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ABSTRACT

The present study investigates the impact of light source characteristics on the 
subjective perception and aesthetic appreciation of representational paintings, 
specifically works by Joaquín Sorolla. The primary objective was to determine how 
correlated color temperature (CCT) and spectral power distribution (SPD) while keeping 
the CCT constant influence the viewer’s perception of the depicted season, time of 
day, and overall atmospheric quality. Participants evaluated three artworks—depicting 
autumn foliage, a winter landscape, and a summer seaside—under 20 illuminant 
conditions with CCTs ranging from 3000 K to 10,000 K, utilizing both representative 
daylights and typical light-emitting diode (LED) spectra. The results demonstrate that 
CCT is the decisive factor in shaping the perceived atmosphere and temporal context 
while the specific SPD of the illuminant has a negligible effect. The effectiveness of 
specific lighting was highly dependent on the painting’s content: mid-range CCTs 
(4000–5000 K) best complemented the vitality of autumn scenes, and a similar range 
(4000–6500 K) was preferred for the summer seaside scene to capture its natural 
brilliance. In contrast, high CCTs (8000–10,000 K) were essential for conveying the 
crisp texture and frigid atmosphere of winter landscapes. These findings suggest that 
“atmospheric congruency,” aligning the CCT of the illuminant with the environmental 
cues within the artwork, is more critical for viewer appreciation than differences in 
SPDs. This research provides valuable insights for museum lighting design to optimize 
the visual experience of representational art.

Keywords: Visual impression, Museum lighting, Subjective evaluation, Correlated color 
temperature

INTRODUCTION

Spanish painter Joaquín Sorolla, often referred to as the “painter of light,” 
was deeply committed to outdoor painting and sought to capture on canvas 
the scenes under natural illumination. He was acutely sensitive to the fleeting 
qualities of daylight, striving to capture the specific atmospheric conditions 
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and immediacy of the moment. Consequently, the visual impressions conveyed 
by his works may shift depending on the characteristics of the lighting in the 
exhibition room.

In recent years, advances in LED lighting technology have led to its 
widespread adoption in museums and galleries. LEDs emit almost no 
ultraviolet or infrared radiation, offer high energy efficiency, have long 
lifespan, and allow flexible control of brightness and color.

In previous studies on the appearance and impression of paintings, it 
was reported that a correlated color temperature of 2850 - 4000 K and 
an illuminance level of 200 - 800 lx were perceived as comfortable when 
observing oil and opaque watercolor paintings under LED lighting (Zhai 
et al., 2015). Another study found that LED illumination at 3500 K was 
generally preferred over 2700 K for viewing watercolor and oil paintings 
(Bhattacharjee and Pal, 2019). In other investigation, observers preferred 
correlated color temperature (CCT) around 5100 K when the appearance 
of paintings was reproduced under CIE daylight illuminants with CCTs 
ranging from 3600 to 25,000 K (Pinto et al., 2008). Further, the optimal 
CCT for the visual appreciation of artistic paintings varies by artwork and 
averages approximately 5700 K, based on experiments using real paintings 
illuminated by a spectrally tunable daylight source (Nascimento and Masuda, 
2014). Additionally, using the same CCT adjustment range as the latter 
study, Portuguese participants preferred a CCT of around 5400 K whereas 
Japanese participants preferred a higher CCT of around 6900 K (Nascimento 
et al., 2021). Our previous studies also demonstrated that Spanish observers 
favored illuminants with 4000–5000 K for red-dominant Ukiyo-e prints, and 
5000–6500 K for those dominated by blue (Okuda et al., 2020). Regarding 
Monet’s landscape paintings, another study revealed that low CCTs led 
viewers to perceive landscape scenes as “evening” or “autumn,” whereas 
high CCTs evoked impressions of “morning,” “summer,” or “winter” (Okuda 
et al., 2023).

Building upon this background, the present study aims to clarify how 
differences in CCT and spectral power distribution (SPD) while keeping the 
CCT constant influence the perceived atmosphere and visual impression of 
scenes depicted in Sorolla’s paintings.

