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Abstract

The human circadian rhythm is connected to the body’s endogenous clock and can influence
people’s natural sleeping habits as well as a variety of other biological functions. According
to research, various electric light sources in interior locations can disrupt the human circadian
rhythm. Many psychological studies, on the other hand, reveal that different colors can have
varied connections with and a variety of effects on people’s emotions. In this study, the effects
of light source attributes and interior space paint color on human circadian rhythm were
studied using 24 distinct computer simulations. Simulations were performed using the ALFA
plugin for Rhinoceros 6 on an unfurnished bedroom 3D model at night. Results suggest that
cooler hues, such as blue, appear to have an unfavorable effect on human circadian rhythm at
night, especially when utilized in spaces that are used in the evening, which contradicts what
psychologists and interior designers advocate in terms of the soothing mood and nature of
the color. Furthermore, the effects of Correlated Color Temperature (CCT) and the intensity
of a light source might be significant in minimizing melanopic lux to prevent melatonin
suppression at night. These insights are significant for interior designers, architects, and
lighting professionals aiming to create healthier living environments by carefully selecting
lighting and color schemes that support circadian health. Incorporating these considerations
into design practices can help mitigate adverse effects on sleep and overall well-being,
ultimately contributing to improved occupant comfort and health.

Keywords: CCT; human circadian rhythm; interior space color; room color

1. Introduction
Humans are becoming increasingly detached from the natural world, particularly

the day–night cycle of light. People no longer require natural light because they spend
approximately 90% of their time indoors [1], and electric light sources can offer adequate
lighting for interior spaces. Most buildings employ a combination of daylight (natural
light from the sun and the sky) allowed through various sorts of apertures and electric
light sources. Each of these light sources can have various effects on residents [2–6]. Even
the light emitted from television or tablet screens can induce sleep difficulties and disrupt
human circadian rhythm when these devices are utilized in the evening [7–9].

Another aspect of human health is that of mood and comfort. Different colors and
light sources in interior spaces can have an impact on people’s psychological health [10].
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Furthermore, people have varied connections and preferences when it comes to interior
color [11]. As a result of the influence of blue light on the circadian clock, additional elements
of the human experience must be examined. These features are discussed in further depth
in the following article.

1.1. Impacts of Light and Color on Human Physiology

The light that reaches the retina is projected to the suprachiasmatic nucleus, and entrains
human circadian rhythms. There are three different types of cells in the human retina. Rods
and cones are photoreceptors responsible for vision (rods for night vision and cones for
colored day vision). Intrinsically photosensitive retinal ganglion cells (ipRGCs) provide
light-sensitive control of melatonin secretion. Light stimulates these cells, and they affect
human physiological behavior, such as circadian rhythm [12]. Studies on different mammals
show that the peak sensitivity of these cells is in the blue part of the visible light spectrum
(459 to 484 nm) [13,14]. Light received by human retinal cells affects melatonin secretion and
impacts levels of alertness or fatigue. In the absence of adequate daylight or electric light
during the day, natural melatonin suppression may not occur properly and this creates a
sense of drowsiness and possibly depression [15]. In contrast, being exposed to high-intensity
light (especially in the blue range) at night will create a sense of alertness [15,16].

Buildings can include a variety of spaces, and occupants’ circadian rhythm will be
affected if sufficient intensity and spectral quality are not met in those zones [15]. Zones
that do not receive enough light to stimulate occupants’ circadian rhythm put people at
risk of disrupting their circadian rhythm [17]. This disruption can cause serious harm or
worsen symptoms in people suffering from sleep disorders [18], learning problems [19],
Alzheimer’s disease [20,21], and seasonal affective disorder (SAD) [20,22]. As a result,
maintaining a healthy circadian rhythm can contribute to human health.

In addition, studies have shown impacts of color on human physiology. Experimen-
tal studies using biometric data have shown that warm and cool color tones in natural
landscapes can modulate physiological stress indicators such as heart rate variability and
galvanic skin response, with location-specific effects on wellbeing [23]. The role of color
in physiology has also been highlighted in biomedical and neuroscience research, where
color is used to study neural circuits and influence emotional and behavioral responses [24].
However, there remains a limited understanding of how interior surface colors in architec-
tural environments influence circadian physiology, particularly through their interaction
with electric light sources.

