED lamps. Proceedings of 

the 5th Asia Color Association Conference, 

November 29-December 2, 2019, Nagoya, 

Japan, 56-61. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Pattarasoponkun, N., Phuangsuwan, C., and 

Ikeda, M. (2019). Skin color of Thai people.  

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 143-148. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Somdang, K., Phuangsuwan, C., Tsuji, N., 

Kawasumi, M., and Ikeda, M. (2019). Color of 

Lipstick to Make Thai Girls Healthier. Proceedings 

of the 5th Asia Color Association Conference, 

November 29-December 2, 2019, Nagoya, 

Japan, 149-153. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Panitanang, N., Phuangsuwan, C., Kuriki, I., 

Tokunaga, R., and Ikeda, M. (2019). Thai Basic 

Color Terms and New Candidate Nomination. 

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 164-169. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 
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Researcher Name of the research project Publish Year 

Chanprapha  

Phuangsuwan 

and Mitsuo Ikeda 

Mepean, J., Ikeda, M., and Phuangsuwan, C. 

(2019). Simultaneous Color Contrast on a Display 

Determined by Different Viewing Distances. 

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 175-180. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Chantra, S., Ikeda, M., Sakai, H., Iyota, H., and 

Phuangsuwan, C. (2019). Device Independent 

Simultaneous Lightness Contrast. Proceedings of 

the 5th Asia Color Association Conference, 

November 29-December 2, 2019, Nagoya, 

Japan, 181-185. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Pumila, W., Phuangsuwan, C., Mizokami, Y., and 

Ikeda, M. (2019). Colors for Female and Male 

Image by Thai and Japanese People. 

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 204-209. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Jinphol S., Ikeda M., Phuangsuwan C., and 

Mizokami Y. (2019).  Effect of Haze Value and 

Materials on the Color Appearance in the Tissue 

Experiment of the Simultaneous Color Contrast. 

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 226-231. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Nguensawat P., Ikeda M., Phuangsuwan C., and 

Mizokami Y. (2019). Effect of Viewing Distance to 

the Simultaneous.  Proceedings of the 5th Asia 

Color Association Conference, November 29-

December 2, 2019, Nagoya, Japan, 232-237. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 
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Researcher Name of the research project Publish Year 

Chanprapha  

Phuangsuwan 

and Mitsuo Ikeda 

Phuangsuwan C. (2019). Choromatic 

Adaptation to Illumination.  Proceedings of the 

5th Asia Color Association Conference, 

November 29-December 2, 2019, Nagoya, 

Japan, 238-243. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Upakit, O., Phuangsuwan, C., and Ikeda, M. 

(2019). Size Constancy Demonstrated on 

Photograph. Proceedings of the 5th Asia Color 

Association Conference, November 29-

December 2, 2019, Nagoya, Japan, 385-388. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Phuangsuwan C., Ikeda M., and Pumila W. 

(2020). Dectectability of Color-Code Toilet Signs. 

Journal of the Color Science Association of 

Japan, Vol.44, No.3 Supplement, June 27-28, 

2020, Kyoto, Japan. pp. 3-6. 

Journal of the 

Color Science 

Association of 

Japan, Vol.44, 

No.3 Supplement 

2020 

Phuangsuwan C., Ikeda M., and Nguensawat P. 

(2020). Simultaneous Color Contrast with a Large 

Surrounding Field.  Journal of the Color Science 

Association of Japan, Vol.44, No.3 Supplement, 

June 27-28, 2020, Kyoto, Japan. pp. 7-10. 

Journal of the 

Color Science 

Association of 

Japan, Vol.44, 

No.3 Supplement 

2020 

Phuangsuwan C.,  Rattanakasamsuk K., 

Saksirikosol C., and Jarernros J. (2020). Does 

Rainboe Color Truly Represent Alternative 

Gender?.  Journal of the Color Science 

Association of Japan, Vol.44, No.3 Supplement, 

June 27-28, 2020, Kyoto, Japan. pp. 177-179. 

Journal of the 

Color Science 

Association of 

Japan, Vol.44, 

No.3 Supplement 

2020 

Kitirichna 

Rattanakasamsuk 

Jankeaw, K., Rattanakasamsuk, K., Kihara, R., 

and Kawasumi, M. (2019). Representative Colors 

of Grapes. Proceedings of the 5th Asia Color 

Association Conference, November 29-

December 2, 2019, Nagoya, Japan, 283-288. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 
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Kitirichna 

Rattanakasamsuk 

Rattanakasamsuk K., and Kawasumi M. (2019).  

Comparison of Color Interference in Gender 

Identification Between Thai and Japanese.  

Proceedings of the 5th Asia Color Association 

Conference, November 29-December 2, 2019, 

Nagoya, Japan, 442-446. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2020 

Puenpa S., Rattanakasamsuk²  K., and Srisuro P. 

(2019). Relationship Between Proper Contrast 

and Image Satisfaction.  Proceedings of the 5th 

Asia Color Association Conference, November 

29-December 2, 2019, Nagoya, Japan, 573-575. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 

Rattanakasamsuk K., Nontawongsa C., Srisuro P., 

and Phuangsuwan C. (2020). Does Rainboe 

Color Truly Represent Alternative Gender?.  

Journal of the Color Science Association of 

Japan, Vol.44, No.3 Supplement, June 27-28, 

2020, Kyoto, Japan. pp. 177-179. 

Journal of the 

Color Science 

Association of 

Japan, Vol.44, 

No.3 Supplement 

2020 

Rattanakasamsuk K., Saksirikosol C., 

Phuangsuwan C., and Jarernros J. (2020). Color 

of Thai Iced Tea.  Journal of the Color Science 

Association of Japan, Vol.44, No.3 Supplement, 

June 27-28, 2020, Kyoto, Japan. pp. 180-181. 

Journal of the 

Color Science 

Association of 

Japan, Vol.44, 

No.3 Supplement 

2020 

Waiyawut  

Wuthiastasarn 

Wuthiastasarn W. (2019).  Study of How the First - 

Time Voters Memorize the Color of Political 

Parties.  Proceedings of the 5th Asia Color 

Association Conference, November 29-

December 2, 2019, Nagoya, Japan, 198-203. 

Proceedings of the 

5th Asia Color 

Association 

Conference 

2019 
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Activities 

Asia Student Workshop on Science Image (ASW 2019) 

 

There are totally 6 students from MCT who participated in Asia Student Workshop 

on Science Image (ASW 2019) at Chiba University, Japan from November 21 to December 

14, 2019. There are 4 undergraduate students joined in D2D program and 2 graduated 

students joined in L2L program. 

 

 

List of students 

No. Name Department 

D2D Program 

1 Supaluk Prommanee Photography and Cinematography Technology 

2 Sopita Sinpaldee Advertising and Public Relations 

3 Tanapat Piriyapanpong Photography and Cinematography Technology 

4 Chatchai Nuangcharoenporn Photography and Cinematography Technology 

L2L Program 

5 Janejira Mepean Color Technology and Design 

6 Nutticha Pattarasoponkun Color Technology and Design 
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Activities  

Asia Color Association Conference (ACA 2019) 

 

The Third Asia Color Association Conference (ACA 2019) 

 

There are 9 undergraduate students 

and 4 graduated students of faculty of Mass 

C o m m u n i c a t i o n  a n d  T e c h n o l o g y 

part icipated in Asia Color  Association 

Conference (ACA2019 Nagoya): Color 

Communications f rom November  29 – 

December  1,  2019 in  Nagoya, Japan.  

 

 

 

In the conference, MCT students presented their academic works in English as an 

oral presentation. In this participation, students gained many experiences such as oral 

presentation in international stage. 
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Cooperation 

 

Local Cooperation 

 

 

 

 

 

Soon, CST plans to arrange the local seminar and international conference, AIC - 

International Color Association Conference 2023. 

 

 

 

Color Research Center has participated 

the color group named “Color Society of 

Thailand” or CST. This group distributes the 

academic activities in the field of color. CRC 

members play the important role in the group. 
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Cooperation 

 

International Cooperation 

 

 

 

 

 

 

 

 

 

 

 

Color Research Center has brought Utsunomiya 

University, University of Japan, to be a partner of 

academic exchange. 

This agreement will be significance 

and advantage in research filed. Also, 

students of MCT will have an opportunity to 

participate an exchange program. 

On February 13, 2020, Professor 

Miyoshi Ayama and Associate Professor 

Tomoharu Ishikawa visited Faculty of Mass 

Communication and Technology to sign 

the MOU between School of Engineering, 

Utsunomiya University and Faculty of Mass 

Communication and Technology, RMUTT. 
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Cooperation 

 

International Cooperation 

 

 

 

 

 

Huafan University, Taiwan has become a partner of academic 

exchange. The agreement was signed by two universities on 

December 1, 2019. 

 On December 1, 2019, Color Research Center’s staffs and MCT staffs met 

Professor Tien-Rein Lee, the president of Huafan University to sign the MOU between 

Haufan University and RMUTT. This agreement is a great opportunity for MCT students, 

researchers, and staffs to cooperate with the top University of Taiwan. 

 In addition, Mr. Teiji Tachibana, the 

board chairman of Meijo University (Second 

person from the left) was a witness of this 

signing.  



 

 

 
 

Appendix 
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COLOR OF COOKED RICE TO IMPROVE APPETITE FOR 
ELDERLY 

 
Pantakan Sukontee¹* Chanprapha Phuangsuwan1, Hiroyuki Iyota2, Hideki Sakai3,  Mitsuo Ikeda1. 

 
1 Color Research Center, Faculty of Mass Communication Technology, Rajamangala University of 

Technology Thanyaburi, Thailand. 
2 Graduate School of Engineering, Osaka city University, Japan 

3 Graduate School of Human Life Science, Osaka city University, Japan 
 

*Corresponding author: Pantakan Sukontee,1159108020127@mail.rmutt.ac.th, 453opolopol@gmail.com 
 

Keywords: Color of cooked rice, Thai herb, elderly, appetite. 
  

ABSTRACT  
 In the next few years, we will step into the aging society completely and many changes will take 
place with aging. The most common problem in the elderly is anorexia, they get bored to eat any 
foods. To improve this situation we hypothesized that if we change the color of rice changes from 
white to some other color by herbs such as butterfly pea, yellow by turmeric, red by roselle, green 
by pandanus leaf. Four chromatic colors and plus white rice were prepared to be presented by LCD 
display. In each of color rice, we changed the saturation by using Adobe Photoshop from the original 
color that was measured directly from real rice. Three steps of higher saturation were added to the 
original color and three steps of lower saturation were added to the original color. Finally, the total 
stimuli were 25 pictures. The preference questionnaire was “like” and “dislike” with scale 3 to -3,  
meaning like or dislike. We found that Thai elderlies preferred no vivid color of rice in red, yellow, 
green and blue.  Japanese elderlies mostly preferred white color of rice and showed a small preference 
for red and yellow color by the reason that Japanese are familiar with the red and yellow rice for their 
daily life.  

INTRODUCTION 

 Population of elderly people is increasing rapidly in Thailand. The United Nations [1] predicted 
that in the years 2001-2100 would be the century of the elderly, in which Europe has the highest 
number of elderly people in the world and Asia has the 4th highest number of elderly people in the 
world. Thailand is the country with the 4th highest proportion of elderly people in Asia and the 2nd in 
ASEAN. Department of Older Persons (DOP) of the Foundation of Thai Gerontology Research and 
Development Institute (TGRI) reported [2] the status of Thai elderly population in 2017 that there are 
11 million elderly people aged 60 years or over in Thailand which counted as 17% of the total 
population of 65.5 million. Thailand is rapidly aging and it is expected that in not over than 4 years 
Thailand will become a completely aging society. When we step into the aging society many changes 
will take place with aging. One of them is a decrease of appetite for food, which decreases with age 
and often they get bored to eat any foods. To improve this situation rice may be colored. In Thailand, 
colored rice stained by herbs is common on market as it is thought some colored rice is good for 
health. In this report, we will investigate the effect of color of rice for appetite for elderly people.  

 

 

RESULT 
 

 The result of an appropriate smoke for hot beverage photograph is showed in Figure3. 
 

 
Figure 3. Comparison of Smoke Quality 

 
 The evaluation of smoke color in hot beverage advertising photograph showed that the 
smoke from an electric cigarette was appropriate for the product at an average of 3.96. The second 
appropriate instrument was cigarette with 3.6 and followed by the incense and dry ice at 3.1 and 2.76, 
respectively.  
 The result of the realistic score showed that the smoke from a cigarette had the highest score 
for realistic perception at 3.96, followed by the smoke from incense, electric cigarette, and dry ice at 
3.9, 3.56 and 2.76, respectively. 
 The result of attractive perception and buying preference of the product showed that the 
highest score in smoke from an electric cigarette was 4.03, followed by incense, cigarette, and dry 
ice 3.73, 3.7 and 3.4, respectively. 

 

CONCLUSION 
 

 In conclusion, the smoke production for hot beverage advertising photograph is able to create 
a realistic perception in a photo. Moreover, it increases the interesting of a photo that effected to 
customer buying preference. The most appropriate instruments for smoke production are from elec-
tric cigarette and cigarette. 
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EXPERIMENT 

Subjects 

There were 4 groups of subjects participated in this study, 30 Thai elderly people (age range from 
61 to 80 years old) , 100 Thai young people (age range from 18 to 25 years old)  , 15 Japanese elder 
people (age range from 61 to 82 years old) , and 21 Japanese young people (age range from 21 to 25 
years old), totally 166 people. 

 
Preparing stimuli 

Five rice colors stained by herbs; purple by butterfly pea, green by pandanus leaf, red by roselle, 
yellow by turmeric, and white without stain as shown in Fig. 1 (d). The rice was cooked by a normal 
rice cooker (Sharp KSH-Q18) with standard water. After the cooking we measured the colors of rice 
by using Konica Minolta Luminometer CS-100A (Fig. 1 (b)) and we took photographs for each 
cooked rice on dishes under controlled illumination of experimental booth by using DSLR camera 
Canon EOS kiss x7i (Fig. 1 (c)). The booth was built to have the size of 150 cm in width, 60 cm in 
depth, and 180 cm height. It was illuminated by 8 daylight fluorescent lamps (TOSHIBA 
FL18W/T8/EX-D); 6 lamps were hanged on the ceiling and the others two lamps were set at the 
beside the dish of rice as you can see in Fig.1 (a). The illuminance of the booth was 3,194 lx, color 
temperature was 6,500 K.  

 

 

 

 

 

 
 

  
 
 

 
 
 

 
Butterfly pea                Pandanus leaf                           Roselle                   Turmeric                   Normal 

Figure 1.  Preparing stimuli. (a) structure of experimental booth used for measuring rice colors 
and taking photos. (b) Measuring color of rice by using luminometer CS100A, (c) Taking 

photos of colored rice. (d) Photographs of colored rice. 

(a) (b) 

(c) 

(d) 

 
 

 Five colored rice photographs were then adjusted for temperature and tint by using the Adobe 
LightRoom on the LDC display (Eizo Cs2420)  to make the color of photographs to match the real 
rice. The matched colors are shown in Fig. 2 (a) by open symbols. The colored filled symbols represent 
the color of real rice.   After that, we adjusted the saturation of the photograph by using the Adobe 
Photoshop CC to decrease and increase saturation by 5 steps; two photographs of higher saturation 
than the original photograph ( 2, 1)  and two photographs of lower saturation than the original 
photograph (-2, -1). The saturation of the original color was coded as 0. The results are shown in Fig. 
2b with black filled triangles for the original.  It was not possible to make saturation higher for the 
bellow photographs. There were 25 photographs as shown in Fig. 2 (b).  

 
 

 
 
   
 
 
  
 
 
 
Figure 2.  Rice colors. (a) Matching colors of rice photographs. (b) Adjusting saturation of rice 

photographs.  
 
Procedure 

 For the convenience of moving experimental equipment to collect data from the elderly subject 
outside, we created an experimental box made of black board as shown in Fig. 3(a), of the size 45 cm 
in width, 91.2 cm in depth, and 30 cm height, to prevent light from outside keeping the inside the box 
dark. A subject looked at the 25 rice photographs which were presented one by one on the 14-inch 
labtop display (Asus A45V) through an aperture of the size 7.5 cm x 10 cm (Fig. 3(b)). The visual angle 
of a picture on the display was 12.4° high. The subject was asked to rank the picture by 7-point scale, 
from “like” down to “dislike”; -3 (dislike at all), -2 (dislike), -1 (rather dislike), 0 (so so), 1 (quite like), 2 
(like), 3 (really like). 

 
 

 
 
 

 
Figure 3. (a) An experimental box. (b) View of doing experiment.  
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EXPERIMENT 

Subjects 

There were 4 groups of subjects participated in this study, 30 Thai elderly people (age range from 
61 to 80 years old) , 100 Thai young people (age range from 18 to 25 years old)  , 15 Japanese elder 
people (age range from 61 to 82 years old) , and 21 Japanese young people (age range from 21 to 25 
years old), totally 166 people. 

 
Preparing stimuli 

Five rice colors stained by herbs; purple by butterfly pea, green by pandanus leaf, red by roselle, 
yellow by turmeric, and white without stain as shown in Fig. 1 (d). The rice was cooked by a normal 
rice cooker (Sharp KSH-Q18) with standard water. After the cooking we measured the colors of rice 
by using Konica Minolta Luminometer CS-100A (Fig. 1 (b)) and we took photographs for each 
cooked rice on dishes under controlled illumination of experimental booth by using DSLR camera 
Canon EOS kiss x7i (Fig. 1 (c)). The booth was built to have the size of 150 cm in width, 60 cm in 
depth, and 180 cm height. It was illuminated by 8 daylight fluorescent lamps (TOSHIBA 
FL18W/T8/EX-D); 6 lamps were hanged on the ceiling and the others two lamps were set at the 
beside the dish of rice as you can see in Fig.1 (a). The illuminance of the booth was 3,194 lx, color 
temperature was 6,500 K.  

 

 

 

 

 

 
 

  
 
 

 
 
 

 
Butterfly pea                Pandanus leaf                           Roselle                   Turmeric                   Normal 

Figure 1.  Preparing stimuli. (a) structure of experimental booth used for measuring rice colors 
and taking photos. (b) Measuring color of rice by using luminometer CS100A, (c) Taking 

photos of colored rice. (d) Photographs of colored rice. 
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 Five colored rice photographs were then adjusted for temperature and tint by using the Adobe 
LightRoom on the LDC display (Eizo Cs2420)  to make the color of photographs to match the real 
rice. The matched colors are shown in Fig. 2 (a) by open symbols. The colored filled symbols represent 
the color of real rice.   After that, we adjusted the saturation of the photograph by using the Adobe 
Photoshop CC to decrease and increase saturation by 5 steps; two photographs of higher saturation 
than the original photograph ( 2, 1)  and two photographs of lower saturation than the original 
photograph (-2, -1). The saturation of the original color was coded as 0. The results are shown in Fig. 
2b with black filled triangles for the original.  It was not possible to make saturation higher for the 
bellow photographs. There were 25 photographs as shown in Fig. 2 (b).  

 
 

 
 
   
 
 
  
 
 
 
Figure 2.  Rice colors. (a) Matching colors of rice photographs. (b) Adjusting saturation of rice 

photographs.  
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dark. A subject looked at the 25 rice photographs which were presented one by one on the 14-inch 
labtop display (Asus A45V) through an aperture of the size 7.5 cm x 10 cm (Fig. 3(b)). The visual angle 
of a picture on the display was 12.4° high. The subject was asked to rank the picture by 7-point scale, 
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 If we compare Thai elderly subjects with Japanese elderly subjects in Figure 5, both Thai and 
Japanese elderly prefer white rice and red rice. Thai elderly subjects prefer red rice the most, secondly 
white rice, while the Japanese elderly subjects like white rice the most and the second red rice but 
they dislike blue rice and green rice. When we compare the results of Thai elderly subjects and Thai 
young subjects Thai young subjects like all the colors but the Thai elderly subjects like red and white, 
but so so for blue, green, and yellow rice. The comparison between Thai young subjects and Japanese 
young subjects shows clearly difference in blue rice and green rice, Thai young subjects like all the 
colors but Japanese young subjects dislike blue and green rice, they prefer white rice.  Japanese 
subjects, both young and elderly subjects prefer white rice the most, like red rice, and they feel “so 
so” for yellow rice. But all Japanese subjects dislike blue and green.  

  When we look at the overall result we can conclude that the four groups of subjects prefer 
white rice and red rice, but do not like blue rice nore green rice.We also interviewed some subjects 
for voting reason and they pointed out that they prefered the white rice because it is a normal color 
that they always found in daily life, and the red rice looks like red bean in Japan and looks like Thai 
food named “Khao khluk kapi, Rice Mixed with Shrimp paste”. It influenced subjects to feel want to 
taste. Whereas, the blue rice and green rice remind them the fungus and chemicals that may be toxic. 
To ensure the results of the experiment, we should repeat the experiment by controlling the color of 
the blue and green rice not to have too much saturation. 
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RESULTS AND DISCUSSION 

The scores to show saturation effect from 30 Thai elderlies are shown in Figure 4 for difference 
colors. The score did not change for saturation except the yellow rice. They did not like very vivid 
yellow rice. We averaged score of subject of each group for each color and the results are shown in 
Figure 5. Here, the scores of different saturation were averaged. The left above figure shows the score 
rated by Thai elderly subjects, we can see that red rice has the highest score of 1.67. White rice gave 
score 1.47, they like but not much. Other rice colors have the score less than 1 but all positive, which 
means they feel so so. For the Thai young subjects (right top figure), it seems that they like rice in 
every color, but there is no rice with a distinctive preference score than other colors, in which every 
rice color has less than 1.5, the highest score is 1.38. The averaged score of Japanese subjects shown 
at the bottom (both elderly and young groups) shows similar results for elderly and young people. The 
highest is white rice and the second is red and then yellow, but the green and blue rice gave minus 
score which means they dislike. 