METHODS

Illuminant Conditions

In this experiment, two types of SPDs were used: CIE daylight illuminants and 
typical LED illuminants composed of a blue LED and a yellow phosphor. For 
the daylight illuminant conditions, when CCTs were above 4000 K, the SPDs 
were determined according to daylight equations provided in CIE 015:2018, 
and when CCTs were below 4000 K, the SPDs were calculated using Planck’s 
law of blackbody radiation (Planck, 1901). The LED illuminant conditions 
were generated from the SPDs of typical blue‑LED/yellow‑phosphor light 
source. For 3000 K and 4100 K LED conditions, the CIE LED‑B2 and CIE 
LED‑B3 illuminants were used, respectively.
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For each illuminant type, ten CCT values (3000 K, 3300 K, 3700 K, 
4100 K, 4600 K, 5000 K, 5800 K, 6500 K, 8000 K, and 10,000 K) were 
selected, resulting in a total of 20 illuminant conditions. Table 1 presents 
the CCT, distance to Planckian locus in the u, v chromaticity diagram 
(Duv), chromaticity coordinates (u’, v’), CIE general color rendering index 
(Ra), and CIE color fidelity index (Rf) defined in CIE 224:2017, for each 
illuminant condition. The SPDs of the various illuminant conditions used 
in this study are shown in Figure 1, categorized by daylight and LED 
sources.

Table 1: Details of the 20 illuminant conditions considered in the current work.

Condition CCT (K) Duv u’ v’ Ra Rf

D3000 2999 0.000 0.251 0.521 100 100

D3300 3298 0.000 0.241 0.515 100 100

D3700 3698 0.000 0.231 0.507 100 100

D4100 4099 +0.003 0.222 0.503 98 97

D4600 4599 +0.003 0.214 0.495 99 99

D5000 5003 +0.003 0.209 0.488 100 100

D5800 5800 +0.003 0.202 0.477 100 100

D6500 6504 +0.003 0.198 0.468 100 100

D8000 8000 +0.003 0.192 0.454 100 100

D10000 10001 +0.003 0.188 0.442 100 100

LED3000 2998 –0.001 0.251 0.520 83 84

LED3300 3001 0.000 0.241 0.515 81 83

LED3700 3700 +0.001 0.231 0.508 80 82

LED4100 4103 –0.001 0.224 0.499 85 85

LED4600 4603 0.000 0.216 0.491 84 84

LED5000 5002 0.000 0.211 0.485 82 81

LED5800 5800 –0.001 0.205 0.473 81 81

LED6500 6499 0.000 0.200 0.465 83 83

LED8000 7996 0.000 0.194 0.452 80 80

LED10000 10000 –0.001 0.191 0.439 85 84

Figure 1: Spectral power distributions (SPDs) in each illuminant condition.



Effects of Light Color on Visual Evaluation of Sorolla’s Outdoor Paintings� 143

Paintings as Visual Targets

In this research, three paintings depicted by Joaquin Sorolla were selected as 
the visual stimuli. Figuras de casacas jugando en un jardín (1900, oil on canvas, 
175 × 137.3 cm, Museu de Belles Arts de València) depicts individuals dressed 
in court attire engaging in leisure activities within a garden characterized by 
autumn foliage. Sierra Nevada, Granada (1910, oil on canvas, 63.2 × 95.5 
cm, Museu de Belles Arts de València) presents a landscape view of the Sierra 
Nevada mountain range in Spain. Chicos en la playa (1909, oil on canvas, 
118 × 185 cm, Museo del Prado) portrays boys reclining on the beach along 
the Valencian coast around midday during the summer season. In the current 
paper, these three Sorolla’s paintings are denoted by letters A, B and C, as 
shown in Figure 2.

Figure 2: Three paintings by Joaquín Sorolla used as visual targets in the experiment.

