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ABSTRACT

Tropical climates with partially cloudy skies are characterized by high luminance on the glass facades of high-rise buildings, which
is a significant challenge as it causes glare and eyestrain among workers. As urban green spaces continue to decline and sustainable
development becomes increasingly urgent, architects have responded by designing vertical buildings with vegetation integrated
into facades. Therefore, this study aimed to develop an implementation strategy for glare mitigation using a biotic facade to
enhance visual comfort for office workers in high-rise buildings. An experimental method was adopted using a controlled cubical
office space outfitted with vegetation as shading, specifically Vernonia elliptica, applied in two foliage densities represented by
Leaf Area Index (LAI) values. These conditions were then compared to a baseline fagade without vegetation. The results indicated
that LAI 1,5 offered sufficient illuminance (Daylight Factor/DF of 6,2%), reduced glass luminance by up to 56,1%, achieved a
Daylight Glare Index (DGI) of 21,67, and led to Glare Sensation Vote (GSV) ratings “perceptible”. This study affirmed that biotic
facades offered distinct advantages as glare mitigation devices. Foliage density could also be adjusted according to daylight needs
while enhancing Interest Value (IV) through green leaf coloration, foliage patterns and its movement, where the benefits were not

found in artificial solutions.

Keywords: sustainable high-rise buildings, vegetated-shading, visual comfort in office spaces, vertical greenery system

1.INTRODUCTION

The abundance of natural daylight in tropical climates reaching up
to 100,000 lux and lasting for extended durations [1,2] is offering
significant potential for use in high-rise buildings, supporting
energy savings in the era of sustainable development. Natural
lighting can further facilitate office activities requiring adequate
illumination, alongside results that daylight has substantial
psycho-physical impacts on office users' health and psychological
well-being [3].

Due to the predominance of glass openings on high-rise building
facades (4], the use of natural light is inevitably accompanied by
solar radiation penetration which introduces heat and causes visual
discomfort in the form of glare [5,6,7]. Luminance levels exceeding
10,000 cd/m? lead to direct glare when occupants face the high
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brightness of glass facades [8,9,10]. Uncontrolled daylight
exceeding 500 lux can also lead to excessive brightness on work
surfaces with computer screens [11]. Furthermore, indoor
illuminance may reach over 1,500 lux with a Window-to-Wall Ratio
(WWR) exceeding 60% which is surpassing the recommended
office lighting levels with Daylight Factor (DF) 2%-5% or 300-500
lux [12,13] contributing to visual discomfort [5,6,7,14].

Therefore, the role of natural lighting in tropical office buildings
is to achieve sufficient daylighting and also control the quality of
light entering the space. A balance is required between glare
control, adequate illumination for visual tasks, and access to
natural views to support visual comfort [7,10]. Various glare control
strategies have been designed to enhance visual comfort. These
include electrochromic glass with VT technology [15,16,17],
perforated metal sheets [18,19], venetian blinds [7, 20], louvers [21]
and combinations of glass and roller blinds [4]. Although these
solutions can mitigate glare, the results do not fully address the
human need for connection with nature in high-rise buildings, as
trees typically reach only 15—20 meters in height, equivalent to 3—
4 floors.
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NOMENCLATURE

DGI Daylight Glare Index

DGI’ Daylight Glare Index contains interest value
GSV Glare Sensation Vote

v Interest Value

LAI Leaf Area Index

A study of perception regarding shading by artificial shadings
(horizontal blind, perforated metal) and Vernonia as biotic shading
with photo images shown an advantageous of the biotic in visual
and thermal comfort compared to the artificial ones [22,23].

On the other hand, it was asserted that connection with natural
elements reduced stress levels, increased health, and raised
performance, particularly in office environments where eye fatigue
was prevalent [16,24,25,26]. It was also affirmed that glare
diminished when users have direct access, increasing the interest
to natural views [10]. The diversity of tropical plant species both
perennial (e.g., Piperaceae, Hedera helix/English ivy) and
deciduous (e.g., Parthenocissus tricuspidata/Boston ivy) offers
numerous possibilities for facade integration [27,28,29].