 

 

 

 

 

 

Figure 4.Score for different saturation of four colour of rice. Subjects Thai elderlies. 

  

 

 

Figure 5. The averaged score of subjects. The left top shows Thai elderly subjects score, the 
right top shows Thai young subjects score, the left bottom shows Japanese elderly subjects 

score, and right bottom shows Japanese young subjects score. 
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EXPERIMENT 

 
Figure 1. Experimental booth.  

 
Apparatus 

This experiment was done inside a booth which illuminated by LED light of RGB type (Philips 
color kinetics). the room is decorated by books, flowers, fruit model, and picture, giving a daily life 
situation to a subject as shown in figure 1. The size of the booth is 135 cm long, 82cm wide, and 
172cm high. A stool of the height 52 cm was placed in front of a subject and a test stimulus object 
which size is 6 cm × 6 cm was placed at the center of a gray paper on the stool. 
 
Illuminations 

In the figure 2. shows spectral power distributions of the red, green, and blue lights of the 
LEDs, as measured by Konica Minolta CL-500A Illuminance Spectrophotometer.  By mixing the 
three of each colored light, thirteen illuminations were prepared as shown in figure 3. The square 
symbol indicated neutral illumination following D65 chromaticity ordinates defined by CIE. 
Twelve hues, (R)red, (Y)yellow, (G)green, (C)cyan, (B)blue, and (M)magenta were investigated in 
this experiment. Red, green, and blue hue were the maximum intensity of red LED, green LED, 
and blue LED respectively. The other hues were designed by half distance of u’v’ chromaticity 
diagram between each pair of colored LEDs. The twelves hues were connected by the red line 
indicating the gamut of our LEDs such as R2, Y2, …G2. In each hue, different saturation was also 
prepared by the half distance of u’v’ diagram between neutral ordinates and their points on the red 
line. The less saturations were connected by the blue line such as R1, Y1, …G1. All of 
illuminations was fixed at 100lx on the table which test stimulus placed over there. 

 

 
Figure 2. Spectral power distribution of red, green, and blue LED light. 
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ABSTRACT 

LED (Light-Emitting Diode) is a narrow band of wavelengths lamp becoming to be all 
around us which is able to produce various colored illumination with less electric consumption. 
The one problem of LED is a poor property of CRI (Color rendering index) and it might affect the 
ability to see color of objects safely. To know color appearance of objects, 26 color chips which 
size is 6 × 6 inch covered 8 hues and Test color sample (R1-R15) were printed. The chips were 
placed one by one as a test stimulus on a table under experimental room which only illuminated by 
LED controlling lamp connected to a computer outside the room. The size of the room was 210 cm 
long, 110 cm wide, and 200 cm, and was decorated with various to simulate a normal room.  There 
were thirteen illuminations which covered also 6 hues on u’v’ color space and two saturation steps. 
The room illumination was fixed to be about 100 lx under all illuminations. 30 subjects including 
experience subjects and naïve subject were participated in this experiment by judging color of the 
chips by the elementary color naming method. There was 2-minute adaptation before doing 
experiment. The result showed the relative area was decreased under green illumination more than 
the other when increasing saturation. 
  

INTRODUCTION 

 The ability to stably see color under various colored illumination called color constancy had 
been investigating all the time. Many researchers used an experiment methodology working with 2-
dimensional test patch on a monitor. Chanprapa and Ikeda’s experiment1) showed that when a 
subject could perceive a test patch as a three-dimensional, he or she could get higher color 
constancy perception. It’s not only the dimensional space affecting to color perception. The 
difference of spectral power distribution of LEDs can influence the effect from the other light type. 
There has been some research where color appearance of objects was investigated under LED light 
but not under vivid colored light.  Ruiqing’s experiment2,3) showed the result of color constancy 
index was low on some color categories under blue and yellow illuminations. In this study, we try 
to determine the limit of color constancy under various illuminations by elementary naming 
method working on a real object represented by color stimulus in a realistic room in which subject 
has to judge each of color chip with their absolute judgement. By doing experiment by the method, 
area of color perception under each colored illumination could be compare to under white light as a 
ratio. 
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Figure 1. Experimental booth.  

 
Apparatus 

This experiment was done inside a booth which illuminated by LED light of RGB type (Philips 
color kinetics). the room is decorated by books, flowers, fruit model, and picture, giving a daily life 
situation to a subject as shown in figure 1. The size of the booth is 135 cm long, 82cm wide, and 
172cm high. A stool of the height 52 cm was placed in front of a subject and a test stimulus object 
which size is 6 cm × 6 cm was placed at the center of a gray paper on the stool. 
 
Illuminations 

In the figure 2. shows spectral power distributions of the red, green, and blue lights of the 
LEDs, as measured by Konica Minolta CL-500A Illuminance Spectrophotometer.  By mixing the 
three of each colored light, thirteen illuminations were prepared as shown in figure 3. The square 
symbol indicated neutral illumination following D65 chromaticity ordinates defined by CIE. 
Twelve hues, (R)red, (Y)yellow, (G)green, (C)cyan, (B)blue, and (M)magenta were investigated in 
this experiment. Red, green, and blue hue were the maximum intensity of red LED, green LED, 
and blue LED respectively. The other hues were designed by half distance of u’v’ chromaticity 
diagram between each pair of colored LEDs. The twelves hues were connected by the red line 
indicating the gamut of our LEDs such as R2, Y2, …G2. In each hue, different saturation was also 
prepared by the half distance of u’v’ diagram between neutral ordinates and their points on the red 
line. The less saturations were connected by the blue line such as R1, Y1, …G1. All of 
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ABSTRACT 

LED (Light-Emitting Diode) is a narrow band of wavelengths lamp becoming to be all 
around us which is able to produce various colored illumination with less electric consumption. 
The one problem of LED is a poor property of CRI (Color rendering index) and it might affect the 
ability to see color of objects safely. To know color appearance of objects, 26 color chips which 
size is 6 × 6 inch covered 8 hues and Test color sample (R1-R15) were printed. The chips were 
placed one by one as a test stimulus on a table under experimental room which only illuminated by 
LED controlling lamp connected to a computer outside the room. The size of the room was 210 cm 
long, 110 cm wide, and 200 cm, and was decorated with various to simulate a normal room.  There 
were thirteen illuminations which covered also 6 hues on u’v’ color space and two saturation steps. 
The room illumination was fixed to be about 100 lx under all illuminations. 30 subjects including 
experience subjects and naïve subject were participated in this experiment by judging color of the 
chips by the elementary color naming method. There was 2-minute adaptation before doing 
experiment. The result showed the relative area was decreased under green illumination more than 
the other when increasing saturation. 
  

INTRODUCTION 

 The ability to stably see color under various colored illumination called color constancy had 
been investigating all the time. Many researchers used an experiment methodology working with 2-
dimensional test patch on a monitor. Chanprapa and Ikeda’s experiment1) showed that when a 
subject could perceive a test patch as a three-dimensional, he or she could get higher color 
constancy perception. It’s not only the dimensional space affecting to color perception. The 
difference of spectral power distribution of LEDs can influence the effect from the other light type. 
There has been some research where color appearance of objects was investigated under LED light 
but not under vivid colored light.  Ruiqing’s experiment2,3) showed the result of color constancy 
index was low on some color categories under blue and yellow illuminations. In this study, we try 
to determine the limit of color constancy under various illuminations by elementary naming 
method working on a real object represented by color stimulus in a realistic room in which subject 
has to judge each of color chip with their absolute judgement. By doing experiment by the method, 
area of color perception under each colored illumination could be compare to under white light as a 
ratio. 
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PROCEDURE 
Thirty subjects were participated in this experiment. All of them have normal color vision tested 

by Farnsworth–Munsell 100 Hue Test. Twenty-five subjects were naïve. They were university 
students taking color vision class and they all got a score credit for doing this experiment. Five 
subjects were experience subjects who had a chance to do similar procedure. 

In the beginning of each colored illumination, a subject had to adapt to the light for 2 minutes 
then each color stimuli would be placed on a table one by one. A subject had to judge color chip by 
using elementary color naming method. A subject had to judge an element as 100% composed of 
chromaticness, whiteness, and blackness. If a subject named at least percentages of chromaticness, 
he or she had to judge which color that he or she saw as another 100% hue element composed of 
red, green, blue, and yellow in which could mix to produce this color chip. As elementary color 
naming relating to opponent color theory, a subject couldn’t judge red and green, or blue and 
yellow mixing together. 

 
RESULT  

The result can be transferred color naming result in each color judgement to polar diagram as 
shown in figure 5. In each circle plot represents the result from subject PC’s perception. The 
colored on each plot shows the physical chromaticity of each stimulus under D65 illumination 
measured by Konica Minolta FD-7. The result is connected by the black line indicating the area of 
color perception.  

 
Figure 5. Example of average result of all subject under D65 illumination. The orange area 

shows the area perception. Each color of each plot was the chromaticity of each 
color under D65 light. 

 
 

 
Figure 3. Illumination conditions. 

 
Stimuli 

Following CIE test color sample, fifteen color chips as TCS01-TCS15 were reproduced (ΔE≈4) 
by Konica Minolta Accurio press C83HC digital printer which is designed for nearly stimulated 
color as a monitor as shown by open square in figure 4. The solid circle indicates eight color chips 
which is covered 8 hues around achromatic point representing as saturation color chips. The 
difference angle of each hue was 45°. Three achromatic color chip, black, gray, and white were 
shown in figure 4 as solid square symbols. Totally, twenty-six color stimuli were used in this 
experiment. 
 

 
Figure 4. Color stimuli. 
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Figure 6 shows the average result of all subject in each colored illumination from R1, R2, …, 
M2. The orange surfaces are the area of color perception based on how it shifts from color 
perception under D65. Blue surfaces are the color perception area under white illumination. 

An area inside the orange shape can be calculated by Eq. (1). Then, take area ratio under test 
illumination by area under D65 to investigate how much area quantitative is changed compared to 
the normal light. The result of area comparison is showed in figure 7. Perfect color constancy is 
perfect when area ratio equals to 1. To compare result under various illumination, a slope (m) of 
any colored direction was measured by fixed curve shown that under green illumination, area ratio 
was decreased as  m = -5.2, then yellow, cyan, blue, red, and magenta as m = -5.0, -4.7, -2.9, -2.9, 
and 2.8 respectively. 
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Figure 7. Area ratio comparison 
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ABSTRACT 

 To do a proper cosmetic treatment for faces statistics of skin color is important. Color of cheek, 
forehead, chin, and inner arm were measured for 107 Thai subjects and compared with Garnier skin 
color scale which is popular among Thai young girls. It was found that Thai skin color is mostly 
characterized by L* value. Thai skin color is not properly expressed by Garnier skin color scale to 
imply a need of development of skin color scale proper to Thai people. 

 

INTRODUCTION 

 Garnier skin color scale is very popular among young girls in Thailand. It is used to judge face 
skin color so that cosmetics is properly chosen to make the face more charming. Atitaya 
Sangngiew et al.1) measured skin color of young Thai people and compared the results with the 
Garnier skin color scale. It was found that the Garnier skin color scale did not express the skin 
color of young Thai people properly and it was pointed out that it is important to collect more data 
of Thai skin color to see if the Garnier skin color scale cannot be applied to Thai people. If not, a 
new skin color scale may be developed to suit Thai girls. The measurement by Sangngiew, 
however, was limited only to teenagers of Thai university and it is necessary to obtain skin color of 
larger number of Thai people and of wide range of age. In the present paper the measurement was 
carried out for Thai people of the age covering 18 to 82 years old and for farmers who get strong 
tan. 

EXPERIMENT 

 Color of left and right cheeks, forehead, chin and inner arm of subjects were measured with 
Konica Minolta CR-20, a colorimeter of contact type. At the same time the experimenter judged 
the subject’s face to categorize them into three tones, white skin tone, tan skin tone and dark skin 
tone by the visual inspection following Garnier’s classification. 107 subjects participated in the 
measurement as summarized in Table 1. Subjects of the age 19 to 30 years old were all students or 
staffs of Rajamangala University of Technology Thanyaburi and the students were given credit of 
workshop by becoming the subjects. Fifteen subjects of over 31 years old were people living in 
Saraburi, a northern city near Ayuttaya of Thailand.  

 

 

 

 

 
 

CONCLUSION 
 In this study, we added the results of European observers to our previous results (He et al. [2, 3]). 
European observers perceived yellowish skin brighter, and it was the opposite result from Japanese 
observers. It implies that there is the influence of ethnicities or environments on the brightness 
perception of facial skin. Besides, consistent with previous studies, Japanese people perceive reddish 
skin brighter. The perception of Japanese may be affected by Japanese cultural characteristics. It is 
necessary to conduct further experiments to clarify this issue. 
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Figure 2  Plot of old and new Garnier skin color scale with regions of white, tan, and dark 
tone. Xes, old, +. New. 

 

 Skin colors of left and right cheeks were measured and were averaged. The results of cheek, 
chin, forehead, and inner arm are plotted on a*-b*, L*-a*, and L*-b*, graphs for all 107 subjects in 
Fig. 3, 4, and 5. The old Garnier skin color scale is shown by xes.  Open circles are the colors of 
subjects judged “white” by the experimenter, gray circles are for “tan” and filled circles for “dark”.  
Difference of skin color appears mostly in L* as a wide distribution in direction of L*. The graph 
of cheek in Fig. 4 is reproduced as Fig. 6. Data of Saraburi people are shown by open triangles and 
they overlap with data taken at RMUTT, which implies that this widely spread aggregation along 
L* direction fairly well represents Thai skin color. It is quite clear that old Garnier skin color scale 
does not represent Thai skin color as it locates far from Thai skin color aggregation. The upper 
people in the aggregation have white face tone, the bottom dark tone, and the middle people the tan 
tone. The new Garnier color scale shown by crosses passes Thai skin color but the tone ranges does 
not agree with tons of Thai skin. 

 

 

 
 

 

 

 

 

 

Figure 3 Skin colors of cheek, chin, forehead, and inner arm plotted on a*-b* graphs. 
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Table 1: Subject distribution 

 

 

 

 

 

 

 

 Two examples of Garnier skin color are shown in Fig.1. They were purchased at different time 
and specified old (a) and new (b). They are different in size. The scale has 16 colors and their L*, 
a*, and b* were measured with Konica Minolta spectrodensitometer FD-7. 

 

 
 
 

 

Figure 1 Pictures of Garnier skin color scales available in Thailand, a, old, b, new.  

 

RESULTS 

 Color of two Garnier skin color scales were measured and their values are given in Table 2 and 
plotted on L*-a* graph in Fig. 2, by xes for the old one and crosses for the new one. Color patches 
for white, tan, and dark are indicated for both scales. The two scales are quite different and a proper 
and accurate reproduction of color is desired. 

 

Table 2: Color specification of old and new Garnier skin color scales.  
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Figure 6  Skin colors of cheek plotted on L*-a* graph. Open circles, white tone skin; gray 
circles, tan; filled circles, dark tone skin; open triangles, Saraburi people. 

 

 In Fig. 7 colors of cheek and inner arm are plotted for Saraburi people.  L* of cheek is lower 
than that of inner arm to imply their cheeks got tanned for many years of living. There was one 
female farmer of the age 66. Her cheek and inner arm colors are shown by a filled triangle and an 
open triangle, respectively. Her cheek is very dark, the lowest among people measured but inner 
arm is same as other people. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  Comparison between cheek and inner arm for Saraburi people. A filled tringle 
shows cheek color of a female farmer and a open triangle inner arm of the same person. 
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Figure 4  Skin colors of cheek, chin, forehead, and inner arm plotted on L*-a* graphs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5  Skin colors of cheek, chin, forehead, and inner arm plotted on L*-b* graphs. 
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Figure 6  Skin colors of cheek plotted on L*-a* graph. Open circles, white tone skin; gray 
circles, tan; filled circles, dark tone skin; open triangles, Saraburi people. 
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than that of inner arm to imply their cheeks got tanned for many years of living. There was one 
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Figure 7  Comparison between cheek and inner arm for Saraburi people. A filled tringle 
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Figure 4  Skin colors of cheek, chin, forehead, and inner arm plotted on L*-a* graphs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5  Skin colors of cheek, chin, forehead, and inner arm plotted on L*-b* graphs. 
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CONCLUSION AND DISCUSSION 

 Thai skin colors were mostly characterized by L* which distributed from 40 to 60. On the other 
hand they did not differ among people in a* and b*. A female farmer showed the lowest L* value 
among all the 107 subjects measured. Her face was tanned because of many years of field work. 
This suggests importance of collecting data from different professions.  

 Garnier skin color scale did not represent Thai skin color. It is important to develop a scale to 
match with Thai skin color, which is our future work. 
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CONCLUSION AND DISCUSSION 

 Thai skin colors were mostly characterized by L* which distributed from 40 to 60. On the other 
hand they did not differ among people in a* and b*. A female farmer showed the lowest L* value 
among all the 107 subjects measured. Her face was tanned because of many years of field work. 
This suggests importance of collecting data from different professions.  

 Garnier skin color scale did not represent Thai skin color. It is important to develop a scale to 
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16 statistically distinct Japanese chromatic categories from 57 native Japanese subjects. They found 
that “mizu” is a strong candidate as the 12th Japanese basic color term which was used by 98% of 
subjects. Due to the diversity of Thai cultures, dialects, and environments that vary according to the 
speaker residence, we employed similar method and stimuli as used in the WCS to investigate Thai 
basic color terms. 

METHODOLOGY 

We conducted two experiments; Experiment 1 and Experiment 2. Experiment 1 using the color 
categorical method to define number of color categories used by Thai people. Experiment 2 using 
the elementary color naming method to examine the quantities of the new candidate for Thai basic 
color term and its neighboring colors in term of the subject's perception. 

Subjects 
There were 161 Thai native speakers participated in the Experiment 1, subject’s age ranges from 

18 to 60 years-old, the average age is 21.93.  The Experiment 2 there were 30 Thai native speakers 
participated, they were random selected from Experiment 1. All subjects were tested for their normal 
color vision by using the Farnsworth Munsell D-15 Color Vision Test. Only subjects who pass the 
test can attend the experiment.  

Color stimuli 
We employed the color chips taken from the Munsell Book of Color Glossy Edition which was 

kindly supplied to us by Research Institute of Electrical Communication, Tohoku University and 
College of Liberal Arts and Sciences, Chiba University. There were 330 color chips; 320 chromatic 
chips, Munsell Value ranging from 2 to 9 with 40 equally spaced Munsell Hue (2.5 R to 10 RP, in 
hue steps of 2.5) at the maximum chroma of each value in each hue, and 10 achromatic chips of 
Value from 1.5 to 9.5 (Fig. 1). The color chips have the size of 2 cm x 2.1 cm, each chip was mounted 
on a square cardboard of the size 7 cm by 7 cm covered by gray matte paper of approximately N5. 
All color chips were re-arranged in mixed order and kept in 6 plastic boxes. 

 

 

 

 

 

 

 

Figure 1. (a) World color survey color space. (b) Attribute of the Munsell color chips, two 
lowest horizontal rows indicated 40 hues with a step of 2.5 start from 2.5R on the left graph 
to 10RP on the right graph. The left most vertical columns show values start form 1.5 on the 

bottom to 9.5 on the top. Number inside the graph shows Munsell chroma of each chip. 
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ABSTRACT 

Due to a variety color names used in the world which is different depending on the speaker's 
habitat and it raises questions about the universality cross-linguistic of the color name. We conducted 
a survey of Thai color names from 161 Thai native speakers. 330 Munsell color chips taken from the 
Munsell Book of Color Glossy Edition, 320 chromatic chips, Munsell Value ranging from 2 to 9 with 
40 equally spaced Munsell Hue (2.5 R to 10 RP, in hue steps of 2.5) at the maximum chroma of each 
value in each hue, and 10 achromatic chips of Value from 1.5 to 9.5. Subjects were asked to name 
the color chips using monolexemic color term. The results showed mean number of color terms used 
per subject was 18.94 ± 5.02 (Mode = 19). There were 12 color terms used by more than 80% of 
subjects including the eleven basic color term as found in Berlin and Kay (1969) plus “Fa” (Sky/light 
blue), Notice that, “Fa” was used by 100% of subjects, more than some BCTs such as white and 
black which were used by 98.76% and 93.17% of subjects, respectively. In order to examine the 
quantity of perception for “Fa” and the neighboring colors, we took the color chips that are located 
on their border to re-examine by elementary color naming method. The result of experiment 2 
showed that Thai subjects perceive “Fa” (Sky/light blue) as distinct from other colors. This might be 
evident for promoting “Fa” to be a candidate of 12th Thai basic color terms. 

INTRODUCTION 

 Color terminology varies according to the speakers in different social environments. To define 
the number of universal color categories, Brent Berlin and Paul Kay (B&K, 1969) [1] investigated 
the color terminology systems of twenty languages and they proposed eleven basic color terms (11 
BCTs) for a total universal list of color categories which most languages share all or fewer color 
terms drawn from theses 11BCTs; red, orange, yellow, green, blue, purple, pink, brown, gray, black, 
and white. Shortly after their work was published, there were largely accepted by psychologists and 
vision researchers. However, there were also arguments, mainly by anthropologists, regarding the 
number of language and number of subjects in each language they explored. Therefore, World Color 
Survey (WCS) was established in 1976 to examine and expand the finding of Berlin and Key. There 
were recently works as according to the WCS project, Linsey and brown (L&B, 2014) [2] they 
obtained data from 51 American English subjects who are American English native speakers and 
found that there are 20 distinct color categories composed of 11 BCTs as fond in B&K, 1969 plus 9 
non-basic color terms (non-BCTa). In the modern Japanese color lexicon, Kuriki et al. (2017) found 
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16 statistically distinct Japanese chromatic categories from 57 native Japanese subjects. They found 
that “mizu” is a strong candidate as the 12th Japanese basic color term which was used by 98% of 
subjects. Due to the diversity of Thai cultures, dialects, and environments that vary according to the 
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basic color terms. 

