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Abstract. In the Global South, architectural design is informed by environmen-
tal, material availability, and adaptability. In this context, architectural elements
with light are essential for creating a comfortable visual. This study examines the
relationship between surface reflectance, illuminance levels, and visual percep-
tion in two architecture studios at Institut Teknologi Sepuluh Nopember, Sura-
baya. A correlational strategy was used by combining field measurement, DI-
ALux simulation, and a closed-ended questionnaire. Illuminance data were col-
lected over four days, while simulations quantified the reflectance of walls,
floors, and ceilings. User perception was evaluated using a Likert-scale question-
naire that covered brightness, distribution, glare, adequacy, relaxation, comfort,
eye strain, satisfaction, productivity, and color quality. Results show that surface
reflectance has a significant impact on indoor illuminance (R? = 0.77). Despite
illumination levels below national standards, users perceived the lighting as neu-
tral, indicating user adaptation to the lighting environment. A strong correlation
was found between satisfaction and productivity (= 0.74, p <0.001, R2=0.55,
meaning that higher satisfaction with light is in line with high productivity in the
studios. These findings demonstrate that in tropical countries, the variations in
surface reflectance significantly influence illuminance and visual perception.

Keywords: Reflectance, Illuminance, Visual Perception, Architectural Ele-
ments, Tropical Climate

1 Introduction

Buildings in the Global South are shaped by environmental conditions, resource
availability, and adaptive design strategies [1]. Within these conditions, lighting plays
a central role in defining both the functional and perceptual qualities. Based on its
source, lighting is divided into two types including daylight and artificial lighting [2].
Daylight is light from nature in the form of skylight [3]. Artificial light is produced by
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human-made sources, including electric lamps [4]. Both types influence users’ visual
perception [5]. Therefore, it’s imperative to understand the relationship between the
physical quantity of light and the visual experience to achieve responsive and comfort-
able design outcomes.

Indonesia is one of the tropical countries located in the Global South that has unique
lighting challenges and opportunities. The high amount of daylight throughout the year
requires strategies that control brightness and glare while maintaining adequate illumi-
nation and visual comfort. Architectural elements such as surface materials and reflec-
tance serve as passive tools for managing indoor lighting conditions. Both daylight and
artificial lighting are influenced by color and the reflectance of architectural elements
and furnishings [6—8]. Previous study stated that the reflectance of the ceiling, chairs,
and tables in a room influences the performance of artificial lighting in a room [6]. The
type of ceiling surface, such as glossy and matte, affects the level of illumination in a
room [6]. When exposed to light, a glossy white surface has a higher level of shine than
a matte surface [9, 10]. Another study showed that classrooms with white walls and
floors had higher levels of illumination [11]. Therefore, the use of materials with bright
colors and high reflectance is recommended to improve indoor lighting performance
[12]. On the contrary, if the room elements have dull colors and low reflectance, they
require a lighting source with a higher illumination level to meet the lighting require-
ments [6]. Thus, the reflectance properties of architectural elements directly impact the
indoor illuminance level.

In an education building, lighting influences learning achievement and performance
[13]. Adequate lighting in classrooms supports learning activities, impacting cognitive
processes, concentration, and health. Meanwhile, inadequate lighting can increase the
risk of visual fatigue [14]. At the university, lighting requirements are tailored to the
function of each classroom. Generally, a hybrid system that combines daylight and ar-
tificial light is used to meet lighting requirements in a university. Pedagogically, class-
rooms in higher education are divided into several types. Each type of classroom needs
to adjust its lighting requirements based on the activities [15]. One of the pedagogies is
studio-based learning, where the activities are influenced by both daylight and artificial
lighting [16, 17]. According to the Indonesian National Standard (SNI) for universities,
which specifies the requirements for drawing rooms, study rooms, and computer rooms,
each requires a lighting intensity of 750 lux, 350 lux, and 150 lux, respectively [18].
Despite having a standard for the studio, previous studies show that the illuminance
level in the architecture studios is insufficient [19-21]. These studies reveal similar
results where users perceived the visual comfort inside the studio as neutral. This sug-
gests that subjective perception does not match objective illumination levels. Previous
studies examined the user perception by relying on studio light conditions, without con-
sidering how architectural surface properties, such as reflectance, affect both the phys-
ical and perceptual aspects of lighting. Therefore, this study investigates the relation-
ship between the surface reflectance of architectural elements, illuminance levels, and
visual perception in tropical studio learning environments. This study aims to demon-
strate how material reflectance influences physical lighting performance and users’ psy-
chological responses, such as perceived brightness, perceived glare, eye strain, relaxed
[19], spatial light distribution [22], perceived adequacy, color quality, light comfort
[23], productivity, dan satisfaction [24].



