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Abstract—This study aims to discuss the effect of illumination and Some studies discuss the physiological responses of
the color temperature of the lighting source under the office lightingarticipants under short term exposures (10 sec to 1 hr) by
environment on human psychological and physiological reSF’O“SES-nH'éasuring their brainwaves, pulse rates, blood pressures and

this study, 21 healthy participants were selected, and the RyOdoraéigctrocardiogram [13-18,29]. However, the effect of long term
measurement system was utilized to measure their skin resistance e '

change.The findings indicated that the effect of the color temperatlﬁéposure under high intensity of illumination and color
of the lighting source on human physiological responses is significd@mperature on human response has not been explored.
within 90 min after turning the lights on; while after 90 min the effecPresently, the life style change and diversity of lighting sources
of illumination on human physiological responses is higher than thiave widened the influence of the indoor lighting environment
of the color temperature. Moreover, the cardiovascular, digestive aﬁgality; thus, it is necessary to explore the topic.

endocrine systems are prone to be affected by the indoor lighti I the viewpoint of Western medicine, the activity
environment. During the long-term exposure to high intensity of . . T
illumination and high color temperature (2000Lux -6500K), the effed€chanisms of human muscular contraction and internal organs
on the psychological responses turned moderate after the human vigigl influenced by neruoelectricity conduction, including spinal
system adopted to the lighting environment. However, the effect of therd of central nervous system (CNS), brain and somatic
Ryodoraku value on human physiological responses was maigryous system (SNS) of peripheral nervous system (PNS) and
significant with the increase of perceptive time. The effect of long timg 1onomic nervous system (ANS). The mechanism in human

exposure to a lighting environment on the physiological responsesnisw(_)us svstems responding to environment stimulation is the
greater than its effect on the psychological responses. This conclusiSe 4 P 9

is different from the traditional public viewpoint that the effect on th@Utonomic nervous system, and is divid.ed into Sympathgtic
psychological responses is greater. nerve and parasympathetic nerve. According to related medical

studies [14,19,20], when the human body is stimulated by
Keywor ds—Autonomic nervous system, Human responses, Officexternal environment factors, the sympathetic nerve will release

Lighting Environment, Ryodoraku, Meridian adrenalin, which causes physiological responses, such as
vasoconstriction, blood pressure increase, heart beat increase,
. INTRODUCTION tachypnea and perspiration increase. Hence, the function of

NDER rapid economic development and improved livingympathetic nerve is mainly related to emergencies and energy
standard, the public’'s demand on healthy, comfortabtelease, whereas the function of parasympathetic nerve is
living conditions has increased. According to the researchainly related to rest, recovery, energy storage and pleasantness
results on the effects of indoor lighting environments on hum#®1]. Therefore, when the human body is stimulated by external
responses, poor illumination or color temperature of lightingnvironment  factors, the sympathetic nerve and
sources can affect users’ vision and divide their attention, apdrasympathetic nerve will act alternately, so as to promote or
hence cause users to feel tired or fretful [1-5]. Currently, thehibit the operation of human organs or tissues, and maintain
Taiwanese lighting specification (Chinese National Standardsrmal physiological function [22].
12112, CNS 12112) specifies a reference value on theWhen the human body is stimulated by external environment
illumination based on work types, and has no mandatofgctors, if the stimulation of external environment factors is
provision on the color temperature of the lighting sources. Thugrong enough, as the activity of the sympathetic nerve of the
users may experience uncomfortable psychological responsesdfvous system increases or decreases, the neurons will have
the coordination between the illumination and colopolarization or depolarization accordingly and result in action
temperature is not considered when designing the indgeotential [23]. Human nerve fiber is used to transfer relevant
lighting environment [6]. information, and the concentration of intra-cellular Na+ and K+
Past studies regarding indoor lighting environments mostigay be influenced [24]. The physiological changes can be
evaluate and analyze the physical values of lightingieasured by using relevant instruments, such as ECG, EMG,
environment factors [7-9], and focus on the effect of generskin electric reflection physiologic indexes. When a lot of
lighting environments (below 1000 lux) on the humameurons discharge at the same time, the aggregate capacitance
responses, including the effect of illumination on the arousafll increase sharply; at this moment, by placing the electrode
level or visual fatigue [4,10-12]. on the skin covering nerve, instead of on nerve fiber directly, the
action potential can be recorded. Therefore, the Ryodoraku
_ _ o measurement system measures the changes in dermal resistance
o™ PP sudent o atonal Cheng Kung Lrersty, Bept Shccording o this. physiological responsepriniple, and
E-mail:zeus1029@msn.com). evaluates the impact on human physiology based on physiologic
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(1500lux-2000lux), and the illumination referenadue of the
general office space is 500lux. Generally, the ct@mperature
of the lighting source in an office space is 400 6500K
[26-29]. In this study, the experimental variablese
500lux-4000K,  500lux-6500K,  2000lux-4000K, and
2000lux-6500K to simulate the lighting environmenft an
actual office space. This study selected the Phill[BS
305LH/4361C+M5 2'x4" OA fluorescent lamps. TablesHows
the basic information relevant lighting sources.

