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ABSTRACT

Introduction: Recent evidence indicates that lighting can affect physiological and neurobehavioral human
functions, referred to as non-image forming (NIF) effects of lighteffects. This study aimed to determine
the effects of illumination levels and correlated color temperature (CCT) on alertness and performance
under NIF conditions.

Material and Methods: In this study, 22 participants were exposed to light at various levels of illumination,
including very low illuminance (<5 lux, control) and light conditions with correlated color temperatures
(CCT) of 4000 K, 8000 K, and 12000 K at 300 and 500 lux. The data collection process included recording
the power of brainwaves (alpha, alpha-theta, beta, and theta), sleepiness and mood scales, and cognitive
performance tests for sustained attention, psychomotor vigilance task (PVT), working memory, and
inhibitory capacity.

Results: The results indicated that 500 lux light conditions at correlated color temperatures of 8000
and 12000K significantly reduced normalized alpha, alpha-theta power, subjective sleepiness, and
performance compared to the dim light condition. Under illumination levels of 300 and 500 lux, there
were no significant differences in the measured values of the variables.

Conclusion: Lighting interventions can be used as a supplement to other strategies for increasing alertness
and performance in the workplace.

Keywords: Sleepiness, Alertness, Light, Correlated color temperatures, Cognitive performance,
Electroencephalography
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1. INTRODUCTION

Preliminary evidence has shown that in addition
to stimulating the visual system, light can influence
physiological and neurobehavioral functions such
as alertness, mood, and cognitive performance,
referred to as non-image forming effects (NIF) or
non-visual effects of light.

The current trend in daytime studies evaluating
the effect of color temperature and light intensity
on neuroendocrine and neurobehavioral functions
in individuals without sleep deprivation with a
regular sleep pattern has been to use a constant
light intensity, such as 500 Lux (at work level),
and a maximum of two color temperatures. In
comparison, the standard range of light intensity
in workplaces, such as offices, is 300-500 lux.
Additionally, some studies examined the effect of
exposure to high color temperature, white light,
and average light intensity in work environments
(500 lux) using only subjective criteria. Notably,
the Hawthorne effect cannot be ignored in such
studies. Furthermore, the effect of light may vary
depending on the variable used in the studies. As
a result, additional research must be conducted
using a combination of objective and subjective
evaluation criteria to ascertain the non-visual
effects of light. Thus, this study used a multi-
criteria approach to examine the effect of color
temperature (4000, 8000, and 12000 K) and light
intensity (500 and 300 lux) on alertness, mood, and
cognitive performance during the day.

2. MATERIALS AND METHODS

The current study enrolled 22 healthy
volunteers (male; mean + SD age: 27.32 + 3.63
years). Each participant was a non-smoker who
had no significant health problems, including
physical and mental disorders. Additionally,
none of the participants had a family history of
eye disease or color blindness. Volunteers with
a history of traveling to a different time zone or
working shifts in the three months preceding the
experiment and those classified as extreme early
or extreme late chronotypes using the Munich
Chronotype Questionnaire were excluded from the
study. Only participants with adequate sleep and a
normal sleep-wake cycle were included in the study
(bedtimes between 22:00 and 24:00 p.m. and waking
up between 07:00 and 08:00 a.m.). The university’s
ethics committee approved all study procedures,
and participants signed informed consent forms
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prior to the investigation’s commencement.

The current study used a repeated-measures
design, in which each participant was exposed to
counterbalanced lighting conditions with a one-
week interval. The study was conducted in an air-
conditioned room designed to simulate an office
environment. No daylight penetrated the test
environment (due to variations of daylight and
control of the effect of natural light as a confounding
factor).

The present research investigated dim light
(<5 lux at eye level from a 3520 K fluorescent
lamp used as a control), light conditions with a
color temperature of 4000 K, 8000 K, and 12000
K in terms of light intensity, and 300 and 500 lux
at the work area level. It is critical to note that the
light settings (300 and 500 lux) were chosen in
accordance with daytime office norms.

Participants were asked to report the
experimental environment at 7:45 a.m. on each
study day. To ensure that prior exposure to light was
controlled and that all participants experienced the
same states, they completed the preparation period
(<5 lux at eye level from a 3520 K fluorescent lamp)
for approximately 45 minutes upon arrival. The
volunteers received instructions and were fitted with
electroencephalogram (EEG) electrodes during this
period. EEG data were collected from the Z-line on
the participants’ scalps at Oz, Pz, Cz, and Fz using
an EEG analyzer (Encephalon131-03, Medicom
MTD, Russia). The data collection process began
at 8:30 a.m. and lasted approximately 130 minutes.
Each session consisted of seven repeated trials that
included a continuous performance test (CPT)
and a three-minute EEG. At intervals between
EEG measurements, participants rated their mood
using the visual analog mood scale (VAMS) and
their sleepiness using the Karolinska sleepiness
scale (KSS). Following the removal of the EEG
electrodes, data were collected on a psychomotor
vigilance task (PVT), working memory (2-back),
and inhibitory capacity (Go/No-Go).