As the design of plant-based facades by architects worldwide on
opaque surfaces [28,30] continues to evolve and covering glazed
facade openings, this study presents a novel and critical research
gap in the potential of biotic fagades as glare mitigation strategies.
Specifically, how vegetation on facades reduces glare while
maintaining adequate daylight levels and providing natural views
for office workers in high-rise buildings. A preliminary study
regarding common kinds of artificial shading devices in geometry
and mechanisms compared to plants has been done, showing that
the leaf area as plant-geometry can be arranged to find a well-
balanced solution for light environment [27,31]. This study aimed
to find how different leaf area index of plants reduced high
luminance on glass facade, illuminance at the working plane, and
how office users perceived the quantity of light as well as the beauty
of the view seen as a qualitative aspect. It is a continuation of
previous analysis regarding the correlation between Leaf Area
Index (LAI) to shading factor and luminance index that uses a
model box [31], as well as how leaf performs in a real room with
office users as respondents.

2. MATERIAL AND METHODS

This study was conducted over 2 months, from September to
October 2023. It took place at the East Campus of Petra Christian
University, located in Siwalankerto subdistrict, Wonocolo district,
Surabaya, East Java, at coordinates 7° 14’ 57” S and 112° 45’ 3” E.
The experiment used a cubicle situated on the 7th floor, at an
elevation of 23,76 meters from the ground level (+/-0.00), with a
window-to-wall ratio (WWR) of 50% facing east. The setting
represented a single-occupant workspace, measuring 2 m x 4 m
with a height of 3,45 m. Surface reflectance values were 50% for the

walls, 80% for the ceiling, and 20% for the floor. The only
furnishings present at the measurement point were a chair with
arm-table. Cubicle layout and elevation were illustrated in Figure 1.

Vernonia elliptica plant, as local species that grows well in this
climate was used. The primary reasons for selecting the plant
species were the perennial nature, the requirement for direct
sunlight, and the minimal water needs [32]. It was cultivated in a
hanging manner, leading to dense foliage at the top and sparser
growth at the bottom, which was an ideal configuration for filtering
the brightness of upper glass facade [8]. Additional considerations
included the small leaf size, which did not impose structural load
on the building, and the attractive yellowish-green color that
served as a refreshing and uplifting visual element for occupants.
Figure 2 further showed the specification of the Vernonia elliptica
plant.

Previous publication showed that foliage thickness influenced
illuminance and luminance when LAI was doubled [31]. In this
experiment, Vernonia with LAI 0,75 and 1,5 was applied.

Family: Asteraceae, Latin name: Vernonia elliptica/eleagnifolia,
Common name: Curtain creeper, Foliage retention/life-cycle:
Perennial; 3 years, Average leaf dimension: 15 mm x 35mm,
Average leaf spacing: 20 mm, Leaf Munsell color: 2.5 GY 5/6 to 2.5
GY 8/10 Munsell Color [33].

Measurements were conducted in the morning, specifically 8-
10am to represent direct light conditions (low solar angle) and in
the afternoon 2-4pm to represent diffuse light conditions (high
solar angle). A total of 32 respondents participated, meeting the
minimum requirement of 30 for quantitative literature to ensure
statistical analysis showed an approximate normal distribution
[34,35]. Respondents represented 25% of the office worker
population in the studied building, which consisted of 128
individuals. The average age was 42 years, with 65,5% aged
between 30—50 years, 22% under 30 years, and 12,5% over 55 years.
Occupations included lecturers (53%) and administrative staff
(22%), with a disciplinary composition of 75:25 between exact
sciences and non-exact sciences. The remaining 25% comprised
laboratory technicians, external staff, and students.

The data collected were both objective and subjective
measurements. Objective data were obtained using measuring
instruments and included (1) luminance of the glare source/glass
facade (Ls), (2) task area luminance, (3) background luminance,
referring to the luminance of interior surfaces visible to the
observer (Lb), (4) outdoor-indoor illuminance to calculate daylight
factor/DF. The observer’s position according to common position
of office worker which is facing and beside the window [36] at the
measurement point following previous research [3,37] the facing
was 0,43 sr while beside the window position was 1,48 sr.