TABLE |
THE BASIC INFORMATION RELEVANT LIGHTING SOURCES

Human limbs Human head

Fig. 1 The Ryodoraku measurement system measures

Mukae, H. et al. used the variance in heart rat@abgity
(HRV) to analyze the influence of different typefilighting
environment on human autonomic nerve in a shos timL992
[20], the illumination stimulates factor as 3000BQ0O0K,
6700K three kinds different colour temperature dafdlux,

Lamp Types TLD Fluorescent lamps
Color Temperature(K) 4000 6500
CRI(Ra) 85 85
Flux(Im) 3350 3250
Luminous efficiency(Im/W) 93.1 90.3

‘TL’ D 36W/840NG ‘TL’ D 36W/865NG

Tube length 1213.6 1213.6
Tube diameter 28 28

Model number

Lamp Size(mm)

300lux, 900 Ilux three kinds of different intensitieof
illumination. The experimental results showed thégher
colour temperatiure leads to more obvious changeshé
testees' heart sympathetic nerve activity respornsewder to
understand the effect of long-term exposure undterent
types of lighting environment on human psychologiaad
physiological responses, this study simulated tigitihg
environment of different intensities in the laborgt and
applied the Ryodoraku measurement system to medbare
human skin resistance change in order to under#arahge of
influence on the human meridian and parts,
physiological change of their organs representedetgvant
measure points. Questionnaire survey was conduarteitheir
psychological responses to explore human respousdsr
long-term exposure to different illumination and lao
temperatures. Based on the experimental resulfgoppate
lighting environments, or work and rest style amdet table
were suggested to help construct a healthy and artabie
indoor lighting environment.

Il. EXPERIMENTAL DESIGN

In order to understand the effect of long term expe under
different lighting environments on human psychotadiand
physiological responses, this study adopted thesraxgntal
method by selecting 21 healthy participants andyamgp the
Ryodoraku measurement system. Questionnaire sumaes/
conducted to measure the Ryodoraku value and pwgibal
responses of participants in order to discuss ftiecteof
continuous lighting stimulation on human responses.

A. Experimental factors

The experimental variables are the indoor illumoratand
the color temperature of the lighting source. Adaag to the
Taiwanese indoor working illumination standard (tse
National Standards 12112, CNS 12112), the precisiork
such as designing and mapping requires a higheniilation
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B. Participant selection and experimental environment
control

21 healthy participants with normal vision wereesétd,
including 11 male participants, and 10 female pgrénts,
between the age of 20-28, and were required to hageod
night sleep before the experiment to avoid the oreasvalue
error caused by fatigue. The clothing insulatiorpafticipates
was 0.7clo.

A laboratory (L:5.2m, W:3.2m, H:2.6m) meeting the
perimental requirements was selected to contiedighting
environment test [30]. The surrounding walls of lkleoratory
were covered with a black curtain, and the envirental
variables were accurately controlled within theganincluding

the room temperature: 2&6.5°C, the relative humidity 789

2%, the wind speed <0.09m/s, and the backgroursenral5dB
(A). This experiment complied with the Taiwaneseldor

working illumination standard (Chinese National rigtards
12112, CNS 12112) where the height of the indoorkvevel

was set as 0.75m. Furthermore, the uniformity ratio
illumination at working level under different indiodighting

environments was kept between 0.83-0.84. The layra
design is shown in Figure 2.
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Fig. 2 The setting of the experimental environment
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I1l. METHODS

A. Psychological response evaluation method

In order to realize the changes of psychology egpeing
under different types of lighting environment fong time. The
seven-dimensional semantic differential method (8&hod)

In practical measurement, the testee holds the wative
guide, and the tester presses the measuring guaidbeoskin
point of the testee. Since the human body withstastce is
between the conductive guide and the measuringegufe
magnitude of current must decrease to belowt20@nd then
the measured magnitude of current is called Ryddovalue.

responses of participants in different lighting ieorments; and however, according to relevant researches, the iRgadoraku

a questionnaire survey was used for evaluation. rElevant
evaluation items include comfort, arousal levelnsse of
relaxation and tiredness [31-33].