418 N. Fathan et al.
2 Methods

The present study was conducted in two architecture studios with a capacity of more
than 75 students that are located at Institut Teknologi Sepuluh Nopember, Surabaya,
Indonesia (Fig. 1). To analyze the impact of architectural elements on illuminance level
and the relation between each of the visual perception aspects, the present study used a
correlation strategy [25]. The data were collected by field measurement, simulation,
and questionnaire.

2.1 Field Measurement

Field measurements were conducted to measure the illuminance levels in both stu-
dios in their existing condition. Measurements were taken at two different locations in
each studio, repeated over four consecutive days, and at consistent times from 07:30 to
16:00 (Fig. 2). The measurement process adhered to the Indonesian National Standard
(SNI) for indoor lighting. Average illuminance values were recorded in lux using cali-
brated light meters. The measurements documented the spatial and temporal variations
in light intensity, which were subsequently used as input data for lighting simulations.

2.2 Lighting Simulation

Lighting simulations were conducted using DIALux evo software to model and rep-
licate the existing conditions of each studio (Fig. 3). The purpose of the simulation was
to determine the reflectance percentage of each architectural surface, namely, the walls,
floor, and ceiling. The material color and finish data collected from the field were input
into the simulation model to ensure accurate representation. The accuracy of the simu-
lation was validated by comparing simulated and measured illuminance data using sta-
tistical indicators such as Root Mean Square Error (RMSE < 10 lux), Coefficient of
Determination (R? > 0.95), and Willmott’s Index of Agreement (d > 0.9) [26]. The val-
idated models were used as reliable data for analyzing the relationship between surface
reflectance and illuminance performance.

2.3 Questionnaire Survey

To gather user responses, a questionnaire was given to students during the measure-
ment period. The questionnaire aimed to evaluate visual perception using a 7-point Lik-
ert scale (1 = very high, 7 = very low) (Fig 4) and covered ten perceptual factors: per-
ceived brightness, spatial light distribution, adequacy, color quality, light comfort,
glare, eye strain, relaxation, satisfaction, and productivity. To ensure authentic and con-
textual responses, respondents were asked to assess their perception during normal stu-
dio activities.

2.4 Data Analysis

Data analysis was carried out in two statistical analyses. First, a regression analysis
that used to examine the relationship between the illuminance levels as a dependent
variable (X) and the reflectance value of architectural elements as an independent var-
iable (Y). The findings were interpreted using the coefficient of determination (R?) and
significance testing (p-value < 0.05) [27]. Second, a Pearson correlation test was
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conducted to explore the interrelationships among the visual perception aspects ob-
tained from the survey. This analysis revealed which aspects were most strongly linked.
By combining regression and correlation analysis, this study was able to identify phys-
ical and psychological aspects of lighting performance. Overall, the methodological
framework ensured that the findings accurately reflected the true influence of architec-
tural surface reflectance on lighting conditions and user perception within studios lo-
cated in tropical environments.
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Fig. 1. Location of Institut Teknologi Sepuluh Nopember (modified from https://vemaps.com
and https://beta.aino.world/)
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Fig. 2. Field measurement inside the studio (a) Studio A; (b) studio B
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Fig. 4. Likert scale for questionnaire
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3 Results and Discussion