METHODOLOGY 
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categorical method to define number of color categories used by Thai people. Experiment 2 using 
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Color stimuli 
We employed the color chips taken from the Munsell Book of Color Glossy Edition which was 

kindly supplied to us by Research Institute of Electrical Communication, Tohoku University and 
College of Liberal Arts and Sciences, Chiba University. There were 330 color chips; 320 chromatic 
chips, Munsell Value ranging from 2 to 9 with 40 equally spaced Munsell Hue (2.5 R to 10 RP, in 
hue steps of 2.5) at the maximum chroma of each value in each hue, and 10 achromatic chips of 
Value from 1.5 to 9.5 (Fig. 1). The color chips have the size of 2 cm x 2.1 cm, each chip was mounted 
on a square cardboard of the size 7 cm by 7 cm covered by gray matte paper of approximately N5. 
All color chips were re-arranged in mixed order and kept in 6 plastic boxes. 

 

 

 

 

 

 

 

Figure 1. (a) World color survey color space. (b) Attribute of the Munsell color chips, two 
lowest horizontal rows indicated 40 hues with a step of 2.5 start from 2.5R on the left graph 
to 10RP on the right graph. The left most vertical columns show values start form 1.5 on the 

bottom to 9.5 on the top. Number inside the graph shows Munsell chroma of each chip. 
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ABSTRACT 

Due to a variety color names used in the world which is different depending on the speaker's 
habitat and it raises questions about the universality cross-linguistic of the color name. We conducted 
a survey of Thai color names from 161 Thai native speakers. 330 Munsell color chips taken from the 
Munsell Book of Color Glossy Edition, 320 chromatic chips, Munsell Value ranging from 2 to 9 with 
40 equally spaced Munsell Hue (2.5 R to 10 RP, in hue steps of 2.5) at the maximum chroma of each 
value in each hue, and 10 achromatic chips of Value from 1.5 to 9.5. Subjects were asked to name 
the color chips using monolexemic color term. The results showed mean number of color terms used 
per subject was 18.94 ± 5.02 (Mode = 19). There were 12 color terms used by more than 80% of 
subjects including the eleven basic color term as found in Berlin and Kay (1969) plus “Fa” (Sky/light 
blue), Notice that, “Fa” was used by 100% of subjects, more than some BCTs such as white and 
black which were used by 98.76% and 93.17% of subjects, respectively. In order to examine the 
quantity of perception for “Fa” and the neighboring colors, we took the color chips that are located 
on their border to re-examine by elementary color naming method. The result of experiment 2 
showed that Thai subjects perceive “Fa” (Sky/light blue) as distinct from other colors. This might be 
evident for promoting “Fa” to be a candidate of 12th Thai basic color terms. 

INTRODUCTION 

 Color terminology varies according to the speakers in different social environments. To define 
the number of universal color categories, Brent Berlin and Paul Kay (B&K, 1969) [1] investigated 
the color terminology systems of twenty languages and they proposed eleven basic color terms (11 
BCTs) for a total universal list of color categories which most languages share all or fewer color 
terms drawn from theses 11BCTs; red, orange, yellow, green, blue, purple, pink, brown, gray, black, 
and white. Shortly after their work was published, there were largely accepted by psychologists and 
vision researchers. However, there were also arguments, mainly by anthropologists, regarding the 
number of language and number of subjects in each language they explored. Therefore, World Color 
Survey (WCS) was established in 1976 to examine and expand the finding of Berlin and Key. There 
were recently works as according to the WCS project, Linsey and brown (L&B, 2014) [2] they 
obtained data from 51 American English subjects who are American English native speakers and 
found that there are 20 distinct color categories composed of 11 BCTs as fond in B&K, 1969 plus 9 
non-basic color terms (non-BCTa). In the modern Japanese color lexicon, Kuriki et al. (2017) found 
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Figure 3. Number of color terms. 

 Figure 4 illustrated top of twenty popular list used by Thai subjects includes 11-BCTs as found 
in B&K 1969 and 8 non-basic color terms; Fa (Sky/light blue), Khi-ma (Horse feces/dark yellow-
green), Lueat-mu (Pig blood/dark red), Ban-yen (Four o'clock flower/Magenta), Khai-kai (Chicken 
egg/pale brown), Nuea (Skin), Tha-le (Ocean), Old rose, and Cream. It is worth noting that, there is 
a non-BCTs, Fa (Sky/light blue), used by 100% of subjects (Figure 4a) and it has the 4th highest 
frequency of use (Figure 4b), representing 9.58%, which is higher than many basic color terms 
including blue, representing 6.57%. Considering other non-BCTs, it is found that there are 2 colors 
that are used by more than 50% of the subjects, namely (Horse feces/dark yellow-green) and Lueat-
mu (Pig blood/dark red), representing 74.53% and 68.32 respectively. Both of these color names are 
the names of specific colors that are commonly used among Thai people but might rarely found in 
other countries. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Twenty popular lists. (a) Number of subjects who used the color terms.  
(b) Percent of response for each color term. 

Min 12
Max 41
Mode 19
Mean 18.94
SD 5.04
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Experimental booth and illumination 
Both Experiments were conducted under controlled experiment by using then same experimental 

booth as shown in Fig 2. The booth has the size of 150 cm (L) x 90 cm (H) x 60 cm (W) illuminated 
by 6 daylight fluorescent lamps (TOSHIBA FL18W/T8/EX-D) which hung overhead from the 
ceiling provided illuminance of 2,509 lx measured by using Konica Minolta CL-500A Illuminance 
Spectrophotometer, the correlated color temperature (CCT) was 5,859 Kelvin, color rendering 
index (RI) was 97. The color chips were presented on the gray background, luminance was 22 
cd/m2, surrounded by white wall, luminance was 81 cd/m2. 

 

 

 
 

 
 
 
 
 

Figure 2. The experimental booth and its specification. 
 
Procedure 

Experiment 1. After tested the color vision, a subject was presented the color chip one by one 
and he/she was asked to provided color name for a color chip by free-naming with some conditions; 
1)  the color name must be single word, 2) the word must be a general color name, 3) the word must 
normally use to name the color of any type of object or something in everyday life. In the same time, 
if he/she provided any non-basic color terms (non-BCTs) then he/she was asked to provide additional 
information of only the color name in 11 BCTs, forced naming. Subjects conducted the experiment 
only one session. 

Experiment 2. We re-examine the color chips located along the boundary of the Thai-BCTs 
candidate by using elementary color naming method to obtained quantities of subject’s perception 
for the new candidate of Thai basic color term and its neighboring colors. Subjects assessed the 
amounts of chromaticness, whiteness, and blackness in percentage (a total is 100), and assessed the 
apparent hue by unique red, yellow, green, and blue in percentage (a total is 100). Subjects can 
provide only one or two hue which is not an opponent color (can’t response red plus green or yellow 
plus blue). Each subject performed only one session for this experiment. 

 

RESULTS AND DISCUSSION 

 Color terms obtained form 161 subjects show a total of 114 color terms. Figure 3 shows mean 
number of color terms used by 161 Thai native speakers is 18.94 ± 5.04, maximum is 41, minimum 
is 12 and mode is 19 color terms. Here we can see that all Thai subjects used at least 12 color terms.  
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separated, also for “White”. In the case of “Fa” and “Green” they overlap in some parts which “Fa” 
is shifted to “Blue” axis side, and they almost overlap in “Fa” and “Blue”, implying that there is not 
much difference in hues. However, when considered in terms of chromaticness there are some 
difference, subjects perceived “Fa” is less chromaticness than “Blue”. Note that, most subjects who 
participated in the Experiment 2 are naïve and they were trained before starting the experiment, so 
there may be some variability in the response. However, the advantage of using this method is getting 
the absolute value in subjects’ perception.  
 

  

 
         

Figure 7. Area of color perception on polar diagrams for the color chips located on border. 
Fa is shown by solid line, the other colors show by dotted lines separate into each color. 
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Figure 5 shows color terms pattern plotted on the WCS color chart by using the highest 
proportion of color names used for each color chips, (a) the result of forced naming and (b) the result 
of free-naming. In the free-naming there are 14 color terms illustrated; 11BCTs plus Fa (Sky), Lueat-
mu (Pig blood), and Nuea (Skin). It is interesting “Fa” area is quite large, which is larger than many 
basic colors. This indicates the Thai subjects perceived blue and light blue as different colors and 
they thought it should be classified in different categories. 

 

        

           

Figure 5. Color terms pattern of Free-naming (a) and Forced naming (b). The false colors 
represent each color name. 

 

Due to the color term “Fa” has vary high frequency of use    Due to the attractiveness of the color 
blue used by 100% of observers and has a very high frequency of use when compared to other color 
names Therefore, we have enumerated the frequency of color terms used in forced-naming instead 
of “Fa” as shown in Figure 6. We can see that the color terms are vary, which caused by the difficulty 
of the decision because the subjects thought that “Fa” is a unique color and they didn’t know should 
they classified into which group.  

 

 
Figure 6. Forced-naming of Fa. Left figure illustrates color terms in 11BCTs and their 

proportion of used and the right figure illustrates their frequency of responses. 
 

In order to examine the difference between “Fa” and its neighboring colors in term of subjects’ 
perception, we took the color chips along the edge of “Fa” and its neighboring to re-examine by using 
elementary color naming method as mentioned in the Experiment 2. Figure 7 shows the area of 
perception for the color chips along the boundary of “Fa” and its neighboring colors. Here, we can 
see some difference for “Fa” and “Purple” borders, there are no area, but the position is clearly 
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ABSTRACT 

The simultaneous color contrast phenomenon is considered as the effect of chromatic 
adaptation to the color initiated by the surrounding color of the stimulus. If the stimulus is seen at 
an extremely short viewing distance the subject’s recognition of the stimulus as an object may be 
reduced because the stimulus becomes very large not to recognize the edges. The vividness of the 
color appearance of the central gray patch may become large at the viewing distance. The color 
appearance of the test patch was measured as a function of the viewing distance when the stimulus 
was presented on a TV display. In general the vividness increased for shorter viewing distance with 
some subjects but an opposite results were obtained from other subjects. An explanation was given 
as that the display is a self-luminous display and some subjects felt or recognized colored light of 
surround even at a far distance of 5 meter and eyes adapted to the color and saw a vivid color at the 
test stimulus. 

INTRODUCTION 

It is known that the simultaneous color contrast SCC is a phenomenon to show the 
chromatic adaptation.  Stimulus pattern of SCC is a large colored field with a small achromatic 
patch at the center. It was pointed out that the large colored surrounding field works as an adapting 
color and the color appearance of the central gray patch is a result of the chromatic adaptation to 
the surrounding color [1, 2, 3].  If one observes the pattern from a far distance the pattern appears a 
mere object and no strong chromatic adaptation should take place. But if the view distance 
becomes short so that the surrounding field occupies a large area of the retina, it becomes hard to 
recognize the pattern an object and the surrounding is recognized as just a shining field, which 
should cause the visual system to adapt to the illumination, thus a strong chromatic adaptation 
takes place.  The present research is to investigate if this hypothesis is correct by using a display 
to present the SCC stimulus.  

EXPERIMENT 

A Samsung 55” television display UA55H6340TK was used to present a SCC stimulus. 
The stimulus was a rectangle of 68 cm high and 121 cm wide as a surround having a gray test patch 
of 11.5 x 11.5 cm2 at the center. Five colors, red, yellow, green, blue and whitewere employed for  

the surround. Their chromaticies are listed in Table 1 and shown in Fig 1 .  

 
 

ACKNOWLEDGEMENT 
I thank authors of studies that are introduced in this presentation. Nakamura S., Matsumiya 

K., Shioiri S., Sun P., Ueno K., Tanaka K. and Chen K. for fMRI studies [2,8,13]. I also thank 
Andersen S.K. and Kaneko S for the SSVEP study [7]. These studies were supported by JSPS 
Kakenhi #s JP 24330205, 15H03460, and 18H04995 to IK. 

REFERENCES 
1. De Valois, R. L. (2000). Cottaris NP, Elfar SD, Mahon LE, and Wilson JA. Some 

transformations of color information from lateral geniculate nucleus to striate cortex. Proc Natl 
Acad Sci USA, 97, 4997-5002. 

2. Kuriki, I., Sun, P., Ueno, K., Tanaka, K., & Cheng, K. (2015). Hue selectivity in human visual 
cortex revealed by functional magnetic resonance imaging. Cerebral Cortex, 25(12), 4869-4884. 

3. MacLeod, D. I., & Boynton, R. M. (1979). Chromaticity diagram showing cone excitation by 
stimuli of equal luminance. JOSA, 69(8), 1183-1186. 

4. Derrington, A. M., Krauskopf, J., & Lennie, P. (1984). Chromatic mechanisms in lateral 
geniculate nucleus of macaque. The Journal of physiology, 357(1), 241-265. 

5. Hanazawa, A., Komatsu, H., & Murakami, I. (2000). Neural selectivity for hue and saturation of 
colour in the primary visual cortex of the monkey. European Journal of Neuroscience, 12(5), 
1753-1763. 

6. Wachtler, T., Sejnowski, T. J., & Albright, T. D. (2003). Representation of color stimuli in awake 
macaque primary visual cortex. Neuron, 37(4), 681-691. 

7. Kaneko, S., Kuriki, I., & Andersen, S. (2018). SSVEP amplitudes reflect hue selectivity in the 
human brain. Journal of Vision, 18(10), 575-575. 

8. Hurvich, L. M., & Jameson, D. (1957). An opponent-process theory of color vision. 
Psychological review, 64(6p1), 384. 

9. Kuriki, I., Nakamura, S., Sun, P., Ueno, K., Matsumiya, K., Tanaka, K., ... & Cheng, K. (2011). 
Decoding color responses in human visual cortex. IEICE transactions on fundamentals of 
electronics, communications and computer sciences, 94(2), 473-479. 

10. Parkes, L. M., Marsman, J. B. C., Oxley, D. C., Goulermas, J. Y., & Wuerger, S. M. (2009). 
Multivoxel fMRI analysis of color tuning in human primary visual cortex. Journal of Vision, 
9(1), 1-1. 

11. Goddard, E., Mannion, D. J., McDonald, J. S., Solomon, S. G., & Clifford, C. W. (2011). Color 
responsiveness argues against a dorsal component of human V4. Journal of Vision, 11(4), 3-3. 

12. Brouwer, G. J., & Heeger, D. J. (2009). Decoding and reconstructing color from responses in 
human visual cortex. Journal of Neuroscience, 29(44), 13992-14003. 

13. Cheng, K. (2018). Exploration of human visual cortex using high spatial resolution functional 
magnetic resonance imaging. NeuroImage, 164, 4-9. 

14. Xiao, Y., Casti, A., Xiao, J., & Kaplan, E. (2007). Hue maps in primate striate cortex. 
Neuroimage, 35(2), 771-786. 

15. Lu, H. D., & Roe, A. W. (2007). Functional organization of color domains in V1 and V2 of 
macaque monkey revealed by optical imaging. Cerebral Cortex, 18(3), 516-533. 

16. Tanigawa, H., Lu, H. D., & Roe, A. W. (2010). Functional organization for color and orientation 
in macaque V4. Nature Neuroscience, 13(12), 1542. 

17. Komatsu, H., Ideura, Y., Kaji, S., & Yamane, S. (1992). Color selectivity of neurons in the 
inferior temporal cortex of the awake macaque monkey. Journal of Neuroscience, 12(2), 408-
424. 

18. Brouwer, G. J., & Heeger, D. J. (2013). Categorical clustering of the neural representation of 
color. Journal of Neuroscience, 33(39), 15454-15465. 

175



ACA 2019 Nagoya - Color Communications

 
 

 
Figure. 2 Color appearance of surrounds plotted on a polar diagram for two subjects. 

Viewing distance, ✳, 15 cm, , 30 cm, , 150 cm,  , 300 cm, 500 cm. 

The amount of chromaticness is taken along the radius direction starting at the origin as 0 
and ending at the circumference as 100. Figure 2 shows results of two subjects, CP and JM. At 
each group there are five points corresponding to five viewing distances. Each point is the average 
of five repetitions. Four surrounds appeared to them almost unique hues.  

 
Figure. 3 Left, Color appearance of surrounds obtained by 6 subjects. Right, Averaged color 

appearance of 6 subjects for surrounds. 

In Fig. 3 the averages of six subjects are plotted for different viewing distance in (a) and 
for the averages of different viewing distance in (b). As we see in (a) there seems to be no 
difference among different viewing distance. In Fig. 4 the amount of chromaticness is plotted for 
different viewing distance for different surround. Color appearance of surround did not change for 
viewing distance. 

 

 
Figure. 4 Amount of chromaticness of surrounds for different viewing angle. △, red 

surround; □, yellow; 〇, green; ◇, blue, ✳, white. 

 
 

 
Figure. 1 Chromaticity points of surrounds, red, yellow, green, blue and white. 

The bottom line in Table 1 gives specifications of the central test patch. The lumianance of 
the surrounds and the test patch are also given in the table .  

Table 1: Color specifications of surrounds. 

Color Y (cd/m2) x y 
R 43.6 0.626 0.345 
Y 185 0.404 0.504 
G 140 0.282 0.591 
B 16.4 0.144 0.064 
W 209 0.294 0.321 

To change the visual angle of the SCC pattern the viewing distance was changed to 5, 3, 
1.5, 0.3 and 0.15 meters and their visual angles varied from 13.8ᵒto 152.2ᵒ as shown in Table 2.The 
subjects were asked to judge the colors of the central patch by the elementary color naming 
method. Six subjects of normal color vision participated in the experiment and the judgement was 
repeated for five times for each condition. The experiment was carried out in a room illuminated at 
236 lx at the subject’s eye level. 

Table 2: Visual angle of the test patch and the surrounds at different viewing distance. 

Distance (cm) Visual angle (width) 
Test patch (°) Surround  (°) 

15 42 152.2 
30 22 127.3 

150 4.4 44 
300 2.2 22.8 
500 1.3 13.8 

 
RESULTS 

The color appearance of the surrounds is shown in Fig. 2 on a polar diagram normally used 
in the opponent colors theory. The apparent hue is shown by the angle for Red axis in the 
anticlockwise direction.  Unique hues of red, yellow, green, and blue are shown at 0°, 90°, 180°, 
and 270°.  
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Figure. 7 Amount of chromaticness of test patch for viewing angle for six subjects. Symbols 

represent subjects. 

 
Figure. 8 Averaged amount of chromaticness of test patch for viewing angle. Symbols 
represent color of surround,  △, red surround; □, yellow; 〇, green; ◇, blue, ✳, white. 

 
Figure 7 shows the individual difference by different symbols. With red, yellow, and green 

surrounds the value diverges greatly at the longest viewing distance but they converge at shortest 
distance. Thick dashed lines show the average of six subjects. Although there is variance among 
subjects the dashed lines show a gradual increase for shorter viewing distance. Those dashed 
curves are summarized in Fig. 8. The blue curve locates separately at the low level indicating that 
the blue surrounding is weak to induce color at the test patch.  

 

Figure. 9 Amounts of elements plotted for viewing angle. 〇, chromticness; ▲, blackness; ◇, 
whiteness. Dashed lines is the average of the chromaticness and blackness. 

 
 

 
Figure. 5 Color appearance of surround and test patch shown on polar diagrams for 

four surrounding colors. 
The average of color appearance of test patch is also shown on polar diagram in Fig. 5. 

Different figures give results of different surrounding colors. Filled circles show the color 
appearance of surround as appeared in Fig. 3. Other symbols correspond to the viewing distance; ○, 
5 m, □, 3 m, ◇, 1.5 m, △, 0.3 m, ✳, 0.15 m. There is a tendency of the amount of chromaticness 
increased for shorter distance, which is particularly evident with yellow surround. 

 

Figure. 6 Amount of chromaticness of test patch for viewing angle from two subjects. Symbols 
represent colors of surround.  △, red surround; □, yellow; 〇, green; ◇, blue, ✳, white. 

To see the change of amount of chromaticness more clearly Fig. 6 is prepared for subjects 
CP and JM. Along the abscissa the viewing distance is taken and along the ordinate the amount of 
chromaticness. There is difference in the amount among surrounding color, the largest with green, 
and then yellow, red, and blue, the blue the smallest in both subjects. But the trend of change 
differs. While JM showed increase for shorter viewing distance or larger visual angle, CP did not 
show such trend, rather opposite. The amount slightly decreased for larger visual angle. The subject 
expressed that she can see a vivid color for the test patch even at the 5 m viewing distance.  
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ABSTRACT

The simultaneous lightness contrast phenomenon was investigated with four different devices; 
a paper stimulus, a two - rooms arrangement, a display, and a projector. Luminances of the central 
gray patch and surround were made equal among the devices. Except the paper stimulus the 
strength of SLC was about same among other devices to imply device independent SLC. 