B. Physiological response evaluation method

This study utilized a comprehensive analysis omibasured
values of electrical conductions on the skin atpacgture

points using the Ryodoraku measurement system ffiHe

Monitor, Model No.SD-802P, Skylark Device & Syste@®®.,
LTD., Taiwan) to measure and evaluate the influenacges of
human physiological response changes, parts argighbgical
changes of organs at the measured points in diffdighting
environments. The Ryodoraku measurement systessigred
based on the principle of Electro-Dermal Screenirgst
(EDST) [34] (See Fig. 3). When the human bodyiisgated
by the external environment or internal organs lwdaanges, the
body surface skin has electric potential changatszthe cells
have polarization or depolarization. At this moméithe skin
is conducted with feeble current (below 12V, gAY it is
found that the meridian point positions
acupuncturology have less skin electric resistasecel are
likely to have electric current passed. These pothat are
likely to have electric current passed are theated Ryodoten
[35]. The Ryodorakus of human body are distribubedthe
front and back sides of trunk, and 12 Ryodorakedlstributed
on the left and right sides of human body respebtiv
According to the acupuncturology and the meridizgoty of
traditional Chinese medicine, these 12 meridiameespond to
the changes in viscera and relevant organs, therefden the
stimulation of external environment factors caubesresponse
of internal organs, or the viscera have patholdgitanges,
they will be reflected or transferred by the autoionervous
system of human body and shown at the skin poomnsecting
meridians and body surface [25]. The meridian rasp@an be

in  Chinese

value of the Ryodoraku values of several Ryodotéres
representative measuring points) in each meridiahuoan
body and all Ryodotens in this meridian has a trefndarallel
change. Therefore, each meridian only needs to unedke
Ryodoraku value of a representative measuring pauidtthen
make a comprehensive evaluation, so as to findheuhuman
physiological changes [36,37]. The positions of 12

aLepresentative measuring points on both hands esd df

uman body Ryodoraku and the related meridians
corresponding viscera and organs are shown irdragd Table

Batlry (12V) ==

esting (sl
minum)

Test probe
(brass or siver tp)

Fig. 4 Representative measuring points

TABLE Il
HUMAN 12 MERIDIANS AND COLLATERALS OF SPOT AND CORRESPOND®GI
INTERNAL ORGANS

known by measuring the changes in the magnitudeimént of ~ Representativ Human 12 .
e measuring - Corresponding human organs
the Ryodoten on the human body Ryodoraku, and then points meridians
influence on human physiology. The Ryodoraku mezament H1 Lung meridians Lung, Nose , Skin
method measures the magnitude of current of 24 sentative H2 Heart Constrictor . iim Blood vessel
points of 12 meridians (Ryodoraku value) to evalugte meridians
. . . . . H3 Heart meridians Heart , Tongue , Eyes
fatigue, excitement, relaxation or disturbancentéiinal organs. Small Intestine o
. - H4 - Small intestine , Eyes , Tongue

If the magnitude of current measured by Ryodoteriea high meridians
or too low, it indicates that the human body enésglistributed H5 T“p'e_('j'_'eater Lymphatic vessel , Ear , Eyes

. . meridian:
nonuniformly, namely the human physiology has abvabr Large Intestine  Large intestine , Mouth , Tooth ,
conditions. This study used Ryodoraku to measiee/dniance H6 meridian: Nose , Tongue , Sk
in the current values of 12 meridians, and evatliatee F1 Spleen_deancreaS Spleen , Pancreas , Stomach , Brain
: : : : meridians ' ' ’
Ir!ﬂuence on human ph,ySK)lOg_% so asto @scusgnﬂuence of F2 Liver meridians Liver , Eyes , Genitals , Muscle
different types of lighting environment stimulatioon human ) - Kidney , Brain , Eyes , Bone , Nasal

. F3 Kidney meridians )

physiology. cavity
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F4 Bladder meridiar ~ Bladder , Ear, Nose , Eyes , Br

