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ABSTRACT 
Daylight performance and visual comfort in educational buildings stem from the interplay between internal spatial configurations 
and external façade geometry, yet existing research often examines façades or interiors independently. Following PRISMA 2020 
guidelines, this systematic review analyzed 145 English‑language journal articles (2020–2025) addressing daylighting, building 
envelope, interior design, or visual comfort. Building on these insights, the study develops unconventional static façades – 
non‑mechanical, culturally adaptive, and nature‑inspired systems that optimize daylight direction, intensity, and spectral quality. 
Inspired by traditional Iranian architecture (Orosi windows, Moshabak) and biomimetic principles, these façades offer a low‑tech, 
cost‑effective alternative to dynamic systems without mechanical complexity or high maintenance. A conceptual framework for 
integrated interior–exterior design is proposed, coordinating façade morphology, mechanisms, and materials with interior layouts, 
finishes, and furniture arrangements to achieve balanced illumination, glare control, and human‑centered visual comfort. This 
approach demonstrates that effective daylight solutions emerge from coordinated interior–exterior interactions, requiring expert 
decision‑making and human‑centered design, rather than isolated technical fixes. It provides practical, affordable, and culturally 
grounded solutions for high‑comfort learning environments. 

Keywords: daylight performance, visual comfort, unconventional static façade, biomimetic façade, integrated façade–interior 
design, furniture layout and zoning, lighting distribution

1. INTRODUCTION
Daylight serves as a fundamental driver of architectural quality, 
significantly affecting energy efficiency, spatial experience, and 
occupant well being across building typologies [1–3]. In 

educational environments, its role becomes critical: natural light 
directly enhances students’ cognitive performance, visual comfort, 
and circadian regulation [4–7]. Daylight performance, however, 
does not depend on a single factor; it emerges from the dynamic 
interplay of climate, season, urban context, façade geometry, and 

*Corresponding author. 

shoghifattane@gmail.com (F. Shoghi); bahar.baghernejad@ut.ac.ir (B. B. Hamzehkolaee); motiyazdkhasti@gmail.com (M. Yazdekhasti); 
mirhosseini.mahsa@gmail.com (S. M. M. Motlagh); smho@create.aau.dk (S. M. Hosseini); m.khanie@ucl.ac.uk (M. S. Khanie); gt@create.aau.dk 
(G. Triantafyllidis) 

Received 28 January 2026; Revised 26 May 2026; Accepted 11 June 2026; Published online 11 July 2026 

Copyright: © 2026 by the Author(s). Licensee Solarlits Limited (Hong Kong). This is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY) license. 

Citation: Fataneh Shoghi, Bahar Baghernejad Hamzehkolaee, Motahare Yazdekhasti, Seyedeh Mahsa Mirhosseini Motlagh, Seyed Morteza 
Hosseini, Mandana S. Khanie, Georgios Triantafyllidis, Exploring Unconventional Static Façade–Interior design Interactions for Daylighting 
Performance and Visual Comfort: A Systematic Review, Journal of Daylighting, 13:2 (2026) 378-409. doi: 10.15627/jd.2026.22 

OPEN ACCESS 

Journal of Daylighting
Journal homepage: www.solarlits.com/jd 

https://dx.doi.org/10.15627/jd.2026.22
mailto:shoghifattane@gmail.com
mailto:bahar.baghernejad@ut.ac.ir
mailto:motiyazdkhasti@gmail.com
mailto:mirhosseini.mahsa@gmail.com
mailto:smho@create.aau.dk
mailto:m.khanie@ucl.ac.uk
mailto:gt@create.aau.dk
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.15627/jd.2026.22
https://solarlits.com/jd/
https://crossmark.crossref.org/dialog/?doi=10.15627/jd.2026.22&domain=pdf


F. Shoghi et al. Journal of Daylighting / Volume 13, Issue 2 / 11 July 2026 379  

https://dx.doi.org/10.15627/jd.2026.22 

interior configuration [8–14]. When these elements are properly 
integrated, they reduce reliance on artificial lighting and support 
human centric, energy efficient solutions [15,16]. Despite this 
systemic relationship, existing research predominantly examines 
façade and interior elements in isolation [13,17–20]. Studies on 
daylight often focus either on external shading devices, glazing, 
and façade morphology, or on internal surface colours, furniture 
layout, and partition design – but rarely on how the two domains 
interact. This fragmentation limits practical applicability and 
overlooks the system level benefits of coordinated façade interior 
strategies in real educational settings.  

To overcome this fragmentation, advanced solutions such as 
dynamic or kinetic façades have been proposed [21–23]. While 
technologically effective, they involve high costs, technical 

complexity, and demanding maintenance, which constrain 
widespread adoption [24–27]. This paradox has generated growing 
interest in resilient, low tech, and culturally informed alternatives 
that can be passively integrated with interior configurations. 
Traditional Persian architecture, particularly in hot arid climates, 
offers a rich repository of static, culturally grounded daylighting 
elements – such as Orosi windows and Moshabak (lattice) screens 
– that modulate intense solar radiation without mechanical 
movement, achieving thermal and visual comfort while expressing 
cultural identity [28–30]. Notably, Persian architecture has deep 
roots in biomimicry: geometric patterns and material calibrations 
echo natural light filtering mechanisms found in plants and natural 
structures. Building on these principles, the present systematic 
review seeks to develop unconventional static façades – a façade 
type inspired by traditional Iranian architecture and biomimetic 
principles – specifically to enable morphological analysis of how 
exterior geometry and interior spatial parameters interact. These 
façades are defined as non mechanical building envelopes that use 
geometry (patterned apertures, hierarchical layering, three 
dimensional depth), material selection (coloured glass, brick, bio 
based composites), and passive mechanisms (fixed or manually 
adjustable panels) to regulate daylight direction, intensity, spectral 
quality, and glare. Unlike conventional static façades (e.g., simple 
punched windows or uniform louvers), unconventional static 
façades embed morphological intelligence derived from traditional 
Iranian elements and biomimetic strategies. Through 
morphological analysis – examining geometry, materiality, and 
mechanisms – this study investigates how these façades can be 
coordinated with interior layouts, furniture zoning, and surface 
reflectance to achieve balanced illumination and glare control 
without mechanical complexity. This study therefore makes two 
interrelated contributions: (1) it develops and operationalises 
unconventional static façades as a low tech, cost effective 
alternative to kinetic systems, and (2) it proposes an integrated 
interior–exterior design framework that coordinates façade 
morphology, mechanisms, and materials with interior spatial 
parameters – namely space–furniture, material–lighting, and 
user–layout – to achieve human centred visual comfort in 
educational environments. As shown in Fig. 1, the interactions 
between exterior and interior design parameters that shape 
daylight performance and visual comfort, forming the basis for this 
integrated approach.  