INTRODUCTION

There are two kinds of simultaneous contrast phenomenon, simultaneous color contrast SCC 
and simultaneous lightness contrast SLC. The pattern for the phenomenon is usually a large area 
surrounding a small gray patch at the center. When the surround is made of a color the gray patch 
appears colored complementally to the surrounding color, which is SCC phenomenon, while the 
surround is achromatic the gray patch appears also achromatic but darker or brighter depending on 
the lightness of the surround, which is called SLC phenomenon. Those patterns are often shown in 
textbooks. But if they are demonstrated on printed paper the SLC shows a clear effect, while the 
SCC does not. A concept of recognized visual space of illumination RVSI proposed by Ikeda
explains the SCC by the chromatic adaptation [1]. The concept asserts that the chromatic 
adaptation takes place to the illumination in a space where the observer stays and not to the color of 
objects that the observer is looking at. The simultaneous color contrast phenomenon is explained 
by this concept in a way that the color of the surrounding is transferred to the illumination color in 
the observer’s recognition and he/she adapts to the illumination. Difference between the results of 
SCC and SLC is interpreted as that to an observer it is easier to recognize the illumination level 
than the illumination color on the printed simultaneous contrast pattern. The degree of the easiness 
greatly differs in the SCL among devices to demonstrate the phenomenon, such as printed paper, a 
display, a projector, or a two - rooms technique [2]. If the recognition of illumination level is easy 
for any devices the SLC effect should not differ among devices on the contrary to the SCC which is 
quite dependent on devices [3]. In this paper the SLC was measured for four different devices, a 
printed paper, a display, a projector, and a two - rooms technique Fig. 1. Two kinds of SLC stimuli 
were prepared, one with a white surround and the other with a black surround. Both surrounds had 
a same gray central patch. The luminance of the surround and that of the central test patch were 
made equal for difference devices and the visual size of the pattern was also made about same. The 
experiment was done in a room without the ceiling lamps. Subjects were asked to judge the 

 
 

In the experiment whiteness and blackness were also measured beside chromaticness. They 
are shown in Fig. 9 with different symbols; ○, chromaticness, ◇, whiteness, ▲, blackness. It is 
interesting to note, particularly in the green surround, that the chromaticness curve and the 
blackness curve show symmetric relation. Dashed lines are average of chromaticness and blackness 
and they are almost straight lines suggesting chromaticness and blackness are symmetrical. In other 
words, the increase of chromaticness for shorter viewing distance was given by the reduction of 
blackness amount. 

CONCLUSION AND DISCUSSION 

The simultaneous color contrast was investigated for different viewing distance which 
changed the visual angle for the stimulus. It was anticipated that increase of visual angle or 
decrease of viewing distance increases the vividness of the color appearance of the central test 
patch because the recognition of the stimulus as an object reduces for short distance. The 
expectation was found in some subjects but opposite result was found by other subjects. We can 
think of some reasons for this unexpected result. A display is a self-luminous display. The surround 
gave light impression already at 5 m viewing distance, which gave strong chromatic adaptation and 
caused vivid color of the test patch. When the viewing distance was short as 15 cm, subjects could 
see color dots of the television display that was used in this experiment, which bothered the 
subjects to judge the color appearance of the test patch. An author of this paper observed the same 
SCC stimulus presented on an EIZO display which did not give color dots t 15 cm, She reported 
the color appearance of the test patch became more vivid. The SCC stimulus was composed of a 
central small gray patch and a large surround. Both had clear edges to give an object recognition to 
subjects. But if the subject saw light impression even at 5 m distance the chromatic adaptation must 
be strong to give vivid color for the test patch. It is needed to do a similar experiment by using 
EIZO in the future to clarify questions raised in this experiment.  
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ABSTRACT

The simultaneous lightness contrast phenomenon was investigated with four different devices; 
a paper stimulus, a two - rooms arrangement, a display, and a projector. Luminances of the central 
gray patch and surround were made equal among the devices. Except the paper stimulus the 
strength of SLC was about same among other devices to imply device independent SLC. 

INTRODUCTION

There are two kinds of simultaneous contrast phenomenon, simultaneous color contrast SCC 
and simultaneous lightness contrast SLC. The pattern for the phenomenon is usually a large area 
surrounding a small gray patch at the center. When the surround is made of a color the gray patch 
appears colored complementally to the surrounding color, which is SCC phenomenon, while the 
surround is achromatic the gray patch appears also achromatic but darker or brighter depending on 
the lightness of the surround, which is called SLC phenomenon. Those patterns are often shown in 
textbooks. But if they are demonstrated on printed paper the SLC shows a clear effect, while the 
SCC does not. A concept of recognized visual space of illumination RVSI proposed by Ikeda
explains the SCC by the chromatic adaptation [1]. The concept asserts that the chromatic 
adaptation takes place to the illumination in a space where the observer stays and not to the color of 
objects that the observer is looking at. The simultaneous color contrast phenomenon is explained 
by this concept in a way that the color of the surrounding is transferred to the illumination color in 
the observer’s recognition and he/she adapts to the illumination. Difference between the results of 
SCC and SLC is interpreted as that to an observer it is easier to recognize the illumination level 
than the illumination color on the printed simultaneous contrast pattern. The degree of the easiness 
greatly differs in the SCL among devices to demonstrate the phenomenon, such as printed paper, a 
display, a projector, or a two - rooms technique [2]. If the recognition of illumination level is easy 
for any devices the SLC effect should not differ among devices on the contrary to the SCC which is 
quite dependent on devices [3]. In this paper the SLC was measured for four different devices, a 
printed paper, a display, a projector, and a two - rooms technique Fig. 1. Two kinds of SLC stimuli 
were prepared, one with a white surround and the other with a black surround. Both surrounds had 
a same gray central patch. The luminance of the surround and that of the central test patch were 
made equal for difference devices and the visual size of the pattern was also made about same. The 
experiment was done in a room without the ceiling lamps. Subjects were asked to judge the 

 
 

In the experiment whiteness and blackness were also measured beside chromaticness. They 
are shown in Fig. 9 with different symbols; ○, chromaticness, ◇, whiteness, ▲, blackness. It is 
interesting to note, particularly in the green surround, that the chromaticness curve and the 
blackness curve show symmetric relation. Dashed lines are average of chromaticness and blackness 
and they are almost straight lines suggesting chromaticness and blackness are symmetrical. In other 
words, the increase of chromaticness for shorter viewing distance was given by the reduction of 
blackness amount. 

CONCLUSION AND DISCUSSION 

The simultaneous color contrast was investigated for different viewing distance which 
changed the visual angle for the stimulus. It was anticipated that increase of visual angle or 
decrease of viewing distance increases the vividness of the color appearance of the central test 
patch because the recognition of the stimulus as an object reduces for short distance. The 
expectation was found in some subjects but opposite result was found by other subjects. We can 
think of some reasons for this unexpected result. A display is a self-luminous display. The surround 
gave light impression already at 5 m viewing distance, which gave strong chromatic adaptation and 
caused vivid color of the test patch. When the viewing distance was short as 15 cm, subjects could 
see color dots of the television display that was used in this experiment, which bothered the 
subjects to judge the color appearance of the test patch. An author of this paper observed the same 
SCC stimulus presented on an EIZO display which did not give color dots t 15 cm, She reported 
the color appearance of the test patch became more vivid. The SCC stimulus was composed of a 
central small gray patch and a large surround. Both had clear edges to give an object recognition to 
subjects. But if the subject saw light impression even at 5 m distance the chromatic adaptation must 
be strong to give vivid color for the test patch. It is needed to do a similar experiment by using 
EIZO in the future to clarify questions raised in this experiment.  
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RESULTS

Results of two subjects, AH of OCU and SJ of RMUTT are shown in Fig. 2 and 3 for surround 
and gray test patch, respectively. The amount of whiteness was very high for the white surround 
(○) in the all the devices, but for the black surround (●) it varied for different devices.  While it was 
0 and 5 with the paper stimulus from AH and SJ, respectively, it was 75 and 26 with the two rooms 
arrangement and 63 and 34 with display. This is understandable if we notice that the paper stimulus 
appeared really black but the front wall of the two - rooms arrangement was white. Even the room 
illuminance was set at a low level to give the same luminance as for the paper the white wall 
appeared dark but still white as the color constancy tells us. The left figure of Fig. 4 gives the 
amount of whiteness of test patch with white surround (○) and with black surround (●). The 
amount of whiteness with black surround is much higher than the amount of whiteness with white 
surround. There is seen a large difference between the object stimulus and the two rooms stimulus, 
but the amount of whiteness remained about the same among other devices, two-rooms, display, 
and projector, implying the device independent.

Figure. 2. The amount of whiteness of white surround (○) and of black surround (●). 

Subject AH (left) and SJ (right).

Figure. 3. The amount of whiteness of test patch with white surround (○) and with black 

surround (●). Subject AH (left) and SJ (right)
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appearance of the central test patch by the elementary color naming method, namely the amounts 
of whiteness and blackness in percentage. Experiments were carried out at Rajamangala University
of Technology Thanyaburi, Thailand and at Osaka City University, Japan, where the senior author 
spent for three months for internship under supervision of Professors Iyota and Sakai.

Figure. 1. Four devices used for the simultaneous lightness contrast experiment.

EXPERIMENT

Stimuli we used was a small square gray patch placed at the center of a large surround of black 
or white. They were presented as papers, a display, a projector and in a two-rooms arrangement [2].
Their dimensions and luminance are summarized in Table 1. In spite of different devices they were 
made equal as much as possible. Y shows the luminance when the paper stimulus was measured in 
a room of the illuminance 890 lx.  L*values of black surround was 26 at OCU and 22 at RMUTT 
and that of white surround was 95 at OCU and 93 at RMUTT. Except the paper stimuli all the 
devices were observed in a dark room.  Fourteen subjects participated in the experiments, 7 at OCU 
and 7 at RMUTT. They observed devices in a pseudo - random order.

Table 1: Experimental condition

Device S
(cm)

T
(cm)

Dist. 
(cm)

Visual angle 
(°) Test patch White surround Black surround

S (°) T (°) Y x y Y x y Y x y

Obj. 21x30 2x2 70 17x24 1.63 89.4 0.31 0.44 231 0.31 0.45 25.4 0.31 0.44

Disp. 53x35 3x3 110 27x18 1.63 89.4 0.31 0.45 231 0.31 0.45 25.5 0.31 0.46

Proj. 60x92 4x4 135 25x38 1.63 88.4 0.29 0.46 231 0.29 0.46 24.3 0.29 0.46
Two-
rms. 37x24 3x 3 120 18x11 1.62 88.6 0.31 0.45 232 0.31 0.45 25.5 0.31 0.44
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Figure. 4. Averaged results of 14 subjects for the amount of whiteness of test patch (left) and 

of surround (right). (●), black surround, (○), white surround.

DISCUSSION AND CONCLUSION

Although we found the device independent SLC for two - rooms arrangement, a display, 
and a projector, the amount of whiteness with black surround in the object stimulus was 
smaller than other devices. With white surround the amount of whiteness was about the 
same for all the four devices (○) in the left figure of Fig. 4. We noticed that the white 
surround appeared white in all the four devices, but the black surround appeared different. 
That of object stimulus appeared really black as shown by only 9 of the whiteness amount 
as seen in the right figure of Fig. 4 but the other stimuli appeared gray although the 
luminance was made same as shown in Table 1. We calculated a ratio of whiteness amount 
of test patch to that of surround. The results are shown in Fig. 5 for the black surround (●)
and for the white surround (○).  The ratio of the object stimulus is much higher than other 
devices. The effect of surround to the test patch appearance is significantly large in the 
object stimulus. This might be caused by a really black surround in the object stimulus.

Figure. 5. Ratio of whiteness amount of test patch to surround. (●), black surround, (○), white 

surround.
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(a)                                                                                       (b) 

Figure 1. (a) Used of toilet color sign in Thailand. (b) Used of toilet color in Japan.  

 

 

Figure 2. A new gender-free toilet signage. 

 

 Thailand is now aging society.  More than 10 million elderly people were increasing for 10 
percent of the total population since the year 2014. The prediction shows that in 2031 we will be 
“aged society”. To prepare the environment suitable for elderly is necessary. Color code is one idea 
to help the elderly this paper we aimed to utilize the color for female and male and propose to 
apply for the toilet sign.  

 

EXPERIMENT 

Stimuli  
 Seventy-two color chips from glossy Munsell color book were used to make the hue ring as 

shown in Fig. 3. Those color chips were pasted on the gray paper about N5 and it contained 40 
hues. The color chips were kept the value 6 and chroma 8 and for achromatic chips ranged from N1 
to N9 with interval 0.25 (for example N1, N 1.25, N1.50, N1.75) except N4, N5 and N6 had no 
value at step 0.75.  
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ABSTRACT 

We can put meaning to color, which is called color coding. In Thailand, the color codes are not 
so much utilized. One example is toilet sign. In many countries a male toilet is coded by blue or 
black while a female by red. But in Thailand such color code is not used and, in some cases, both 
female and male toilets are shown by red. In order to utilize the color code in public society it is 
necessary to investigate what color has what image to the people. The present paper investigated 
the colors for female image and for male image latent in Thai people. 72 color chips covering hues 
and saturation taken from Munsell Book of Color were arranged in two rings and female subjects 
were asked to choose representative hue that matches with their impression for female by ranking 
1-3, the second they asked to select color chip from the hue that they chose one color. The same 
experiment was done for male subjects also. We obtained the color chip that female subjects chose, 
and that male subject chose. The result showed that the first choice for female image was 2.5R7/8 
and for male image was 10B 6/10. For Japanese subjects’ color choice of female was 7.5RP6/12 
and male image 5PB 4/12. Results of color choice represented to female and male images from 
Thai and Japanese people showed slightly different. However, those colors appeared same tone as 
male was blue tone and female was pink tone. 

 

INTRODUCTION 

 Pink and blue colors are common color when we think about the color code that represents to 
females and males. For example, the product of Hello-Kitty also use pink for girl and blue for boy 
[1]. In many countries their coded the color for female by red or pink and blue or black for male. In 
Thailand the color codes used for female and male are not specified. We surveyed the color of 
toilet sign around university, supermarket and department store and found that no systematic used 
of color. Sometime both female and male used the same black color and just using a difference of 
pictograms to discriminate or sometimes they use red color for male toilet and blue for female 
toilet as shown in Fig. 1 (a). In Japan, Male’s toilet is shown by blue or black while female’s toilet 
by red as shown in Fig. 1 (b). It is easy to find out where toilet is in a clouded place like in the 
department store. In advance, there is also a movement to introduce gender-neutral toilets that can 
be used by anyone. In Tokyo’s Shibuya, one of the first municipalities to issue same-sex 
partnership certificates providing some of the same rights as a marriage certificate, the municipal 
office annex toilets have rainbow colored signage reminiscent of the LGBT movement’s 
multicolored flag. New gender-free toilet signage depicting a figure wearing pants on one side and 
a skirt on the other can be found at places like the Mega Don Quijote discount shop in Shibuya, as 
well as in hotels in Kyoto catering to ever-increasing numbers of foreign tourists[2]. 
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RESULTS AND DISCUSSION 

  The results of selected hue for the first rank of male image from Thai and Japanese people 
are showed in the Fig. 5. The abcissa indicates Munsell hue and ordinate indicates number of 
subjects that selected in each hue. The munsell hue 10B was high frequency selected by Thai 
people and 5PB for Japanese choice. Figure 6 showed the result of munsell hue represented to 
female image. Munsell hue 2.5R was showed high frequency selected female image for Thai 
people and 7.5RP for Japanese people.  In addition, the selected hues were varied distribution into 
32 hues.  

Figure 5. Result of selecting hue represented to male image of Thai and Japanese. 

Figure 6. Result of selecting hue represented to female image of Thai and Japanese. 

 
 

 
                                      (a)                                                                   (b) 

Figure 3. (a) Scheme of hue ring. (b) Hue ring. 

 
Procedure 
 Subject asked to think about the color image for female and male under the normal daily 

life environment. Illuminance was ranged from 500 -3000 lx. The subjects were asked to select the 
3 ranking of hues first. After getting three representative hues the experimenter will be opened the 
Munsell book into the corresponding hue that he/she chose in each ranking and then subject looked 
around the color chips which were showed in many values and chromas then selected one of color 
chip that imaged to female or male to the subject. Subjects continue selected the color chips for the 
second and third ranks respectively. The experiment duration was 3-5 minutes for each subject, and 
no repetition on this experiment. 

  

Figure 4. Example of Munsell sheet in the book.  

 
Subjects 

One hundred Japanese subjects (age ranged from 17-47-year-old) participated in this 
experiment and those subjects were divided into 50 females and 50 males. For Thai people was 
also the same number as Japanese and age ranged from 18-44-year-old.  
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Figure 8. Comparison of color that representative to male and female image 

of Thai and Japanese. Solid bars indicate value and opened bars indicate chroma. 
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Figure 7. Results of hue/vale/chroma in three ranking from Thai and Japanese. 

  

Three ranks of color selected by Thai and Japanese are shown in Fig. 7. The abscissa indicates 
Munsell hue from rank 1 to 3 and ordinate indicates value and chroma. Left column was the result 
of Thai and Japanese on the right column. Solid bars represent to value and chroma. The colors 
representative male image of Thai people was 10B 6/10, 7.5B 6/10 and 10B 5/10 respectively. 
Color representative male image from Japanese was showed 5PB 4/12, 2.5 4/10 and 7.5B 4/10 plus 
N1 respectively. In the two bottoms graph are the results of female image which 2.5R 7/8, 10RP 
8/6 and 5RP 7/10 respectively. For Japanese, the female image was showed 7.5RP 6/12, 2.5R 6/8 
and 2.5R 6/12 respectively. In figure 8 is comparison of only first rank of selecting color that 
represented male and female image of Thai and Japanese. 10B 5/10 was high frequency selected 
for male image for Thai people and its color was lighter than Japanese selected color 5PB 4/12 
which was lower value and higher chroma. In the point of view of author in Japanese selected color 
for male image it might be caused by their get used to with the color code which normally seen at 
the toilet sign. In the case of Thai people selected color for male image it may come from their 
organized image or experience from other products color that normally use blue color tone for 
male.  

The result of color representing to female image was showed high selected at 2.5R 7/8 for Thai. 
The color appearance for 2.5R 7/8 was pink slightly red. And for Japanese showed 7.5RP 6/12, it’s 
colored quite pink slightly blue which is similarly to the female toilet sign in Japan. This finding is 
agreed with Anya C. Hurlbert et. al. that showed the color preference difference between male and 
female by using CRT display and using forced- choice ‘color-picking’ task with colorimetrically 
controlled stimuli separating the relative contributions of hue, saturation and lightness. Their 
results showed average color for female preference at reddish-purple region and male preference 
showed at blue-green region.  In addition, color preference of male and female slightly differed by 
counties such as UK preferred reddish purple for female and bluish green for male. However, 
China preferred reddish yellow for female and reddish purple for male. 
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Figure 8. Comparison of color that representative to male and female image 

of Thai and Japanese. Solid bars indicate value and opened bars indicate chroma. 

 
ACKNOWLEDGEMENT 

Wipada Pumila thanks RMUTT for giving her the Co-operative Education, Rajamangala 
University of Technology Thanyaburi scholarship that made her to spend at Chiba University for 3 
months to carry out internship. Also thanks students at Prof Mizokami’s laboratory at Chiba 
University who helped her experiment and for serving subjects. 

 
 

REFERENCES 
1. Rost, L.C. (2018). An alternative to pink &blue: Colors for gender data.  Retrieved September 22, 2019. 

https://blog.datawrapper.de/gendercolor/.  
2. Maritomo. (2019). Japan's Toilet Signage Goes Global. Retrieved September 22, 2019, from 

https://www.nippon.com/en/guide-to-japan/gu006004/japan’s-toilet-signage-goes-global.html. 
3. Hurlbert, A. C., & Ling, Y. (2007). Biological components of sex differences in color preference. 

Current Biology, 17(16), 623–625. doi: 10.1016/j.cub.2007.06.022 

 
 

Figure 7. Results of hue/vale/chroma in three ranking from Thai and Japanese. 

  

Three ranks of color selected by Thai and Japanese are shown in Fig. 7. The abscissa indicates 
Munsell hue from rank 1 to 3 and ordinate indicates value and chroma. Left column was the result 
of Thai and Japanese on the right column. Solid bars represent to value and chroma. The colors 
representative male image of Thai people was 10B 6/10, 7.5B 6/10 and 10B 5/10 respectively. 
Color representative male image from Japanese was showed 5PB 4/12, 2.5 4/10 and 7.5B 4/10 plus 
N1 respectively. In the two bottoms graph are the results of female image which 2.5R 7/8, 10RP 
8/6 and 5RP 7/10 respectively. For Japanese, the female image was showed 7.5RP 6/12, 2.5R 6/8 
and 2.5R 6/12 respectively. In figure 8 is comparison of only first rank of selecting color that 
represented male and female image of Thai and Japanese. 10B 5/10 was high frequency selected 
for male image for Thai people and its color was lighter than Japanese selected color 5PB 4/12 
which was lower value and higher chroma. In the point of view of author in Japanese selected color 
for male image it might be caused by their get used to with the color code which normally seen at 
the toilet sign. In the case of Thai people selected color for male image it may come from their 
organized image or experience from other products color that normally use blue color tone for 
male.  

The result of color representing to female image was showed high selected at 2.5R 7/8 for Thai. 
The color appearance for 2.5R 7/8 was pink slightly red. And for Japanese showed 7.5RP 6/12, it’s 
colored quite pink slightly blue which is similarly to the female toilet sign in Japan. This finding is 
agreed with Anya C. Hurlbert et. al. that showed the color preference difference between male and 
female by using CRT display and using forced- choice ‘color-picking’ task with colorimetrically 
controlled stimuli separating the relative contributions of hue, saturation and lightness. Their 
results showed average color for female preference at reddish-purple region and male preference 
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patch T. The visual angle of the stimulus for the subject was determined by the opening size of the 
semicircle indicated by a dotted line (44 cm) and the viewing distance. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Experimental arrangement seen from above. 
      Relation of the viewing distance to the visual angle is shown in Fig. 2. It becomes more than 180° 
when the eyes come close to the test patch. At 27 cm both edges of the stimulus disappeared from 
the subject’s visual field. 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 2. Visual angle-viewing distance relation. 
      The SCC stimulus was illuminated  by two fluorescent lamps of the daylight type placed at upper 
position of the stimulus the ceiling lamps of the same type of fluorescent was lit during the 
experiment. The vertical plane illuminance at the test patch was 667 lx. Under this illumination the 
chromaticities of the gray test patch were x=.323 and y=.352, which is indicated by a cross in Fig. 3. 
Its illuminance was 57 cd/m2. Chromatic points of four surroundings are shown by open circles. 
Their luminance was 41, 138, 33, and 27 cd/m2, respectively for red, yellow, green and blue. 
      Three subjects participated in the experiment. The subjects’ task was to judge the color of the 
test patch by the elementary color naming method by using two eyes. The viewing distance was 
randomly chosen from dashed line indicates the visual and the vertical 20, 30, 40, 50, 100, and 200 
cm. When a subject saw the test patch its color appearance sometime changed gradually. In such case 
the subject was instructed to wait until the appearance became stable. This particularly happened at 
very short viewing distances such as 2 and 3 cm. In such case the adapting time became one or two 
minutes. 
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ABSTRACT 

       When a small gray patch is surrounded by a colored field the patch appears a color roughly 
complementary to the surrounding color. This is a phenomenon called the simultaneous color 
contrast SCC. When the stimulus pattern is made of a paper the phenomenon is quite small. In the 
present research the visual field size for the SCC stimulus was extremely enlarged by making the 
stimulus horizontally curved and the color appearance of the gray patch was measured by the 
elementary color naming method for different observing distance. The vividness of the color of the 
gray patch increased for shorter distance to confirm the prediction based on the concept of recognized 
visual space of illumination RVSI [1] but partly. Even in the case of the shortest viewing distance 
the amount of chromaticness did not significantly increase.   