F5 Gall E."?‘dder Gallbladder , Head , Eyes , Muscle
meridian:

F6 Stomach meridians ~ Stomach , Mouth , Tooth , Nose

C.Experimental flow and analysis of measured values

Normally, people stay under the indoor lightingficore than
three hours continuously in the office, exceptdaring lunch
breaks. Consequently, this study set the lightiogré as 210
min (3.5 hr) to study the effect of long-term exp@sunder the

05 |-043 Lt PSP F= o 4L o ;7
office lighting environment on human responses. The R R o e | Rl
experimental  lighting sequence is  500lux-4000K, Wl s e
500lux-6500K,  2000lux-4000K,  2000lux-6500K. The a3 "‘“"\\ n'“ﬂ' \al ' =

preparation stage (light-out state) before eadhg&® min, and
followed by the light-on state that lasts 210 niiihen, the
participants rested for 1.5 hours. This cycle wass@ered one
test unit, and was repeated for subsequent tests.

The sample number is 21, and this is a paired casgratest
of small samples. After testing, Microsoft Excelsagcquired
for the paired t-test of the mean differences ofsneed data.
The analysis method was to verify whether the \vahtalected
at various times after the lights are on and th= dallected
during the 15 min before the lights are on show stayistical
difference (P<0.05). If P<0.05, this indicates ttta lighting
environment changes have effect on the Ryodorakiesa

IV. RESULTS ANDDISCUSSION

A. Psychological response changes during long term
exposure to different lighting environments

1. Change of comfort through time

During the 15 min after lights are on, the comfoftfour
different types of lighting environments increasdwrply. In
the lighting environment of general illuminatiové (500Lux),
regardless of the color temperature, the comfoganficipants
was significantly higher than the lighting enviroam of high
illumination level (2000Lux). This phenomenon rened until
the test was completed, which indicates that theihation has
great effect on human conform (Fig. 5).

2. Change of relaxation through time

The lighting environment of general illuminationO(E_ux)
produced higher relaxation within two hours aftkee fights
were on; after the two hours, the color temperatiré000K
produced a greater relaxation than that of 6500Ktias
increased. During the 3.5 test hours, the lightingronment of
500Lux-4000K generated a greater relaxation (PFig. 6

3. Change of arousal level through time

Among the four types of lighting environments, tiggating
environment of high illumination (2000Lux) incredsé¢he
arousal level more significantly than the genelahiination
(500Lux). This illustrated that high illuminationas prone to
raise the human arousal level. In the lighting estvinent of
high illumination, 6500K had more positive effectiocreasing
the arousal level than 4000K after 45 min. In thghting
environment of general illumination, 4000K and 68dtad no
significant difference after 90 min (Fig. 7).

4. Change of tiredness through time
In four types of lighting environments, the pay@nts
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experienced tiredness after 45 min, indicating artskest is
necessary after 45 min of working under the offiiggating
environment. The participants were more tired a@@rmin.
However, the 2000Lux-4000K condition was less iikéb
cause tiredness than the other types of lightingremments
(Fig. 8).
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B. Physiological response change during long-term exposure
to different lighting environments

1) Duration impact analysis

Figure 9 illustrates the change trend through twhehe
human Ryodoraku values under the four types oftitigh
environments. The experimental results indicatedt tthe
human Ryodoraku response in the lighting envirorntroéhigh
illumination (2000Lux) increased with time, and taeerage
Ryodoraku value increased to 1244-14.8.A after the lights
were turned on. In the lighting environment of ge
illumination of 500Lux and the color temperaturés6D0K, the
Ryodoraku values of participants showed a significhange at
90 min, and the average Ryodoraku values increbge@hA
after the lights were on. After 90 min, the effe€the lighting

environments on the human physiological responses w

reduced gradually. In the lighting environment bé tcolor
temperature 4000K, the Ryodoraku values witnhesseapi
drop after 15 min. This phenomenon indicated thaid®raku
values of participants are different due to thefedént
illumination levels and the color temperature dfatent light
environments, and have different effects on thesjhygical
responses during different periods as perceived itreases.

