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Abstract
LED lighting has an advantage of adjusting color temperature. This change of color temperature may derive 

change in behavioral and physiological responses of the visual perception for indoor environments. This research 

examined the changes of behavioral and physiological responses caused by the color temperature. The environment 

was configured that the indoor temperature was 20 degrees centigrade or less as the perceived uncomfortable 

environment in winter. Then, the comfortable sensation vote (CSV) and the results of 3-back working memory test 

were measured as behavioral responses. In addition, the Electrodermal Activity (EDA) and Electrocardiogram (ECG) 

were measured as the responses of autonomics nervous system (ANS) in the three conditions of color temperature 

(red: 3862K, white: 5052K, blue: 11,460K). As a result, behavioral responses were not significant by the condition 

of color temperature, but the tendency of occupants’ physiological relaxation appeared in the blue color temperature 

condition compared with the white color temperature condition. Although the color temperature of LED lighting 

might be a small factor in terms of the characteristics of indoor environment, it suggests that the color temperature 

could have an impact on the physiological changes in the parasympathetic nervous system.
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1. Introduction

Indoor thermal environment which influences human 

activities is an important factor. In particular, during the 

winter season, the factors of the indoor thermal 

environment can be used as important indexes to predict 

or control human mind and behavior, because people live 

remain indoors for more than 80% of the day (Bae, Lee, 

&Lee, 1995; Gonzales, Nishi, &Gagge, 1974).

Numerous researches which are related to the 

relationship between thermal comfort and thermal 

environments has been conducted. Here, thermal comfort 

refers to the state of mind offeelingsatisfied with the 

thermal environment (Gagge, Fobelets, &Berglund, 1986; 

Tham &Willem, 2010). Generally, thermal environment 

is determined by the physical factors (indoor 

temperature, relative humidity, mean radiant temperature, 

air velocity), but thermal comfort is affected by the 

personal metabolism, the amount of personal clothing, 

and many psychological factors as well as the above 

physical factors (Ijzerman &Semin, 2009; Steinmetz 

&Mussweller, 2011; Zhong &Leonardelli, 2008). 

In particular, the studies examined changes of the 

perceived temperature in a fixed environment which was 

controlled by physical factors. This research was reported 

that the change of the perceived temperature could affect 

the human behavior and emotion. For example, Williams 

and Bargh (2008) reported that if a person was primed 

with warmth, the perceived temperature of the person 

would be high, and he or she evaluated the emotionally 

neutral stimulus (e.g. human face) as positive. In 

addition, Patrica and Albert (1994) reported that the 

change of perceived temperature (subjective temperature) 

by the color temperature (it refers to the quantified 

degree of warmth exhibited by the light using the unit of 

absolute temperature, Kelvin) could affect the emotional 

state of the evaluator. It suggests that human behavior 

and emotion could be adjusted by the color temperature 

or the perceived temperature (Kim, 2013, 2014). Changes 

of subjective temperature can affect the performances of 

goal-oriented behavior (Min, Jung, &Kim, 2014). 

Research of Min et al. (2014) examined that the change 

of temperature-related comfort could affect the 

performances of visual search task which is related to 

selective attention.

These previous studies, however, used self-report scale 

or behavioral value as dependent measures. These 

measurements have a limitation which does not provide 

the information on the physical and physiological 

changes in the interactions of human and environment, 

and are final results only occurred by the interactions of 

human and environment. For this reason, self-reported 

basic physiological data and behavioral data should be 

collected for the interactions of human and environment. 

In other words, the integrative research on whether the 

perceived temperature causes the physiological changes 

as well as the subjective comfort and behavior 

performance is needed.

Therefore, this study examined both behavioral and 

physiological changes due to the perceived color 

temperatures using the LED lighting. To execute this 

study, the environment was configured so that the indoor 

temperature was 20 degrees centigrade or less as the 

perceived uncomfortable environment in winter.

2. Method

2.1. Participants

Thirty-three young adults (male: 16, female: 17) 

participated in the experiment. All participants did not 

have a mental disorder and experience of the heart and 

skin surgery. The average age of the participants was 

21.18 (SD=1.59) years, and they had no problem in 

responding to the experimental stimuli.

2.2. Experimental Environment and Apparatus

The main experiment was conducted in an enclosed 
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test room consisting of a 3.5×5.4×2.1m (l×w×h) space. 

The temperature of test room was maintained at less than 

20℃. LED lighting conditions were the three conditions 

(Red, White and Blue), and the color temperature values 

for each condition were measured by the CL-200A of 

the Opticom Incoporation in Korea (Red: 3862K, White: 

5052K, Blue: 11,460K). In addition lights were given by 

the LX-101 of the Luxland Incorporation in Korea.