The present study is a systematic literature review, not an 
empirical investigation; it does not introduce new experimental 
data but instead synthesises existing evidence to derive conceptual 
and practical design guidelines. Given its foundation in Persian hot 
arid case studies, the proposed framework is most directly 
applicable to contexts with high solar radiation, where controlling 
intense daylight and glare is a critical design challenge. 
Nevertheless, the underlying logic of façade–interior integration – 
coordinating morphology, materials, and mechanisms with 
interior layout and surface reflectance – can be adapted to other 

NOMENCLATURE  
 
CCT Correlated Color Temperature 
SPD Spectral Power Distribution 
CS Circadian Stimulus 
mel-EDI Melanopic Equivalent Daylight Illuminance 
UDI Useful Daylight Illuminance 
DA Daylight Autonomy 
ASE Annual Sunlight Exposure 
CDA Continuous Daylight Autonomy 
DF Daylight Factor 
DP Daylighting Performance 
CBDM Climate-Based Daylight Modeling 
DF Dynamic Façade 
VP Visual Performance 
AL Active Layer 
CTP Cognitive Task Performance 
WB Well-being 
PG Perceptual Glare 
IGPs Islamic Geometric Patterns 
WWR Window-To-Wall Ratio 
SDA Spatial Daylight Autonomy 
OB Occupant Behavior 
nZEBs Nearly Zero-Energy Buildings 
DGP Daylight Glare Probability 
ASE Annual Sunlight Exposure 
VC Visual Comfort 
TP Thermal Performance 
P Privacy 
CL Constraint Layer 
PLA Poly(lactic acid) 
TPC Thermoplastic Copolyester 
ECS Environmental & Cognitive Satisfaction 
VC Visual Comfort 
CA Circadian Activation 
AL Adaptive Lighting 
AT Alertness 
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climates by modifying geometric parameters and material 
selections. The following research questions guide this review: 
• How can unconventional static façades, inspired by traditional 

Iranian architecture and biomimetic principles, serve as 
effective, low tech alternatives to complex dynamic façades while 
maintaining daylight performance and visual comfort?   

 

•  How do external façade geometries and internal spatial 
parameters interact to influence daylight distribution, intensity, 
spectral quality, and visual comfort in educational 
environments?  

• How can a coordinated interior–exterior framework align façade 
geometry with classroom layouts to optimise daylight 
performance, enhance visual comfort, control glare, and support 
integrated lighting strategies? 

This review therefore offers a novel, integrated perspective that 
bridges traditional Persian architecture, biomimetic principles, 
and interior spatial configuration – an approach absent in previous 
systematic reviews.   
 
2. METHODOLOGY 
As illustrated in Fig. 2, this study follows a three‑step framework. 
Step 1 – Research Initiation defines the research purpose and 
questions. Within this step, a systematic literature review was 
conducted following the PRISMA 2020 guidelines [31], and a 
bibliometric analysis of the included articles was performed using 
VOSviewer [32] to examine publication trends, journals, citations, 
and geographic distribution. Step 2 – Parameter Identification 
applies bibliometric and cluster analyses to extract exterior 
parameters (façade geometry, shading, biomimetic elements) and 
interior parameters (room geometry, surface reflectance, layout). 
Step 3 – Generating Synthesis develops unconventional static 

façades – inspired by traditional Iranian architecture and 
biomimetic principles – through morphological analysis 
(morphology, material, mechanism). The interaction of these 
façades with interior parameters and the resulting integrated 
exterior–interior framework are then presented in Section 4 
(Discussion), while the synthesis itself is presented in Section 3. 
The following subsections detail the systematic review process 
(Steps 1 and 2).   
 

2.1. Research initiation (systematic review)  
2.1.1. Identification 
This systematic review followed the PRISMA 2020 guidelines (Fig. 
3). Scopus and Google Scholar were selected as the primary 
databases, supplemented by other sources. A Boolean search was 
constructed using keyword combinations organised into four 
thematic groups (see Table A2): (1) topic‑related terms, (2) exterior 
parameters, (3) interior parameters, and (4) objectives. The search 
was restricted to English‑language journal articles published 
between January 2020 and January 2025 that addressed daylight 
performance, building envelope design, interior design, visual 
comfort, or quantitative daylight metrics. The initial search yielded 
1,695 records (1,653 from Scopus/Google Scholar and 42 from other 
sources).   
 

2.1.2. Records removed before screening   
All records were imported into EndNote for duplicate management. 
After removing 320 duplicate records, 1,375 unique records 
remained.  

Only peer reviewed journal articles were retained; conference 

papers, book chapters, editorials, and short surveys were discarded 
at this stage. 

