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Abstract: We notice relevancies between objective and subjective evaluation to adopt 

psychological and physiological indicators with a full understanding of human "acquired through 

experience". In a result, there are differences in subjective evaluations obviously. This shows that 

human "acquired through experience" would take effect to evaluate of lighting environment of an 

indoor space on which man lives daily. 
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1. Introduction 

 A human being is surrounded by the space about all of life, and it is known that an illumination 
will affect it greatly to the impression of a space especially. Therefore, it can be said to be 
significant to a comfortable life to measure a valuation of an illumination space to a proper and to 
create the indices of a space planning.  
 Wakatsuki reports [1] that an accumulation of the sensory information that has received from 
exposed lighting environment from born to now, and accompanied behavior pattern is reflected in a 
valuation about the valuation method of an illumination space. Shukutani and others reports [2] a 
feeling of brightness, and the behavior according to it make evaluation of photic stimulation 
obtained from the surrounding lighting environment to compare from lighting environment that 
accumulated in the brain. As mentioned above, Valuation of an illumination space is result from 
human being's experience of infinite variety. It is suggested that "Acquired through Experience" 
exists and we have to take into consideration about the influence that the individual difference 
from experience has on an evaluation result in the case of a valuation. Furthermore, Kikuchi and 
others report [3] the subjective evaluation to lighting environment. It raised internuncials of a 
transmutation dispertion, interpretation to language, the time ambiguity, the will, and the 
intention as an error factorial of a reason. Although the dimension that is a consideration of 
examinees is possible for these avoids, we indicate that the analytical method using a physiology 
indices is effective in order to compensate the above weak points and to perform a multilateral and 
objective verify. In this test, hence we investigated whether do the experiences inequality after 
birth, "Acquired through Experience" exist in and affect to the valuation process of an illumination 
space. We performed examination from both sides of the subjective evaluation and object 
evaluation to make clear the inequality of experiences from examinees of different age.  

 

2. Experiment  

2.1 Method 

2.1.1 Examinees 

	 This experiment was treatment of a data that examinees are eight 20’s women (=f), and eight 50’s 
women (=5f), total sixteen women. 28 years old of the 20th generation women's average age and 53 
years old of the 50th generation women's average age, and I checked all the members are right-
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hander. They have a visual acuity normal still more wholly or corrected eyesight and do not have a 
color blindness. That fill the number required for an analysis from the existing investigational. We 
carried out the hearing of turning on an illumination at a household every day before a test, and 
checked that there was no inequality in the lighting environment which in everyday life. [Table1]  
 

Table 1. Summary of examinees 
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2.1.2 Stimulation 

	 Since this experiment is examination of the valuation method for the illumination space design in 
everyday life, its valuation to the light source familiar for the examinees is desirable. I made it 
conscious of making an illumination space evaluate rather than carrying out by changing a 
stimulation location about a luminous-flux-density turn to and evaluating the stimulation itself 
further. With Technical guide for residential lighting design hand of the Illuminating Engineering 
Institute of Japan[4], we use a daytime white (= w), and daylight color (= r), About Ra, it is 
supposed more than 80. Based on the above, the photic stimulation used the neo ball Z reality of 
Toshiba Lighting & Technology Corp., which satisfies requirements, and the electric bulb typed 
luminescent lamp. Daylight color lights are general color rendering index 83 Ra, luminous 
intensity 59 cd and luminous flux 810 lm, Daytime white lights are general color rendering index 
83 Ra, luminous intensity 53 cd and luminous flux 73 lm. [Figure1-2] 
 

	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  

Figure 1. Daytime white electric bulb     Figure 2. Daylight color electric bulb 

 
 From stimulation that furthermore looks at a light source directly, there is a possibility of feeling 
a discomfort from the glare of a photic. Therefore, we equipped with the milky cover to prevent 
feeling a discomfort given from an inequality with a going too far luminous flux density and 
installed five light sources per 50 cm of verticals. [Figure 3-4] 
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Figure 3. Placement relation and name of stimulations          Figure 4. Sample of stimulations    

 

2.1.3 Environment 

 The experiment environment [Figure 5] made the surface of a wall white solid color in 
consideration of weakening a relationship with a space and clearing location changed for a specify 
gave the significance from the surrounding environment, In order to reduce a physiological 
workload of examinees, we changed into the near status silently, examinees sit down on a chair in 
a natural posture, and can see the light irradiated to the space. I use color luminometer Konica 
Minolta CL200A and the luminous flux density and correlated color temperature within each 
measured stimulations	 are shown in the following tables. [Table2] 
 
Table 2. Luminous flux density and correlated color temperature to stimulation 
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Figure 5. Experiment environment 
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2.1.4 Subjective Evaluation 