INTRODUCTION 
      Chromatic adaptation is a popular subject in the study of color vision and the concept of 
recognized visual space of illumination RVSI proposed by Ikeda asserts that the human visual system 
adapts to the illumination color of the space where the observer stays and not to the object color that 
he/she is looking at [1]. Thus, the effect of the simultaneous color contrast SCC is not strong on a 
printed paper as the observer recognizes an object for the paper and hardly recognizes the 
illumination on the paper. If, however, the SCC pattern occupies a large area of the retina it becomes 
hard for the observer to recognize the pattern as an object. Then, the adaptation to illumination that 
is transferred from the object color should become apparent and the effect of SCC should become 
large. In the present experiment a paper pattern of SCC is presented as to make an arc with convex 
toward a subject to delete the recognition for an object and emphasize recognition of illumination. If 
the viewing distance becomes very short so that the eyes come inside the arc of the stimulus the 
subject cannot recognize the edges of the stimulus. An object appearance is composed of two, one is 
its shape or contours and the other is the color or light filling in the contours. If the subject cannot 
see the edges he/she only recognizes color or light and the color appearance of the central gray patch 
should become vivid. The color appearance was measured as a function of the viewing distance by 
the elementary color naming method. 

EXPERIMENT 
      Four colored papers, red, yellow, green, and blue of which size was 66 cm wide and 52.5 cm high 
were held at a frame to serve a SCC stimulus as shown by a thick semicircle line in Fig. 1. The radius 
of the circle was 22 cm. A subject S stood in front of the stimulus at distance d from the gray test 
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ABSTRACT 

       When a small gray patch is surrounded by a colored field the patch appears a color roughly 
complementary to the surrounding color. This is a phenomenon called the simultaneous color 
contrast SCC. When the stimulus pattern is made of a paper the phenomenon is quite small. In the 
present research the visual field size for the SCC stimulus was extremely enlarged by making the 
stimulus horizontally curved and the color appearance of the gray patch was measured by the 
elementary color naming method for different observing distance. The vividness of the color of the 
gray patch increased for shorter distance to confirm the prediction based on the concept of recognized 
visual space of illumination RVSI [1] but partly. Even in the case of the shortest viewing distance 
the amount of chromaticness did not significantly increase.   

INTRODUCTION 
      Chromatic adaptation is a popular subject in the study of color vision and the concept of 
recognized visual space of illumination RVSI proposed by Ikeda asserts that the human visual system 
adapts to the illumination color of the space where the observer stays and not to the object color that 
he/she is looking at [1]. Thus, the effect of the simultaneous color contrast SCC is not strong on a 
printed paper as the observer recognizes an object for the paper and hardly recognizes the 
illumination on the paper. If, however, the SCC pattern occupies a large area of the retina it becomes 
hard for the observer to recognize the pattern as an object. Then, the adaptation to illumination that 
is transferred from the object color should become apparent and the effect of SCC should become 
large. In the present experiment a paper pattern of SCC is presented as to make an arc with convex 
toward a subject to delete the recognition for an object and emphasize recognition of illumination. If 
the viewing distance becomes very short so that the eyes come inside the arc of the stimulus the 
subject cannot recognize the edges of the stimulus. An object appearance is composed of two, one is 
its shape or contours and the other is the color or light filling in the contours. If the subject cannot 
see the edges he/she only recognizes color or light and the color appearance of the central gray patch 
should become vivid. The color appearance was measured as a function of the viewing distance by 
the elementary color naming method. 

EXPERIMENT 
      Four colored papers, red, yellow, green, and blue of which size was 66 cm wide and 52.5 cm high 
were held at a frame to serve a SCC stimulus as shown by a thick semicircle line in Fig. 1. The radius 
of the circle was 22 cm. A subject S stood in front of the stimulus at distance d from the gray test 
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Figure 4. Amount of chromaticness plotted for viewing visual angle for three subjects,  

red surround;, yellow;, green;, blue. 
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Figure 3. Chromaticities of red, yellow, green and blue surrounds, shown by open circles, and 

of gray test patch shown by a cross. 
 

RESULTS 
      Results are shown in Fig. 4 for all three subjects, PN, SJ, and MI. They repeated the judgement 
for 8, 7, and 6 times. There were 4 months past from the first experiment to the last experiment. The 
abscissa gives the visual angle in degrees and the ordinate the amount of chromaticness in %. The 
vertical dashed line indicate the visual angle beyond which subjects could not see edges of the SCC 
stimulus. Colors of the stimulus were indicated by different symbols, circles for red, triangles for 
yellow, squares for green, and diamonds for blue. Each subject showed small amount of 
chromaticness at the viewing distance 200 cm and rapid increase for 100 cm distance. After that a 
gradual increase was observed. But there are difference observed among individuals. The subjects 
SJ and MI did not see or only small amount of color on the test patch at 200 cm, implying no 
simultaneous color contrast for any color of surrounding, while the subject PN could see a large 
amount of color at the viewing distance, especially for the yellow surrounding. She experienced a 
strong simultaneous contrast phenomenon for the yellow surrounding for all the viewing distances. 
In her case the phenomenon was weak for the blue surrounding. MI did not see any color for the blue 
surrounding and the amount of chromaticness was zero for all the viewing distance.  
     Fig. 5 gives the average of the three subjects shown in Fig. 4.  All the colors showed a similar 
shape of curve, a rather rapid increase at small visual angle and a gradual increase up to the largest 
visual angle employed.  The SCC phenomenon was strongest for the yellow surrounding and smallest 
for the blue surrounding.  It is seen in Fig. 5 that any sudden change of chromaticness amount was 
observed at the visual angle shown by a dashed line. 
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Figure 3. Chromaticities of red, yellow, green and blue surrounds, shown by open circles, and 

of gray test patch shown by a cross. 
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DISCUSSION AND CONCLUSION 
      The simultaneous color contrast phenomenon became larger for shorter viewing distance, namely 
for larger visual angle. This is in accordance with the concept of the recognized visual space of 
illumination RVSI proposed by Ikeda, which insists that the chromatic adaptation takes place to the 
illumination not to the color of object [1]. In the SCC the illumination comes from the color of the 
surrounding. The surround is composed of a shape or contours or outlines and color or light. If the 
former recognition is reduced the remained is the color or light and a subject get larger chromatic 
adaptation. When the viewing distance was extremely shortened as the visual angle exceeded to 
extinguish the edges of the stimulus this situation should occur and the SCC phenomenon becomes 
very strong. Fig. 5, however, did not indicate the expectation as the chromaticness mount did not 
significantly increase beyond the dashed line.   
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Figure 5. Average of chromaticness amount plotted for viewing visual angle. 

      The apparent hue of the induced test patch color was obtained by the amounts of red, yellow, 
green, and blue unique colors and it can be shown on a polar diagram used in the opponent colors 
theory. Fig. 6 shows the average of three subjects of the apparent hue of the surrounding (open 
symbols) and the apparent hue of the test patch (filled symbols). The angle from the red axis in the 
anticlockwise direction gives the apparent hue angle and the distance from the origin to a point shows 
the amount of chromaticness, the circumference showing 100 % of chromaticness.  Surrounding 
colors were almost unique red, yellow, green, and blue as seen by their points almost on the horizontal 
and vertical axes. The induced color by the red surrounding was greenish blue or cyan, which is not 
green, the opponent color to the red as already confirmed [2]. This indicates that the SCC does not 
follow the opponent colors theory. It is true with the green surrounding, which induced blueish red 
color to the test patch. Yellow and blue surroundings gave the test patch almost opponent colors, 
blue and yellow, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Apparent hue of surrounds (filled symbols) and the corresponding test patch (open 

symbols) plotted in a polar diagram. 
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Refer to Pungrassamee’s work, the color appearance was measured for a gray test patch which 
was placed in a test room illuminated by daylight lamps and was looked at from a subject room 
illuminated by one of four colored illuminations, red, yellow, green and blue, through windows of 
various sizes as shown in Fig. 1.  

Figure 1. Front view in the subject room (left) and view of the test room under different 
size of windows (right) [3]. 

 
 Based on the above experiment we simulated the same circumstance but, on photograph, and 

giving a perceived space to photograph by using D-up viewer and checked the color appearance of 
the gray test patch at the center of the front wall (see the left figure of Fig. 2). The experimental room 
was built as we called a two rooms technique or stimulus and environment independent technique. 
On the separating wall a window was opened to show the test patch from test patch room. The middle 
figure of Fig. 2 shows a different size of window from W1 to W5 and at W1 and W2 a subject could 
see only a gray test patch but from W3 to W5 subject gradually sees the objects in the test room. 
Four colors of light were adopted to illuminate the subject room and it was red, yellow, green and 
blue. Twenty photographs were prepared (4 color lights x 5 sizes of window). The task of subject 
was to judge the color of a gray test patch through the window on the front wall in the real room by 
elementary color naming method which judged the percentage of chromaticness, whiteness and 
blackness totaling 100%, and then judged the color by unique red, yellow, green and blue in 
percentage. The subject was asked to move out from the real room and was asked to judge the color 
of gray test patch in a photograph on a LCD display through a D-up viewer by the color naming 
method as before. The subject was asked to do the experiment five times. Five subjects who have a 
normal color vision participated in this experiment. 

 
 
 
 
 
 

 
 

CHROMATIC ADAPTATION TO ILLUMINATION 

Chanprapha Phuangsuwan* 
Color Research Center, Rajamangala University of Technology Thanyaburi, Thailand 

*Corresponding author: Chanprapha Phuangsuwan, Phuangsuwan@rmutt.ac.th  
 

Keywords: Chromatic adaptation, adapt to illumination, RVSI Theory, Devices, 2D picture 
 

ABSTRACT 

Here we like to demonstrate chromatic adaptation to illumination based on the concept of the 
recognized visual space of illumination RVSI developed by Ikeda. Pungrassamee et al. (2005) also 
showed that color appearance of achromatic patch depended on which illumination that subject 
adapted to. Phuangsuwan et al. (2013) showed that to recognize the 3D space on 2D picture so that 
subject could adapt to the illumination in the 2D picture the color constancy occurred in this 
circumstance. Recently we demonstrate the chromatic adaptation to illumination under various 
devices; paper, projector, display and real scene (two-room technique). The result suggests that at 
projector and display show the strong chromatic adaptation almost same as in the real scene. 

INTRODUCTION 

 It is a classical topic, “Chromatic adaptation”, which was taken up by many researchers 
proposing great theory in the past up to now. [1] For example, a white and a black paper under the 
strong sunlight reflecting a lot of light to our visual system, they are perceived white for the white 
paper as white and the black paper as black. Another example that is a white paper under an 
incandescent light, but we perceive it a white paper in spite of the yellowish light. Our visual system 
has ability of discount color from illumination that is called “color constancy”. The well-known Von 
Kries coefficient law describes the relationship between the illuminant and the human visual system 
sensitivity. [2] Illumination is a big factor which affects our color perception. Ikeda proposed the 
Recognized Visual Space of Illumination, RVSI theory [1-2] to explain how our color vision works. 
It emphasizes the adaptation to illumination. The theory says when a person enters to a room (space) 
he/she recognizes the space and understands the illumination, then adapts to illumination in the space. 
After that he/she perceives real color of an object. The color constancy takes place. This is an action 
of the brain.  RVSI for the illumination is constructed. Pungrassamee also demonstrated the color 
appearance of a gray patch depending on which illumination he/she adapted. [3] It is a common 
understanding that the color constancy does not take place for a 2D photograph. Nevertheless, 
according to the RVSI concept there is a possibility of the color constancy in a 2D photograph. 
Namely if we can recognize a 3D space in the photograph, we can understand the illumination and 
consequently the color constancy holds.  This was indeed proved by Phuangsuwan by two approaches, 
color appearance and chromatic adaptation. [4] Currently, color vision researches normally conduct 
the psychophysical experiment by using self-luminous display. It is interested to know how our color 
vision work with the self-luminous circumstance. Phuangsuwan demonstrated chromatic adaptation 
through simultaneous color contrast phenomenon on various devices such as paper, two-room 
technique, display and projector and found that the chromatic adaptation was device dependent.   
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Refer to Pungrassamee’s work, the color appearance was measured for a gray test patch which 
was placed in a test room illuminated by daylight lamps and was looked at from a subject room 
illuminated by one of four colored illuminations, red, yellow, green and blue, through windows of 
various sizes as shown in Fig. 1.  

Figure 1. Front view in the subject room (left) and view of the test room under different 
size of windows (right) [3]. 

 
 Based on the above experiment we simulated the same circumstance but, on photograph, and 

giving a perceived space to photograph by using D-up viewer and checked the color appearance of 
the gray test patch at the center of the front wall (see the left figure of Fig. 2). The experimental room 
was built as we called a two rooms technique or stimulus and environment independent technique. 
On the separating wall a window was opened to show the test patch from test patch room. The middle 
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was to judge the color of a gray test patch through the window on the front wall in the real room by 
elementary color naming method which judged the percentage of chromaticness, whiteness and 
blackness totaling 100%, and then judged the color by unique red, yellow, green and blue in 
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of gray test patch in a photograph on a LCD display through a D-up viewer by the color naming 
method as before. The subject was asked to do the experiment five times. Five subjects who have a 
normal color vision participated in this experiment. 
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ABSTRACT 

Here we like to demonstrate chromatic adaptation to illumination based on the concept of the 
recognized visual space of illumination RVSI developed by Ikeda. Pungrassamee et al. (2005) also 
showed that color appearance of achromatic patch depended on which illumination that subject 
adapted to. Phuangsuwan et al. (2013) showed that to recognize the 3D space on 2D picture so that 
subject could adapt to the illumination in the 2D picture the color constancy occurred in this 
circumstance. Recently we demonstrate the chromatic adaptation to illumination under various 
devices; paper, projector, display and real scene (two-room technique). The result suggests that at 
projector and display show the strong chromatic adaptation almost same as in the real scene. 
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It emphasizes the adaptation to illumination. The theory says when a person enters to a room (space) 
he/she recognizes the space and understands the illumination, then adapts to illumination in the space. 
After that he/she perceives real color of an object. The color constancy takes place. This is an action 
of the brain.  RVSI for the illumination is constructed. Pungrassamee also demonstrated the color 
appearance of a gray patch depending on which illumination he/she adapted. [3] It is a common 
understanding that the color constancy does not take place for a 2D photograph. Nevertheless, 
according to the RVSI concept there is a possibility of the color constancy in a 2D photograph. 
Namely if we can recognize a 3D space in the photograph, we can understand the illumination and 
consequently the color constancy holds.  This was indeed proved by Phuangsuwan by two approaches, 
color appearance and chromatic adaptation. [4] Currently, color vision researches normally conduct 
the psychophysical experiment by using self-luminous display. It is interested to know how our color 
vision work with the self-luminous circumstance. Phuangsuwan demonstrated chromatic adaptation 
through simultaneous color contrast phenomenon on various devices such as paper, two-room 
technique, display and projector and found that the chromatic adaptation was device dependent.   
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                        (a)                        (b)                       (c)                      (d)                      (e) 
Figure 3. Different devices. a, two-rooms technique; b, display; c, object with tissue;  

d, object without tissue; e, projector. 
 

RESULTS AND DISCUSSION 
Pungrassamee et. al. found the color appearance of test patch was dependent on the color of 

illumination to which the subject adapted. The results were plotted on a polar diagram used in the 
opponent color theory as shown in Fig. 4.  The results were under the yellow light ()  and the test 
patch was green color condition. The open small symbols represent the color appearance of green 
test patch under W1 and W2 and filled small symbols were from W3 to W5. The result showed that 
the color of green test patch returned to the original green when subjects could recognize the 
illumination in the test room. In the case of W1 and W2 subjects recognized the yellow illumination 
in the subject room and chromatic adaptation was working for the yellow light causing to the green 
test patch appeared blue color because of color constancy worked for the yellow illumination in the 
subject room.  

 
Figure 4. Example result from 2 subjects under yellow light and green color of test patch. 

 
 

 
 

 

 
Figure 2. Front view in the subject room (left), view of the test room through different sizes of 

window (middle) and photograph on display observing through D-up viewer (right). 
 

The concept of RVSI theory that says recognition of a space and adaptation to the illumination in 
the space is very importance for the color perception. Here we demonstrate the chromatic adaptation 
to illumination by the phenomenon called “simultaneous color contrast” under the various devices. 
The most common and traditional pattern was presented on a paper as often demonstrated on 
textbooks, which we call object color mode experiment. The recently many researchers use display 
unit, with which people can manipulate stimulus pattern easily for various experimental conditions.  
It is possible that different devices give different data to draw different conclusions about the 
simultaneous color contrast. In this experiment the central gray patch was an achromatic paper of 
Munsell Value N6. A similar visual field was prepared with four difference devices; object stimulus 
made of a paper covered with a tissue (Fig. 3 c) and without the tissue (Fig. 3 d), a display (Fig. 3b), 
a projected pattern (Fig. 3 d), and two rooms technique (Fig. 3 a). Four colors, red, yellow, green, 
and blue were employed for the surround and they were of a large size. We reproduced the similar 
colors for all the five devices. The luminance of the surround was set similar among five. In the 
object with tissue the color appearance of stimulus was judged with a commercially available tissue 
paper placed on and over the stimulus. Both object and tissued object were observed under 
fluorescent lamps of the daylight type as shown in Fig.3c, d. Figure 3a illustrates the two-rooms 
technique. The illuminance level in the test room was adjusted so that the appearance at W was the 
object color mode and the horizontal plane illuminance was 30 lx just in front of the gray test patch 
T. The subject room was illuminated by LED lamps and when it was red, for example, a stimulus 
pattern of the simultaneous color contrast of red surround was produced on the retina. The color 
appearance was judged by the elementary color naming method. When a stimulus was presented a 
subject adapted to the field for about one minute and judged the color appearance of the central patch, 
and then the surround. Four colors were pseudo-randomly presented. The judgment was done for the 
central test patch and for the surround. For each stimulus condition the judgement was repeated for 
five times on different day or time. Five subjects participated in the experiment.   
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made of a paper covered with a tissue (Fig. 3 c) and without the tissue (Fig. 3 d), a display (Fig. 3b), 
a projected pattern (Fig. 3 d), and two rooms technique (Fig. 3 a). Four colors, red, yellow, green, 
and blue were employed for the surround and they were of a large size. We reproduced the similar 
colors for all the five devices. The luminance of the surround was set similar among five. In the 
object with tissue the color appearance of stimulus was judged with a commercially available tissue 
paper placed on and over the stimulus. Both object and tissued object were observed under 
fluorescent lamps of the daylight type as shown in Fig.3c, d. Figure 3a illustrates the two-rooms 
technique. The illuminance level in the test room was adjusted so that the appearance at W was the 
object color mode and the horizontal plane illuminance was 30 lx just in front of the gray test patch 
T. The subject room was illuminated by LED lamps and when it was red, for example, a stimulus 
pattern of the simultaneous color contrast of red surround was produced on the retina. The color 
appearance was judged by the elementary color naming method. When a stimulus was presented a 
subject adapted to the field for about one minute and judged the color appearance of the central patch, 
and then the surround. Four colors were pseudo-randomly presented. The judgment was done for the 
central test patch and for the surround. For each stimulus condition the judgement was repeated for 
five times on different day or time. Five subjects participated in the experiment.   
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Figure 6. Averaged results of five subjects of color appearance of the central test patch for 

four different surrounding colors; 〇, red surround; , yellow surround, , green surround, 
, blue surround. Dotted lines show representative hues of respective surrounding color. 
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Figure 5 was the mean results of the gray test patch under red (), yellow (), green () 
and blue () lights. The polar diagram on the left most shows the results with the two-room 
condition, the middle shows results of D-up view condition and the right most shows results of 
normal view (2D) condition. Note that in the D-up view and normal view subjects observed the color 
of gray test patch in photographs. We found similar result as Pungrassamee in the two-room case 
where subjects adapted to color lights in the subject room and showed very vivid complementary 
color for the gray test patch for W1 and W2. The color of gray patch returned to the original at the 
W3 to W5. It was very interesting to confirm the prediction of RVSI theory with the D-up view 
experiment that the subjects could perceive a three dimensional (space) in the photographs and 
perceived the complementary color at gray test patch in W1 and W2 and the color almost disappeared 
from W3 to W5 respectively. With the normal view (2D) condition the color on the gray patch almost 
disappeared. The result strongly implied the chromatic adaptation to illumination was important to 
the color appearance of an object. 
 

Figure 5. Mean of color appearance from W1 to W5 under red, yellow, green and blue. 
 