3.1 Relationship Between Illumination Level and Surface Reflectance

The measurement results are the average illumination levels from 2 different points
in each studio for 4 days. Based on the measurements, it is revealed that the average
illumination levels in Studio A for each day 1, 2, 3, and 4 are 77.08 lux, 57.14 lux,
54.25 lux, and 53.36 lux, respectively (Fig. 5). These results indicate that the illumina-
tion level in Studio A does not meet SNI standards. Meanwhile, the illumination level
in Studio B averaged 247.53 lux, 250.44 lux, and 210.47 lux on Days 2, 3, and 4. These
results only meet the minimum requirement for computer rooms (150 lux). Overall il-
lumination level in both studios is falling short of the standard for the drawing room
(750 lux) and study room (350 lux) (Fig. 5).
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Fig. 5. Illuminance level (a) studio A; (b) studio B

The results of the illuminance level are influenced by various factors such as the
light source, the surrounding environment, and the surface reflectance of architectural
elements. The reflectance value of each architectural element was obtained through a
3D model in DIALux simulation. The simulation results show that B had higher reflec-
tance values for each element, including walls (80%), floor (75%), and ceiling (76%).
While in Studio A, the reflectance values for wall, floor, and ceiling were only 30%,
20%, and 30% (Table 1).

Table 1. Reflectance value in studio A and studio B

Element Element’s reflectance (%)

Studio A Studio B
Wall 30 80
Floor 20 75
Ceilling 30 76

To analyze the relationship between the surface reflectance and illuminance level,
regression was used with the measured illuminance as the dependent variable (X) and
the reflectance percentage as the independent variable (Y). The results of the regression
analysis show that the color of the floor, wall, and ceiling influences illuminance level,
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with a coefficient of determination (R?) of 0.771 (Fig. 6). The R? value indicates that
the three-room elements, namely the floor, walls, and ceiling, explain 77.71% of the
illuminance in the studios. This result is categorized as high influence, indicating that
surface reflectance has a significant influence on enhancing lighting performance. This
is aligned with previous studies where rooms with high reflectance affect the illumina-
tion levels [6, 11, 12]. Additionally, regression results are the same due to each ele-
ment’s color, using white with a nearly identical reflectance range.
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3.2 Assessing Visual Perception of Lighting Quality

The quality of light was identified by subjective assessment using Likert-scale
closed-ended questionnaire. The results show that students in Studio A tended to choose
a neutral scale in almost all aspects. Variation was found only in the eye strain aspect
on day 2 (Fig. 6), where the illumination level at an average of 47.14 lux, but some
students reported having lower eye strain. Generally, insufficient light could cause eye
fatigue [28, 29]. Contrary to this study, a lower illumination level has a positive impact
on reducing the risk of eye fatigue. In Studio B, perception patterns varied more across
all aspects, with at least one day where some of the students chose the neutral. A quite
visible difference was found in the relaxed aspect on day 2 (Fig. 6). even though the
illumination met the standard for computer rooms, respondents reported feeling slightly
less relaxed. The overall results of lighting quality were rated neutral in studios A and
B. These results indicate that, despite being below the standard, students in both studios
tended to perceive the lighting conditions as neutral. This finding supports previous
research that stated that studio users felt neutral and comfortable with lighting condi-
tions that fell below the SNI standard [19]. Based on the results, it is suspected that the
choice of a neutral scale was due to the duration of use of the space. In both studios,
students spent at least 5 hours in the studios twice a week. Previous research suggests
that time spent in the room influences perception of lighting [30].

To analyze the correlation between one aspect and another, a Pearson correlation test
was conducted (Table 2). In Studio A, satisfaction was the aspect with the highest cor-
relation with other aspects. Student satisfaction influenced spatial light distribution,
perceived adequacy, productivity, light comfort, and color quality. The highest corre-
lation value was found between satisfaction and productivity, with f = 0.74, p < 0.001,
R? =0.55. These results indicate that increasing user satisfaction with lighting will in-
crease productivity. In Studio B, the most influential aspects were light comfort and
color quality. Color quality based on lighting conditions significantly influenced per-
ceived comfort (f = 0.62, p < 0.001), with R? = 0.39. These results indicate that an
increase in perceived color quality directly impacts the visual comfort in the studio. The
analysis of the relationships between aspects of the two studios showed that the corre-
lation between psychological aspects was higher than between physiological aspects,
like brightness and glare. This suggests that during prolonged spatial engagement, us-
ers’ psychological adaptation plays a more significant role in shaping overall comfort
perception in the architecture studio.