	 We performed the subjective evaluation after observing stimulation changes in a lab measuring a 
brain blood flow. As consideration of a brain blood flow measurement, it is desirable that not to be 
engaged in a specific task but to make a subject merely observe. Therefore, we asked a question by 
oral in the place which came out of the lab after the end of a measure. Since, before a brain blood 
flow measurement, we have not told examinees to evaluate end of the examinees so that an 
illumination space may not be made to observe with a prejudice. It is difficult to reappear with 
putting fine set into a subjective evaluation. Then, we made two questions for subjective evaluation 
that can reply even if they passed through different life. "the most favorite illumination space" and 
"the worst favorite illumination space". In addition, it is not the purpose to measure the fine 
impression of an illumination space in this test. Although examinees declared the location and 
color temperature of stimulations to each inquiry, there were little examinees who can notify to an 
exact that there are five steps of illuminations and there were much examinees who answers by 
the top, the middle, or the bottom in a prior test. Therefore we set up the irradiation location for a 
subjective evaluation as shown in the following tables. [Figure6] 
 

 
Figure 6. Name of stimulations 
 

2.1.5 Sequence  

	 The test experiment conducted in the following routines.  
1. Examinees take a seat in a predetermined location.  
2. Examinees receive an illustration of stimulations, and the illustration about a test from an 

experimenter.  
3. We begin experiment, after do not leave a question and explaining it about experiment.  
4. After equipping examinees with the probe of optical topography, we shut the door of a lab and 

put out the light.  
5. Examinees are enlightened 60 seconds after a rest closed ophthalmic, and looks at an indoor 

space.  
6. Examinees are suffered the stimulations representational x stimulations	 of several lines for 60 

seconds. 
7. We open the door of a lab, and remove a probe after turning on the light. And carry out the end 

of experiment.  
 In addition, we make stimulation to be different for every examinee so that it may not be affected 
by the influence of a representational sequence.  
 
2.1.6 Brain Blood Flow Measurement and Analysis 

 In this experiment, it is required to obtain a quantitatively and numerically	 the data concerning 
the psychological and physiological influence on people. Furthermore, We notice that it is optimal 
to measure a brain activity since the purpose of this stimulation	 is to measure the physiological 
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response of a process that evaluates the illumination’s stimulations. In the physiology indices of a 
typical brain activity measure, a brain-function imaging has the specificity character to be 
observed alive brain activity from outside. [5]	 It is already completed as a safe investigation and 
the many are very useful to a realization of people's emotional reaction. Then, in this experiment, 
we adopted the measure of the brain blood flow, and used Hitachi Medical ETG-4000. Based on 
international 10 / the 20 methods, the measure used the probe of 3x4 focusing on the Fz section, 
and recorded right and left 24 channels. It is 3 cm between measures of a probe. Since this 
experiment was measuring the change of examinee's emotion, the measure location of the brain 
blood flow made it the frontal association area that manage the high order activity. [Figure7] 
 

	 	 	 	 	 	 	 	 	 
Figure 7. Probe posting 

 
I analyzed the data measured with an NIRS device in the following routines.  
 
・	 Although there are an oxyHb, a deoxyHb, and a totalHb that are those sum totals measurable 

by NIRS, we adopted an oxyHb as a data. Because it is suppose that make the largest feedback 
at a local brain blood flow. [6,7] 

・	 We computed moving average over five seconds. [8] 
・	 Physiological fluctuation produces the baseline of an oxyHb by the fatigue accompanying a 

successive. We defined that the Pre-stim period, 10 seconds just before stimulations	 
presentation during 60 seconds, the Recover period, 20 seconds when a brain blood flow turn to 
recovers to a baseline just after stimulations	 presentation during 60 seconds, the Post-task 
period, 10 seconds just after the Recover period. Since it becomes an irradiation location how 
many stimulations	 of each color temperature I received without w3 and r4 and moved by this 
experiment and it serves as a subject for a measure, w3 and r3 is attached to the initial of 
several stimulation. Before the w3 and r3 stimulation was shown, we made 10 second into the 
mean value, and the software in ETG-4000 performed the baseline correction. [9][Figure8] 

・	 Since oxyHb is a relative value in examinees, the comparison between examinee is impossible, 
it is necessary to convert an oxyHb changed into Z that can be compared between examinees. 
[10] Each data work out an average might come to be set to 0 and a SD might come to be set to 
1 by each channel.  

・	 We defined that the finite difference between the average of w3 and r3 that are the above-
mentioned treatment and the average of stimulations	 concerned are the variation by several 
stimulation.  