Data were analyzed using repeated-measures
analyses of variance (ANOVA). The Greenhouse-
Geisser adjustment was used when necessary.
Additional comparisons were made using two-
tailed paired Student t-tests with Bonferroni
correction (as appropriate). The data were analyzed
using IBM’s SPSS software, version 20.0 (Armonk,
NY, USA), with a p-value of < 0.05 considered
statistically significant.
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3. RESULTS AND DISCUSSION

The results of two-tailed paired student’s t-tests
with Bonferroni correction indicated that alpha and
alpha-theta had significantlyless power in the 500 lux-
8000 K and 500 lux-12000 K light conditions than in
the dim light condition. The remaining comparisons

revealed no statistically significant differences (Figs. 1
and 2). These findings corroborate previous research
indicating that monochromatic blue light or blue-
enriched white light can improve alertness. Notably,
the strength of alpha and alpha-theta brain waves
correlates negatively with the degree of objective
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Table 1. Mean + SE of the normalized mean reaction time of cognitive performance tests, including PVT, GO/NO-GO, and 2-Back

Light condition 300 lux 500 lux
PVT
4000 K 420.115+13.787 419.373+13.749
8000 K 415.135+£12.483 414.322+13.09
12000 K 416.851£13.055 415.93+13.446
Dim light * 425.867+13.036
GO/NO-GO

4000 K 308.437+12.833 306.796+12.22
8000 K 302.19+13.754 300.177+12.623
12000 K 304.866+12.713 302.917+12.294
Dim light 325.163+15.555

n-back
4000 K 387.096+30.623 383.889+29.264
8000 K 384.73+30.525 374.61+28.419
12000 K 381.585+29.664 377.521+29.193
Dim light 390.852+30.244

* Dim light (< 5 lux at eye level from a 3520 K fluorescent lamp - control)

alertness induced by light. In other words, a decrease
in the strength of these brain waves indicates an
increase in alertness. Moreover, neurophysiological
signs corroborate the present study’s findings. Apart
from cones and rods, intrinsically photosensitive
retinal ganglion cells (ipRGCs) are a novel type of
photoreceptor in the retina that converts light to
neural signals for transmission to the brain. These
cells are sensitive to blue light, revealing the non-
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visual effects of light on melatonin suppression,
circadian system adjustment, and neuroendocrine
and neurobehavioral functions such as alertness and
performance enhancement.

The results indicated that participants reported
feeling significantly less sleepy in the 500 lux -8000
K (p = 0.004) and 500 lux-12000 K (p = 0.003)
light conditions when compared to the dim light
condition. Furthermore, the findings indicated that
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volunteers reported a better mood in the 8000 K-500
lux light condition than the 12000 K-300 lux and
4000 K-300 lux light conditions (p = 0.001) (Fig. 3).
The results indicated no significant difference
in alpha, alpha-theta, beta, and theta brainwaves,
the Karolinska sleepiness scale (KSS), or cognitive
performance tests such as PVT, GO/NO-GO,
n-Back, and CPT between 300 and 500 lux light
intensity. Nonetheless, the overall trend indicates
that 500 lux light intensity has a more positive effect
on the measured variables, but this difference is not
statistically significant (Table 1). These findings
corroborate previous research and indicate that
color temperature and light intensity interact with
the non-visual effects of light in humans. In other
words, both light intensity and color temperature
can influence alertness, cognitive performance, and
neurobehavioral function simultaneously.

4. CONCLUSIONS
There was no significant difference in the effect
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of 300 and 500 lux light intensity at 4000, 8000,
and 12000 K color temperatures on alpha, theta,
alpha-theta, and beta brainwaves, sleepiness, and
cognitive performance under normal conditions
(healthy individuals with a regular 8-hour sleep-
wake pattern), except for mood. Nevertheless, the
overall trend indicates that 500 lux light intensity
has a more beneficial effect on the variables
studied. According to the study’s findings, there
was no significant difference in alertness or
cognitive performance between 8000 and 12000 K
light conditions. However, given the positive effect
of 8000 K light on the mood, it can be concluded
that using this light condition is a more effective
way to achieve the non-visual benefits of light in
the workplace or home environment. However,
additional research is required in this area.
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