1.2. Impacts of Light and Color on Human Psychology

In order to meet the needs of occupants in interior spaces, color, light, texture, etc.,
are designed to shape the visual comfort and perception of forms in built environments.
Interior designers consider different factors when choosing an appropriate color palette for
interior spaces. Most of the time, aesthetically pleasing colors correspond to the meaning
and feeling they create in building occupants [11]. Many psychological studies indicate that
people have comparable sentiments about different hues. For example, studies about the
association of colors with human mood show that red is stimulating and exciting for most
people, orange is disturbing, and yellow is cheerful and joyful. On the other hand, blue is
tender, soothing, calm, peaceful, and serene, and violet is dignified and stately [25–27].

People also have preferences for colors in interior environments. In a cross-cultural
study, the interior color meaning and preferences of people from four different cultural
backgrounds (the US, English, Korean, and Japanese) were tested. The authors presented
participants with color palettes of building interior spaces to assess the reactions of people
with different cultural backgrounds. They employed an integrated color palette comprised
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of horizontal and vertical lines comparable to those encountered in interior settings. Within
those lines, the palette was made up of big and tiny planes. Surfaces such as walls and
floors were represented by larger planes, while accessories were represented by smaller
ones. The findings revealed that people from different cultures had varied color preferences.
Palettes with neutral tones and sharp contrast were chosen by the Japanese. The palette
with low contrast and warm tones was chosen by Americans, while Koreans preferred the
palette with neutral colors more than other ones. Finally, the English participants preferred
the palette with warm tones [28]. Sociocultural forces influence the meaning given to
different color palettes used in designed environments. People’s reactions to colors depend
heavily on their anthropological stance [29]. A previous study revealed the differences
between the color preferences of eastern, western, and individual cultures. For example,
the palette with neutral hues and obvious red and blue preferred by Koreans reflects their
Yin–Yang principles of harmony [28].

In another study in Turkey, participants were shown 41 color samples from the Polisan
(Polisan Home Cosmetics, Dilovası, Turkey) interior space color catalog under a fixed
200 lux illumination level using an incandescent light source, to discover their color pref-
erences for interior spaces [30]. The conditions, such as the location of the observer, glare
avoidance, and color samples, were controlled during the study. The results showed that
people associated the color blue in interior spaces with peace, relief, calm, and moder-
nity. On the other hand, the color red was associated with tiring, striking, and depressive
moods [30]. In a different study, blue was used as the main hue in bedrooms to emphasize
their comfortable and calming properties [31]. Blue was also the preferred paint color
among hotel guests, and it was perceived as a pleasant color [32]. According to interior
designers, cold colors such as blue and green promote sleep and relaxation, but warm
colors such as red, orange, and yellow are considered to be more distracting [33].

The preceding studies indicated the significance of occupants’ emotions associated
with colors. People spend the majority of their time indoors, and this underlines the
importance of interior color palette selection even more. Colors’ influence on occupants’
circadian rhythm, on the other hand, has been generally overlooked in studies. There is
a huge research gap when it comes to the effect of interior color, in addition to the light
source color and intensity, on maintaining occupants’ healthy circadian rhythm. Studies
suggest that cold colors such as blue have soothing effects and thus can be the best choice
for bedrooms to help people go to sleep more easily [33,34]. However, the effects of these
colors on the human circadian rhythm have not yet received due attention.

This study aims to investigate the effects of the interior color palette along with the
light source properties on human melanopic lux as an indicator of occupants’ circadian
rhythm [35–37]. However, melanopic lux is not a SI conforming metric. Instead, based on ex-
pert consensus, melanopic equivalent daylight illuminance (MEDI) should be used [15,38].
Although melanopic equivalent daylight illuminance is a more precise measure of the bio-
logical impact of light on the circadian rhythm, melanopic lux provides a more convenient
and practical measure for describing light sources and their effect on human health and
well-being because it is measured by the software used in this study and recommended by
the WELL Building Standard [39]. Thus, this metric is used in this study.