To discuss the effect of different lighting envinsents on the
Ryodoraku responses during long time exposure,athéysis
method was to verify whether the Ryodoraku valuesng
different time periods after turning the lights amd the values
measured during the 15 min before the lights weréndicate
any statistical difference (P<0.05). If P<0.05stbhowed that
the lighting environments may cause the change hia t
Ryodoraku values, as seen in Table 3 for the aisatgsults.
The experimental results indicated that the effefctcolor
temperatures on the Ryodoraku values is higher ttaeffect
of illumination within 90 min after turning the lgs on; the
higher the color temperature is, the more signifidts effect on
the physiological reaction is. After 90 min, thefeef of
illumination on the Ryodoraku values was greatantthe color
temperature; the higher the illumination is, therensignificant
it is on the Ryodoraku values.

2) Affected meridian Duration impact analysis

The effect of the lighting environment of 500Luxe4X on
the physiological responses declined after 15 thiaeffect of
the lighting environment of 500Lux-6500K on the IHea
Constrictor meridians and Heart meridians Ryodore&iues
remained the same from turning the lights on tometing the
test. However, after 90 min, the Bladder meridiaas affected
by the lighting stimulation, and the effect of thighting
environment on the Kidney meridians and the GaHddgkr
meridians declined gradually. In the lighting eoviment of
2000Lux-4000K, an instantaneous effect of turnimglights on
the Heart Constrictor meridians, Spleen Pancreasliaes and
Bladder meridians were significant; after 90 mintle same
lighting environment, the Lung meridians and Heaetridians
were affected. In the lighting environment of 2008t6500K,
it had a continuous effect on the Heart Constricberidians,
Liver meridians, Kidney meridians and Gall Bladdegridians
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upon turning the lights on; between 15 and 30 ihhrad affects
on the Bladder meridians and Spleen Pancreas maesidi he
Ryodoraku values of the Lung meridians, Heart nienis|
Small Intestine meridians, Triple Heater meridiahsrge
Intestine meridians and Stomach meridians were affezted
after 45 min (see Table 1V).
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Fig. 9 The Ryodoraku experimental results indicated
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TABLE llI
THE RYODORAKU VALUE WHICH 24 PRESENT POINTS AVERAGE VALUE BEFORE AND AFTER TURGIN THE LIGHTS UNDER FOUR TYPES OF LIGHTINT
ENVIRONMENT
4 types of lighting environment
Percipience Period 500Lux-4000 K 500Lux-6500 K 2000Lux-4000 K 2000Lux-6500 K
Meanzs.d P value Meanzs.d P value Meanzs.d. P valueMeanzs.d P value
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. _ ) 0.003 0.0015 0.00% 0.004
Turning on the light wink 54.02+14.05 50.47+16.85 51.69+14.89 52.69+14.76
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.550 0.012 0.074 0.194
Turning on the light in lasted 15 minutes 51.72+1540 50.93+16.36 51.87+14.91 52.34+13.67
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.696 0.096 0.073 0.033
Turning on the light in lasted 30 minutes 51.26+1410 47.80+16.63 52.73+16.20 54.84+13.63
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.671 0.036 0.157 0.00%
Turning on the light in lasted 45 minutes 51.38+1269 51.10+15.73 51.26+16.08 58.31+14.47
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.805 0.167 0.114 0.00%
Turning on the light in lasted 60 minutes 51.16+1430 49.25+17.17 52.67+15.14 58.59+11.85
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
0.907 0.032 0.010 0.00%
Turning on the light in lasted 90 minutes 50.04+1397 51.52+17.80 55.61+14.02 59.19+14.27
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
0.789 0.414 0.010 0.0
Turning on the light in lasted 120 minutes 49.49+1400 47.44+15.99 56.58+16.42 57.21+15.04
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.616 0.284 0.004 0.0002
Turning on the light in lasted 150 minutes 48.39+1628 48.28+15.83 56.46+14.37 60.94+14.06
Before turning on the light 50.44+14.59 45.52+16.03 46.81+15.47 49.11+14.35
. o . 0.812 0.258 0.00% 0.00%
Turning on the light in lasted 180 minutes 51.25+1558 48.74+15.23 55.28+14.38 61.23+15.13
Before turning on the light 50.44+14.59 0.773 45.52+16.03 0116 46.81+15.47 0.002 49.11+14.35 0.00003
Turning on the light in lasted 210 minutes 51.59+1421 ' 49.60+16.11 ' 59.21+12.19 63.91+13.28
Note : 1.Unit: pA 2.“- "is representing P value0.05
TABLE IV
THE RYODORAKU VALUE WHICH 24 PRESENTPOINTS AVERAGE VALUE BEFOREAND AFTERTURN ON THE LIGHTS UNDER FOUR TYPESOF LIGHTING
Lighting Environments 500Lux-4000 K 500Lux-6500 K 2000Lux-4000 K 2000Lux-6500 K
Percipience Period ale|c|o|e|F|e|n|1|a|ale|c|p|E|F|c|H|I|a|alB|c|D|E|F|G|H|I|a]alB|c|D|E|F|G|H|I|2
Meridians
. L J ° . . RN .
Lung meridians
R . . . DEERK) o o0 A
. . L . o | e . . . EEEEEERER 0 0
Heart Constrictor meridians
R L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
- L |e (K] ] ] AR .
Heart meridians
R L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
. . L (K] . . . DEEEKREKEK
Small Intestine meridians
R | e . oo |0 0|0
. . L LR . . oo oo 0|00
Triple Heater meridians
R . 0 oo oo 0|00
Large Intestine meridians L LR ° ° ey el
R |e 0 . oo oo fo|0|e0
L L L] L] L] L] L] L] L] L] L] (] L] L] L] L] (] (] (] L] L] L]
Spleen Pancreas meridians
R L] L] L] L] L] L] L] L] L] L] L] L] L] L] (] (] (] L] L) L)
. - L . 0 . oo oo 0|00
Liver meridians
R oo 0|0 K
Kidney meridians L L] L] L] L] L] L] L] L] L] (] (] L] L) L)
R L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
- L L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
Bladder meridians
R L L] L L L] L] L L L L] L L] L] L] L] L] L] L L L L] L] L]
Gall Bladder meridians L °le °le el - ele e elele el
R |e 0 0 o | e . 0 A
Stomach meridians L LN : elele °le e
R . o o |0 A