   
Fig. 1. Geometric model visualized in rhino 3D.   
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2.1.3. Screening  
Titles and abstracts of the 1,375 records were screened against 
predefined inclusion criteria. Studies were included if they 
addressed daylight performance, façade geometry (static, 
dynamic, or unconventional), interior spatial parameters (layout, 
furniture, reflectance), or visual comfort, and reported quantitative 
daylight metrics such as sDA, UDI, DA, DGP, or EUDI. After 
screening, 824 records were excluded as irrelevant. The remaining 
551 records proceeded to full‑text assessment.   
 

2.1.4. Eligibility 
Full text articles (n=551) were assessed against exclusion criteria. 
Studies were excluded if they: (a) did not address daylight 
performance or indoor outdoor interactions, (b) focused solely on 
energy efficiency or thermal comfort without daylight metrics, (c) 
were non English publications, or (d) lacked quantitative daylight 
data. Based on these criteria, 362 studies were excluded, leaving 189 
studies.  

These 189 studies then underwent a quality assessment based on 
four transparency indicators: clear definition of exterior 
parameters, clear definition of interior parameters, use of 
quantitative daylight metrics, and methodological transparency. 
Studies that did not meet at least three indicators, or were review 
articles without original data, were removed. Consequently, 22 

review articles and 21 low quality research articles were excluded. 
The remaining 146 studies were retained for the final synthesis.  

 

2.1.5. Included 

The final stage in the PRISMA 2020 guideline is "Included", which 
refers to the total number of studies ultimately incorporated into 
the systematic synthesis. In this study, 146 articles that passed the 
full‑text eligibility and quality assessment were compiled for 
further analysis. Data extraction followed a structured coding 
process. Each article was reviewed to identify exterior parameters 
(façade geometry, operation, materials, shading), interior 
parameters (layout, reflectance, room dimensions, furniture), 
climate zone, methodology, software, and whether the study 
addressed combined exterior–interior design. Fig. 3 presents a 
clear and concise overview of the study selection process in 
accordance with the PRISMA 2020 guidelines.   
 

2.2. Result  
2.2.1. Bibliometric analysis 

The results of the bibliometric analysis, illustrated in Fig. 4, 
provide valuable insights for the scientific community regarding 
publication year, journal of publication, and the geographic 
affiliation of authors.  

  

Fig. 2. Three-step framework of the study: Step 1 – Research Initiation; Step 2 – Parameter Identification; Step 3 – Generating Synthesis.     
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During the study period, the geographic distribution of authors 
publishing in this field indicates global diversity and reach (Fig. 
4(a)).  

The highest number of publications originated from the United 
States (23 articles), the United Kingdom (15 articles), Italy (13 
articles), China (11 articles), Iran (8 articles), Norway (6 articles), 
Brazil and Canada (5 articles each), the Netherlands and Australia 
(9 articles each), and Belgium (3 articles). Additionally, Germany, 
Mexico, Switzerland, Greece, Chile, and Macau contributed 2 
articles each, while Argentina, Estonia, Ethiopia, Indonesia, South 
Korea, New Zealand, Puerto Rico, Qatar, Taiwan, Thailand, Cyprus, 
Denmark, Hong Kong, Japan, Jordan, Oman, Poland, Portugal, 
Russia, Spain, Sweden, and Turkey each contributed one article.  

Regarding journals, "Building Simulation" accounted for the 
highest number of publications with 17 articles, followed by 
"Energies", "Sustainability", and "Journal of Daylighting", each 
publishing 10 articles (Fig. 4(b)). Although the figure does not 
provide publisher-specific information, most of the reviewed 
articles were published by Elsevier.  

Time trend analysis indicates that the number of publications 
varied between 2020 and 2025. In 2020, publications accounted for 
about 5.7% of the total, increasing to 18.6% in 2021 and peaking at 
31.4% in 2022 (Fig. 4(c)). This was followed by a slight decline to 
25.7% in 2023, 11.4% in 2024, and 7.1% in 2025, reflecting 
fluctuating but overall growing research interest during this 
period.  

To explore the thematic streams and dominant research trends 
on the interactions between external and internal parameters 
influencing human visual comfort, a keyword co-occurrence map 
was developed using VOSviewer [32] (Fig. 5). In this map, the 
frequency of each keyword is represented by the size of its node and 
label, while the thickness of the connecting lines illustrates the 
strength of association between terms. Different colors were 
applied to distinguish clusters and to visualize the relationships 
among key concepts.  

The analysis identified four major clusters: the red cluster 
(external building parameters such as façades and shading 
devices), the green cluster (climatic and environmental 

  

Fig. 3. Flow diagram systematic literature review.      
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conditions), the yellow cluster (internal building parameters), and 
the purple cluster (human-centered factors). Daylight is positioned 
at the center of the network, serving as a pivotal element that links 
interior and exterior design parameters while actively contributing 
to occupant comfort. This highlights that daylight not only 
mediates the interaction between internal and external factors but 
also plays a critical role in achieving human-centered outcomes. 
The analysis also indicates that previous research has largely 
emphasized external parameters, while systematic studies 
exploring the interplay between internal conditions and human-
centered factors remain limited, underscoring the importance of an 

integrated approach. Therefore, this study examines both exterior 
and interior parameters with a focus on optimizing daylight 
performance and visual comfort to enhance occupant well-being. 
  