This study serves as proof of the concept that color should be an inseparable component
of any study of the circadian rhythm in buildings. Although prior studies have addressed the
psychological effects of color and the physiological effects of light on the circadian rhythm
independently, few have examined how room surface color influences melanopic lighting
levels, especially in combination with different light source types and intensities. Most design
recommendations treat light and color as separate factors, and the circadian consequences of
color reflectivity are rarely quantified in simulation or measured studies.
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This study addresses that gap by systematically analyzing how interior paint colors,
when combined with different light sources (LED vs. incandescent) and intensity levels,
influence melanopic lux—a key indicator of circadian stimulation. Through 24 simulations
using a validated circadian lighting plugin (ALFA), we quantify how warm vs. cool
color tones affect melanopic lighting. The findings contribute new insights to architectural
lighting design, suggesting that cool colors, while psychologically soothing, may actually
reflect more melanopically active light and pose a greater risk for circadian disruption at
night. This study provides a performance-based approach to help architects and designers
align visual comfort with circadian health in bedrooms and other evening-use spaces.

This simulation research uses Rhinoceros 6 for the 3D modeling of a bedroom and the
Solemma ALFA (https://www.solemma.com/alfa, accessed on 30 May 2020) [40] plugin for
its associated circadian lighting calculations in the evening. In this study, six different colors
were chosen for room walls and ceiling. The colors were selected from the ALFA plugin [40]
database and were found in the BEHR color collection based on their CIELAB color space.
CIELAB color space defines colors based on three values: “L” value for the lightness from
black to white, “a” value from green to red, and “b” value from blue to yellow.

The whole paper is organized as follows: Section 2 describes the study methodology,
simulation environment setup, and study phases. Section 3 presents the results of the study
phases. The study findings are discussed in Section 4. Finally, Sections 5 and 6 are the
conclusion and suggestions for future studies.

2. Method
This study consisted of two phases in which the effect of different interior colors on

human equivalent melanopic lux at night was evaluated using the simulation tools detailed
above. In each phase, the light intensity was fixed in the simulations, and the light source
spectral power distribution (SPD), as well as the room color, were variable. The spectral
power distribution (SPD) of a light source indicates the intensity of each wavelength of the
visible light spectrum a light source emits and suggests how a light source will interact with
different colored objects [41]. In the second phase, the light source intensity was reduced
by half to determine if the change of intensity could help with the process of interior paint
color selection.

2.1. Simulation Environment Setup

In this study, Rhinoceros 6 was used to model a rectangular unfurnished bedroom
(length: 6 m, width: 5 m, height: 2.8 m) with a door and one window (Figure 1). The room
has no furniture since this study aims to produce a preliminary assessment of the effect of
paint color on melanopic lux. The ALFA plugin for Rhinoceros 6 was also employed to cal-
culate melanopic lux based on the room paint color, and light source SPD and intensity [40].
The plugin was set to end the analysis after 50 passes with ambient bounces of 10 and a limit
weight of 0.01. ALFA uses spectral raytracing to predict the amount of light received by
occupants’ ipRGCs and calculates melanopic lux [42–44]. In this paper, the WELL Building
Standard is used as a basis for evaluating light source impact. WELL was selected as it is a
performance-based standard that certifies interior spaces that support occupants’ health
and well-being through different means, with the light being one of them. It suggests
that melanopic lux be maintained at less than 50 for bedrooms at night [39]. Equivalent
melanopic lux (EML, units of m-lux) or melanopic lux is a metric used to measure the
biological effect of different light sources on human circadian rhythm [37]. On the other
hand, photopic lux refers to the response of color vision receptors or cones to a light source.

https://www.solemma.com/alfa
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Figure 1. Room 3D model with a hidden ceiling from Rhinoceros 6 (length: 6 m/20 ft, width: 5 m/16 ft,
height of floor to ceiling: 2.8 m/9.2 ft).

To assess the psychological and physiological effects of colors, interior colors similar
to those studied in the papers cited in the literature review were chosen. The colors were
selected from the ALFA database (Figure 2). Floor, windows, and door materials were
fixed, and wall and ceiling paint colors were variable. Fixed materials have a melanopic to
photopic lux ratio (m/p) of close to 1, and therefore act as neutral materials in the study.
All selected materials are shown in Table 1, with their CIELAB color space values. CIELAB
is used to make it easier to find the colors in the BEHR color collection.