Subjective  perceptual data collected through
questionnaires. Brightness sensation was assessed in lux and Likert
scale scores, ranging from 1 = too dark to 5 = too bright.

were
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Fig. 1. (a) Layout and (b) Elevation of the cubicle.

(b)

Fig. 2. Vernonia elliptica.

Glare sensation (Glare Sensation Vote/GSV) was evaluated by
measuring window luminance (in cd/m?) and scoring from 1 =
imperceptible to 5 = intolerable. View perception (aesthetic quality)
was rated as very beautiful, beautiful, neutral, or not beautiful, with
identification of aesthetic elements, while view openness was

scored from 1 = very obstructed to 5 = very open.

The instruments used in this study included the Hobo Data
Logger U12-012 and Hioki luxmeter for indoor illuminance, Hobo
Pendant for outdoor illuminance, and Konica LS-150 luminance
meter for measuring luminance on glass surfaces, task areas, and
background surfaces (floor and walls). The instruments are
calibrated according to industry standards.
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Table 1. Questionnaire construction.

Visual comfort aspect Objection / aim of the The question The data taken References
question
Discomfort glare Glare can disrupt visual How glare perceived when Perception of glare at 5 [10, 41]
comfort and work looking at the window point Likert scale
productivity. (Question no. 1) Acceptability of glare in 5
To assess the level of glare Acceptability of the glare point Likert scale
from glass windows, condition during work Luminance on window,
questions are needed to activities (Question no. 2) room surfaces and task, in
evaluate both conditions: cd/m2
when looking directly at
the window and when
performing visual tasks at
the desk.
Illuminance sufficiency Adequate natural lighting Adequacy of lighting when Dark-lit perceptionin 5 [13,39,42]

View (openness)

View (aesthetic quality)

View (restorative effect)

All aspects

can enhance comfort and
work efficiency.

This question aims to
determine whether the
lighting conditions in the
work area sufficiently
support task performance.

A wide and unobstructed
view can enhance
connection with the
outdoor environment and
provide positive
psychological effects for
workers.

The visual aesthetics of
outdoor views contribute to
job satisfaction and
psychological well-being.
This question aims to
understand how aesthetic
aspects influence the work
experience.

The quality of outdoor
views affects psychological
comfort.

This question aims to
assess the restorative
impact of outdoor views on
workers.

This question aims to
capture respondents’
overall perceptions of all
components of visual
comfort simultaneously.

reading text in the smallest
font size of 8pt (Question
no. 3)

Adequacy of lighting when
performing visual tasks
using the Landolt Ring C on
paper or VDT screen media
(Question no. 4)

Freedom to view the
outdoors with and without
the presence of plant
variations (Question no. 5)

Perceived level of beauty in
conditions without and
with plant variations
(Question no. 6a)

Level of eye fatigue in
conditions without and
with plant variations
(Question no. 6b)

The most comfortable
option among all tested
conditions (Question no. 7)

point Likert scale
Iluminance at working
plane, in lux

Speed and accuracy

Perception to openness at 5
point Likert scale

Perception of beauty at 3
point scale and the reason
which plant element make
it beautiful or not

Perception of eye fatigue
and the reason in open-
ended response

Perception of the most
comfortable and the reason
in open-ended response

[24,43,44,45]

[10,46]

[43,44,45)

all

Questionnaires for collecting respondents' opinions and four-
direction Landolt C rings were used to assess visual task
performance in terms of speed and accuracy.

Data analysis included variation analysis using standard
deviation and repeated measures Analysis of Variance (ANOVA)
[38]. Descriptive analysis was conducted to examine the
relationship between the independent variables (without
vegetation, LAI 0,75 as variant I, and LAI 1,5 as variant II) and the
dependent variables (Daylight Factor/DF, Daylight Glare
Index/DGI, Glare Sensation Vote/GSV, and Interest Value/IV). The
influence of solar position—representing direct and diffuse light
conditions—on the dependent variables (DF, DGI, GSV, IV) was also
analyzed. Validation of visual task performance in terms of speed

and accuracy was carried out using the Landolt Ring C test. This test
is used to measure the speed and accuracy of respondents' visual
responses. It is a standardized method for vision testing in
accordance with EN/ISO 8596 [39]. This type of vision test was
selected for its simplicity, involving only a single character shape
(a C-shaped ring) with 4 or 8 directional variations, thereby
minimizing the influence of letter shape recognition on visual
perception [£40].