3. PARAMETERS IDENTIFICATION  
3.1. Identification of research gap 
A systematic review of 146 peer‑reviewed studies on daylight 
performance in buildings was conducted. The reviewed studies 
focused mainly on educational (over 80%) and office spaces, 
distributed across three dominant climate zones: cold semi‑arid 

   
Fig. 4. Bibliometric analysis of the reviewed articles: (a) Geographic distribution of publications. (b) Distribution of publications by journal. (c) Distribution 
of publications by year.      
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(BSk), hot desert (BWh), and hot‑summer Mediterranean (Csa). 
The primary methodology was computer simulation, using tools 
such as Grasshopper with Honeybee and Ladybug, Radiance, 
DIALux and IES VE, following standards like ASHRAE 169‑2013 and 
CIE, with simulation times typically set to working hours (e.g., 8:00 
to 17:00) and selected months in spring, summer and winter. Two 
groups of parameters were consistently identified: exterior 
parameters (conventional façades with glazing and window‑to‑wall 
ratios, as well as unconventional façades inspired by biomimicry, 
origami or Islamic geometric patterns) and interior parameters 
(surface reflectances, room dimensions, seating layout and 
partitions). To identify the research gap in detail, a representative 
sample of 27 studies was extracted and analysed in depth 
(presented in Table A2).   

The last column of Table A2 explicitly shows that none of these 
27 studies – and consequently none of the 146 final studies – 
adopted an integrated exterior‑interior approach (Combined 
Exterior‑Interior = NO for all). Studies focusing on exterior 
parameters kept interior settings fixed or ignored them, while 
studies on interior parameters assumed simple glazed façades 
without shading or adaptive features. Even when unconventional or 
dynamic façades were examined, their interaction with interior 

layout, reflectances or room dimensions was never tested. 
Therefore, the present research addresses this clear gap by 
proposing an integrated exterior‑interior framework, first for 
traditional Iranian architectural elements (Orosi windows and 
Moshabak screens) and then for nature‑inspired biomimetic 
strategies, as developed in the following sections.   
 

3.2. Exterior parameters  
3.2.1. Environmental influences on indoor daylighting 
performance 
Daylighting in educational buildings depends on climate, seasons, 
and urban context. These factors affect visual comfort, circadian 
rhythms, and cognitive performance [10,33]. In high‑latitude or 
overcast regions, for instance, diffuse light reduces glare but 
changes spectral and temporal qualities that matter for well‑being. 
Arid climates, by contrast, bring intense direct sunlight, which can 
cause glare and thermal discomfort unless properly managed 
[3,7,34,35]. Seasonal changes also influence daylight availability 
and learning outcomes. Large‑scale European studies show that 
students perform better in summer and winter than in spring, 
likely due to shifts in daylight exposure and circadian alignment. 

  
Fig. 5. Keywords co-occurrence analysis map of the reviewed articles.  
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These findings support design strategies such as dynamic shading, 
adaptive glazing, and careful building orientation to ensure 
adequate daylight year‑round while limiting glare [36]. Urban form 
matters too. Narrow streets, dense layouts, and tall neighboring 
buildings reduce daylight penetration, forcing greater reliance on 
artificial lighting and more energy use [8,37,38]. Vegetation can 
help: deciduous trees provide seasonal shade without blocking 
winter sun. But poorly placed greenery may obstruct light or create 
glare, affecting metrics like spatial Daylight Autonomy (sDA), 
Useful Daylight Illuminance (UDI), and Daylight Glare Probability 
(DGP) [39]. Consequently, site‑specific and season‑aware design is 
essential for optimizing daylight in learning environments, as 
summarized in Fig. 6 [7,11,34,40,41].  
 

3.2.2. Building form as a microclimate modifier 
A building’s form significantly shapes its own microclimate and, in 
doing so, improves thermal and visual comfort for its occupants 
[14]. This happens through strategic modulation of solar radiation 
and wind across the façade, which regulates surface temperatures 
and enhances daylighting, natural ventilation, and energy 
efficiency [42,43]. Geometry and orientation are critical here; they 
determine how effectively a building responds to climatic 
fluctuations [44,45]. Traditional courtyard buildings in Iran, 
China, and the Middle East offer clear examples of microclimate 
responsive architectur. They use courtyard geometry, wall 
properties (height and albedo), glazing type, shading devices, and 
vegetation to control solar exposure and wind patterns, thereby 
improving comfort both indoors and outdoors [46-48]. The spatial 
layout around courtyards also supports daily movement, helping 
people make the best use of daylight and natural ventilation 
throughout the day [49].  

Contemporary architecture builds on these principles by adding 
three dimensional façade variations and semi open spaces. These 
act as advanced shading tools, guiding light inward and reducing 
heat gain. Such features can be designed as dynamic modular 
elements that transform according to geometric and orientational 
needs, thus actively improving indoor environmental quality 
[17,50-53]. The relationship between building form, microclimate, 
and occupant comfort – including courtyard shape, orientation, 
materials, and vegetation is illustrated in the upper part of Fig. 7.   
 

3.3. Generating synthesis 

This step applies a morphological analysis focused on three 
dimensions – geometry, material, and mechanism – to develop an 
unconventional static façade. It does so by combining traditional 
Iranian elements (Orosi windows, Moshabak screens) with 
biomimetic principles, thereby optimising daylight distribution, 
intensity, and visual comfort.  
 

3.3.1. The façade geometry as a daylighting system 

Façades regulate the intensity, distribution, colour and direction of 
natural light, directly affecting visual comfort, task performance 
and energy use [18,23]. Consequently, optimising daylight reduces 
glare and improves key metrics such as sDA, UDI and DGP [18,23].  