    

    

Figure 2. Colors chosen for building interior in BEHR collection shades. From top left to bottom right:
Dupont Red 2, Munsell 10P 8/4, Dupont Orange 6, Dupont Aquamarine 24, Dupont Dark Yellow 72,
Dupont Yellow Green 54, Macbeth White, light gray stone tiles, wood for both door and window frame.

Table 1. Colors chosen for ALFA simulation for the proposed room with their CIELAB color space
values.

Color Name Fixed or
Variable Type Radiance L a b m/p

Light Gray Stone Tiles (Floor) Fixed Opaque Plastic 59.81 −0.51 1.97 0.98

Door and Window Frame Fixed Opaque Plastic 26.26 5.03 3.15 0.86

Window Glass: Double IGU Green Tvis 32% Fixed Transparent 1.09

Dupont Red 2 Variable Opaque Plastic 34.0727 57.9253 48.0845 0.09

Dupont Orange 6 Variable Opaque Plastic 48.6471 55.1909 58.5206 0.14

Dupont Aquamarine 24 Variable Opaque Plastic 56.6106 −16.7631 −31.7029 2.06

Dupont Dark Yellow 72 Variable Opaque Plastic 75.8242 15.1119 78.9902 0.20

Dupont Yellow Green 54 Variable Opaque Plastic 73.103 −23.7358 49.311 0.68

Munsell 10P 8/4 (Light Blue) Variable Opaque Plastic 80.825 6.0705 −15.238 1.04

Macbeth White Variable Opaque Plastic 96.682 −0.6138 1.7525 0.99
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Materials were selected from the ALFA database, which contains over 500 measured
spectral materials. Based on the colors’ CIELAB color space values, paint colors associated
with spectral color were found in BEHR Color Collection (in daylight D65). Two different
hypothetical light sources were selected from the ALFA light source database, incandescent
with a melanopic to photopic (m/p) ratio of 0.48, Correlated Color Temperature (CCT) of
2595K, and Color Rendering Index (CRI) of 99.5; and LED with a m/p ratio of 0.87, CCT
of 6126K, and CRI of 79.8, both with 5800 lumens output. The CCT is a calculated metric
based on the SPD and defines the appearance of a light source with high CCT appearing as
cooler, where lower CCT values are judged to be warmer and are more toward orange and
red. As buildings typically consist of different wall and furniture colors and materials, the
experienced SPD in space is affected by the light reflected from those surfaces. As colored
walls absorb some portions of the SPD and reflect others, the reflected spectrum is further
modified. The result of this combination of light emission and reflection is that the spectrum
incident in the eye is a combination of emitted and reflected spectrum through various
spatial positions.

Light sources were placed on the room model ceiling with the same photometric
distribution. The light sources SPD chart is shown in Figure 3. The grayed areas show each
light source’s photopic and melanopic action spectra.

  
(a) (b) 

Figure 3. (a). Incandescent source with CCT of 2595K and CRI of 99.5 (known as incandescent 0.48 in
the ALFA). (b). LED source with CCT of 6126K and CRI of 79.8 (known as LED 0.87 in the ALFA).
Light sources SPD comes from the ALFA database (gray areas show melanopic and photopic action
of the source).

This study consisted of two phases to evaluate light source properties and interior
paint color selection effects on human melanopic lux. In each phase, 14 different simulations
were conducted in the same light intensities. Since all the simulations were performed at
night; room location, direction, time of day, and month are not needed.

2.2. Phase One

The study’s first phase consisted of 14 different simulations with different interior colors
and light sources. In each simulation, one of the colors was chosen for the ceiling and walls,
and the simulation was repeated twice: once with the LED 0.87 light source and once with
the incandescent 0.48. In each simulation, two 5800-lumens light sources were installed on
the model ceiling, and the horizontal workplane illuminance (0.76 m/2.5 ft above ground)
was between 243–273 lux. In this phase, simulations were performed to study the effects of
high-intensity lighting mode on melanopic lux under different room color conditions.

2.3. Phase Two

The impacts of light source intensity, source type, and room color were all assessed
in the low-intensity configuration during the study’s second phase. The only difference
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between this phase and phase one is that the number of light sources was reduced to one
5800-lumens luminaire. The average horizontal workplane illumination ranged from 130
to 145 lux at a height of 0.76 m (2.5 feet).