Generating Digital Images of Paintings

First, we measured the spectral radiances of the surfaces of the three mentioned 
paintings, displayed on the walls of exhibition rooms in each museum, 
using a two-dimensional spectroradiometer [TechnoOptis/SR-5100]. To 
calculate the spectral reflectance of the paintings, the spectral radiance of 
a white reference plate was also measured under the same illumination. 
Next, we generated digital images of each painting under 20 illuminant 
conditions indicated in Table 1, using the measured spectral reflectance 
values of paintings, spectral power distributions of mentioned illuminants, 
and calibration data of an LC-display [EIZO/ColorEdge CG2700X] used in 
our experiments. The digital reproduction on the LC-display is theoretically 
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identical to the illuminated painting under any fixed illuminant condition. 
The vertical illuminance at the center of each painting in the simulation was 
set to 200 lx. A total of 60 images were generated by using the 20 different 
illuminant conditions for each of the three selected paintings.

Experimental Procedure

The generated digital images of the paintings were displayed in the LC-display 
located in a dark room. The display was rotated to a portrait orientation for 
painting A and to a landscape orientation for paintings B and C. Participants 
observed each image at a visual distance of 50 cm which is equivalent to 
observation of real-size paintings at distances of 222.5 cm for A, 100 cm for 
B and 187 cm for C.

First, participants were asked to rate the perceived season and time of 
day using integers 1 to 12 for months, and 0 to 23 for time. Next, they 
evaluated “overall impression of the painting” using eight adjective pairs, 
‘cool – warm’, ‘muddy – clear’, ‘dull – vivid’, ‘artificial – natural’, ‘dark – 
bright’, ‘blurred – crisp’ ‘static – dynamic’ and ‘gloomy – cheerful’ using a 
numerical scale from -5 to +5, where negative and positive numbers indicate 
left and right mentioned opponent adjectives, respectively. They also rated 
“impression of details within the painting”  by answering two questions 
for each painting: “Feeling rich colors of foliage,” and “Feeling dynamism 
from the persons” for painting A, “Feeling the depth of the mountains” and 
“Feeling the unevenness of the snow-covered mountain surface,” for painting 
B, and “Feeling the movement of the water” and “Feeling the brilliance of 
light reflected on the skin” for painting C. Finally, participants evaluated 
“overall preference” of painting under each illuminant condition on a scale 
from -5 (‘strongly dislike’) to +5 (‘strongly like’).

A panel of twenty individuals with normal color vision (10 men and 10 
women) living in Spain with a mean age of 21.3 years (SD = 2.81 years) 
performed this experiment. Each observer evaluated 60 images: An image was 
presented and after 10 seconds the observer evaluated all items mentioned in 
the previous paragraph; next the experimenter presented a black screen for 
10 seconds, before the next image was evaluated by the observer.

RESULTS AND DISCUSSION

Evaluations for the Perceived Season and Time of Day

To analyze the effects of illuminant characteristics on the perception of time and 
season, multinomial logistic regression models were constructed. Likelihood 
ratio tests were subsequently performed to evaluate the contribution of CCT 
and SPD to the model fit. In this study, the SPD factor specifically represents 
the qualitative difference between the two spectral types: daylight-simulating 
and LED-based spectra. For both evaluation types and all three paintings, the 
inclusion of CCT significantly improved the model fit compared to the null 
model (all P < 0.001), while adding SPD to the CCT-based model provided 
no significant improvement (Time of day: P > 0.751, Season: P > 0.211). 
These results consistently indicate that CCT, rather than SPD, serves as the 
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decisive determinant for participants’ judgments of both the temporal and 
seasonal contexts depicted in the paintings.