As Fig. 7 shows, façades can be classified by geometry as 
conventional or unconventional, and also as static or dynamic [17, 
24,54-56]. Static façades – for example louvers, egg crate systems 
and perforated screens – are durable and easy to maintain. When 
well designed, they provide good daylight autonomy and glare 

  
Fig. 6. Key factors affecting daylighting performance and visual comfort, grouped into Environmental Context and Design-Related Factors.  
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control across different climates [27,57-61]. However, their fixed 
geometry cannot adapt to changing sky conditions or user needs 
[54]. In contrast, dynamic façades use kinetic systems and 
responsive materials to improve daylight and thermal performance 
[40,62-67]. Nevertheless, they face three main challenges. First, 
predictive algorithms are computationally heavy and often diverge 
from real performance [68]. Second, operational issues such as 
noise, slow actuation, and high maintenance constrain feasibility 
[21,22,66,69,70]. Third, uncertainties in durability and life cycle 
costs complicate investment [15,17,21,24]. This comparison reveals 

a paradox: dynamic façades offer adaptability but are technically 
and economically challenging, whereas static façades are reliable 
yet inflexible. Therefore, optimized static façades remain the most 
pragmatic choice for mainstream climate responsive design, while 
dynamic systems remain largely experimental [24,26,27,57-61]. 
Notably, unconventional static façades hold significant potential. 
By employing three dimensional geometries and morphological 
principles, they can modulate light like dynamic systems without 
associated cost or complexity. Traditional Iranian elements such as 
Orosi windows and Moshabak screens exemplify this approach, 

    
Fig. 7. Conceptual framework for façade geometry as a daylighting system integrating Iranian architecture with nature-inspired approaches.  

  

Fig. 8. Traditional Iranian elements with Islamic geometric designs. (a) Orosi windows with wooden lattices, colored glass, and floral-geometric patterns, 
including operable panels for daylight and ventilation control. (b) Moshabak screens in wood, brick, or movable forms. (c) Modern applications reinterpret 
these elements using proportional systems to enhance daylight quality while maintaining cultural continuity [84-87].  
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guiding daylight to enhance visual comfort and spatial quality [30, 
51,56,72]. Despite this potential, research has largely focused on 
adaptive dynamic systems, leaving a gap in studies of pre designed 
static façades that integrate cultural intelligence, regional context, 
and biomimetic strategies. This section therefore explores 
combining Islamic Geometric Patterns (IGPs) with nature inspired 
principles to create façades that are culturally grounded, visually 
expressive, and environmentally responsive [72,73].  
 

3.3.1.1. Traditional Iranian architecture elements: 
Orosi windows and Moshabak screens – morphology 
analysis 

Traditional Iranian architecture has long used façade design, 
behavioural strategies, and tailored lighting to enhance occupant 
comfort despite harsh climatic conditions [12–14,19,73].  

Sunlight shaped urban forms and building layouts, leading to 
innovative solutions for regulating natural light in hot arid regions 
[4, 65, 75-77]. Among these, Orosi windows and Moshabak screens 
stand out as climate adapted light regulators that combine 
functional efficiency with cultural symbolism [51,78,79]. Using 
IGPs, they fragment, diffuse and colour daylight, thereby creating 
interior environments that serve climatic, cultural and 
psychological functions [28, 52, 74]. Orosi windows feature latticed 
wooden frames with multicoloured glass (blue, red, green, yellow, 
or clear) arranged in geometric and floral motifs, typically on south 
facing walls [28,52]. Sliding or fixed, they diffuse sunlight to reduce 
glare and maintain privacy while adding vibrant chromatic effects 
[30,51]. Glass colour was chosen according to spatial function and 
occupant position; for example, yellow glass improves annual 
thermal comfort by 22% [28]. Widely used in Qajar period halls 
(Shahneshin), Orosi windows declined with modern steel 
construction [29]. Moshabak screens are perforated devices for hot 
arid climates that regulate daylight, heat and privacy [79,80]. Their 
performance depends on aperture size, geometry, depth, 
orientation and material [81]. Diverse geometric motifs create 
distinctive light textures that enhance visual comfort and well 
being [61,79,83]. Operable lattices can reduce indoor temperature 
by up to 2.4 °C [81].  

Quantitative studies on these elements focus on hot arid climates 
(BWh) and use simulation tools such as Ladybug, Honeybee and 
Rhino/Grasshopper [30,34,79,88]. Daylight performance (DP) and 
visual comfort (VC) are the primary concerns, followed by thermal 
performance (TP) and privacy (P) (Table A3) [28,79,88,89]. 

In morphological analysis, both Orosi and Moshabak employ a 
wide range of geometric patterns: from simple rectangular grids to 
complex star shaped lattices, hexagons, triangles, multilayer grids, 
rosettes and semi regular tessellations [30,51,79,88,89]. 
Hierarchical composition is typical – lower panels use simple grids 
for maximum daylight, while upper panels display intricate motifs 
for ornament. Hexagonal and star shaped grids effectively balance 
daylight, reduce glare and enhance visual interest [28,34]. For 

example, parametric 3D printed apertures based on these patterns 
boost UDI by over 105%, reduce ASE by 100%, and lower EUI by 
45.2% compared to traditional façades [34]. Regarding material, 
Orosi windows combine wooden frames with coloured glass, 
offering structural flexibility and precise daylight modulation [28, 
52]. Yellow glass improves annual thermal comfort by 22% [28]. 
Moshabak primarily uses locally available brick; its modularity 
allows complex patterns that diffuse light and provide thermal 
buffering [79]. Contemporary adaptations – laser cut panels, 3D 
printing and light transmitting walls – preserve traditional 
patterns while improving performance. For instance, optimized 
Shabak patterns increase UDI by 55% and reduce glare by 17.25% 
[80]. Mechanistically, Orosi windows use sliding, pivoting or 
rotating panels (0°–45° or 0°–90°) to control daylight, ventilation 
and privacy, with parametric adaptations enabling real time 
optimisation [30,52,88,89]. Orientation matters: south facing 
windows emphasise solar gain and airflow, while north  and east 
west facing windows prioritise diffused light [28,51]. Moshabak, 
mainly static, achieves environmental modulation through 
carefully designed apertures, layered depth and absorption [79,80]. 
Frame depth, material transmission and geometry further refine 
daylight distribution [29]. 