3. Results
3.1. Results of the First Phase

The results obtained from the first phase revealed that room color has a great potential
to influence human melanopic lux. The comparison basis in this study was the calculated
melanopic lux. Whether using LED or incandescent as the room light source, the highest
melanopic lux belonged to light blue (Munsell 10P 8/4) and Dupont Aquamarine 24 room
colors, and the lowest melanopic lux belonged to Dupont Red 2 and Dupont Orange 6.
The Macbeth White wall was only used as a point of comparison in the study. Since the
melanopic to photopic lux ratio in that paint color is close to 1, it only reflects the effects of
light source CCT and intensity. The phase one results are presented in Table 2.

Table 2. Phase one (P1) and phase two (P2) simulation results for different room colors under two
different light sources, LED 0.87 and Incandescent 0.48. The results are showing average melanopic
lux, photopic lux, and workplane illuminance in the room.

Room Color Light Source Photopic
Lux (P1)

Melanopic
Lux (P1)

Photopic
Lux (P2)

Melanopic
Lux (P2)

Horizontal
Workplane
Illuminance

(P1)

Horizontal
Workplane
Illuminance

(P2)
Dupont Red 2 LED 0.87 71 58 40 33 240 130
Dupont Red 2 Incandescent 0.48 75 32 43 19 243 131
Dupont Orange 6 LED 0.87 78 59 44 34 245 132
Dupont Orange 6 Incandescent 0.48 84 33 47 19 250 134
Dupont Dark Yellow 72 LED 0.87 103 64 56 36 268 143
Dupont Dark Yellow 72 Incandescent 0.48 109 36 59 21 273 145
Dupont Yellow Green 54 LED 0.87 93 71 52 40 256 137
Dupont Yellow Green 54 Incandescent 0.48 91 41 51 23 255 137
Dupont Aquamarine 24 LED 0.87 77 80 44 44 244 132
Dupont Aquamarine 24 Incandescent 0.48 77 44 43 25 243 131
Munsell 10P 8/4 LED 0.87 103 92 56 50 266 142
Munsell 10P 8/4 Incandescent 0.48 105 50 57 27 268 143
Macbeth White LED 0.87 149 126 78 66 314 154

Macbeth White Incandescent 0.48 148 70 78 37 313 165

3.2. Results of the Second Phase

The IES lighting handbook suggests a maintained illuminance target of 15–60 lux on
the horizontal (Eh) target plane in bedrooms [45]. For reading and writing, it suggests using
bedside lamps to provide horizontal illuminance between 100 to 400 lux. In this phase,
for each simulation, one 5800-lumen light source was used for the room general lighting
and the average horizontal workplane illuminance in the room was between 130 to 145 lux.
The average melanopic lux in all simulations (except on the white wall) was 50 or lower
(between 19–50) which is accepted by the WELL Building Standard for bedrooms at night.
The results suggest that, even in low-intensity mode, room color, and light source properties
can affect melanopic lux. Based on the results presented in Table 2, even cold paint colors
when used with a light source with lower CCT and intensity could maintain melanopic lux
of less than 50, which is acceptable according to the WELL Building Standard. As a result,
reducing the light intensity can help interior designers choose cold colors and still maintain
a healthy circadian rhythm for the occupants. The results also suggest that warmer room
colors such as red and orange result in lower melanopic lux compared to cold colors such
as green and blue. The results of the second phase are presented in Table 2.
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3.3. Statistical Analysis

To evaluate whether the color tone of interior surfaces influences melanopic lux, the
six room colors (excluding white) were grouped into warm-toned (red, orange, and dark
yellow) and cool-toned (yellow–green, aquamarine, and blue) categories. Under high-
intensity lighting (Phase 1), a t-test comparing warm-toned vs. cool-toned rooms showed a
statistically significant difference in melanopic lux: t(4) = −5.67, p = 0.0048, with cool colors
producing higher melanopic lux (mean = 81.0) than warm colors (mean = 60.3).

Similarly, under low-intensity lighting (Phase 2), cool-toned rooms still resulted in
significantly higher melanopic lux: t(4) = −5.96, p = 0.0042, with cool colors averaging
44.7 melanopic lux compared to 28.7 for warm colors.