 

 The average result of chromatic adaptation to illumination through simultaneous pattern 
under various devices was showed in Fig. 6. Those results were the color appearance of a gray test 
patch which was surrounded by color red (), yellow (), green () and blue (). The large filled 
symbols were the color of surrounding.  The results showed that the color of a gray test patch was 
complementary to the color of surrounding and it appeared the most vivid with the two-room, then 
display, projector, paper with tissue and paper without tissue in that order. The result suggested 
chromatic adaptation was working very well with devices to give light directly to the eyes like the 
two-rooms technique, a self-luminous display, and stimulus produced by projecting light on a white 
screen but not to the light reflected by an object, to which the light color belongs.  
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ABSTRACT 

 Size constancy is referred to the fact that our perception of the size of objects are relatively 
constant although the size of the retina image varies greatly with viewing distance.  You can 
experience of the size constancy by putting your hand in front of your eyes and moving back and 
forth. The retinal image size changes greatly but the perception of the hand size remains almost same. 
When we travel to the forest, we always perceive a big mountain even though we are far away from 
the mountain.  And we are often disappointed later to see a small mountain on the photograph. In 
this paper we investigate the perceived size constancy of mountain on photographs that give the same 
size of the real impression while we are looking at the mountain. The experiment started by taking a 
photograph of mountain by setting the focal length at 50 mm giving the field of view at 46. And 
then the size of a mountain on a photograph was changed by software Adobe Photoshop to several 
sizes. The subject’s task was to ask to remember the size of the mountain in the real scene. Then 
subject was asked to select the picture of the mountain that appeared the same perceived size of the 
mountain. They selected photographs of larger mountain image than the original picture so shows no 
size constancy. As the second step we asked the subjects to observe the photographs in a D-up viewer, 
which gave a 3D perception of photographs. The original photograph taken by the camera was 
selected to show the size constancy for a 3D photograph. 

INTRODUCTION 

 Size constancy is a perception phenomenon in the cognitive level. [1]. We perceive the real size 
of object even the viewing distance changes. It is interpreted as result of the brain function called a 
size correction. [2]. In our retina the image size varies depending on the viewing distance. A building 
appears very tall and high even we are standing far from the building. This paper aims to demonstrate 
the size constancy of a mountain on a photograph by using a D-up viewer.  

  

EXPERIMENT 

Stimuli 
We selected a well know mountain in Lopburi province, named “Khao Jeen Lae” for the 

experiment. The mountain height is 650 meters above the sea level. A photograph was taken by 
Canon EOS 5D Mark III with the focal length 70 mm, ISO200. Figure 1a shows the photograph and 
Fig. 1b its sketch. The mountain was kept white in the sketch and other parts were filled gray. In 
front of the mountain there was a forest to hide the mountain foot. The field from the forest to the 
subject position was a wide flat field filled with flowers. The distance to the mountain from the 
subject and camera was 5,600 meters which gives the visual angle of 6.6. The original photograph 
was edited by Adobe Photoshop CS6 to manipulate the size of only the mountain to have 10 pictures 
including the original with different size of the mountain, which was presented on a display one by 
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Apparatus   
The D-up viewer was built to change the mountain scene from 2D picture to 3D perception to the 

subjects. The principle of the D-up viewer is to eliminate any information beside the picture and help 
the subject to receive only the information in the picure. A 2D picture is perceived a 3D scene. [3]. 
A scheme of the D-up viewer is shown in Figure 3. By a hood a subject can see only the picture 
displayed on a display. 

 
Figure 3. Observing picture through D-up viewer. 

 
Procedure 
 Nine people participated in the experiment. A subject was asked to look at the mountain scenery 
and remember the impression of the size and then to select a picture on the LCD display that he/she 
felt the same size of the mountain as the impression for the real scene. Binocular view was adopted. 
Then, the subject did the same as before to observe the real mountain and remember size. After that 
he/she moved to look at the pictures through D-up viewer on the display monocularly and selected 
one out of 10 pictures that gave the same impression about the size of mountain as they looked at the 
real mountain. Notice that subjects took some time to perceive the mountain of picture as a 3D scene. 
The experimenter recorded the answer from the subjects by number of pictures. The observing was 
done for 3 times.     

 
 

RESULTS AND DISCUSSION 
The results are shown in the left of Fig. 4. The abscissa indicates subjects and the ordinate picture 

number that the subjects chose. The solid triangles with dotted line are the results of the first step of 
experiment, where the subjects chose a picture without D-up viewer. A red line is drawn at the picture 
number 4, that is the original picture. Subjects chose pictures of larger number, which means that the 
subjects needed much larger size (no. 7-9) of the mountain to match with the impression of the real 
scene. But when they observed pictures with the D-up viewer they had the same impression as the 
real scene fort a small number of pictures, from 4 to 6.5. Only one subject (WP) chose the original 
picture. The results are replotted on the right of Fig. 3 with the visual angle for the ordinate. A dotted 
line indicates the visual angle of actual visual angle for the mountain, 6.6. Almost all the subjects 
selected the size of mountain of much larger visual angle without D-up viewer in agreement with our 
daily experience, for example, subject PS needs the visual angle 31 to be matched with the real 
scene impression of 6.6 showing the size constancy. In the case of D-up viewer the visual angle 
showed smaller that the results from normal observation without D-up viewer. The difference of 

 
 

one.  Figure. 2 show the pictures, where the original picture is number 4.  The picture number 1 to 3 
were smaller than the original (number 4). From picture number 5 to 10 the mountain size is bigger 
than the original and those of 1 to 3 smaller than the original. Other parts than the mountain remained 
same in those ten pictures. The size of a picture was 17.5 x 26 cm on the display.  Table 1 gives the 
size of the mountain in each picture in centimeter (on the left two columns) and visual angle (on the 
right two columns). The thick outline in the table 1 shows the size of original picture. 

 

 
Figure 1. a, the original photograph and b, its sketch. 

 

 
Figure 2. Pictures stimuli. 

 
Table 1: Size of mountain in centimeter and visual angle. 

Size of Mountains 

Pic. No. Size (cm) Visual angle (°) 
height width height width 

1 2.6 4.7 4 7.3 
2 4 6.7 6.2 10.4 
3 5.4 8.7 8.3 13.4 
4 6.8 10.7 10.5 16.5 
5 8.2 12.7 12.6 19.5 
6 9.6 14.7 14.8 22.5 
7 11 16.7 16.9 25.5 
8 12.4 18.7 19 28.4 
9 13.8 20.7 21.1 31.3 
10 15.2 22.7 23.2 34.1 
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Apparatus   
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filled circles from filled triangles at each subject indicates that the difference was supplemented by 
the amount gained by the size constancy function in the pictures by seeing the pictures as 3D scenes.  

 
Figure 4. Observing picture through D-up viewer. 

Figure 5. Averaged results of without (natural) and with D-up viewer. 

The averaged results of all the subjects are shown in the Fig. 5. The ratio of the visual angle for 
the natural view and for the real view was 3.78 (Visual angle of natural view/Visual angle of actual 
retina image). For the D-up viewer observation the ratio was 3.03 (Visual angle of D-up view/Visual 
angle of actual retina image). Based on this experimental result we can conclude that to get the size 
constancy we need to perceive object as three dimensional. 
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ABSTRACT 

 In the market, grapes are categorized into three kinds as red grapes, green grapes, and black 
grapes. For red grapes, the range of color sometimes can be from red, reddish brown to reddish 
purple. For green grapes, the range of color can be from greenish yellow, light green to dark green. 
For black grapes, the range of color includes black, dark blue, dark purple. We can see that the color 
of each kind of grape is a wide variety. However, the perception of grape color for the customer may 
not match with the real grape color. In this research, we want to investigate the representative color 
of each kind of grapes. The subject is 20 females and 20 males aged between 19-23 years old who 
have normal color vision. The experiment is divided into two parts. In the first part, the 
representative hue of grapes is identified. The stimulus is a gray background and 40 Munsell color 
chips. These 40 color chips are varied in hue cover every hue in Munsell color. Each color chip has 
chroma 8 and value 5.  These 40 color chips are attached on the gray background to form the Munsell 
ring. Size of each color chips is two degrees of visual angle. Subject’s task is to indicate the color 
chip which represented the color of red grape, green grape and black grape in their memory. In each 
trial, the subject must select at least a color chip. If the subject thinks the range of color of grape is 
wide, they can select more than a color chip to cover that range. This process repeats until 3 kinds of 
color of grapes are selected. Each subject must repeat totally 3 judgments (3 colors of grapes x 1 
judgments). The result shows that the range of representative hue of red grape covers from 2.5RP, 
5RP, 7.5RP, 10 RP, 2.5R, 5R and 7.5R. For green grape, the range of representative hue of green 
grape covers from 2.5GY, 5GY, and 7.5GY, 10GY. For the black grape, the range of representative 
hue of black grape covers from 5PB, 7.5PB, 10 PB, 2.5P, and 5P. These selective hues of each grape 
color will be used in the next part. In the second part, Munsell value and chroma of the representative 
color of grape will be identified. Munsell color chart of the selective hues from the first part will be 
presented to the subject. The subject will be asked to select every color chip which represented the 
color of red grape, green grape, and black grapes. The result will be used as a database for creating 
a color scheme for grape packaging design. 

INTRODUCTION 

 Grapes are the 6th most popular fruit in the world [1]. Grapes can be divided into 3 main colors, 
which are green grapes, red grapes, and black grapes [2] [3]. Although grapes are popularly 
consumed as fresh fruits but grapes can be processed into other products. Product presentation is 
important to attract and create memories for consumers, and color is an important element on the 
product packaging. Previous research revealed that people make a subconscious judgment about a 
person, environment, or product within 90 seconds of initial viewing and that between 62% and 90% 
of that assessment is based on color alone [4]. Therefore, the researcher has the idea that studying 
color to find colors that represent grape will help increase interest in grape products and can increase 
value to the product. The research was divided into two parts. The first part, each subject identified 
the representative hue of green grapes, red grapes, and black grapes by selecting hue from Munsell 
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Figure 1. The selected Hue of red, green and black grapes 

 
PART II: MUNSELL VALUE AND CHROMA IDENTIFICATION 

The second part of the experiment is to identify Munsell value and chroma that represents three 
types of grape color, green, red, and black grapes. There are two types of value and chroma 
Identification. The first type is based on the subject’s image color of those three grapes. The second 
type is based on the color which is suitable for the packaging of grape products. The subject can 
select unlimited number of color chips for each type of identification.  
 
 Apparatus 
 The test room was the same room which were used in the first part of the experiment.  The 
illuminance of the test room was measured by an Illuminance meter (KONICA MINOLTA T - 1 0) 
and was kept constant between 1000-1200 lux. Table 1 shows the selected hue used in this part of 
experiment. For each hue, there was a Munsell color chart which contained several color chips. The 
color chips were varied in value and chroma as shown in Figure 2. A viewing mask was used when 
the subject selects the color chips. This viewing mask was made from 15 cm × 21 cm gray sheet 
(N6) . There was a 1 .5  cm × 2  cm square aperture at the center of the viewing mask.  A laptop was 
used for presenting the grape’s photo before the experiment started. 
                           
Table 1: The selected hue of each type of grapes 

  
 

 
Figure 2: Figure 2: Munsell color chart and 

viewing mask 
 
Subject 
       The subjects were 40 undergraduates from the Department of Information Engineering at Meijo 
University. All of them had a normal color vision they are female 20 people and male 20 people. 
 
 
 

Grapes Color Selected Hue 

Green 2.5GY, 5GY, 7.5GY, 10GY 

Red 2.5RP, 5RP, 7.5PR, 10RP,  2.5R, 5R, 7.5R 
Black 7.5PB, 10PB, 2.5P, 5P 
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ring. For the second part, each subject identified Munsell value and chroma in the Munsell color 
chart.  

EXPERIMENT 

PART I: HUE IDENTIFICATION 

 The first part of experiment is to select hue that represents three types of grape color, green, red, 
and black grapes. The criterion of the hue identification is that the selected hue must represent the 
subject’s image color of green grapes, red grapes and black grapes. The subject can be select an 
unlimited number of hue per type of green grapes, red grapes and black grapes. 
  
Apparatus 
 The apparatus was a test room size of 93 cm × 62 cm × 78.5 cm. The test room was made of the 
whiteboard and top on the room was covered with white wax paper to filter and diffuse light. The 
illuminance of the subject room was measured by an Illuminance meter (Konica Minolta T - 10) and 
was kept constant between 1000-1200 lux. The stimulus was 40 Munsell color chips which represent 
the entire hue in Munsell color (Munsell Book Glossy Collection X-rite).  Each color chip has chroma 
8 and value 5. These color chips were pasted on a gray background paper (N6) to form the Munsell 
ring. The Munsell ring was placed on the wall in front of the subject. A chin rest (Takei Scientific 
Instruments T.K.K 930a) is used to fix the subject head’s position. Each color chip contains 2 degrees 
of the visual angle.  
 
Subject 

The subjects were 30 undergraduates from the Department of Information Engineering at Meijo 
University. There were 15 females and 15 males. All of them had normal color vision. 
 
Experimental Procedure 
 Before starting the experiment, the subject sees a set of photographs of 3 grape colors on a laptop. 
After 2 hours or more, the experiment starts. In each trial, the Munsell ring was randomly rotated. 
The experimenter selected a type of grapes and told to the subjects. The subject then imagined the 
color of that type of grape. After that, the subject select the color chips which represented the Hue of 
the subject’s image color. There was no limitation of the number of the selected color chips. The 
experimenter recorded the selected Hue. These selected hues of each grape color will be used in the 
next part. 
 
Result  
 The result of experiment 1 was shown in Figure 1. The radius of the radar graph was the frequency 
of the selected hue. Red line, green line and purple represented the result of the hue identification of 
red grape, green grape and black grape, respectively. If a Munsell hue was chosen by higher than 
20% of the subject, that Munsell hue will be used in the next part of the experiment. This criterion 
was represented by the dashed circle line. 
 For the red grape, there most selected hue was 5RP and 7.5R. The other selected hue were 2.5RP, 
7.5RP, 10RP, 2.5R, and 5R. For the green grape, 4 Munsell hue; 2.5GY, 5GY, 7.5 GY, and 10GY; 
were selected. For the black grape, 7.5PB, 10PB, 2.5P, and 5P were selected. These selected Hue 
were used in the next part of the experiment. 
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red grape, green grape and black grape, respectively. If a Munsell hue was chosen by higher than 
20% of the subject, that Munsell hue will be used in the next part of the experiment. This criterion 
was represented by the dashed circle line. 
 For the red grape, there most selected hue was 5RP and 7.5R. The other selected hue were 2.5RP, 
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Figure 5. Comparative result between image color and packaging color of black grapes 
 
Figure 3 shows the image color and the packaging color of the green grape. The bubble size 

represented the frequency of the selected color. There was some difference between these two kinds 
of color. Most of the image color of the green grape was greenish yellow with chroma range of 8-10 
and value range of 7-8. For the packaging color, the suitable colors were more vivid and slightly 
darker than the image color. 

Figure 4 shows the image color and the packaging color of the red grape. The image color of red 
grapes covered wide range of color. The Munsell hue range was from 2.5RP to 7.5R. However, the 
popular color of red grape was divided in to two groups; reddish purple and slightly purplish red. For 
the packaging color, the reddish purple was more popular. 

Figure 5 shows the image color and the packaging color of the black grape. Even though this kind 
of grape was called as the black grapes, but the image color was darkish purple with low chroma 
(range of 2-4) and low value (range of 2-3). The packaging color was considerably different from 
image color. The subject preferred more vivid purple for the grape product packaging. 

Based on our result we created the color palette for the grape packaging design. Table 2 shows 
Munsell color notation of the colors which were obtained from two methods. The first method was 
the top five rank of the selected Munsell color chips. The second method was five color calculated 
from K-mean cluster analysis. For the packaging design, the top 5 rank should be used as the primary 
color of the packaging. And the color from K-mean cluster analysis should be the secondary color to 
make the packaging more colorful. For the future work, the quality of these color palette must be 
examined. It is necessary to use these color palettes for designing the packaging of grape products. 
 

CONCLUSION 

The color palettes obtained from the image color have more variety of colors than those obtained 
from the packaging color. But color in the color palettes of packaging color will have more vibrant 
colors. To design grapes packaging, colors in the popular colors’ palette can be use as primary colors. 
If the packaging with a variety of colors is required, color in the palettes from K-Means Cluster 
Analysis can be used as the secondary color. 
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Experimental Procedure 
 Before starting the experiment, a set of photographs of red grape, green grape and black grape 
were presented to the subject. After 2 hours or more, the experiment starts. There are two tasks for 
each subject. The first task is to identify the image color of grapes. In each trial, the experimenter 
selected a type of grapes and told to the subjects. The Munsell color charts of the selected hue which 
corresponded to the type of grape were placed on the table. The subject then imagined the color of 
that type of grape. After that, the subject using the viewing mask to see the color chip through the 
hole, one by one color. When the subject selected the desired color, the mask will be placed on that 
color. The subject can choose an unlimited number of colors for each type of grapes color. This 
procedure was repeated until all type of grape were selected. For the second task, the procedure was 
same as the procedure of the first task except from the criterion of selecting color. The criterion of 
this task is to identify the color which were suitable for the packaging of the grape product. These 
two tasks were done in the separated session. 
 
Result 
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Figure 4. Comparative result between image color and packaging color of red grapes  
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Table 2: The color palettes from top 5 and K-Means Cluster Analysis 
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Grapes Color 
Top 5 K-Means Cluster Analysis 

Image Color Packaging Color Image Color Packaging Color 

Green 

5GY 7/8   7.5GY 8/10   5GY 7/10   5GY 8/11   
5GY 8/8   5GY 7/10   5GY 8/9   7.5GY 6/9   
5GY 8/10   2.5GY 8/12   7.5GY 6/9   5GY 8/9   
2.5GY 8/8   5GY 8/10   7.5GY 7/5   7.5GY 8/5   
5GY 7/10   5GY 8/8   7.5GY 4/5   7.5GY 4/2   

7.5GY 8/10   5GY 7/12     

Red 

7.5RP 3/10   7.5RP 4/12   10RP 4/10   5RP 4/11   
5RP 4/10   10RP 4/12   5R 3/8   10RP 3/9   
5R 3/10   2.5RP 4/12   5RP 4/8   2.5R 5/13   

5RP 4/12   5RP 3/10   2.5R 3/5   7.5RP 8/2   
7.5RP 4/10   7.5RP 3/10   2.5R 5/13   7.5RP 3/5   
10RP 4/8   

  
10RP 3/10   
10RP 4/12   
2.5R 4/8   

Black 

5P 2/4   2.5P 2/8   2.5P 3/3   10PB 3/4   
2.5P 2/4   2.5P 2/10   5P 2/5   2.5P 2/8   
2.5P 2/6   2.5P 2/4   10PB 2/7   10PB 4/9   
5P 2/6   2.5P 2/6   10PB 4/8   10PB 7/3   

2.5P 3/4   2.5P 3/10   10PB 3/3   2.5P 6/7   
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meaning. In this research, we investigated the interference of color on gender identification of 
Japanese people and compare the results with Thai people.  

METHODOLOGY 

Subject  
The subject were 50 Japanese and 50 Thai students. Each group of subjects were composed 

of 25 male and 25 female subject aged between 18-24 years old. All subjects had normal color 
vision.  
Stimuli 

The stimuli were three patterns of female and male toilet sign as shown in Figure 1. Each 
pattern was applied by five colors included blue, navy blue, red, pink and black. The color values 
of each color were shown in Table 1. The stimuli were composed of a combination of two 
genders, three patterns, and five colors, totally 30 signs. Each sign was placed on the white 
background. The size of the stimuli was between 12-15 degree of visual angle.   

 
Table 1: Luminance and xy chromaticity of color stimuli   

Color Luminance  
(cd/m2) x y 

 Black 0.4 0.320 0.369 
 Pink 63.2 0.462 0.305 
 Red 35.6 0.588 0.341 
 Blue 95.5 0.218 0.298 
 Navy Blue 37.6 0.201 0.233 
 White Background 250.0 0.310 0.330 

 
Experimental Procedure 

The stimuli were presented on an LED monitor which was placed inside a subject room. The 
background behind the monitor is a white wall. The illuminance measured at the monitor position 
was 400 lux.  

There were two tasks for each subject. For the first task, the subject was asked to judge 
whether each stimulus was male or female sign. For the second task, the subject was judge 
whether the color of each stimulus was referred to male or female. These two tasks were done in 
separated session. 

In each session, the subject must sit inside the room for at least two minutes before starting 
the experimental session. After the two minutes adaptation, the experimental start by pressing 
the space bar. The blank screen appeared for three seconds. Then a color stimulus was presented 
for two seconds. After that, the screen turned to be blank screen. The subject gave the judgement 
by pressing “1” on the keypad for male and “3” on the keypad for female.  The blank screen 
continuously appeared for at least five seconds before the next stimulus was presented. If the 

Figure 1. Three patterns of female and male sign 
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ABSTRACT 

Color was used as a code to identify gender. For example, female baby clothes are generally pink 
while male baby clothes are generally blue. In some culture, the color code is almost standardized 
for gender identification. We can see in Japan that most of the female toilet sign is red or pink, 
whereas the male toilet sign is blue, so it is not necessary to recognize the detail of the sign. You 
can identify the toilet type by just seeing the toilet sign’s color. In this research, we investigated 
the color code usage for gender identification of Japanese and compare the results with Thai. The 
experiment was conducted in Thailand and Japan. In each country, the subjects are 25 female 25 
male university students. The stimuli were three patterns of female and male toilet sign. Each 
pattern was applied by five colors included blue, navy blue, red, pink and black. Therefore, the 
stimuli were composed of a combination of two genders, three patterns, and five colors, totally 
30 signs. The stimuli were presented on an LED monitor. The size of stimuli was between 12-15 
degree of visual angle. There were two tasks for each subject. For the first task, the subjects 
assessed the color of the sign whether that color was identified as male or female. For the second 
task, the subjects assessed the details of the signs whether they were male or female. In each 
judgment, a sign was presented for two seconds and separated by at least five seconds blank 
screen. If the subject did not judge within 5 seconds of a blank screen, the blank screen will 
appear until each judgment was finished. The results suggested that there was a firm linkage 
between color and gender in Japanese culture. More than 90% of Japanese pointed out that red 
and pink were identified as the color of female whereas light blue, navy blue and black were 
identified as the color of the male. This linkage was truly strong enough so that some color could 
interfere their gender identification by the sign. When the female sign was applied with red or 
pink and the male sign was applied with blue, navy blue and black, the percentage of correct 
judgment is higher than 90%. However, when the female sign was applied with navy blue and 
the male sign was applied with pink, the correct judgment decreased significantly to be about 
60%. Unlike the result of Japanese, the linkage between color and gender did not firmly hold in 
Thai culture. Most of all Thai subject could correctly identify gender regardless of color in sign.  