Figure 3 presents the evaluation results for perceived season and time of 
day, focusing on the 10 LED illuminant conditions as representative data. 
Regarding the perceived season (Fig. 3a), more than 45% participants 
evaluated the scene of the painting A as autumn (Sep.–Nov.) across all CCTs, 
due to the original warm palette of the foliage, exceptionally high at lower 
CCTs (3000–4000 K). For painting B, the response winter (Dec. – Feb.) was 
most frequent under CCTs ranging from 5000 K to 10000 K. In particular, 
the response rate at 8000 K and 10,000 K exceeded 65%, indicating a strong 
tendency for the scene to be perceived as winter as the CCT increased. 
The bluish shadows within the snow harmonized with the cool illuminant, 
intensifying the impression of a harsh, cold climate. For painting C, summer 
(Jun.–Aug.) was the predominant response across most conditions, exceeding 
70% at 3000–3700 K. However, at 10,000 K, 45% of participants identified 
the season as autumn (Sep.–Nov.). This shift aligns with previous findings 
where CCT significantly influences seasonal perception. High CCTs evoke 
winter in general landscapes, the departure from the optimal summer range 
(5000–6500 K) in painting C likely introduced a seasonal ambiguity, leading 
observers to perceive the clear but cooler light as autumnal. 

Regarding the perceived time of day (Fig. 3b), a consistent trend was 
observed across all three paintings: lower CCTs were predominantly linked 
to afternoon and evening hours (14:00–21:00). As CCT shifted to higher 
values, there was a marked increase in morning (06:00–09:00) and midday 
(10:00–17:00) responses. This indicates that observers rely heavily on 
the CCT of the illuminant to decode the diurnal context of the paintings, 
correlating warmer light with sunset and cooler light with daylight hours.

Figure 3: Results for perceived season and time of day under LED illuminants.

Evaluations for the Impression and Preference

A two-way ANOVA was conducted using R (ver. 4.5.0) to examine the effects 
of CCT and SPD on psychological impressions and overall preference of the 
paintings. As shown in Table 2, a significant effect of CCT was observed 
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for most items across all paintings. In contrast, the effect of SPD and its 
interaction with CCT were significant only for a limited number of items, 
such as “dull–vivid” in painting B and “gloomy–cheerful” in painting C.

Figure 4 illustrates the mean evaluation scores for two specific items of each 
painting across different CCTs and SPDs (daylight vs. LED). For painting 
A, both “Feeling rich colors of foliage” and “Feeling dynamism from the 
persons” show a general downward trend as CCT increases beyond 5000 K. 
The scores remain in the positive range (+1 to +3), suggesting that lower to 
mid-range CCTs (around 3000-5000 K) enhance the perceived color richness 
and dynamism of the scene more effectively than higher CCTs. For painting 
B, “Feeling the depth of the mountains” and “Feeling the unevenness of the 
snow-covered mountain surface” exhibit an upward trend as CCT increases. 
Interestingly, the “Unevenness of the snow-covered mountain surface” 
rating reaches its peak at highest CCTs (around 8000–10,000 K), suggesting 
that bluish light enhances the shadows and structural details of the snowy 
landscape, reinforcing the winter perception noted in previous results. For 
painting C, “Feeling the movement of the water” and “Feeling the brilliance 
of light reflected on the skin” show relatively stable positive ratings across 
the CCT range, with a slight peak around 4000–6500 K. The “Brilliance of 
light reflected on the skin” results show a significant effect for both CCT 
and SPD (P < 0.05), which is visible in the plot where the LED condition 
occasionally yields higher scores than the daylight condition, particularly 
at 4600 K. This indicates that the spectral peaks of LEDs may enhance the 
perceived luster of highlights on skin textures more than daylight spectra.

Table 2: Summary of two-way ANOVA results for psychological impressions and 
preference across three paintings.

Evaluation 
Items

Painting A Painting B Painting C

CCT / SPD / Int. CCT / SPD / Int. CCT / SPD / Int.

Cool–Warm <2e-16***/0.022*/0.608 <2e-16***/0.795/0.073 <2e-16***/0.228/0.813

Muddy–Clear 0.129 / 0.249 / 0.856 0.005** / 0.942 / 0.123 0.237 / 0.351 / 0.385

Dull–Vivid 0.000*** / 0.364 / 0.573 0.003** / 0.825 / 0.036* 0.000*** / 0.224 / 0.100

Artificial–

Natural
0.006** / 0.530 / 0.432 0.000*** / 0.186 / 0.704 0.005** / 0.074 / 0.481

Dark–Bright 0.048* / 0.329 / 0.647 0.308 / 0.172 / 0.963 0.001** / 0.363 / 0.254

Dim–Distinct 0.006** / 0.096 / 0.210 0.000*** / 0.613 / 0.678 0.102 / 0.038* / 0.076