Note : 1. e " is representing P value < 0.05.
2.A : Turning on the light wink, B : Turning on the light in lasted 15 minutes, C : Turning on the light in lasted 30 minutes, D : Turning on the light in lasted 45 minutes, E : Turning on the light in lasted
60 minutes, F : Turning on the light in lasted 90 minutes, G : Turning on the light in lasted 120 minutes, H : Turning on the light in lasted 150 minutes, | : Turning on the light in lasted 180 minutes, J :
Turning on the light in lasted 210 minutes
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C. Relation between psychol ogical and Ryodoraku responses

15
To discuss the correlation between the psycholbgica 4§

responses and the physiological Ryodoraku valugsgiiong

term exposure to different lighting environmentsis tstudy
conducted a comprehensive comparison analysieafitanges
of the psychological and physiological responsks,analysis
results are shown in Figure 10(a)-(d). Under theglderm

exposure to the lighting environment of high illuraiion and
color temperatures, and the effect on the psyclicdbg
responses decreased after the human visual sysidiedtapted
to the lighting environment; Yet the effect on tRgodoraku

values was more and more significant as time irs@@aThe
experimental results indicated that the effect afloc

temperatures was more significant on physiologieaponses
than that of illumination within 90 min. On the ethhand, the
effect of illumination on physiological responseasnhigher
than that of color temperatures after 90 min. la lighting

environment of 2000Lux-6500K, the Ryodoraku valeser
violently, and its increase range was greater tithar lighting

environments. From the above, it could be concluthed the
lighting stimulation has greater effect on the pblggical

responses than the psychological responses dwirg term

exposure to different lighting environments. Thssdifferent

from the public viewpoint that lighting is prone tffect

psychological responses. This phenomenon shouttebated,
and special attention should be given in applicatio the

future.
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Fig. 14 The relevance of the change of comfortthedryodorku
responses under long time with 2000Lux-6500K illoation
environment

V.CONCLUSIONS

To discuss the effect of lighting environments dre t
psychological and physiological responses, thidysamployed

the Ryodoraku measurement system and conducted a

guestionnaire survey to measure the psychologespanses
and the Ryodoraku values in four different typedigiiting
environment during pretest, test and post-testlagid changes.
The research results are as follows:

A. Effect of illumination on psychological responsesis more
significant

In the lighting environment of general illumination
regardless of color temperature, comfort evaluatsohigher
than high illumination. In the lighting environmenf high
illumination, the effect on increasing the aroutatel was
higher than general illumination, regardless of ocol
temperatures. In the four types of lighting enviramts,
illumination had a significant effect on the contfand increase
of the arousal level.

