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Abstract

Background  Lighting has become a core element in shaping the visual impression and aesthetic
experience of home appliances, yet the aesthetic harmony between illumination color and product color
remains largely dependent on designers’ subjective intuition. While physical tools such as fabric swatches
and CMF sample boards serve as tangible exploration interfaces for color judgment in design practice, no
equivalent instrument exists for the systematic, repeatable exploration and comparison of lighting—color
harmony.

Methods This study presents the design and development of the Lighting Cube, a physical research
instrument for systematically exploring aesthetic harmony between illumination color and product
color, with its validity demonstrated through two sequential validation studies. By replicating the CIE
10° standard observer condition through an 11.4° visual angle at 35 cm, the Lighting Cube serves as
a low-fidelity prototype that accurately evaluates core lighting-color-material interactions with full-
scale perceptual equivalence. Validation Study 1 (controlled condition) examined the direct perceptual
interaction between illumination and product colors, while Validation Study 2 (contextual condition)
introduced background and object load variables to analyze shifts in color harmony perception within a
more complex visual context.

Results White product—illumination combinations maintained the most stable aesthetic ratings
regardless of contextual variation (mean > 0.19), while chromatic conditions exhibited statistically
significant interaction effects with both illumination and background colors. Analogous color matching
conditions maximized visual coherence, whereas conditions involving strong complementary contrast
produced precipitous declines in aesthetic ratings (—1.72 to —0.10), indicating severe visual dissonance.
These findings demonstrate the Lighting Cube’s validity as an exploratory instrument capable of reliably
discriminating between harmonious and disharmonious lighting—product color combinations.

Conclusions  This study reframes the problem of lighting—product color coordination as a designerly
research question amenable to systematic exploration and comparison. The Lighting Cube offers a
practical prototyping tool for screening CMF combination tendencies in the early stages of product
lighting design, and provides a methodological foundation for the development of evidence-based
guidelines for future product illumination practice.
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Inner space Top cover Lighting cube

Replacing inner space Replacing top cover

Figure 1 Overall structure of the Lighting Cube. (a) Photographs of the module components and assembled cube. (b)
Schematic illustration showing the inner space, top cover, diffuser panel, RGBW LED arrangement, and replaceable
paper surfaces
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Simulating Shoecase Using Lighting Cube Simulating Refrigerator Using Lighting Cube

Figure 2 Stackings and Contextualizing the Lighting Cubes: (Top) Shoecases of LG Electronics and the simulation
using Lighting Cubes. (Bottom) A Refrigerator of LG Electronics and the simulation using Lighting Cubes
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Table 1 Color Data of the Lighting Cubes for the Visual Assessment I: L*, a*, b* are from the CIE1976L*a*b* measured
by spectrophotometer CM-2600d (Minolta). The Y, x, and y are obtained using a spectroradiometer C52000 (Minolta),
when the Lighting Cubes are displayed in the Light Booth lit with 5000 K and 200 [x.

Product color  L* a* b* Y X y

White 93.04 1.33 -2.95 231 0.338 0.355
Yellow 86.95 -1.87 67.16 246 0.434 0.470
Red 59.40 33.17 8.55 246 0.498 0.328
Blue 69.09 -17.43 -19.68 240 0.232 0.314
Green 70.30 -20.44 24.13 255 0.330 0.464

Figure 3 Five Lighting Cubes covered with white paper while illuminated with various chromatic lightings. The cubes
are exhibited in the Light Booth lit with 5000 K and 200 [x
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Table 2 Means and Standard deviation scores (in parentheses) of the visual assessment I. The assessments are the
relative evaluation when white lighting is set as zero

Color of lighting

Product color Yellow Red Blue Green Average
White -0.43 -0.03 0.63 0.57 0.19
(1.28) (1.40) (1.13) (1.10) (1.23)
Yellow 0.77 -0.83 -1.03 -0.50 -0.40
(1.17) (1.26) (1.27) 0.97) (1.17)
Red -0.53 0.37 -1.27 -1.20 -0.66
(1.36) (1.52) (1.08) (1.06) (1.26)
Blue -0.73 -0.93 0.70 0.37 -0.15
(1.14) (1.28) (1.39) (1.10) (1.23)
Green 0.43 -1.70 0.13 0.77 -0.09
(1.33) (0.65) (1.28) (1.17) (1.11)
Average -0.10 -0.62 -0.17 0.00 -0.22
(1.26) (1.22) (1.23) (1.08) (1.20)
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Figure 4 Lighting Cubes with internal load and background. The background variations are considered to be aligned
with the color of Lighting Cubes, while the mixed combinations are intended as well
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Table 3 Experimental Design Matrix for Phase 2 Verification