Static–

Dynamic
0.229 / 0.130 / 0.616 0.460 / 0.977 / 0.748 0.129 / 0.031* / 0.280

Gloomy–

Cheerful
0.000*** / 0.252 / 0.499 0.004** / 0.004** / 

0.232
0.000*** / 0.144 / 
0.023*

Specific Item† 0.004** / 0.295 / 0.964 0.172 / 0.651 / 0.661 0.041* / 0.114 / 0.978

Specific Item‡ 0.010** / 0.686 / 0.368 0.005** / 0.072 / 0.355 0.005** / 0.045* / 0.104

Preference 0.230 / 0.677 / 0.785 0.001** / 0.269 / 0.905 0.009** / 0.207 / 0.408

*P < .05, **P < .01, ***P < .001
Notes: Specific items correspond to the following evaluation criteria for each painting: 
† Painting A: Rich colors of foliage; B: Depth of the mountains; C: Movement of the water. 
‡ Painting A: Dynamism from the person; B: Unevenness of the snow-covered mountain surface; C: 
Brilliance of light reflected on skin.
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Figure 4: Evaluation results for two specific items of each painting.

The overall preference scores across different CCTs and SPDs are 
shown in Figure 5. For painting A, preference scores remain consistently 
high in the positive range (+1 to +2.5). There is only a slight peak around 
4000–5000 K, particularly under the LED condition. As CCT increases 
beyond 6500 K, the preference shows a gradual decline. This suggests that 
for scenes depicting rich foliage and human activity, participants prefer 
a balanced or slightly warm white light that emphasizes color richness 
and vitality. For painting B, a distinct upward trend is observed as CCT 
increases. At the lowest CCT (around 3000 K), the preference score is 
negative (below 0), indicating that yellowish light is perceived as unsuitable 
for this snowy mountain scene. Preference scores turn positive above 3300 
K and continue to rise, peaking at high CCTs, around 8000–10,000 K. 
This correlates with the increased ratings for “Depth of the mountains” 
and “Unevenness of the snow-covered mountain surface” at high CCTs, 
suggesting that bluish light is essential for effectively conveying the crisp, 
cold atmosphere of a winter landscape. For painting C, preference ratings 
are relatively stable across the mid-to-high CCT range (3300–8000 K). 
However, a sharp drop in preference is observed for the daylight condition 
at 10,000 K, while the LED condition at this CCT maintains a higher 
score. This aligns with the significant effect of SPD observed for “Brilliance 
of light reflecting on skin” in this painting. This suggests that for scenes 
with intricate light reflections (like water and skin), the specific spectral 
peaks of LEDs might provide a more “distinct” and “vivid” impression 
than high-CCT daylight.

Figure 5: Evaluation results for the overall preference.
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CONCLUSION

This study concludes that correlated color temperature (CCT) is the dominant 
factor in determining the visual appearance and psychological impressions 
of Sorolla’s paintings considered in this work. While the influence of 
spectral power distribution (SPD) was negligible for most evaluations, CCT 
significantly influenced perceived seasonality, time of day, and overall viewer 
preference.

The effectiveness of specific lighting was highly dependent on the painting’s 
content: mid-range CCTs, 4000–5000 K, best complemented the vitality 
of autumn scenes, and a similar range of 4000–6500 K was preferred for 
the summer seaside scene to capture its natural brilliance. In contrast, high 
CCTs, 8000–10,000 K, were essential for conveying the crisp texture and 
atmosphere of winter landscapes. 

These results underscore the importance of “atmospheric congruency”, 
aligning the CCT of light with the environmental cues of the depicted scene, 
as a much more critical factor for viewer appreciation than the differences 
of SPD. Consequently, for museum lighting design, current findings highlight 
the necessity of tailoring CCT to the specific visual characteristics of each 
artwork to optimize the viewer’s experience.
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