・	 Since there are many items as which have a trend of taking a change at 30 seconds the graph 
of the RAW data in each stimulations	 representational temporal, I analyzed by three patterns, 
start 0 second to an end 60 second, from 0 seconds to 30 seconds, and from 30 seconds to 60 
seconds.  
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Figure 8. Stimulations composition 

2.2 Result 

2.2.1 Result of Subjective Evaluation 
 The result of subjective evaluation to all the 16 examinees is as follows. [Table3] It turns out that the trend of an 
light bulb colored to be liked more through all the replies. In a reply of the examinees in his 20’s, dispersedly 
trend is seen for a reply to like an irradiation location and to dislike. However, examinees in his 50's set liking 
does not have a reply of h, and set disliking, the trend of a reply to an irradiation location is biased that a reply of l 
is one.  
 

Table 3. Result of subjective evaluation 
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2.2.2 Analysis of Objective Evaluation 
 We acquired the data of the brain blood flow turn to for all the 8 stimulations from all the 16 examinees. We 
carried out the channel by which the near-infrared reflection was made the scanty by ETG-4000, the channel 
regarded as the artifact having mixed by body moving, and the channel including a blank value are exception for 
an analysis. The exception channel for an analysis is as follows. [Table4]  
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Table 4. Exception channel for an analysis 
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 We defined that several stimulation was a comparable factor toward the result according to the age of examinees. 
Next we conducted the dispersion analysis of the multivariate with the level 5% to analyze the inequality of an even 
of Z-oxyHb of each ch, and considered the influence which the inequality of age and a stimulation has on a brain 
blood flow turn to. When there were two or more interactions with a statistical significance in ch, we performed the 
tukey after that, and performed the detailed validation of the stimulation to which the inequality was accepted. 
Between the factorials that the still more significant interaction occurred, whether whose regulation of which pair 
was large, and in order to check, we performed the Bonfwrroni method.  
I set all examinees, as the reference subject, and made the interaction into the inequality of a color temperature, an 
irradiation location, and a photic stimulation. [Table5] 
 
Table 5. Target for comparison and reference subject 
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2.2.3 Result of Analysis  
 We conducted the dispersion analysis of the multivariate to all examinees by making the inequality of a color 
temperature, an irradiation location, a photic stimulation, and an era into a reference factorial. The member of a 
comparable factor performs a multiple comparison about light, and searching for the detailed result of the member 
in which the statistical significance was accepted. We show in the below a sequence. [Table6] 
 
Table 6. Result of analysis 
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l Color  

ch that has a statistical significance in all stimulations representational time zones was accepted.  
l Height  

ch with a statistical significance was not accepted.  
l Age  

ch that has a statistical significance in all the stimulation representational time zones was 
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accepted. In 0 to 30 seconds, and 30-60 seconds, all average r is high, f, and f5 is unequal, a 
trend is regarded for relationship between the passage of time and an age difference.  

l Light  
ch that has a statistical significance in 0 to 60 seconds and 30-60 seconds was accepted. There 
were stimulations to which the statistical significance was accepted by the result of the 
multiple comparison performed to ch.24 to which the statistical significance was especially 
accepted in 30 to 60 seconds.  

l Interaction  
I accepted among the interactions color and age.  

 
Since the interaction was accepted between color and age, I performed the Bonfwrroni method. [Table7] 
 
Table 7. Result of the Bonfwrroni method to factor have interaction from result of all examinees 
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2.3 Consideration 
 	 