These results confirm that cool hues such as blue and aquamarine reflect more melanopi-
cally weighted light than warm colors, which may lead to greater circadian disruption at
night. This pattern was consistent across both LED and incandescent light sources and at
both intensity levels, underscoring the importance of wall and ceiling color tone in addition
to lighting characteristics when designing circadian-supportive environments.

4. Discussions
The findings of both studies suggest that interior space color, as well as light SPD and in-

tensity, influence the amount of melanopic lux. The room color is clearly a crucial component
of the experienced SPD in the space. The results also suggest that, unlike the suggestions
of interior designers and psychologists (use of cold colors, such as blue, for bedrooms due
to their soothing effect), warm colors like red or orange could support a healthier circadian
rhythm and help occupants sleep more easily by preventing their melatonin suppression at
night. Additionally, due to their high reflectivity, white walls yield a higher photopic and
melanopic lux, and designers should be more careful when using this color.

In addition to the qualitative trends observed in the simulation data, statistical analysis
reinforced the importance of color tone. Specifically, cool-toned colors (blue, aquamarine,
yellow–green) were found to result in significantly higher melanopic lux compared to
warm-toned colors (red, orange, dark yellow) under both high- and low-intensity lighting.
These differences were statistically significant (p < 0.01), confirming that cool colors, despite
being perceived as psychologically calming, can intensify circadian disruption by reflecting
more melanopically weighted light at night. This suggests that color temperature of surfaces
should be treated with the same level of importance as light source CCT and intensity in
circadian lighting design.

4.1. Comparison to Comfort Measures

Studies suggest that colors can affect our mood and comfort in buildings [28,30]. In
this study, six different hues were chosen to represent the interior space’s colors (Table 2).
Colors were graded based on the comfort feeling they would create for occupants, according
to psychological research cited. On a scale of one to six, violet and blue were the most com-
forting colors (ranked 1 and 2), and orange and red were ranked as the most discomforting
colors for interior spaces (ranked 5 and 6).

Figures 4 and 5 provide a visual comparison between psychological comfort rankings
and the corresponding melanopic lux values obtained from simulations (Table 3). The
x-axis reflects each color’s psychological ranking based on prior research [25–27,30,46],
with lower ranks indicating higher perceived comfort (e.g., blue and violet) and higher
ranks indicating more stimulating or discomforting colors (e.g., orange and red). The y-axis
shows the average melanopic lux under either high-intensity (Figure 4) or low-intensity
(Figure 5) lighting conditions. Each point represents one color–light source combination.
The Macbeth White surface is included as a control material and shown separately, as it is



Buildings 2025, 15, 2665 9 of 13

not part of the psychological ranking. This visualization emphasizes that psychologically
soothing colors often result in higher melanopic stimulation, which may be detrimental to
circadian health at night.

Table 3. Rankings of colors based on their effect on human mood. From top to bottom, violet is the
most comforting color and red is the least comforting.

Ranking Color Associated Emotions

1 Violet Dignified and stately [27]

2 Blue

Tender, soothing, calm, peaceful, and serene [27]
Peaceful, comfortable, and soothing [26]
Peaceful and releasing [30]
Calmness [25]
High pleasure [46]

3 Green
Envy and disgust [25]
High pleasure [46]
Connected to nature and rebirth [47]

4 Yellow Cheerful and joyful [27]
Happiness [25]

5 Orange
Disturbing [27]
Stimulating and cheerful [26]
Low pleasure [46]

6 Red

Stimulating and exciting [27]
Anger and fear [25,48]
Striking and depressive [30]
Low pleasure [46]

Figure 4. Comparison between LED and incandescent in high-intensity mode regarding comfort
values. The black circle at the top right of the graph shows the result for Macbeth White wall simulation
with LED light source and the gray circle is with the incandescent light source. The lines are continuous
since the hues are organized based on the m/p (melanopic to photopic ratio) and any color in between
will yield a result somewhere on the line. This figure illustrates a clear inverse relationship between
perceived comfort and physiological suitability for evening use: colors ranked as more comforting
(e.g., blue, violet) are associated with higher melanopic lux values, suggesting a greater risk of
melatonin suppression.
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Figure 5. Comparison between LED and incandescent in low-intensity mode regarding comfort values.
The black circle at the top right of the graph shows the result for Macbeth White wall simulation with
LED light source and the gray circle is with the incandescent light source. The lines are continuous
since the hues are organized based on the m/p (melanopic to photopic ratio) and any color in between
will yield a result somewhere on the line. The trend persists under reduced lighting intensity, though
the overall melanopic lux values decrease. This reinforces the idea that surface color tone significantly
influences melanopic stimulation, even when illuminance is within recommended nighttime levels.