The questionnaire structure

The questionnaire was developed to get subjective perception of
visual comfort aspects and constructed as shown at Table 1.
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Table 2. [lluminance (in lux and Daylight Factor) and Lit-dark sensation.

Without Vegetation With variant I (LAI 0,75) With variant II (LAI 1,5)

Beside the window  Facing window Beside the window  Facing window Beside the window  Facing window
Direct light 15463,31x 44,71,91x 8302,58 Ix 3015,5 Ix 4690,61x 2180,2 Ix

DF= 31,4% DF=9,1% DF=26,7% DF=9,7% DF=13,3 % DF=6,2%
Lit-Dark 3,98 3,45 3,47 3,1 3,1 2,84
Sensation (Too Bright) (Bright) (Bright) (Bright) (Bright) (Comfort)
Diffuse light 1831,661x 973,21x 1345,9 Ix 803,7Ix 1015,4 1x 595,8 Ix

DF =15,4% DF=8,2% DF=18,2% DF=10,8% DF=12,4% DF=7,3%
Lit-Dark 3,3 3 2,98 3 2,9 2,8
Sensation (Bright) (Comfort) (Comfort) (Comfort) (Comfort) (Comfort)

Table 3. Luminance (in cd/m2), direct glare index (DGI) and glare sensation vote (GSV).

Without vegetation With variant I (LAI 0,75) With variant II (LAI 1,5)

Beside thewindow  pacing window Beside the window  Facing window Beside the window  Facing window
Direct light 13225,5 12924,6 9773,95 cd/m2 8413,67 cd/m2 8295,5 cd/m2 8279,8

cd/m2 cd/m2 cd/m2
DGI 28,2-25,8 26,1-25,6 25,8-22,9 25,6-21,7 28,2-24,2 26,1-21,67
GSV 3,8 3,5Just Uncomfort 3,2 Just Uncomfort 2,7 Acceptable 2,5 2

Uncomfort bl bl t Acceptabl Perceptibl

able able able ]US cceptable erceptible
Diffuse light 6663,3 cd/m2 7394,32 cd/m2 10987,9 cd/m2 11659,5 cd/m2 7055,38 cd/m2 7929,23 c¢d/m2
DGI 30,4-30 29-28,8 30,4-27,1 26,6 30-23,6 28,8-22,5
GSV 2,7 Acceptable 2,3 Just Acceptable 2,6 Acceptable 2,4 Just Acceptable  2,1]Just Acceptable 1,8 Perceptible

3. RESULTS diffuse light conditions, respondents still perceived lighting as

3.1. llluminance in working plane and lit-dark
sensation

Data collection was conducted under two lighting conditions,
namely in the morning to represent direct sunlight and in the
afternoon to signify diffuse light. Under direct sunlight conditions,
the average outdoor illuminance without vegetation was 49220,18
lux. During the measurement of variant I (LAI 0,75), the average
outdoor illuminance was 31143,68 lux, while for variant II (LAI 1,5),
it was 35401,13 lux. Under diffuse light conditions, the average
outdoor illuminance without vegetation was 11897,42 lux. During
the measurement of variant I, the average outdoor illuminance was
7411,48 lux, while for variant II, it was 8187,65 lux.