2.3. Behavioral Responses

The subjective comfort from the behavioral responses 

was composed of seven-point Likert scale with 1 

indicating “very uncomfortable” and 7 indicating “very 

comfortable” (Kim, 2014; Kim &Min, 2014, Kim, Min, 

Shin, &Kim, 2013; Min et al., 2014). The participants 

were asked to rate the level of indoor thermal comfort 

twice, before and after the presentation of color 

temperature.

The 3-back working memory task as the experimental 

task was conducted with E-Prime 1.2 program. The 

stimulus of experimental task was presented on a 17-inch 

CRT monitor with a resolution of 1024×768 and a 

refresh rate of 75Hz. The 70cm distance between the 

participants and the screen was maintained, and all 

stimuli were presented with black color on a gray 

background. The stimulus was a two-syllable Korean 

word presented in the center of the monitor (visual 

angle: 0.04°×0.02°, totally 92 words used) (Kim, Min, 

&Yoon, 2006). The participants were asked to press the 

answer button if the currently presented word and the 

previously third trial presented word were the same (Lee 

et al., 2009). This task was also used as an 

activity-control task, because the activities of participants 

influence the thermal perception. Thus the activity of 

participant was set to 1.0 met. This value means that the 

participant sat in a chair watching the computer screen 

and simply pressed two keys as specified in the task 

(Kim, Kim, &Min, 2011; Kim, Min, Min, &Kim, 2011a, 

2011b). Finally, accurate reaction time of 3-back 

working memory task was used.

2.4. Physiological Responses

The responses of the autonomic nervous system (ANS) 

were measured by the BiopacAmp of the Biopac System 

Incorporation of the USA. The AcqKnowledge (ver. 

3.8.1) of MP100WS was used for input and analysis of 

physiological data. Electrocardiogram (ECG) was 

measured by Lead I inducing method regarding how to 

attach a reference electrode on the pulse of the right 

wrist, and a signal electrode on that of the left wrist. 

Electrodermal activity (EDA) was measured from the 

index- and middle-finger of the left hand. 

For ANS response variables, the skin conductance 

level (SCL) which is the relatively long-lasting tonic 

activity was used for analysis as a detailed indicator of 

EDA. In addition, as detailed indicators of ECG, the 

heart-rate (HR) which is the number of heartbeats for a 

minute, and the respiration (RESP) which is the number 

of breaths taken in a minute, were used for analysis 

(Kim, Kang, Min, &Min, 2009; Kim, Min, Kim, &Min, 

2011; Kim, Yi, Kim, Lim, Bak, Ji, Hong, Kang, Min, 

&Min, 2010; Lee, Lee, Hwang, Bae, Min, &Kim, 2013; 

Yi, Kim, Lim, Kim, Ji, Min, &Min, 2010).

2.5. Experimental Procedures

Before implementing the main experiment, the 

electrodes for measuring the response of the autonomic 

nervous system were attached to the participants, and 

they listened to a brief description of the experimental 

task and performed the practice for approximately 10 

minutes. The main experiment was composed of two 

conditions, and the presented order of the conditions was 

counter balanced. One condition was base and task, 

another condition was with color temperature condition 

of the LED lighting. Participants participated in all 

conditions for 30 minutes as ANS responses were 

measured (See Figure 1).
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Figure 1. Experimental Procedures

2.6. Data Analysis

For the performance of the 3-back working memory 

task, repeated ANOVA was carried out for each color 

temperature condition (red, white and blue). For all 

dependent variables (subjective comfort and ANS 

responses) without the performance of the 3-back 

working memory task (base condition), the 2 (base and 

task) × 3 (color temperature condition: red, white and 

blue) repeated ANOVA was carried out with the SPSS 

program (ver. 16.0).

3. Data Results

3.1. Subjective Comfort

The subjective comfort was examined depending on 

two conditions (base/task and color temperature). As a 

result, the subjective comfort was not significant in 

accordance with two conditions (see Table 1).

Table 1. The results of subjective comfort from the behavioral 
responses depending on the experimental condition.

Base
/Task

Color Temperature Condition 
(M±SD)

F value(df)
(color temperature 

condition)Red White Blue

Base 2.97±1.19 2.97±1.08 2.94±1.09
0.27(2,64)

Task 2.91±1.23 3.03±1.16 2.97±1.05

F 
value(df)

(base/task)

0.04(1,32)
(interaction)

0.49(2,64)

3.2. Performance of 3-back Working Memory 
Task

We examined the difference of the performance of 

3-back working memory task depending on the color 

temperature condition. As a result, although there was no 

statisticalsignificance, the accurate reaction time was 

longer in white color temperature condition than other 
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color temperature conditions (see Table 2).

Table 2. The results of the performance of 3-back working 
memory task from the behavioral responses depending 
on the color temperature condition.