INTRODUCTION 

 Previous research has shown that color preference was affected by many factors such as age, 
culture etc. Gender was one of the important factors to determine color preference [1], [2], [3]. 
“Men like blue and women like pink” was the belief that intentionally implanted by the marketeer 
in order to increase the product sale. For example, female baby clothes are generally pink while 
male baby clothes are generally blue. This belief was somehow transformed to be a color code 
and was used to identify gender. In some culture, the color code is almost standardized for gender 
identification. We can see in Japan that most of the female toilet sign is red or pink, whereas the 
male toilet sign is blue. Therefore, it is not necessary to recognize the detail of the sign. You can 
identify the toilet type by just seeing the toilet sign’s color. We hypothesized that in the culture 
which color were obviously referred to gender, the color can interfere the interpretation of sign 
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meaning. In this research, we investigated the interference of color on gender identification of 
Japanese people and compare the results with Thai people.  

METHODOLOGY 

Subject  
The subject were 50 Japanese and 50 Thai students. Each group of subjects were composed 

of 25 male and 25 female subject aged between 18-24 years old. All subjects had normal color 
vision.  
Stimuli 

The stimuli were three patterns of female and male toilet sign as shown in Figure 1. Each 
pattern was applied by five colors included blue, navy blue, red, pink and black. The color values 
of each color were shown in Table 1. The stimuli were composed of a combination of two 
genders, three patterns, and five colors, totally 30 signs. Each sign was placed on the white 
background. The size of the stimuli was between 12-15 degree of visual angle.   

 
Table 1: Luminance and xy chromaticity of color stimuli   

Color Luminance  
(cd/m2) x y 

 Black 0.4 0.320 0.369 
 Pink 63.2 0.462 0.305 
 Red 35.6 0.588 0.341 
 Blue 95.5 0.218 0.298 
 Navy Blue 37.6 0.201 0.233 
 White Background 250.0 0.310 0.330 

 
Experimental Procedure 

The stimuli were presented on an LED monitor which was placed inside a subject room. The 
background behind the monitor is a white wall. The illuminance measured at the monitor position 
was 400 lux.  

There were two tasks for each subject. For the first task, the subject was asked to judge 
whether each stimulus was male or female sign. For the second task, the subject was judge 
whether the color of each stimulus was referred to male or female. These two tasks were done in 
separated session. 

In each session, the subject must sit inside the room for at least two minutes before starting 
the experimental session. After the two minutes adaptation, the experimental start by pressing 
the space bar. The blank screen appeared for three seconds. Then a color stimulus was presented 
for two seconds. After that, the screen turned to be blank screen. The subject gave the judgement 
by pressing “1” on the keypad for male and “3” on the keypad for female.  The blank screen 
continuously appeared for at least five seconds before the next stimulus was presented. If the 

Figure 1. Three patterns of female and male sign 
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ABSTRACT 

Color was used as a code to identify gender. For example, female baby clothes are generally pink 
while male baby clothes are generally blue. In some culture, the color code is almost standardized 
for gender identification. We can see in Japan that most of the female toilet sign is red or pink, 
whereas the male toilet sign is blue, so it is not necessary to recognize the detail of the sign. You 
can identify the toilet type by just seeing the toilet sign’s color. In this research, we investigated 
the color code usage for gender identification of Japanese and compare the results with Thai. The 
experiment was conducted in Thailand and Japan. In each country, the subjects are 25 female 25 
male university students. The stimuli were three patterns of female and male toilet sign. Each 
pattern was applied by five colors included blue, navy blue, red, pink and black. Therefore, the 
stimuli were composed of a combination of two genders, three patterns, and five colors, totally 
30 signs. The stimuli were presented on an LED monitor. The size of stimuli was between 12-15 
degree of visual angle. There were two tasks for each subject. For the first task, the subjects 
assessed the color of the sign whether that color was identified as male or female. For the second 
task, the subjects assessed the details of the signs whether they were male or female. In each 
judgment, a sign was presented for two seconds and separated by at least five seconds blank 
screen. If the subject did not judge within 5 seconds of a blank screen, the blank screen will 
appear until each judgment was finished. The results suggested that there was a firm linkage 
between color and gender in Japanese culture. More than 90% of Japanese pointed out that red 
and pink were identified as the color of female whereas light blue, navy blue and black were 
identified as the color of the male. This linkage was truly strong enough so that some color could 
interfere their gender identification by the sign. When the female sign was applied with red or 
pink and the male sign was applied with blue, navy blue and black, the percentage of correct 
judgment is higher than 90%. However, when the female sign was applied with navy blue and 
the male sign was applied with pink, the correct judgment decreased significantly to be about 
60%. Unlike the result of Japanese, the linkage between color and gender did not firmly hold in 
Thai culture. Most of all Thai subject could correctly identify gender regardless of color in sign.  

INTRODUCTION 

 Previous research has shown that color preference was affected by many factors such as age, 
culture etc. Gender was one of the important factors to determine color preference [1], [2], [3]. 
“Men like blue and women like pink” was the belief that intentionally implanted by the marketeer 
in order to increase the product sale. For example, female baby clothes are generally pink while 
male baby clothes are generally blue. This belief was somehow transformed to be a color code 
and was used to identify gender. In some culture, the color code is almost standardized for gender 
identification. We can see in Japan that most of the female toilet sign is red or pink, whereas the 
male toilet sign is blue. Therefore, it is not necessary to recognize the detail of the sign. You can 
identify the toilet type by just seeing the toilet sign’s color. We hypothesized that in the culture 
which color were obviously referred to gender, the color can interfere the interpretation of sign 
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In case of Thai subjects, only pink and navy blue were obviously identified as the color of the 
female and the male respectively. Black was majorly identified as the color of the male but 25% 
of response also identified it as the color of female. Most of Thai’s responses identified that blue 
was the color of the male and red was the color of the female. However, about 36% of response 
from Thai also indicated that red was the color of the male and blue was the color of the female. 
Therefore, red and blue seems to be unobvious to identify their gender for Thai. 

The above result showed that there was a firm linkage between these colors (red, pink, blue, 
navy blue and black) and their gender in Japanese culture. On the other hand, the relation between 
these colors and their gender were not obvious in Thai culture. The possible reason was that 
Japanese people familiar with the color code usage for gender identification. Red and pink always 
used for female objects whereas and blue, navy blue and sometime black were used for male 
objects. This color code was the de facto standard especially for the color of toilet sign. In contrast 
to Japanese, the implementation of color code in Thailand was not successful. For example, there 
is no standard for the color of toilet sign. 

Figure 3 shows the result of gender identification of color stimuli judged by Japanese and 
Thai. The abscissa represents five colors of the sign. The ordinate represents percentage of 
response which subject identified the sign as female (red bar) and male (blue bar). For the female 
sign, the correct gender identification should be female which is the red bar graph. But for the 
male sign, the correct gender identification should be male which is the blue bar graph.  

In case of Japanese, when the female sign was red and pink, the correct gender identification 
was higher than 90%. But when the female sign was black, blue and navy blue, the correct 
identification considerably decreased. Especially in case of blue and navy blue, the percentage 
of correct gender identification was only 64% and 50%, respectively. When the male sign was 
investigated, the correct gender identification of black, blue and navy blue sign was nearly 100%. 

   

    
 

Figure 3 Gender identification of female and male color sign by Japanese and Thai. 

 
 

subject did not judge within five seconds of a blank screen, the blank screen will appear until 
each judgment was finished. The order of color stimulus was random. The procedure repeated 
until all 30 color stimuli were presented. 

 

EXPERIMENTAL RESULTS 

The relation between color and gender of Thai and Japanese was investigated. After 
presenting the color female or male sign, the subject would indicate whether the presented color 
was the color of the male or the female. The results were shown in Figure 2.  

In case of Japanese subjects, more than 90% of Japanese pointed out that red and pink were 
identified as the color of the female whereas blue, navy blue and black were identified as the 
color of the male, regardless of the gender of sign.  

  

     
 

  

    
 

Figure 2 Color and gender relation by Japanese (above) and Thai (below). Red and 
blue represent female and male response, respectively. 

Japanese 

Thai 
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In case of Thai subjects, only pink and navy blue were obviously identified as the color of the 
female and the male respectively. Black was majorly identified as the color of the male but 25% 
of response also identified it as the color of female. Most of Thai’s responses identified that blue 
was the color of the male and red was the color of the female. However, about 36% of response 
from Thai also indicated that red was the color of the male and blue was the color of the female. 
Therefore, red and blue seems to be unobvious to identify their gender for Thai. 

The above result showed that there was a firm linkage between these colors (red, pink, blue, 
navy blue and black) and their gender in Japanese culture. On the other hand, the relation between 
these colors and their gender were not obvious in Thai culture. The possible reason was that 
Japanese people familiar with the color code usage for gender identification. Red and pink always 
used for female objects whereas and blue, navy blue and sometime black were used for male 
objects. This color code was the de facto standard especially for the color of toilet sign. In contrast 
to Japanese, the implementation of color code in Thailand was not successful. For example, there 
is no standard for the color of toilet sign. 

Figure 3 shows the result of gender identification of color stimuli judged by Japanese and 
Thai. The abscissa represents five colors of the sign. The ordinate represents percentage of 
response which subject identified the sign as female (red bar) and male (blue bar). For the female 
sign, the correct gender identification should be female which is the red bar graph. But for the 
male sign, the correct gender identification should be male which is the blue bar graph.  

In case of Japanese, when the female sign was red and pink, the correct gender identification 
was higher than 90%. But when the female sign was black, blue and navy blue, the correct 
identification considerably decreased. Especially in case of blue and navy blue, the percentage 
of correct gender identification was only 64% and 50%, respectively. When the male sign was 
investigated, the correct gender identification of black, blue and navy blue sign was nearly 100%. 
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subject did not judge within five seconds of a blank screen, the blank screen will appear until 
each judgment was finished. The order of color stimulus was random. The procedure repeated 
until all 30 color stimuli were presented. 

 

EXPERIMENTAL RESULTS 

The relation between color and gender of Thai and Japanese was investigated. After 
presenting the color female or male sign, the subject would indicate whether the presented color 
was the color of the male or the female. The results were shown in Figure 2.  

In case of Japanese subjects, more than 90% of Japanese pointed out that red and pink were 
identified as the color of the female whereas blue, navy blue and black were identified as the 
color of the male, regardless of the gender of sign.  
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ABSTRACT 

We live in a world of colors all around us, and color affects all areas of our lives in different 
ways. 

Color, as part of the emotional bond, also affects people's lifestyle in its own way. 
Lifestyle implies human nature, self-expression and self-consciousness of style. 
Color is one of the easiest ways to personalize your lifestyle. 
The meaning of lifestyle/color design . 
The lifestyle system is a set of tools to sell better products. 
Through color, we hope to optimize the production system. 
Color affects not only the feeling of the person most easily, but also the person's mood. 
Color is the lowest input cost, the best effect in the production system. 
The composition of household lifestyle, 
Material Factors: Products + Decorates 
Immaterial Factors: Feelings + emotions   
And color is especially important! The color of lifestyle and color trend  
The choice of different color combinations will affect our feelings of space design, which also 
represent different lifestyles. 
People's different needs for lifestyle make the personalized color especially important. 
We take 36 square metre small family model for example, satisfy basic function, little space, strong 
receive.  Keep the structure of the furniture as same. 
Through changing the color of furniture products, we create a different way of life. 
Optimize production systems by enriching product lines at the lowest cost in the production chain. 
Take the following plan as an example. 
Different lifestyles: 3 color series of collocation scheme design 
From color inspiration perception to systematic color analysis, and then product color collocation. 
From the material combination of space, deserve to act the role of combination, search the 
connection between color. 
Result: if we live in a color environment we like, we will feel better! Because we choose our way 
of life! 
 

COLOR IN PRODUCT DESIGN 
-INTERPRETATION OF LIFESTYLE 

 
We live in a world of colors all around us, and color affects all areas of our lives in different 

ways.  

 
 

However, the pink and red male sign made the gender identification significantly incorrect. There 
were only 62% and 52% correct responses for red and pink male sign. 

In contrast to Japanese, color seems to be slightly affected the gender identification of male 
and female sign. The correct gender identification by Thai subjects was higher than 80% 
regardless of color. Pink and black possibly interfered the gender identification but the effect of 
these two colors was not clear. The wrong gender identification was still lower than 20% which 
considerably differed from Japanese’s result.  

Based on the above results, there was the evidence that the color could interfere the gender 
identification. The interference of color on gender identification was possibly due to the linkage 
between color and gender. For Japanese which the color and gender linkage was firmly hold, the 
interference of color on gender identification was clearly distinct. But the influence of color on 
gender identification would be small, if there was no linkage between color and gender in their 
culture. However, to the further investigation is also required to confirm this hypothesis. 

 

CONCLUSION 

Our result supported the hypothesis that the color could interfere the interpretation of the sign 
meaning. In the culture which color were obviously linked to gender, color would show strong 
influence on the gender identification like in Japanese culture.  
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ABSTRACT 
For an image retouching process, image contrast adjusting is a way to obtain the quality of the image. 

However, we observed that in the case of a grayscale image, most of the non-professional photographers 
think that good grayscale image must be low contrast image. Unlike most professional photographers, they 
prefer to retouch the image by keeping original image contrast or slightly increasing the image contrast. 
Therefore, we investigated whether this observation is true or not. The objective of this research was to    
investigate the relationship between proper contrast and image satisfaction of these two groups. The subjects 
were fifteen professional photographers and fifteen non-professional photographers. The stimuli were five 
landscape images. All image is 8-bit grayscale at zone system 5. Weber Contrast of each image was varied to 
seven levels which include original contrast level, one increment contrast levels, and one decrement contrast 
levels. The stimuli were presented on a 24-inches LED monitor situated in the experimental room. The    
distance between the subject’s eye and the monitor was 95 centimeters. The size of the stimuli was 29 X 43 
degrees. The task of the assessors was to evaluate the image satisfaction with rating scales from 1-5 which 1 
is the highest dissatisfaction and 5 is the highest satisfaction. Each subject must complete 35 evaluations.  
The expected result was that the non-professional photographers might prefer a lower contrast image than 
original contrast. On the other hand, professional photographers might prefer a high contrast image. 

INTRODUCTION 
Landscape Photography is one of the most popular niches of photography, for both professional and 

non-professional photographers. It is to capture the beauty of the scenery in the natural park. The atmosphere 
of the fields in rural areas is extraordinarily beautiful. This invites a photographer or general person to hold 
the camera up to take this impressive beauty. 

 The Photography enthusiasts see the beautiful atmosphere through the viewfinder of a digital single 
lens Reflex camera (DSLR) or smart phones, that are visible and displayed in color images as if they were 
seen with eyes. The perfect composition, good lighting conditions and the right shooting time are the best 
moments in photography. On the other hand, the image becomes normal, lack of depth and interest when 
converted to black and white. Because the colors that appear on those photos will help to distinguish and 
interest themselves. And colorful photography will create great excitement in the viewing experience as   
opposed to black and white photos. For adjusting a color image into a black and white photo, various colors 
may turn out to be the same or have very similar tones or become a low contrast black and white image. 
Black and white photos with low contrast will cause the image to lack depth or lack of detail and make       
the image uninteresting. 

 The best black and white photos usually have some portion of the photo that is near to pure white, 
and some portion of the photo that is near black. This increased contrast adds interest to the scene. Therefore, 
a suitable black and white photo should have a different gray tone according to the Zone System. In this   
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regard, it is appropriate to consider the contrast level of the grayscale of black and white photos. Between 
professional photographers and amateur photographers, which may affect the satisfaction of high and low 
contrast to different black and white photos. 

METHODOLOGY 
Apparatus and Procedure 

The relationship between appropriate contrast and satisfaction with Landscape Photography in a 
black and white image was studied with the following steps. 
 Step 1: The Preparation Process 
 The experimenters began researching the related information from books, articles and expert inter-
views to adjust the contrast of the middle tone grayscale of landscape photos. Then they set the images with a 
grayscale chart. The experimenters were adjusting the color image to black and white of the landscape photos 
with software for image enhancement. Later, 5 landscape photographs were selected by the experimenters. 
The objective criteria that determine whether an image that has the characteristics of pixel distribution from 
the darkest black, the middle gray and the whitest as shown in the histogram of Figure 1. 
 

     

             
                            a                       b                                     c                                      d                                      e 

Figure 1. Histogram of Landscape Photographs 
 
  Step 2: The Adjustment Contrast Process 
 The Landscape photographs were adjust the contrast level, referring to the grayscale of the Ansel 
Adams Zone System, consisting of 7 levels, covering gray levels from deep tonalities, representing the dark-
est part of the image in which some detail is required (ZoneII) to white with textures and delicate values (Zo-
neVIII) or -3 -2 -1 0 +1 +2 +3 as an example shown in Figure 2. 
 

       
         a(-3)                       a(-2)                        a(-1)                        a(0)                         a(+1)                      a(+2)                      a(+3)  

Figure 2. Seven Gray Levels of Landscape Photographs 

Step 3: The Evaluation Process 
 The Landscape images were used in all five images experiments in seven sets of contrast levels. 
Each image was arranged in a different presentation. The experiment was conducted in a dark room. The 
Landscape Photographs were presented on a 24-inch LED screen in the laboratory. The distance between the 
eyes of the person and the screen is controlled to be 95 centimeters. The size of the stimuli was 29x43 de-
grees. The assessors will have to consider a total of 35 images, evaluate 2 experiments. The first experiment, 
the assessors selected more than 1 image in each set. And the second experiment, the assessors were asked to 
select only one of the most satisfying images in each set. 
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RESULT AND DISCUSSION 
The results from the first experiment, the assessors were able to choose the satisfaction of more than 

1 photograph from Figure 3. (a). It was found that a group of professional photographers were satisfied with 
the image contrast between -1 0 +1 but there were trends of satisfaction with black and white photos which 
has a high contrast or gray tone, zone VI (Dark light). The non-professional photographers were satisfied 
with the contrast between 1 0 +1 but tend to be satisfied with black and white images with low contrast or 
gray tone, zone IV (Light dark). 

 In the second experiment, the assessors consider black and white photos. From figure 3. (b), it was 
found that a group of professional photographers were satisfied with the contrast of positions at position-1, 
which had quite high contrast characteristics or gray tones, Zone VI (Dark light). In contrast, the non-
professional photographers were satisfied with the contrast between 1 0 +1 and tend to be satisfied with the 
black-and-white image which has a normal contrast to the low, gray tones, Zone IV (Light dark) or a picture 
that looks quite bright. 

                     (a) More Than 1 image Satisfaction      (b) Highest Image Satisfaction 

Figure 3. The Assessment Result 

The study found that the grey tone images at different grayscale levels according to the Ansel 
Adams Zone System affects the satisfaction of the professional photographers and non-professional photo-
graphers. A group of professional photographers was satisfied with the high contrast. On the other hand, a 
group of non-professional photographers was satisfied with low contrast. 

Additional findings during the observation of the photograph evaluation, the experimenter found the 
different methods for determining the photo contrast of these two assessor groups. The professional photo-
grapher group took the time to consider the details of each tone of the photos presented on the screen. While 
the non-professional photographer considered the contrast of the picture together with the elements of the 
beauty of the image. The second group was elderly and tends to be satisfied with the brighter images than the 
professional photographer group. 
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１．Introduction 

In Thailand the color-coded toilet signs are not 
popular yet and we are developing proper signs. As 
in the Fig.1 shows the variety of using color for the 
toilet signs and it is difficult to discriminate by the 
shape of graphic or by the variety of colors as no 
systematic of using. Japan is developed country and 
they proposed the color-code for toilet sign as shown 
in the Fig. 2. Color is help to improve detectability 
without clearly shape of male or female graphics. 
The roles of sign are better concern to patterns, the 
locations, the legibility distance, and the sign design 
etc. [1] To put color to a sign is one of important factor 
for the sign design. In addition, the checking 
capability of sign after the designing also needed. 
The reaction time for Identifying to the sign is often 
used in the engineering or architecture fields. Yi-
Lang Chen and Cai-Cin Sie (2016) investigated the 
reaction time for identifying toilet sign with Taiwanese 
and found that Chinese text with color gave a short 
reaction time than the graphic sign with color. [2] 
However, the result claimed by Lang Chen and Cai-
Cin Sie was not confirmed by elderly yet.  Our group 
hypothesized that color may be helpful for toilet sign 
detecting ability of anybody. In the previous paper we 
reported colors to represent male (5PB4/12) and 
female (7.5RP5/14) that were obtained from 100 
Thai subjects. [3] We then experimented to see if 
colored sign is better than achromatic sign to detect 
from a far distance.  

 

 

 

Fig. 1 Toilet signs in Thailand 

Fig. 2 Toilet signs in Japan

．Experiment
The toilet signs were prepared in achromatic 

signs (black figure on a white background) for male 
and female figures, respectively, and the blue male 
sign and the red female sign as shown in Fig. 3. [3] 
The size of toilet signs was surveyed in various 
places and decided toilet sign sized at 7 cm, wide 
and 15 cm, high. The sign was put at the holder 
which was 150 cm height from the ground. 