Consequently, these principles demonstrate that unconventional 
static façades can emulate adaptive behaviour through geometric 
hierarchy, material choice and patterned apertures. Passive control 
of light, thermal conditions and visual comfort – informed by 
parametric modelling and performance driven design – translates 
traditional mechanisms into efficient contemporary systems 
[34,88]. In contemporary buildings, these traditional elements are 
often merely decorative. However, reintegrating their geometric 
logic and proportions can improve daylight quality while 
preserving cultural continuity, as shown in modern 
reinterpretations (Fig. 8(a–c)) [84-87].   
 

3.3.1.2. Nature-inspired biomimetic approaches: 
morphological analysis  
Nature inspired architecture uses biomimicry to enhance 
sustainability, energy efficiency and visual comfort. Plants, which 
naturally adapt to light, temperature and humidity, provide rich 
models of form, colour, texture and structure – influencing 
mechanical performance, natural ventilation, light management 
and overall building efficiency [90,91]. Biomimetic design also 
integrates ergonomics, art and advanced materials to balance 
aesthetics with technology, especially for stationary buildings [92]. 
Two primary strategies guide biomimetic applications: problem 
based (top down) and solution based (bottom up) [93]. Plant based 
biomimicry, grounded in functional morphology, uncovers form 
structure function relationships essential for engineering [94]. 
Plant morphology (geometry, shape, size, colour) governs 
performance across scales, while plant biochemistry, 
environmental sensors and stimulus response mechanisms enable 
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adaptive behaviours – offering models for bio sensing applications 
[90,91]. Therefore, this analysis focuses on three key dimensions – 
morphology, mechanisms and materials – to examine how nature 
inspired design can optimise daylight performance and enhance 
visual comfort in contemporary architecture (Table A4). 

In terms of morphology, Hosseini, Fadli et al. (2021) developed a 
multilayered biomimetic kinetic façade inspired by tree branching 
patterns and layered arrangements. Evaluation of 625 alternatives 
showed significant improvements over a simple window: sDA of 
50.6%, UDI of 85.5, and EUDI (Exceedance Useful Daylight 
Illuminance) of 7.55 – representing a 5.13 fold increase in UDI and 
a 90% reduction in EUDI. Luminance analysis confirmed enhanced 
visual comfort, with DGP reductions of 31.18% on March 21, 17.64% 
on June 21, and 52.17% on September 21; 66.67% of cases exhibited 
imperceptible glare [91]. Regarding mechanism, Soliman and Bo 
created a multifunctional biomimetic adaptive building envelope 
(MBio ABE) inspired by Mimosa pudica, cactus (Echinocactus 
grusonii) and stone plant (Lithops salicola). Using folding and 
elastic movements in a hexagonal system with six folding and six 
triangular fins connected via hinges and springs, they achieved up 
to 3°C indoor temperature reduction and an 11.3% improvement in 
annual thermal comfort [92]. Sommese et al. (2024) designed a 
light responsive kinetic façade based on Gazania flower petal 
movements, translated into a diamond triangular modular system 
with variable depth and size. This system delivered 87.5–100% 
natural daylight, prevented glare and overheating, and 
significantly improved UDI, EUDI and DGP metrics [56]. In terms of 
materials, Cheng et al. (2024) developed a bioinspired 
hygromorphic 4D-printing system based on biobased cellulose 
composites that respond to changes in humidity and temperature 
through reversible shape transformation. Their approach 
integrates material design with bilayer actuation principles to 
enable weather-responsive adaptive shading elements that are 
scalable and suitable for real building façade applications, 
demonstrating stable performance under both laboratory and real 
environmental conditions [95]. Tahouni et al. investigated 
hygroscopic bio composites that swell and shrink with humidity, 
forming active layers in multi material bilayers combined with 
hydrophobic restrictive layers (PLA, TPC). These enable sequential 
movements in overlapping apertures, multi stage spirals, and self 
locking mechanisms [96]. Several studies combined morphological 
and mechanistic inspirations. Sankaewthong et al. developed a 
twisting kinetic façade inspired by DNA spirals, plant phototropism 
and the Eshelby twist, achieving an average illuminance of 557.72 
lux in a prototype [97]. Yunitsyna and Sulaj combined the geometry 
of Amaranth pollen with the folding behaviour of earwig wings to 
create hexagonal kinetic modules with foldable membranes, which 
improved daylight and visual comfort [98]. Kuru et al. employed a 
multi biomechanism approach based on Echinocactus grusonii, 
translating its ribbed cortex, spines and stomata into folding 
structures, photochromic glazing and heat triggered openings. 

This reduced operative, air and mean radiant temperatures as well 
as discomfort hours [99]. 

Overall, analysing façades through morphology, mechanism and 
material enables the design of predominantly static systems 
inspired by both traditional Iranian architecture and nature. Such 
systems passively enhance daylight, thermal comfort and visual 
quality through geometric, cultural and bio inspired strategies 
[34,88,99].   

 

3.4. Interior parameters and relational daylight 
mediation   
3.4.1. Interior architecture as a mediator of daylight 
performance  
While previous sections focused on building orientation, façade 
design, and material innovation from an exterior perspective, 
effective daylight integration must also encompass the interior 
environment. Daylight is dynamic, changing in intensity, direction, 
and spectrum throughout the day and seasons [100]. This 
variability makes it a valuable energy resource and an effective 
regulator of the human circadian system when used indoors. 
Research on the non-visual effects of light underscores the crucial 
role of interior architecture and spatial design in enhancing the 
physiological and psychological benefits of daylight. Key factors—
light intensity, spectral distribution, spatial directionality, and 
timing vital for circadian entrainment are significantly influenced 
by interior design choices [101,102]. Architectural features like 
room geometry, ceiling height, wall reflectance, window 
placement, and material surfaces influence daylight's effect on 
visual comfort, productivity, and user well-being in various 
settings [100]. Additionally, design frameworks that emphasize 
interior daylight incorporation focus on strategies such as 
furniture placement, lighting configurations, surface textures, and 
user adaptability for enhancing visual tasks and biological health. 
Research shows that a well-designed interior—considering 
reflectivity, layout, and spatial openness—can improve natural 
light usage without relying solely on technology [102]. Accordingly, 
the following subsections will explore key factors influencing 
daylight utilization, including lighting design, spatial and furniture 
layouts, material properties, and activity-based adaptations. This 
discussion will show how interior architecture can proactively 
improve circadian lighting quality and enhance occupant 
experience.  
 