Group Session 1 Session 2

(Common condition) (Chromatic condition)
Group A (Red- White cube (1 type) x Light (3 types) x Red cube (1 type) x
preference group, Background (4 types) x Light (3 types) x
N=14) Load (4 types) Background (4 types) x

=48 stimuli Load (4 types)

=48 stimuli

Group B (Blue— White cube (1 type) x Blue cube (1 type) x Light (3 types) x
preference group, Light (3 types) x Background (4 types) x
N=15) Background (4 types) x Load (4 types)

Load (4 types) =48 stimuli

=48 stimuli
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1 1 1 } 1
0 t % $ % 0 ¢ i % 0 * 0 } % 3 $
-1 -1 -1 * -1
White Red Blue  Colorful White Red Blue White Red Blue White Red Blue  Colorful

Figure 5 Experimental results of visual assessment. The points indicate the mean scores, while the error bars
represent the standard errors. An asterisk (*) indicates a statistically significant difference (p .05)
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FA o2 WARAEA x #i7: Wald x*(6) = 13.93, p = .030, Table 4), g (HEA]
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Table 6)01 T}& ) FRYSHE Al 7HA] 9] 2 A ARg g SAF 02§95 velgthFigure 6).

Cube x Background Cube x Light Cube x Load

Backgroundcolor ® White 4 Blue M Red s Colorful Lightcolor ® White 4 Blue M Red Loadcolor ® White 4 Blue M Red + Colorful

05 ¢ !

I

White Red Blue White Red Blue White Red Blue
Cube color Cube color Cube color

Figure 6 Interaction effects of cube color with background, light, and load conditions on visual assessment scores. The
points indicate the mean scores, while the error bars represent the standard errors
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Table 4 Mean and Standard deviation scores (in parentheses) between product color and background color of the
visual assessment 1

Background color

Product color White Red Blue Colorful
White 0.65 0.26 -0.06 0.30
(1.20) (1.28) (1.35) (1.26)
Red 0.30 0.23 -0.35 -0.04
(1.35) (1.49) (1.30) (1.32)
Blue 0.33 -0.03 0.13 0.17

(1.33) (1.31) (1.49) (1.34)
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Table 5 Mean and Standard deviation scores (in parentheses) between product color and light color of the visual
assessment |l

Light color
Product color White Red Blue
White 1.27(0.88) -0.82 (1.08) 0.46 (1.16)
Red 0.35(1.17) -1.18(1.01) 0.42(0.97)
Blue 0.86 (1.07) -0.66 (1.17) 0.13(1.23)

npAehe 2 A EAT Ral 2] AT A8 (Table G)OIAIE 28 A ezl Sushs ABA A7HY

ol dzto] ShlH et Froh Batgo] Aua Palo] A% e A8E LA 2] A4 71 el
HA| BBl AE BE AT 172604 -0.10 Aol 2 Fetshel RAH ghgol Joistelgle). AHHA
SEIAE HAEL Behgalo] AA) FIHFLIT 4T $A4 Ul o] 5] SEehs o] o
“olWzFo] £t “BHUSH}, “UN Flo] Itk 3 A Zse] 4245 A4 H2gro] Haw gtk

Table 6 Mean and Standard deviation scores (in parentheses) between product color and load (shoe) color of the
visual assessment I

Load color
Product color White Red Blue Colorful
White 0.45 0.23 0.16 0.39
(1.28) (1.32) (1.45) (1.35)
Red 0.32 0.15 -0.62 -0.23
(1.27) (1.28) (1.12) (1.23)
Blue 0.35 -0.06 -0.03 0.18
(1.35) (1.34) (1.28) (1.24)
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