As shown in Table 2, a reduction in illuminance of up to 50% was
observed at beside the-window position under direct sunlight
conditions leading to an improvement from the Too Bright
condition—recorded in Without vegetation scenario (DF = 31,4%)
and Variant I with LAT 0,75 (DF = 26,7%)—to a Bright condition in
Variant IT with LAI 1,5 (DF = 13,3%). Similarly, a 30% reduction in
illuminance was recorded at the window-facing position, shifting
lighting condition from Bright in Without vegetation (DF = 9,1%)
and Variant I with LAI 0,75 (DF = 9,7%) to Comfort in Variant II
with LAI 1,5 (DF = 6,2%). Although there was an increase in DF in
Variant I with LAI 0,75 recorded at 18,2% (side-window position)
and 10,8% (window-facing position)—compared to Without
vegetation condition (DF = 15,4% and 8,2%, respectively) under

Comfort.

3.2. Luminance (in cd/m?), daylight glare index, and

glare sensation vote

According to Table 3, luminance was reduced by 35.3% with Variant
I (LAI 0,75) and by 54.3% with Variant II (LAI 1,5) under direct
lighting conditions with a side-window orientation, compared to
the condition without plants. Variant I decreased DGI by 2,9 points
(from 25,8 to 22,9), while Variant II reduced it by 4 points (from
28,2 to 24,2). GSV improved from “Uncomfortable” to “Just
Uncomfortable” (LAI 0,75) and to “Just Acceptable” (LAI 1,5). For
the window-facing orientation, luminance was reduced by 53,6%
(LAI 0,75) and 56,1% (LAI 1,5). Variant I lowered DGI by 3,9 points
(from 25,6 to 21,7), while Variant II reduced it by 4,4 points (from
26,1to 21,67). GSV also showed improvement, shifting from “Just
Uncomfortable” to “Acceptable” (LAI 0,75) and “Perceptible” (LAI
1,5).

Although Variant I with LAI 0,75 led to a luminance increase of
64,9% (side-window position) and 57,7% (window-facing
position) compared to the condition without plants under diffuse
lighting conditions, GSV remained in the range of “Acceptable and
Just Acceptable”. Variant I reduced DGI by 3,3 points—from 30,4 to
27,1 (side-window position). For the window-facing position, DGI
decreased by 2,3 points (from 28,9 to 26,6). Although luminance
also increased by 5,9% (side-window position) and 7,2% (window-
facing position) compared to the condition without plants for
Variant IT with LAI 1,5, GSV improved to “Just acceptable” (side-

2383-8701/© 2026 The Author(s). Published by solarlits.com. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

L. Kristantoetal. Journal of Daylighting / Volume 13, Issue 1 /20 April 2026 219

Table 4. Perception to openness.

Without vegetation With variant I (LAI 0.75) With variant II (LAI 1.5)
Beside the window  Facing Beside the window  Facing Beside the window  Facing window
window window
Direct light 4,16 3,8 3,55 3,4 3,08 2,95
Diffuse light 3,38 3,39 3,17 3,03 2,98 2,72

Note: 1 = very obstructed, 2 = obstructed, 3 = comfort, 4 = open, 5 = very open

Fig. 4. Variant I LAI 0,75 facing the window. (a)= direct light. (b) = diffuse light.

window position) and “Perceptible” (window-facing position).
Variant II reduced DGI by 6,4 points—from 30,0 to 23,6 (side-
window position) and for the window-facing position, DGI
decreased by 6,3 points (from 28,8 to 22,5). These results indicated
that Variant II with LAI 1,5 provided the best outcomes, both

(b)

(b)

objectively based on measurements and calculations, as well as
subjectively through user perception. Significantly, respondents’
evaluations continued to improve despite the increase in window
luminance. It is asserted that DGI value in the range of 20—22 was
considered comfortable [47,48].
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(a)

(b)

Fig. 6. Variant IT LAI 1,5 facing the window. (a) = direct light. (b) = diffuse light.

3.3. Perception to view consisting of perception to
openness and perception to beauty

3.3.1. Perception to openness

According to Table 4, the condition without plants provided a view
perception ranging from “Open” (under diffuse lighting) to “Very
Open” (under direct lighting). The condition with Plant Variant I
offered a view perception ranging from “Comfort” (under diffuse
lighting) to “Open” (under direct lighting). Meanwhile, the
condition with Plant Variant II provided a “Comfort” view
perception under both diffuse and direct lighting conditions. In
terms of visual openness, a more sparse distribution (as in Variant
I) tended to create a perception of openness. In terms of aesthetic
quality, the effect was relatively subjective and varied among
individuals. Based on respondents’ feedback, the plant facade was

generally expected to reduce glare. In this light, Variant II with the
denser and more evenly distributed foliage was more preferred.