3.4.1.1. Luminous environment, spectral conditions, 
and visual comfort  
Lighting is crucial for visual comfort in interior spaces, enhancing 
spatial aesthetics while aiding occupants in performing visual tasks 
efficiently. Research highlights the need to manage both natural 
and artificial lighting to avoid glare and excessive brightness, 
which cause visual discomfort [103, 104]. Recent studies also show 
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that lighting intensity and color temperature significantly 
influence users' mood, alertness, and performance. For instance, 
optimal office lighting (3500 K at 325 lx and 4000 K at 300 lx) 
improves mood and cognitive efficiency [105]. The intensity and 
color temperature of artificial lighting should match each space's 
functional needs. Warm lighting is preferred in homes for 
relaxation, while cooler lighting aids concentration in workspaces 
[104]. Research shows that lighting's photometric characteristics 
affect both visual and non-visual responses, influencing alertness, 
fatigue, and emotion through variations in spectral quality and 
light distribution  [106]. Hraska, as cited in [100], highlights the 
importance of an integrated lighting approach that accounts for 
daylight, electric lighting, interior design, building form, and site 
planning. This perspective supports adaptive lighting systems that 
adjust intensity and color temperature throughout the day to align 
with natural light cycles, enhancing comfort and productivity in 
office and study settings [105-107]. This strategy ensures that both 
visual and non-visual lighting needs are met holistically across 
different environments and user contexts.  

Lighting intensity and distribution are affected by the height, 
density, and arrangement of lighting fixtures. Research indicates 
that higher-mounted luminaires can make a space feel larger by 
improving the visibility of illuminated surfaces, creating a sense of 
depth and openness [108]. Conversely, lower fixture placement 
enhances local contrasts and accent lighting, creating more 
dynamic environments [109]. The density and spatial layout of 
luminaires also influence overall illuminance, uniformity, and 
energy efficiency. Studies show that room proportions, reflectance, 
and luminaire distribution affect lighting uniformity and power 
density [110]. Additionally, luminaire configuration is vital for 
modeling and visual comfort, as lighting uniformity and 
directional influences spatial legibility and visual clarity [111]. 
Studies on spatial perception show that the arrangement of 
illuminated surfaces impacts the perceived spaciousness of 
interiors, with specific lighting configurations affecting room size 
perception [112]. Bellia et al.[113] standardized measurement points 
at typical task (0.75–0.80 m) and eye levels (1.20 m), conforming to 
ergonomic lighting standards. This suggests that fixture height is a 
controlled, secondary factor in assessing integrated lighting 
performance. Furthermore, most studies maintained standardized 
setups, with approximately 300 lux on desktops, which reflects 
consistent luminaire height or distance from task planes [114].  

In modern environments, occupants frequently encounter static 
artificial lighting that doesn't provide the intensity and spectral 
qualities needed for healthy circadian rhythms. While this lighting 
meets visual needs, it often fails to mimic the dynamic variations 
of natural daylight's spectral power distribution (SPD) and 
correlated color temperature (CCT) throughout the day. Natural 
daylight varies from about 4000 K on cloudy days to 40,000 K on 
clear days, encompassing a full visible spectrum. Morning light, 
rich in short wavelengths, helps regulate circadian rhythms, while 
afternoon light shifts to longer wavelengths. Recent advancements 

in LED technology and sensor-based lighting allow for modulation 
of light intensity and spectrum, aligning indoor lighting more 
closely with natural patterns, which boosts occupant well-being 
and productivity [100]. Additionally, interior design elements, like 
surface color and materials, affect light spectrum and intensity 
through their impact on light reflection and absorption, 
influencing circadian-effective lighting strategies [102]. A review 
of 122 experimental studies [114] on illuminance and CCT in indoor 
environments found that higher illuminance levels (e.g., 750–900 
lux) enhanced visual task performance and comfort, though not in 
a linear manner. Optimal comfort was usually found at moderate to 
high illuminance levels. As noted by Ajrina et al. [20] found that 
spatial brightness perception is affected by illuminance levels and 
the SPD of light sources. They revealed that users preferred 
illuminance levels of 300–500 lux and CCT of 4000–6500 K, 
highlighting an optimal range for visual comfort in office settings. 
While the study offers a detailed analysis of spectrum and intensity, 
it does not address fixture height.  

Color selection in interior design directly affects visual comfort 
and influences interaction with surfaces. Research indicates that 
specific colors promote visual comfort by creating a harmonious 
effect in space. Soft colors are generally perceived as more 
comfortable than bright, saturated ones [115,116]. Recent studies 
have explored how CCT influences emotional and physiological 
responses. Lower CCTs (3000 K) promote relaxation, while higher 
CCTs (6500 K) can boost alertness or even nervousness [117]. This 
emotional modulation arises from how lighting color affects visual 
comfort, ambience, and arousal levels. Exposure to red light 
increases emotional arousal, while blue light promotes calmness 
[118]. Additionally, lighting conditions interact with physiological 
parameters. Hsieh et al. [119] showed that heart rate variations 
under different CCT and illuminance levels significantly affected 
visual perception and comfort. Huang et al. [120] found that higher 
CCTs (6500 K) improved task precision and physiological arousal, 
indicating better performance and well-being. These findings 
emphasize that the cognitive benefits of lighting design relate to 
intensity, distribution, and spectral composition.  

