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research teams can deliver high-impact outcomes by applying the SED Principle: Blend Science,

Engineering and Design Thinking, which encourages use of the methods from all three disciplines.
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These guiding principles (ABC & SED) could drive HCI research to become the key

transformational discipline for the 21st century by accelerating discovery and innovation.”
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The Effects of Ambient Illuminance and Color Temperature of LED Panel
Lighting on Visual Fatigue

Yuh-Chuan Shih*, Chih-Cheng Ni

Department of Logistics Management, National Defense University, Taipei, Taiwan
River.amy@msa.hinet.net

Abstract. LED panel lighting recently becomes more and more popular and will be possibly instead of the
traditional lighting systems. Present study investigated the effects of six combinations of color temperatures (3000,
4200, and 6000 K) and illuminations (300 and 750 lux) of LED panel lighting on eye fatigue after a reading task.
Eight young participants aging 18-25 years old and including four males and four female took part in this
experiment. They were asked sat in a 5.1m*4.0m*2.2m (L*W*H) room with homogeneous illumination and color
temperature under given experimental conditions, which was measured and by a chroma meter (KONICA
MINOLTA CL-200A). The first critical fusion frequency (CFFpre) was measured after 5-min rest, and the second
one (CFFpost) was measured again after the successive 30-min reading task. The response was the shift on CFF,
named ACFF (=CFFpost-CFFpre). A t-test revealed the 30-min reading task did cause an eye fatigue, i.e. ACFF
was less than zero significantly, but a repeated measure ANOVA result indicated that this eye fatigue did not
depend on gender, illumination, color temperature, or their interaction. It demonstrated that the six combinations
associated with LED panel lightings had the same effect on the shift on CFF. In the future, more related studies
about their influence on different visual tasks are still necessary.

Keywords: LED panel lighting, critical fusion frequency, reading task, eye fatigue

1 Introduction

Reading is a daily activity, especially in the school and office. Even different electronic displays are
popularly used, the traditional paper reading is still unavoidable. Appropriate ambient illumination 1s
necessary for visual task. While LED panel lighting recently becomes more and more popular and
will be possibly instead of the traditional lighting systems, however, the influence of their
illumination and color temperature on visual fatigue associated with reading is still unclear.
Prolonged visual activities easily cause visual discomfort/fatigue. Besides a subjective questionnaire,
critical flicker fusion (CFF) 1s measure of visual fatigue (Chi & Lin, 1998; Murata et al., 1996), it 1s
the lowest level of continuous flicker that 1s perceived as a steady source of light.

While performing an experimental visual task on a CRT display screen under different work speeds
and amounts. The colour (red, green and yellow) CFF values of the subjects were measured every 15
min during the task. Results indicated that the green and yellow CFF deteriorated significantly at 30
min after the start of the task. The red CFF values decreased significantly at 15 min after the start of
the task (Iwasaki, Kurimoto, & Noro, 1989). Authors evaluated the effects of light source, ambient
illuminance, character size, and interline spacing on visual performance and visual fatigue in using
commercial electronic paper displays. Regarding visual fatigue, results showed that light source and
ambient 1llumination had non-significant effects on change of critical flicker fusion (CFF) and
subjective visual fatigue (Lee, Ko, Shen, & Chao, 2011). Shieh and Lin (2000) investigated the
effects of screen type, ambient 1llumination, and target/background color combination on visual
1dentification performance and subjective preference for visual display terminal (VDT) screen



characteristics. They found visual performance was better under lighter ambient illumination, 450 lux
versus 200 lux. Along with the popularity of application of LED panel lighting systems, knowledge
about their 1llumination and color temperature on visual fatigue associated with paper-reading 1s
urgent.

2 Methods

2.1  Participants

Four male and four female participants aged 21-24 years old took part in this experiment. They were
either under- or graduate students.

2.2  Materials and apparatus

A 5.1m*4.0m*2.2m (L*W*H) room was used and controlled to be homogeneous illumination and color temperature
for the requirement of experimental conditions, which was measured and by a chroma meter (KONICA MINOLTA
CL-200A).

LED panel lights (product no. LSSSXG520005) were manufactured by Eneragyled Corporation, which is a
professional LED lighting company in Taiwan by using the LED lighting characteristics to create the additional
values of finished products demanded by customers.

Fig. 1. The LED panel lights used in this study (product no. LSSSXG520005)

1. Integrating Spheres (SPR-920F,made by Sensing Optronics Co., Ltd): to measure the total light radiated in all
directions from a lamp. An integrating sphere can be used to measure the diffuse reflectance of surfaces, providing
an average over all angles of illumination and observation

2. Goniophotometer (GO-2000, made by Jet-Power Technology Co., Ltd): for measurement of the angular

dependence of optical quantities. It is applicable to acquire the luminous intensity distribution, luminous flux,
spatial color distribution, and luminance distribution of lamps and luminaires. The latter two are proposed in
recent years as the development of light & lighting.

. HNluminometer (CL-200A, KONICA MINOLTA): for measuring brightness in lux.

4. Flicker Fusion System (Model 12021, Lafayette) was used to measure the flicker fusion threshold (or flicker
fusion rate), the frequency at which an intermittent light stimulus appears to be completely steady to the average
human observer.

w

2.3 Procedures

First, the experimental procedure was explained, and all participants signed an informed consent.
After 5-min rest, the first critical fusion frequency (CFF..) was measured. The second one (CFFs)
was measured following a 30-min book-reading task immediately.



2.4  Experimental design

A repeated measure ANOVA was employed, in which the studied factors were gender, color
temperatures and 1lluminations of LED panel lighting, and each had two levels (male and female),
three levels (3000, 4200, and 6000 K) and two levels (300 and 750 lux), respectively. The response
variable was the shift on CFF, named /ACFF =CFFs-CFFpe.

3 Results

Firstly, a paired t-test was conducted to ensure whether eye fatigue occurred, 1.e. AACFF was less
zero. The result revealed that the 30-min reading task did cause an eye fatigue significantly (/\
CFF<0). Furthermore, a repeated measure ANOVA result indicated that this eye fatigue did not
depend on gender, 1llumination, color temperature, or their interaction. It demonstrated that the six
combinations associated with LED panel lightings had the same effect on the shift on CFF.

Table 1. The descriptive statistics

[llumination 750LUX
Color Temp. 3000K 4200K 6000K
Mean SD  Mean SD  Mean SD
Gender M -1.51 133 001 1.72 -2.35 1.85
F -1.61 075 -024 0.67 0.18 1.34

[1lumination 300LUX
Color Temp. 3000K 4200K 6000K
Mean SD  Mean SD  Mean SD
Gender M -1.71 149 -097 055 -1.88 1.35
E -0.61 0.81 -042 1.01 -040 1.22

4 Conclusions

Visual fatigue defined the shift of CFF among the six combinations of illuminations (300 and 750
lux) and color temperature (3000, 4200, and 6000 K) 1s not significantly different. This result implies
that customers can select these six conditions as they wish due to the equal influence on the shift of
CFF.
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