3.3.2. Perception of beauty and interest value (1V)
3.3.2.1.Variant I LAl 0,75

For direct light positioned beside the window, the opening
condition with a view as shown in Figure 3(a) was perceived as
neutral by 48% of respondents, very beautiful by 32%, beautiful by
10%, and not beautiful by 10% respondents. In respect to diffuse
light beside the window as shown in Figure 3(b), the condition
featuring plant variant I provided a neutral view for 41% of
respondents, very beautiful for 34%, beautiful for 6%, and not
beautiful for 19%.
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Table 5. Interest value (IV) score.

With variant I (LAI 0,75)

With variant IT (LAI 1,5)

Beside the window Facing Beside the window Facing
window window
Direct light 1,95 4,08 2,98 3,53
Diffuse light 0,32 0,66 4,73 4,72

Fig. 7. Glass and leaf reflections as diffuse reflectance mechanisms.
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Fig. 8. (a) Luminance index and (b) Shading factor of Vernonia elliptica with different LAI [31].

In Figure 4(a), the view featuring plant variant I was perceived as
very beautiful by 39% of respondents, neutral by 39%, beautiful by
13%, and not beautiful by 9% under direct lighting conditions with
a window-facing orientation. In Figure 4(b), the view featuring
plant variant I was considered beautiful to very beautiful by 41% of
respondents, neutral by 41%, beautiful by 6%, and not beautiful by
12% under diffuse lighting conditions with the same window-
facing orientation.

3.3.2.2. Variant Il LAI 1.5

Figure 5 (a) showed that the view featuring plant variant II was
perceived as very beautiful by 60% of respondents, beautiful by
9%, neutral by 28%, and not beautiful by 3% under direct lighting

conditions with a side-window orientation. From Figure 5(b), the
view featuring plant variant II was considered very beautiful by
53% of respondents, beautiful by 6%, neutral by 35%, and not
beautiful by 6% under diffuse lighting conditions with the same
side-window orientation.

In Figure 6(a), the view featuring plant variant II was perceived
as beautiful to very beautiful by 75% of respondents, neutral by
22%, and not beautiful by 3% under direct lighting conditions with
a window-facing orientation. Under diffuse lighting conditions
with the same window-facing orientation as in Figure 6(b), the
view featuring plant variant II was considered beautiful to very
beautiful by 69% of respondents, neutral by 25%, and not beautiful
by 6%.
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Fig. 10. (a) Reflectance and transmittance from multiple leaf layers. (b) The consistent percentage of reflectance in visible light [50].

The concept of Interest Value/IV measured the aesthetic appeal
of a view from the user's perspective. IV of a natural scene was
understood as the extent to which individuals perceived nature as
attractive, engaging, and worthy of attention from both emotional
and cognitive standpoints. It was stated that windows with
attractive views produced a lower sensation of glare compared to
unattractive windows, even when DGI values were identical [10].
Consequently, it is incorporated the components of Relative
Maximum Luminance (RML) and IV into Hopkinson’s DGI
formulae [47].

The modified DGI, referred to as DGI’, was expressed in Eq. (1)
[10].

DGI' =
By this equation, the IV score for each condition was indicated in
Table 5.

0,86 DGI + 2,1 RML*3%> — 1,031V (1)

4, DISCUSSION

4.1. Illuminance vs Daylight Factor
After further examination, the increase in illuminance is attributed
to indirect reflections of afternoon light from external surfaces

including fences and floors surrounding the cubicle, which are
transmitted through the foliage and cause the glass surfaces to
appear brighter, as shown in Figure 7. Due to the diffuse nature of
light (diffuse reflectance mechanism from leaf), it is not perceived
as glare.