This also suggests that, when psychological comfort increases (violet and light blue
with the rank of 1 and 2), the melanopic lux also increases, and this can negatively affect the
human circadian rhythm at night. The same results are also evident with the incandescent
light source.

In the second phase (Figure 5), reducing the light source intensity did not eliminate the
effect of room paint color. Similar to what was shown in high-intensity mode, in this phase,
the effect of room colors with their associated comfort/discomfort rankings are shown
in the following figures for both LED 0.87 and incandescent 0.48. However, reducing the
intensity will help to keep melanopic lux within the safe range (below 50) at night.

Similar to the consideration of the light source and the recommendations typically
made about room colors, this comparison also shows that the most comforting colors are
those that negatively impact the value of melanopic lux.

4.2. Intensity Comparison

When the room color is a constant hue, the intensity and SPD of the light source will
be the most critical factors in determining the quantity of melanopic lux. Based on the
simulation results, melanopic lux in the Dupont Aquamarine 24 room with a high-intensity
incandescent light source was equal to the melanopic lux in the same room with low-
intensity LED 0.87 (both were 44). This shows that reducing the light intensity can neutralize
the effect of paint color and light source CCT. Additionally, Figures 4 and 5 show that, at
higher intensities, the difference between LED and incandescent sources becomes greater.
The results for the Macbeth White color are also included in the graphs as a controlling
factor. However, because the white wall was not included in the psychological studies, it
is represented by small circles. It also has a greater value for melanopic and photopic lux
when compared to other colors, which might be due to its high reflectivity.
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5. Conclusions
In this study, 24 different simulations were conducted to evaluate the effect of bedroom

color on melanopic lux, which serves as an indicator of occupants’ circadian rhythm. Half of
the simulations were performed under low-intensity lighting, while the other half used high-
intensity lighting in an unfurnished bedroom model at night. Although these simulation
results primarily demonstrate the core concept—the importance of paint color in supporting
a healthy human circadian rhythm—they reveal several key findings. Contrary to common
interior design recommendations, colors perceived as cooler (such as blue and violet)
lead to higher melanopic lux levels, which are undesirable at night and may contribute
to circadian disruption. Additionally, reducing light intensity at night can mitigate the
negative effects of both paint color and light source Correlated Color Temperature (CCT)
on melanopic lux. This suggests that interior designers could safely use cooler hues by
adjusting lighting intensity to maintain melanopic lux within a safe range. Finally, choosing
different paint colors allows designers to better control the combined effects of light source
spectral power distribution (SPD) and intensity on occupants’ circadian responses.

The results of this study highlight a critical academic insight: the reflective properties of
interior color palettes significantly influence melanopic lighting, especially in the context of
different light sources. This challenges the conventional separation between visual comfort
(psychology) and circadian regulation (physiology) in lighting research. By integrating
both aspects through a simulation-based workflow, the study offers a methodological
contribution that future academic work can build upon to further investigate non-visual
lighting effects in built environments.

It is important to note that, although color psychology is discussed in the literature
review, the simulation results presented here focus exclusively on physiological responses,
specifically melanopic lux as an indicator of potential melatonin suppression. The psycho-
logical color rankings were referenced only to show that common design preferences (e.g.,
cool tones for calmness) may conflict with biological needs at night. Future studies could
incorporate occupant perception surveys or emotional response testing to evaluate the
interplay of psychology and physiology in a more comprehensive way.

6. Future Study
As this topic is relatively new, there are many opportunities to expand upon these

findings. Future research could include repeating the simulations during daytime conditions
to assess how room color and lighting properties affect melatonin suppression through-
out the day. Incorporating a broader color palette instead of single hues would enhance
the realism of the models. Moreover, exploring variations in brightness and saturation
could provide insight into how factors beyond hue influence circadian impacts. Ultimately,
validating the simulation results through experimental studies involving actual partici-
pants would be valuable to confirm the real-world influence of interior color on occupants’
circadian rhythms.
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