B. Effect of long lighting stimulation on changes of
physiological responses is significant and continuous

Within the 90 min after turning the lights on, colo
temperatures had a higher effect on the Ryodoraues as
compared to illumination. The effect of color termgtere
6500K on the sympathetic nerve change was higlaertthat of
color temperature 4000K. After 90 min, the effect o
illumination on the physiological responses washaighan the
effect of color temperatures; the higher the illoation was, the
more significant the physiological responses wharehe four
types of lighting environments, the blood circudati digestive

1SN1:0000000091950263
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and endocrine systems generated continuous andicagh
response changes due to the lighting stimulatitve dffect of

19
the lighting environment 2000Lux-6500K was morengfigant (el
than the other lighting environments; and after mip, the
Ryodoraku values of the 12 meridians were alsatdte

C.Physiological effects under lighting environmentstendto ~ [20]
be easily neglected.

When the human vision adapts to the lighting emritent, [21]
the psychological effects of the lighting envirommevill turn
moderate, but the effect on the Ryodoraku valuesimees. [22]

This is different from the public viewpoint thatettighting
environment is prone to affect the psychologicalpmses, [2°]
hence, attention should be paid to extremely Higmination
and color temperatures since they affect physiokdgi [24]
responses.

[25]

REFERENCES

[1] John N Ott, Influence of fluorescent lights on hymtivity and learning [26]
disabilities, Journal of Learning Disabilities, 39'D: 417-422.

[2] Peter R Boyce, The Impact of Light in Buildings biuman Health,
Indoor and Built Environment, 2010; 19; 1: 8-20.

[3] Jennifer A Veitch, Robert Gifford, Donald W Hine, eMand [27]
characteristics and full spectrum lighting effeots performance and
mood, Journal of Environmental Psychology, 1991, ¥&: 87-95.

[4] L Laufer, E Lang, L Izsé and E Németh, PsychopHysiocal effects of (28]
coloured lighting on older adults, Lighting Reséaend Technology,
2009; Vol. 41, 4: 371-378.

[5] A Pellegrino, Assessment of artificial fighting pareters in a visual
comfort perspective, Lighting Research and Tectgl@999; Vol. 31, [29]
3:107-115.

[6] A A Kruithof, Tubular luminescence lamps for geretlmination,
Philips Tech. Rev., 1941; Vol. 6: 65-96.

[71 T Moore, D J Carter, and A | Slater, A qualitatiseidy of occupant (30]
controlled office lighting, Lighting Research anechnology, 2003; Vol.

35; 4: 297-314.

[8] Kyvan Creveld, An investigation into the relatioipshetween luminance
and brightness of strongly chromatic light sourtéghting Research and (31]
Technology, 1999; Vol. 31; 3: 117-122.

[91 M Sivak, M J Flannagan, B Schoettle and Y Nakaigldfmeasurements
of direct and rearview-mirror glare from low-beamadlamps, Lighting (32]
Research and Technology, 2002; Vol. 34; 2: 101-109.

[10] L Izs6, E Léang, L Laufer, S Suplicz, and A Horvé&8sychophysiological,
performance and subjective correlates of diffefligitting conditions, (33]
Lighting Research and Technology, 2009; Vol. 41349-360.

[11] A W Levy, The CIE visual performance system, LiglgtiResearch and
Technology, 1978; Vol. 10; 1: 19-27. (34]

[12] W J M van Bommel and G J van den Beld, Lighting#ork: a review of
visual and biological effects, Lighting Researcll &echnology, 2004; (35]
Vol. 36; 4: 255-266.

[13] R Kuller and L Wetterberg, Melatonin, cortisol, EEGCG and (36]
subjective comfort in healthy humans: Impact of flumrescent lamp
types at two light intensities, Lighting Researchl &echnology, 1993;

Vol. 25; 2: 71-80. (371

[14] Y Saito, T Shimizu, Y Takahashi, k Mishima, K Takahi, Y Ogawa, S
Kogawa and Y Hishikawa, Effect of bright light exqpme on muscle
sympathetic nerve activity in human, Neuroscienetdrs, 1996; 219:
135-137.

[15] Kobayashi H and Sato M, Physiological responsediuiminance and
color temperature of lighting, Ann. Physiol., Artpr, 1992; Vol. II; No.
2:45-49.

[16] Schafer A, Kratky K W, The effect of colored illungtion on heart rate
variability, Forsch Komplementmed, 2006; 13: 16317

[17] Tetsuo K, Are human physiologica responses affebtethe quality of
light?, J. lllum. Engng. Inst. Jpn., 2000; Vol. k. 6: 350-353.