In Variant IT with LAI 1,5 featuring denser foliage, illuminance is
reduced by approximately 25-30% leading to lower DF values of
12,4% (side-window) and 7,3% (window-facing), both of which
were perceived by respondents as Comfort. Based on the results of
the previous Experiment [25], as shown in Figure 8, Variant I with
LAI 0,75 shows a shading factor of up to 10% combined with a high
luminance index of 45% significantly contributing to the
brightness effect in the room (DF =10,7% for diffuse light and 9,8%
for direct light). In Variant II, the resulting DF values approached
the recommended standard (DF = 7,3% for diffuse light and 6,2%
for direct light) with a 35% shading factor and a luminance index of
30%.

The elevated DF levels in Variant I also lead to a slight delay in
visual task performance at the window-facing position. Under
direct light conditions without vegetation, the response time was
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Fig. 12. Correlation of GRV and DGI of Vernonia elliptica LAI 1,5 (correlation is significant at p < 0,01 (one-tailed)).

1,7 seconds per ring C, which increased to 1,72 seconds in Variant I.
Under diffuse light, the response time increased from 1,62 seconds
(without vegetation) to 1,69 seconds in Variant I. However,
accuracy improved in Variant I and was further enhanced in Variant
II. The study affirms that increased foliage density enhances visual
accuracy and performance.

4.2, Luminance vs DGl and GSV

Under direct lighting conditions, either on a side window or a
window facing orientation, the denser variant with the lower
luminance shows the better result in DGI and GSV. Different from
that condition, leaf scattered light brought the luminance higher
under diffuse lighting. The condition happens, but DGI does not
directly become higher and GSV response also shows an
improvement. How leaf performs can be explained by Figure 9 [49].

A study showed that there was no effect on spectral reflectance
when leaf stack exceeded three or four layers [50]. A greater
number of leaf layers leads to higher reflectance (up to 85%) in the
near-infrared (NIR) region, but not in the visible light spectrum.
This phenomenon is attributed to additive reflectance, where
energy transmitted through the first (topmost) leaf layer and
reflected from the second layer is partially retransmitted through
the first layer. Furthermore, a greater number of leaf layers leads to
more diffuse light emission, as shown in Figure 10.

The results show the advantage of vegetation as a shading device
compared to the artificial ones that usually produce glare by light
reflection from the material, especially if it’s from metal material
with light color. It also answered the question asked by Lynes to
Tuaycharoen about glare from diffusing screen (diffuse reflectance
mechanism), which also happened in leaf layers but was not
perceived as glare [10].

2383-8701/© 2026 The Author(s). Published by solarlits.com. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

L. Kristanto et al. Journal of Daylighting / Volume 13, Issue 1/20 April 2026 224
__ 40% 34.4%
5 30% . 25.0%
§g 20% 18.8% E -
§§ 10% . '’ 6.3% 4%
8 0% ; -
o g foliage
o green leaves movement
appearance
m LAl 0,75 18.8% 12.5% 6.3%
mLAlI1,5 34.4% 25.0% 9.4%

mLAIO0,75 mLAI1,5

Fig. 13. Aesthetic aspects of biotic shading.

Table 6. Result of Landolt test of the beside the window position.

Without Vegetation Variant I (LAI 0,75) Variant II (LAI 1,5)
Speed Accuracy Speed Accuracy Speed Accuracy
Direct light 1,79 sec/ring C 91,7% 1,63 sec/ring C 95,86% 1,53 sec/ring C 96,98%
Diffuse light 1,73 sec/ring C 94,52% 1,72 sec/ring C 96,68% 1,52 sec/ring C 96,9%
Table 7. Result of Landolt test of the facing the window position.
Without Vegetation Variant I (LAI 0,75) Variant II (LAI 1,5)
Speed Accuracy Speed Accuracy Speed Accuracy
Direct light 1,62 sec/ring C 96,67% 1,69 sec/ring C 96,0% 1,52 sec/ring C 96,54%
Diffuse light 1,7 sec/ring C 94,38% 1,72 sec/ring C 97,2% 1,55 sec/ring C 96,93%
Table 8. Summary of light component of the experiment.
Plant variant (LAI) Daylight Factor (DF) Daylight Glare Index Glare Sensation Vote Interest Value (IV)
(DGI) (GSv)
1 0,75 10,8 - 9,7 26,6 — 21,7 Just acceptable 0,32-4,08
2 1,5 7,3-6,2 22,5 — 21,67 Perceptible 2,98-4,72