The overall results show that material reflectance has impacts on both the illumi-
nance level and visual perception aspects in the architecture studio as a learning envi-
ronment in tropical country. Studio with high-reflectance surfaces achieves a higher
illumination level. Moreover, despite illumination levels below the recommended SNI
standards, users still reported neutral to positive perceptions of visual comfort. This
highlights a form of psychological adaptation among users who regularly occupy the
same environment for long durations, consistent with a previous study that stated long-
term exposure influences perceptual tolerance towards lighting variations [28]. There-
fore, beyond simply meeting numerical standards, lighting design for educational
spaces in tropical climates should focus on improving material reflectance and
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perceptual harmony. Combining quantitative lighting control with perception assess-
ment offers a more comprehensive approach to attaining visual comfort in architecture

studios and other learning environments.
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Fig. 7. The visual perception results in studio A and studio B

Table 2. The relation of visual perception aspects

Visual perception aspects B p-value R?
Studio A

Perceived brightness — Spatial light distribution 0.55 8.78 x 10" 0.30
Spatial light distribution - Satisfaction 0.58 329 x10"  0.33
Spatial light distribution - Productivity 0.54 4.55x10"  0.29
Perceived adequacy - Satisfaction 0.58 1.79 x 10 0.34
Satisfaction - Productivity 0.74* 278 x 102 (.55
Satisfaction - Light comfort 0.57 148 x10™"  0.57
Satisfaction - Color quality 0.55 143 x10"  0.30
Productivity - Light comfort 0.55 6.80 x10*  0.31
Relaxed - Light comfort 0.68 4.56 x 102" 0.47
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Visual perception aspects B p-value R?
Studio B

Color quality - light comfort 0.62* 3,35x10**  0.39
Color quality - relaxed 0.53 7,68 x 107"  0.28
Color quality - satisfaction 0.52 1,29 x 10~° 0.27
Light comfort - relaxed 0.59 145x10" 035
Light comfort - satisfaction 0.52 1,02 x 10-° 0.27

*: highest correlation value

4 Conclusion

Lighting has major rules for shaping the quality of an interior in the tropics, espe-
cially in learning environments like architecture studios. An architecture studio is a
space that requires light to optimize its function to accommodate learning processes
and design-based activities. This study examined how architectural surface reflectance
affects illuminance levels and visual perception of users in two studios at Institut
Teknologi Sepuluh Nopember, Surabaya. The results indicate that the illuminance level
in the studios does not meet the SNI lighting standards for a drawing room (750 lux).
However, Studio B, which had higher surface reflectance values, reached illumination
levels suitable for computer room standards (150 lux), with average measurements of
247.53 lux, 250.44 lux, and 210.47 lux. Regression analysis shows that the reflectance
value of wall, floor, and ceiling significantly influenced lighting performance, with R?
= 0.771. Indicating that 77.1% of the variance in illumination could be explained by
surface reflectance. This finding highlights that bright-coloured and highly reflective
materials, particularly white finishes, improve indoor lighting.

Regardless of the lower illuminance level below the standards, students gave neutral
and positive assessments. Indicate student adaptation to the studio environment. The
aspects with the highest correlation are satisfaction and productivity, with p = 0.74, p
<0.001, R?2=0.55. It can be concluded that psychological aspects can explain subjec-
tive assessments of lighting conditions based on user perception. The findings empha-
size that architectural surface reflectance is a vital passive approach for enhancing light-
ing quality and visual comfort in tropical educational environments. However, this
study only used studio spaces with predominantly white surface colors. Therefore, the
regression results obtained were the same for each relationship between illumination
levels and spatial elements. Thus, future research could use studios with a wider variety
of surface colors to explore the broader impacts of material variation on illumination
and perception. Combining reflectance-based design strategies with an experiment
user-centered strategy.
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