[18] Christian Cajochen, Jamie M Zeitzer, Charles A €leeiand Derk-Jan
Dijk, Dose-response relationship for light intepsénd ocular and

International Scholarly and Scientific Research & Innovation 6(7) 2012 1760

electroencephalographic correlates of human alestn8ehavioural
Brain Research, 2000;115: 75-83.

Xavier Bornas, Jordi Llabres, Miquel Noguera, And_bdpez, Francesca
Barcelo, Miquel Tortella-Feliu and Miquel Angel Rula, Looking at the
heart of low and high heart rate variability fedrfiyers: self-reported
anxiety when confronting feared stimuli, Biologid@sychology, 2005;
70: 182-187.

Mukae M, Sato M, The effect of color temperaturdigtiting sources on
the autonomic nervous functions, Ann. Physiol.,h&ap., 1992; Vol. II;
No. 5: 533-538.

Giorgio Recordati, A thermodynamic model of the pathetic and
parasympathetic nervous systems, Autonomic Newgpsei Basic and
Clinical, 2003; 103: 1-12.

Hugdahl K, Psychophysiology: The mind-body perspectCambridge,
Massachusetts: Harvard University Press, 1995.

Casper C Hoogenraad and Frank Bradke, Controlwbmal polarity and
plasticity-a renaissance for microtubules? , Trend3ell Biology, 2009;
Vol.19; 12: 669-676.

Paula P Goncalves, Arselio P Carvalho, Dual rol§-efand Na+ on the
transport of [3HJy-aminobutyric acid by synaptic plasma membrane
vesicles, Molecular Brain Research, 1995; 32: 163-1

Nakatani Y, Skin electric resistance and Ryodordk&tonomic Nerve,
1956; 6: 52.

G Hoffmann, V Gufler, A Griesmacher, C BartenbabhCanazei, S
Staggl and W Schobersberger, Effects of variaglilng intensities and
colour temperatures on sulphatoxymelatonin andestibp mood in an
experimental office workplace, Applied Ergonomi2808; 39: 719-728.
Banu Manav, An experimental study on the appraifathe visual
environment at offices in relation to colour tengiare and illuminance,
Building and Environment, 2007; 42: 979-983.

S M Berman, M Nawvab, M J Martinc, J Sheedy and Itficfe, A
comparison of traditional and high colour tempemtlighting on the
near acuity of elementary school children, LightiRgsearch and
Technology, 2006; 38; 1: 41-52.

K Iwakiri, A Yasukouchi and A Murata, Effects ofesiral distribution of
light on the arousal level in humans, IEEE Procegsli of The
International Conference on System Man and Cybies)et999; Vol. 2:
271-276.

S H A Begemann, G J van den Beld, A D Tenner, Bayliartificial light
and people in an office environment, overview afudl and biological
responses, International Journal of Industrial Bogoics, 1997; 20:
231-239.

Kevin W Houser, Dale K Tiller, Measuring the sultjee response to
interior lighting: paired comparisons and semauifterential scaling,
Lighting Research and Technology, 2003; Vol. 351&3-195.

K W Houser, D K Tiller, C A Bernecker, and R G Misk, The
subjective response to linear fluorescent diredivett lighting systems,
Lighting Research and Technology, 2002; Vol. 34243-260.

L Loe, K P Mansfield and E Rowlands, Appearancditanvironment
and its relevance in lighting design: Experimensalidy, Lighting
Research and Technology, 1994; Vol. 26; 3: 119-133.

Tsuei J J, Lam F M K and Chou P, Clinical applicasi of the EDST,
IEEE Engineering in Medicine Biology, 1996: 67-75.

Nakatani Y, An aspect of the study of RyodorakuniClof Chiense
Medicine, 1956: 54-56.

Nakatani Y, Ryodoraku Acupuncture-A guide for thpphcation of
Ryodoraku Theory-Electrical Acupuncture, A New Aubmic Nerve
Regulating Therapy, Okyo: Seiwa Co. Ltd. 1977.

F Pontarollo, G Rapacioli and P Bellavite, Increa$eelectrodermal
activity of heart meridian during physical exerciSée significance of
electrical values in acupuncture and diagnostic oirgmce,
Complementary Therapies in Clinical Practice, 2Q1®;149-153.

1SN1:0000000091950263