4.3. Perception of beauty vs interest value (IV) result
When the data from this study were compared with the results of
previous research [10], variant II (with an LAI of 1,5) exhibited
lower glare levels than the single-layer view, while the glare
remained higher compared to the three-layer view. In terms of IV
as defined [10], facade of Vernonia elliptica with LAI of 1,5 under
diffuse light conditions—both in front-facing and side-facing
window positions—achieved IV score of 4,72. This was slightly
lower than the natural fagade with one and three layers, which
scored 5,36 and 5,49 points, respectively [10]. (Figures 11 and 12).
Elements perceived by respondents as beautiful or very beautiful
include the following (1) the green color that provided shade,
coolness, and a sense of relaxation, (2) the hanging foliage creating
a natural impression and depth of view, (3) the ability to observe
outside without glare, and (4) the presence of movement
preventing monotony. Elements considered neutral further are
sufficient visual variation, lack of structure and uneven
distribution, insufficient density, partially obstructed view, as well
as unattractive form. In contrast, the elements considered not
beautiful are uneven plant distribution, insufficient density and

greenness. From these results, there is an increase in aesthetic
response corresponding to the rise in foliage density from LAI 0,75
to LAI 1,5, attributed to the green leaves colour, the appearance of
hanging foliage and its movement (Figure 13).

5.VALIDATION

Landolt ring C 5/40 was used to test the speed (in seconds per ring
C) and accuracy (in %) of each condition.

Based on beside the window position (Table 6), both speed and
accuracy improved with increasing foliage density, under both
direct and diffuse lighting conditions. In facing the window
position (Table 7), the worst performance was observed under
Variant I with direct light. Under direct lighting, visual
performance was better either without plants or with Variant II, in
which the window plane provided more uniform illumination.
Variant I caused uneven lighting due to direct light penetrating
through leaf clusters and reaching the observer’s eyes. Under
diffuse light, the best performance was achieved with Variant II
(highest speed and good accuracy). Variant I exhibited the highest
accuracy with the lowest speed. This suggested that light
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penetration caused observers to work more slowly or more
cautiously when performing visual tasks. This study affirmed that
greater foliage density contributed to better visual performance.

6.CONCLUSION

In conclusion, Table 8 presented a summary of the experimental
results for the vegetated facade variants (LAI 0,75 and LAI 1,5) in
relation to four key visual comfort parameters namely DF, DGI,
GSV, and IV.

The experimental results showed that a vegetative geometry
with medium density (LAI 1,5) not only reduced DGI to a moderate
level but also yielded significant values for DF, GSV and IV. LAl 1,5
variant consistently produced lower DGI values compared to LAI
0,75, suggesting that medium foliage density was more effective in
mitigating glare to the level of ‘just perceptible’. This was further
supported by the reduction in GSV from 2,4 (just acceptable) to 1,8
(perceptible). Although DF values for LAI 1,5 ranged between 6,2%
and 7,3%, which exceeded standard thresholds, they remained in
the ideal range and were suitable for visual tasks requiring higher
performance levels, detailed drawing, typically
recommended at 5—8%. This showed that medium foliage density
did not compromise the adequacy of natural lighting.

Therefore, the results suggested that the vegetated facade
variant with medium density (LAI 1,5) offered an optimal balance
among three aspects of visual comfort, namely glare control,
sufficient natural illumination, and pleasant view quality. The
findings further outlined that plant geometry was strategically
designed to achieve ideal visual conditions in multi-story tropical
workspaces. This also confirmed the advantage of vegetated
facades as glare mitigation elements, where foliage density was
adjusted according to lighting needs, while simultaneously
providing interest value /IV through the green color and cascading
form of leaf —qualities not attainable with artificial glare control
devices. Later research will be needed to investigate how the quality
of leaves green color perceived by human eye as relaxing in visual
as well as psychological well-being.
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