3-back Working 
Memory Task

Color Temperature Condition 
(M±SD) F 

value(df)
Red White Blue

Accurate Reaction 
Times (ms)

921.52
±259.13

994.87
±310.79

912.41
±292.20 2.11(2,64)

3.3. EDA－SCL

The SCL was examineddepending on two conditions. 

As a result, the sweat production in a block of 

performing task was greater than that of the baseline (see 

Table 3). It means that the body is more awake when 

participants perform the task.

Table 3. The results of SCL from the physiological responses 
depending on the experimental condition.

Base
/Task

Color Temperature Condition 
(M±SD)

F value(df)
(color temperature 

condition)Red White Blue

Base 9.38±5.22 9.42±5.01 9.53±5.12
0.23(2,64)

Task 9.67±5.57 9.53±5.14 9.69±5.29

F value(df)
(base/task)

8.11**
(1,32)

(interaction)

2.50(2,64)

**p<.01

3.4. ECG－HR

Changes of the HR depending on two conditions was 

examined. As a result, the HR increased when 

participants perform the task compared to that of the 

baseline (see Table 4). It also means that the body is 

more awake when participants perform the task.

Table 4. The results of HR from the physiological responses 
depending on the experimental condition.

Base
/Task

Color Temperature Condition 
(M±SD)

F value(df)
(color temperature 

condition)Red White Blue

Base 83.21
±9.19

82.52
±9.98

82.19
±11.49 0.94

(2,64)
Task 86.23

±10.65
85.93

±11.33
84.78

±10.70

F value(df)
(base/task)

8.98**
(1,32)

(interaction)

0.29(2,64)

**p<.01

3.5. ECG－RESP

Changes of the HR depending on two conditions was 

examined. As a result, the RESP increased when 

participants perform the task compared to that of the 

baseline (see Table 5).

Table 5. The results of RESP from the physiological responses 
depending on the experimental conditions.

Base
/Task

Color Temperature 
Condition(M±SD)

F value(df)
(color 

temperature 

condition)
Red White Blue

Base 17.70
±4.07

19.09
±5.05

17.88
±3.53

3.35*
(2,64)

Task 21.82
±4.78

21.70
±5.92

20.30
±4.22

F value(df)
(base/task)

24.95**
(1,32)

(interaction)

2.50(2,64)

*p<.05,**p<.01

It means that the body is more awake when the 

participants perform the task. In addition, the RESP 

changed according to the color temperatures. As a result 

of post-hoc test, the RESP in the white-color temperature 

condition was greater than in the blue-color temperature 

condition (see Figure 2). It means that the body is more 

awake in the white-color temperature condition than in 

the blue-color temperature condition.
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Figure 2. The differences of RESP between color temperature 

conditions (*p<.05)

4. Discussion

This study examined the changes of behavioral and 

physiological responses depending on the color 

temperature in the environment which was configured 

with less than 20 degrees centigrade indoor temperature 

as the perceiveddiscomfort in the winter. 

In terms of the results, first, there was no statistical 

significancefor both subjective comfort and the 

performance of the 3-back working memory task as 

behavioral responses for all conditions. These results 

suggest that the color temperature is not a strong factor 

in inducing a discomforting situation, and that it is not 

likely that changes of the color temperature may even 

induce the behavioral performance.

Second, the SCL, the HR, and the RESP was greater 

when participants performed the task than during 

baseline (not perform the task). It means that both SCL 

and HR occurred as a result of the activation of the 

sympathetic nervous system responses, and that RESP 

occurred as a result of the activation of the 

parasympathetic nervous system responses (Blosh, 

Lemeignan, &Aguilera, 1991; McManis, Bradley, Berg, 

Cuthbert, &Lang, 2001). In addition, the RESP was 

greater in the white-color temperature condition 

compared with the blue-color temperature condition. The 

tendency of interactions of the base/task and the color 

temperature in the SCL and the RESP results. These 

results are consistent with the earlier research which 

examined that the cognitive processing and the 

physiological change are not matched equally depending 

on the color temperature or the color (Grandner, Kripke, 

&Langer, 2006; Knez, 2001). It suggests that changes of 

the color temperature induce physiological change in 

theparasympathetic nervous system.

In spite of these results, this study has a limitation 

that the study had been executed in only less than 20 

degrees centigrade environments as the perceived 

uncomfortable environment. These environments may 

induce arousal state regardless of the color temperatures. 

For this reason, effect of the color temperature on the 

behavioral and physiological responses could have been 

reduced in this study. Therefore, for future studies, it is 

necessary to overcome this limitation, and to further 

examine the changes in the central nervous system 

responses which is the direct indicator of the 

psychological and behavioral responses.
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