 

Fig. 3 Toilet signs used in the experiment.
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The toilet signs were presented at different 11 
viewing distances, from 35, 50, 70, 90. 110, 130, 150, 
170, 190, 210, 230, and 250 m and subjects 
responded which sign they recognized. The 
experiment was carried out outdoors at daytime. The 
viewing distances were randomly selected and 10 
repetitions at each distance were conducted. From 
the responses, probability-of-correct seeing curves 
were obtained for each sign to find the viewing 
distance threshold for correct detection of the toilet 
signs. The observation was done with the naked 
eyes and with the cataract experiencing goggles. 
The results of 10 subjects were obtained. 
 

 Fig. 4 The cataract experiencing goggles to 
simulate elderly vision. [4]

 3．Results and Discussion  
The result of corrected responses was plotted in the 
probability of seeing curve. Figure 5 shows the result 
of two subjects MI and WP which is result of naked 
eyes showing on the left and goggles on the right 
columns. The abscissa represents to viewing 
distance and the ordinate represents to correct 
responses in percentage. Dotted line shows the 50% 
of probability of correcting percentage. The black 
filled symbols are achromatic sign which is triangles 
for female and squares for male graphic signs. The 
filled squares with blue connecting line are male 
graphic sign and filled triangles for female, 
respectively. The red sign gave the longest viewing 
distance. The blue sign turned out to be a black sign 
for far viewing distance and gave a similar result as 
the achromatic black sign.  To see clearly, we took 
an average of result of achromatic and blue signs 
(blue line on the graph) with red sign (orange line on 
the graph) from subject MI and WP as shown in Fig. 
6. The result suggested the blue color works same 
as achromatic for the far distance but red color was 
very good for detectability even for the goggles view 
(elderly).     

Fig. 5 The individual of correcting responses of probability of seeing curve from subject MI and WP. 
Naked eyes (left) and with goggles (right). 
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The threshold distance for detecting sings is 
summarized in Table 1 based on10 subjects. The two 
achromatic sings and the blue sign gave the 
threshold distance of 143.3 m and the red sing gave 
167.3 m with the naked eyes. The eyes with the 

goggles gave 115.9 m and 137.1 m, for the 
achromatic and red signs, respectively. The 
difference between achromatic and red signs is 23.9 
m with naked eyes and 21.2 m with goggles to show 
the advantage of the colored signs.  

Fig. 6 Comparison the averaged result between achromatic plus blue and red sign  
from subject MI and WP. Naked eyes (left) and with goggles (right). 

Table 1 Averaged result of corrected responses at 50% of probability of seeing curve, naked eyes; top 
and goggles; bellow. 
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4．Conclusion 
To apply the color in toilet sign is helpful for 
detectability for young and elderly people. In 
particular the red color is useful for identification as 
a female toilet. The blue sign, however, did not show 
an advantage for the threshold distance as it 
appeared black when observed at far distances. In 
practice the detection of either one is enough to 
know which is which toilet as two signs are observed 
at a time and If the red sign is clearly detected people 
can know the other is male toilet and no problem 
should happen.  
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１．Introduction 

When a gray patch is placed on a colored paper it is 
perceived slightly colored, which is known as the 
simultaneous color contrast phenomenon. The 
recognized visual space of illumination RVSI theory 
proposed by Ikeda (1993) [1,2], explains the 
simultaneous color contrast SCC as a result of the 
brain chromatic adaptation to the light coming from 
the surround. Any visual stimulus is composed of a 
shape (contour) and color (light). Namely, 

 Visual stimulus = Contour + Light 

If the perception of the shape or the contour 
becomes weak or none the only color or light 
remains, which gives the visual system a good 
chromatic adaptation to the light coming from the 
surround. The RVSI theory says that the visual 
system constructs a space over the SCC stimulus of 
which illumination is the colored light of the surround. 
The chromatic adaptation becomes strong and the 
central gray patch appears a vivid color. A SCC 
stimulus is normally made of a paper and its size is 
not large. A subject perceives it as a mere plane 
object. But it is possible to reduce the object 
perception by blurring the contour of the central gray 
patch with a help of, for example, a tissue. The SCC 
effect is enhanced by a tissue.[3] Another way to 
reduce the object perception would be to make the 
SCC stimulus extremely large so that the entire 
visual field is occupied by the surrounding color. It 
becomes difficult for the subject. The present paper 
will confirm the prediction. In the experiment 1 large 
visual field is achieved by making a semi-circular 

surround and a subject enters inside of the circular 
surround. In the experiment 2 a flat but large 
surround is employed to make the subject visual field 
for the surround very large. 

．Experiment  
2.1 Experiment 1 
The SCC stimulus is made of a semi-circular paper 
background of which radius was 22 cm as shown by 
a thick solid line in Fig. 1. Four colors, red, yellow, 
green, and blue, were employed for the background.  
 

 
Fig. 1 The SCC stimulus specifications used in 

experiment 1. 
 
A central gray paper test patch T of the size 3×3 cm2 
was pasted at the center of the background. A 
subject S observed T binocularly at different viewing 
distances, 20, 30, 40, 50, 100, and 200 cm measured 
from T. The visual angles of the horizontal direction 
of the surround at these distances are given in Fig. 
2. At 30 cm of the viewing distance the visual angle 
of the surround was 159 and at 20 cm it became 
211, larger than 180 shown by a dotted horizontal 
line in Fig. 2. The both edges in the horizontal 
direction disappeared at between 30 and 20 cm of 
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the viewing distance. The stimulus was illuminated 
by two fluorescent lamps of the daylight type placed 
above and below the stimulus to give vertical plane 
illuminance 1,147 lx on the stimulus. 

 
Fig. 2 Visual angle of the surround at  

viewing distance. 

Five subjects participated in the experiment. One 
was a well experienced subject in this kind of 
psychophysical experiment and other four were 
naïve subjects. They judged the color of the central 
gray test patch by the elementary color naming 
method and repeated five times in different sessions. 
Stimuli were pseudo randomly presented and the 
viewing distance was also pseud-randomly selected. 

2.2 Experiment 2 

A large flat paper surrounds were employed of which 
size was 227×198 cm2. Red, yellow, green, and blue 
colors were employed. Each paper was held against 
a wall of a room and a gray test patch of the size 5×5 
cm2 was pasted at the center of the background. The 
stimulus was illuminated with fluorescent lamps of 
the daylight type from above and the luminance on 
the surround near the test patch was 20, 58, 16, and 
14 cd/m2 for red, yellow, green, and blue surround, 
respectively. The viewing distances from the 
stimulus were 20, 30, 40, 50, 100, 200, and 500 cm, 
which gave the visual angle of the horizontal 
direction of the surround as shown in Fig. 3. The 
maximum visual angle was 160 which was obtained 
at 20 cm of viewing distance. 

Five naïve subjects participated in the experiment, 
three of them were same as in Experiment 1. Each 

subject repeated observation for five times. 
Experimental procedure was same as in Experiment 
1 except change of surrounds. With one surround the 
experiment was continued until all the data were 
taken. 

 
Fig. 3 Surrounding visual angle in Experiment 2. 

3．Results  
3.1 Result of experiment 1  
The average of five subjects of the amounts of 
chromaticness for red, yellow, green, and blue 
surrounds are shown in Fig. 4. The abscissa gives 
the visual angle of the surround that were given in 
Fig. 2, and the ordinate the percentage of the 
chromaticness. A vertical dotted line indicates 170 
where the both edges disappeared. Short bars 
indicate SD of five subjects. The shape of curves is 
similar among the four surrounding colors.  

 
Fig. 4 Amount of chromaticness for visual angle of 

the surround. 

The chromaticness increases suddenly in the 
beginning and saturates at shorter viewing distances. 
At the nearest viewing position, the mount went up 
to 60% with the yellow surround and almost 50% with 
the red surround, which are very large, which never 
happens with normal paper stimulus. It was expected, 
however, that the chromaticness increases suddenly 
at two furthest distances where the visual field is 
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filled with the surrounding colors, but it did not occur. 
The result can be expressed in a different way, that 
is, by a polar diagram as shown in Fig. 5. Unique red 
and green are taken on the horizontal axis and 
unique yellow and be on the vertical axis. Apparent 
hue is taken as the angle from the red axis in the 
counterclockwise direction. The amount of 
chromaticness is taken along a radius direction 
giving zero at the origin and 100% at the 
circumference. The result shown in Fig. 5 is shown 
in Fig. 5. Large red circle, yellow triangle, green 
square, and blue diamond indicate the color 
appearance of respective surround. They were 
almost unique hues. Red open circles give the color 
appearance of the test patch with the red surround. 
The nearest point to the origin was obtained at the 
viewing distance 200 cm and the four points were 
obtained at the viewing distance 100, 50, 40, 30, and 
20 cm, respectively, the last two overlapping. It is 
clearly shown that the apparent hue does not change 
for different viewing distance and only amount of 
chromaticness changes. The properties are roughly 
applied to other surrounding colors. The apparent 
hues of the test patch for the four surrounding colors 
are same as reported previously that were obtained 
by the two rooms technique [4] and by the afterimage 
experiment. [5] 

 
Fig. 5 Color appearance of the test patch plotted on 

a polar diagram. 

3.2 Result of experiment 2  
Averages of the five subjects are shown in Fig. 7 as 
Fig. 4 for four surrounding colors. Amounts of 
chromaticness increased for shorter distance, or for 
larger visual angle of the surrounds. The color 
appearance of the test patch is shown in Fig. 7 as 
Fig. 5. Both figures are similar with each other.  

 
Fig. 6 Chromaticness amount of test patch in 

Experiment 2. 

 

Fig. 7 Color appearance of surrounds and the 
corresponding test patch. 

To compare Experiment 1 and 2 Fig. 8 was prepared, 
which is a Coalescence of Figs. 3 and 6. One 
common property is the increase of chromaticness 
for larger visual angle of the surround. 

4. Discussion 
When we observe a SCC stimulus of a paper of A4 
size, we hardly perceive vivid color at the central 
gray patch. The visual angle of A4 is about 40 
assuming the viewing distance 40 cm. With that 
visual angle we obtained about 40% of 
chromaticness amount with the curved surround of 
Experiment 1and 25% with the flat surround of 
Experiment 2 for red surround, which is quite large. 
A difference between the A4 case and the present 
experiments is the viewing distance. The 40 degrees 
of the surround can be obtained at 87 cm of the 
viewing distance in Experiment 1 and at 310 cm in 
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Experiment 2, which are much larger than the case 
of the A4 stimulus. The difference might have caused 
the difference in the vividness of the test patch, but 
this is an opinion to be investigated in the future. 
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Fig. 8 Chromaticness mounts for surrounding size compared between Experiment 1  
(solid circles) and 2 (open circles). 
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順位１位の色では 53.0％，５位の色で 50.0％と差

は僅かで，有意な差はなかった． 

 

 

４．考察 

 図８の結果によれば，被験者間での平均正答率

に差はないことから，色の嗜好性は着色文字の記

憶の定着性に影響しないと考えられる．しかしな

がら，被験者の６割は嗜好性の高い色の方が記憶

の定着性が高い結果が得られたことを考えると，

必ずしも両者の間にまったく相関がないとは言

い切れない．また，嗜好性の低い色が記憶に定着

されにくいとも断言できない．むしろ，自身の嗜

好と異なることで印象に強く残り，記憶に定着し

易い可能性がある．そこで好きな順位３位の色の

平均正答率を求めたところ 53.5％の値が得られ，

１位や５位の色とほとんど同じであった． 

 また，文字の色は図９のように文章の場所

（Block1～Block5）で異なるが，５色の着色場所

も刺激文章によって異なり，全ての場所に１回ず

つ使用される．したがって，色によって着色場所

の偏りはない．図 10 に着色場所と平均正答率の

関係を示す．着色場所によって正答率が異なって

おり，文章の後の方では正答率が低下することが

わかる．Block1，Block2，Block3 と Block5 との

間では危険率 1％で有意差が認められた．文章の

後の方にいくにしたがって記憶の定着性が悪く

なると考えられる． 
 

 

 

５．まとめ 

文章中の着色文字の記憶に対する色の嗜好性

の影響について，記憶再認実験を行って調べた．

その結果，色の嗜好性の記憶定着性に対する有意

な効果は認められなかった．しかしながら，実験

に参加した被験者の６割で，使用した色の中で最

も好きな色の方が，好きな順位が最も低い色より

も記憶定着率が高かった．この結果から，被験者

によってその効果は異なる可能性が示唆される． 
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図８ 好きな色１位と５位の色の平均正答率 
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図９ 刺激文書の着色場所の関係 
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図 10 刺激文書の場所と平均正答率 
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1. Introduction 
In the gender binary system, the gender identity 

of people was generally classified into two genders, 
i.e., "Male" and "Female". This system was widely 
used in many societies for a long time. However, 
some people believe that their gender identity was 
not limited to only "Male" and "Female". Nowadays, 
there is a group of people who identified themselves 
as "LGBTQ+". This "LGBTQ+" came from the word 
"Lesbian (L)", "Gay (G)", "Bisexual (B)", 
"Transgender (T)", "Queer (Q)" and "Other (+)". In 
Thailand, the "LGBTQ+" is normally called 
"Alternative Gender".  

There were several cases that color was used 
to represent this gender variance. During the Nazi 
regime in 1933-1945, the pink triangle was used as 
a badge to indicate the gay prisoner in a 
concentration camp. But later the pink triangle 
became the symbol of the LGBT's right movement 
(Waxman, 2018). In 1978, a rainbow color flag was 
firstly used by a gay activist, Gilbert Baker, to 
represent the alternative gender (Swanson, 2015). 
Later, the rainbow color was perceived as the 
representative color of the alternative gender. It is 
still questionable whether the rainbow color truly 
represents the alternative gender since the rainbow 
color was originally used in a political movement. It 
may not be suitable to use in some designs which 
required a minimal number of colors. Therefore, the 
objective of this research is to investigate the 
representative color of the alternative gender.   

2. Methodology 

Stimulus 
The stimulus composed of 44 color chips 

pasted on a gray background as shown in Figure 1. 

Forty Munsell color chips with value 5 and chroma 8 
of all Munsell hue were arranged to form a Munsell 
ring. Inside this Munsell ring, N1, N5, N9, and a 
rainbow color chips were placed. The size of each 
color chip is two degrees of visual angle. 

Subject 
The subjects were 120 university students who 

volunteered to participate in this experiment. They 
were classified into two groups based on their 
gender identity. The first group, "Non-alternative 
Gender", was 30 male and 30 female subjects. The 
second group was 60 subjects who did not identify 
themselves as "Male" or "Female". They identified 
themselves as, "Alternative Gender". In case of the 
alternative gender subjects, if they agreed, we 
collected their gender identities in detail. They could 
freely specify their gender identity such as "Gay", 
"Lesbian", "Transgender", "Tomboy" or "Katoey (Thai 
word means a man who wants to be a woman)". All 
subjects had a normal color vision. 

Experimental Procedure 
The experimental room's wall was covered by a 

white wallpaper. The room illuminance measured at 
the subject position was 1200 lux. The stimulus was 
placed on the front wall. Before starting each 
selection, the experimenter randomly rotated the 
Munsell ring. The subject's task was to select the 
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Figure 1. Stimulus configuration 
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color chips which represent the alternative gender. 
The subject could select the color chip as many as 
they want.  

3. Result  
Figure 2(a) shows the representative color 

selected by all subject. The ordinate represented the 

frequency of selection. The range of high selected 
color was 10PB 5/8, 2.5P 5/8, 5P5/8, 7.5P 5/8, 10P 
5/8, and 2.5RP 5/8. This range covered color in the 
range of bluish purple, purple and reddish purple. 
The top selected color chip was 10P 5/8 and 2.5 P5/8. 
When we focus on these two colors, there might be 
some tendency in a color selection based on gender. 
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Figure 2. Representative color selected by (a) all subject, (b) Non-alternative Gender and  
(c) Alternative Gender 
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color chips which represent the alternative gender. 
The subject could select the color chip as many as 
they want.  

3. Result  
Figure 2(a) shows the representative color 

selected by all subject. The ordinate represented the 

frequency of selection. The range of high selected 
color was 10PB 5/8, 2.5P 5/8, 5P5/8, 7.5P 5/8, 10P 
5/8, and 2.5RP 5/8. This range covered color in the 
range of bluish purple, purple and reddish purple. 
The top selected color chip was 10P 5/8 and 2.5 P5/8. 
When we focus on these two colors, there might be 
some tendency in a color selection based on gender. 
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Figure 2. Representative color selected by (a) all subject, (b) Non-alternative Gender and  
(c) Alternative Gender 
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Most male subjects selected 2.5P 5/8 while most 
female subjects chose 10P 5/8. Even though both 
colors were purple, the female subject might prefer 
pinkish purple, but male subject possibly preferred 
bluish purple. This tendency quite agrees well with 
previous research studied on the relation between 
color preference and gender (Ellis & Ficek, 2001; 
Hurlbert & Ling, 2007).  

Apart from these colors, the third rank of 
representative color was the rainbow color which 
was selected by only 19 subjects. This number was 
not as high as our expectations. Although the 
rainbow color flag has been popularly used as the 
symbol of the alternative gender movement, it is still 
questionable that the rainbow color is accepted to be 
the representative color of the alternative gender. 
This question was realized when the result was 
analyzed based on gender identity. Figure 2(b) and 
2(c) showed the representative color selected by the 
non-alternative gender subjects and the alternative 
gender subject, respectively. Both groups agree that 
the purple color was the representative color as the 
alternative gender. However, it was surprisingly 
found that only one of 60 alternative gender subjects 
selected the rainbow color. Almost the rainbow color 
selection was made by non-alternative gender 
subjects. This result indicated the disagreement 
between the non-alternative gender and the 
alternative gender over the rainbow color. Most of the 
alternative gender did not agree that the rainbow 
color was their representative color.  

4. Conclusions  
Our result suggested that that the rainbow color 

was not the most appropriate color to represent the 
alternative gender. Even though the rainbow color 
was perceived as one of the representative colors of 
the alternative gender, but the alternative gender 
themselves did not agree with that perception. The 
possible candidate which both groups agree to be 
the representative color was purple.  
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Keywords: Thai iced tea, Boundary of Thai tea Color,   
milk tea, Boundary color 

１．Introduction 
Thai iced tea is a famous drink among Thai and 

foreigners because it is nice-smelling, tasty.  
The color of Thai iced tea is quite unique which 

is slightly orange tone. The orange color of Thai tea 
is brewed from the mixture of black tea, condensed 
milk, and sugar. 

However, the color of Thai tea has variety 
depends on the method of brewing, proportion and 
amount of Thai tea mixed with condensed milk. This 
proportion is able to affect the final color of Thai tea. 
Thus, the color of Thai tea is memorized in a different 
way individually. The perception of Thai tea color is 
various due to personal experience as shown in 
figure 1. 

Besides, the unique color of Thai tea has widely 
known and be named as one shade of color term in 
Thailand. Therefore, the aim of this study is to 
investigate the boundary of Thai tea color. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Thai Iced Tea 

 
2．Experiment 

The experimental room was divided into 2 
rooms. In the first room is namely test room. A 
monitor (EIZO Color Edge) 27 inches was placed in 

the test room. The color stimulus will be presented 
on a monitor. Between test room and subject room 
there is a separating wall which has a small window 
size 5x5 cm2. Another room is called subject room 
which was mounted with white wall paper. The 
illuminance of the subject room was kept constant at 
300 lux. A small window at the front wall of subject 
room was surrounded by gray paper 25.5 x 25.5 cm. 
Figure 2 shows the drawing of experimental room.  

The participants were able to see the result 
color through this aperture. The distance between 
subject and the wall was set at 60 cm that is giving 
the visual angle of the color stimulus at 2.  

100 participants with normal color vision were 
participated in this experiment. Mostly, participants 
are female with average age of 18 to 25 years old.  

 

 

 

 

 

 

 

 

 

Fig. 2 Experimental Room 

 
Task for subject: subjects were asked to 

identify Thai tea color by using mouse to select the 
color from color mixing bar on the left-hand side 
monitor. Each subject was asked to repeat the task 
for 3 times. Then, the resulted-color was measured 
by using Konica Minolta CS-100A. The color of Thai 
iced tea result is converted to CIEL*a*b. 
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Fig. 3 Color of Thai Iced Tea in CIEL*a*b* 

 
 
 

 

 

 

 

 

 

 

 

 

3．Results and Discussion  
The result of mixing color for Thai Tea was 

showed in CIEL*a*b* color space. Figure 3 left is the 
color values that plotted in a* and L*, on the right is 
plotted in a* and b*. The result showed the boundary 
of Thai iced tea color was identified in the yellowish 
orange region. The range of L* value started from 
23.78 to 71.10, range of a *value started from 2.76 
to 36.41 and range of b *value started from 25.41 to 
69.69.  

The averaged of Thai tea color was L* = 52.61, 
a* = 19.36, b* = 52.81. The sample of averaged color 
is shown in Fig. 9 (right). 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Averaged Color of Thai Iced Tea 

 

 

 

 

 

 

 

 

 

 

 

 

4．Conclusion 
According to the inclusive result of this study 

revealed that the boundary of Thai iced tea color was 
identified widely in the orange region.  

Therefore, the boundary of Thai tea color could 
be applied from L* = 23.78 to 71.10, a* = 2.76 to 
36.41 and b* = 25.41 to 69.69. Moreover, those 
range of Thai tea colors can be grouping by further 
experiment. At least the average color that we found 
in CIEL*a*b* value of Thai tea color can be applied 
to the product design, graphic design, advertising 
design etc. 

Further, the result of this study will be adjusted 
for Thai tea product design. Then, the color will be 
tested in order to evaluate the suitability when the 
color is painted on actual product in the future. 
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