 From the test result, it was suggested about the color temperature for all the examinees that the 
relationship to the color temperature of the activated brain site and a subject changes with the 
variation per hour from stimulation representational start 0 second. That is, in a daylight and a 
daytime white bulb color, brain of examinees activity shows a difference through 60 seconds which 
are stimulation representational temporal. However, about 0 to 30 seconds when examinees groups 
was 20's, there is much ch to which the statistical significance with a high mean value of r. There 
is much ch to which the statistical significance with a high mean value of w when examinees group 
of his 50's. About further 30 to 60 seconds, in the case of examinees group of his 20's, there is much 
ch to which the statistical significance with a high mean value of w, and many ch with a statistical 
significance with a high mean value of r are accepted in the examinees group of his 50's. Actually, 
the temporal coherence in his 20's and his 50's can consider that the variation per hour of the same 
brain activity is not accepted according to the pattern of color temperature, although a brain 
activity changes with the variation per hour of a stimulation representation to a color temperature. 
If stimulations are shown, a light adaptation will start, but it is said that a light adaptation is 30 
to 60 seconds until it becomes a photopic vision. [11] That is, it is thought that representational 
stimulation 0 to 30 seconds are in the midst of a light adaptation. Sekihara and others reports that 
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a valuation is high, as a color temperature becomes high in a light-adaptation status. [12] Then, 
about all examinees and examinees group of 20's, the result is same as an investigational of 
Sekihara and others. About examinees group of his 50's, examinees group of a college student and 
middle and old age people considered the influence that the muntin rate of a shoji has on an 
impression valuation of lightings by report of Hara and others. To the sequence, college student 
having evaluated only the shape, middle and old age people also evaluate functional surfaces, such 
as lighting, and familiarity, and we report that the struggling was seen by the evaluation result.  
[13]	 The difference in an accumulation of the illumination space pattern passed from birth to now 
affect the valuation to stimulations, and I can take that the inequality arose in the result into 
consideration. 
 About the inequality of the era for all examinees, many high mean values of average in 20's are looked at ch to 
which the statistical significance was accepted by stimulation representational 60 second. If it says about 0 to 30 
seconds, in ch to which a statistical significance is accepted, the mean value of examinees in 20's is high. 
Although ch with a high mean value is seen in 30 to 60 seconds by ch to which a statistical significance is 
accepted by 50's, There are few to ch accepted that there is a statistical significance by 0 -30 second. Murakami 
and others divided examinees into the youth and the elderly, and examined the color temperature and the temporal 
response made the influence to clear visions by doing the reading operation. [14] The sequence, they reported the 
influence of the clear vision when the color temperature change was high on the youth. From this result we could 
also guess. 
 About the positions of irradiation for all examinees, we were not able to check a statistical significance. Because 
the human being could not reappear five steps positions of irradiation on the prior test, as for this, it is considered 
a delicate luminous-flux-density inequality does not have a big influence on a human being. As for the result of 
verification to the simply main effect in the inequality of an age and the color temperature for all examinees, many 
of ch which a statistical significance is accepted on both of the light bulb color and the daytime white showed high 
average with a statistical significance in 20's. We bring a result with more ch that has a statistical significance to 
the light bulb colored, and have become contents that direct the result of a dispersion analysis. When ch to which 
a statistical significance is accepted at 0 to 30 seconds and 30-60 seconds are checked, in 0 to 30 seconds, an 
average is high on the only 20's. However, in 30 to 60 seconds, an average is high on the only 50's.This considers 
the inequality of the valuation process of his 20's and his 50's.Furthermore about the interaction in examinees age 
inequality, ch that has a statistical significance in 50's are increase. A main effect is the result of being obtained 
only in a certain specific phenomenon. Even we could lay hold of examinees of 50's realize that it is having many 
conditioning from the numerousness of undergoes to the presented illumination space. From the result of having 
divided the examinees group of his 20's and his 50's, and having conducted the dispersion analysis of the 
multivariate, I can explain the inequality of the valuation process in "Acquired through Experience". 
 
2.4 Conclusion 
 
 This experiment made the inequality of experience the distinctly by changing age of examinees age. And 
performing the valuation to the color temperature and positions of irradiation in lighting environment, a turn to 
arises in a valuation process. We performed examination from both sides of a subjectivity valuation and an object 
valuation, and checked whether human "Acquired through Experience" would exist in a valuation process.  
As a result, the following things were suggested.  
 
l If a color temperature changes, in evaluation process, brain activity will not show the same change.  
l It is suggested that a delicate luminous-flux-density inequality would not take effect deeply, from not 

checked the difference in a brain activity with the inequality of the irradiation location. 
It can also guess, because of If a combination of color temperature and an irradiation location are changed. 

l If examinees is divided into an age and the same illumination space is made to evaluate, the 
positive inequality to the result of a subjectivity valuation will not be seen, but in a valuation 
process, we can check an inequality.  

 
 As mentioned above, I could take into consideration that experience of human inequality affected a valuation 
process, and the existent of human "Acquired through Experience" was suggested to the valuation of illumination 
space. However, I could not explain that all the inequalities of the result obtained by the examinees in his 20's and 
50's are the things originating in "Acquired through Experience". 
 In the valuation process over this experiment, it is because the influence of a physiological reaction was 
suggested to examinees in his 20's. That is, as Igarashi explains sensitivity [15] is a native property and an in-
addition knowledge or the function which reacts intuitively and evaluate. There is an existent of "Acquired 
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Originally" to a valuation of the illumination space with which the human being is endowed beforehand. So we 
could consider that  "Acquired Originally" and "Acquired through Experience" appear in multiplex has affected 
to the evaluation result. Furthermore, in a sensitivity valuation process, I have to take into consideration 
experience are accumulated, which behavior from both directions and experience is updated.	 
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Appendix 1. Group f mean, sd score 
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Appendix 2. Group 5f mean, sd score 

 