Building on this, Bellia et al. [113] found that higher CCTs, 
particularly 6000 K, increased circadian stimulus (CS) and 
melanopic equivalent daylight illuminance (mel-EDI), which are 
linked to improved alertness and mood. This effect was consistent 
across various wall colors, especially in areas with highly reflective 
or blue-shifted surfaces.  

These findings highlight the importance of cooler color 
temperatures for enhancing mood, cognitive performance, and 
circadian alignment. Similarly, Zeng et al. [121] found that lower 
CCT (4000 K) increased comfort and sleepiness, while higher CCTs 
(6000 K–10,000 K) improved mood and task performance, but 
often reduced comfort. These results indicate a trade-off between 
mood elevation and visual comfort at various CCT levels, as 
supported by Jung et al. [122] revealed that adaptive lighting 
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systems that adjust CCT and illuminance can enhance cognitive 
performance and psychophysiological responses in office 
environments, indicating practical options for personalized 
lighting control. Additionally, Li et al. [123] found that higher CCTs 
(6500 K–12,000 K) improved subjective alertness and mood, even 
under fatigue, while slightly impairing sustained attention. 

However, they enhanced advanced cognitive performance and 
showed positive EEG markers, indicating better alertness and 
mood. Further, Ajrina et al. [20] found that participants preferred 
CCT values aligning with the tonal characteristics of the materials 
observed. A CCT of 6500 K was preferred for blue or cool-toned 
objects, while 3000 K was favored for red materials. This illustrates 

  
Fig. 9. Furniture can adapt to lighting needs; arrangements can optimize light flow for individual or group tasks. Spaces can be open, team-oriented, or 
partitioned; partitions can be oriented parallel or perpendicular to windows. 

 

  

Fig. 10. Initial layout of a flexible learning space featuring modular, movable furniture for improved spatial adaptability and daylight access. Adapted from 
[35].  
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how CCT influences emotional and perceptual responses in indoor 
environments, emphasizing lighting's role in spatial experience 
and psychological comfort.  

The direction and distribution of light greatly affect the 
atmosphere and comfort of interior spaces, utilizing techniques 
like uplighting, downlighting, or a mix of both for varied 
direct/indirect illumination. Uplighting creates a sense of 
spaciousness by illuminating ceilings and highlighting vertical 
boundaries, which gives an impression of greater height and 
openness [108]. It also enhances aesthetics by accentuating 
architectural features and creating a visually dynamic environment 
[124]. Downlighting influences spatial perception based on fixture 
placement and intensity—lower placements create intimacy, while 
higher installations evoke expansiveness [108]. Also, recent studies 
show that mixed direct/indirect lighting configurations offer 
uniform, visually comfortable environments that enhance mood 
and overall room perception [125]. These configurations balance 
visual and non-visual lighting, improving comfort while 
minimizing glare and power density [126]. Mixed lighting systems 
reduce visual strain and enhance cognitive performance, making 
them ideal for human-centered design [125, 127].   
 

3.4.1.2. Spatial organization, furniture systems, and 
occupant position 

In offices and shared workspaces, spatial organization directly 
affects daylight performance and occupant comfort. Circulation 
paths and open-plan layouts with minimal visual barriers enhance 
daylight penetration and user well-being [128]. Educational 
activities can be mapped by task type, equipment, and spatial 
behavior (head movement, working surface orientation, and user 
interaction). This activity-based framework supports the design of 
responsive lighting and layout systems in shared workspaces. 
Educational activities analyzed by head orientation, working 
surface alignment, and user interaction can inform biologically and 
visually effective lighting schemes [129]. Using SHAP-based 
analysis, Wu et al. identified shading depth and angle as key 
variables for optimizing thermal comfort and daylight autonomy. 
Design recommendations such as a WWR of 0.6 and orientation-
specific SDA angles provide practical strategies to balance energy 
efficiency and user well-being. An open layout and ample space 
improve light distribution and reduce the feeling of restriction (Fig. 
9).  

Strategic furniture positioning enhances daylight distribution, 
extends light penetration depth, and improves visual comfort and 
spatial quality in multifunctional environments [130]. Educational 
spaces with flexible furniture support adaptability and 
collaboration [6]. In medical centers, L-shaped layouts with light 
openings and vertical partitions enhance daylight [131]. Modular 
furniture systems—such as freestanding, panel-based, and table-
derived configurations—improve daylighting performance and 

spatial adaptability by enabling flexible layouts and dynamic 
reorganization of interior zones [132].  

Spatial layout and furniture orientation indirectly influence the 
biological potency of light by shaping gaze direction and eye-level 
access to daylight. Regarding the spatial pattern of light, exposure 
on the lower retina more effectively suppresses melatonin than on 
the upper retina, and nasal-side retinal exposure is more 
biologically potent than temporal-side exposure. In building 
interiors, these physiological effects are often overshadowed by 
gaze direction; for example, looking toward a bright window 
provides more biologically potent light exposure than facing a 
dimly lit wall [133]. Spatial design decisions—such as user position 
relative to windows, furniture orientation, and maintained 
sightlines—can strongly affect circadian-effective lighting. Unlike 
conventional lighting, which focuses on task-level horizontal 
illuminance, circadian lighting design must prioritize vertical 
illuminance at eye level. This distinction enables spatial and 
furniture systems to support non-visual lighting goals without 
compromising visual comfort (Fig. 10).  

Brembilla et al. [134] show that the spatial configuration of 
interior elements—such as wall regions and workstation layout—
strongly affects vertical daylight distribution. Desk orientation 
relative to windows significantly impacts visual privacy, especially 
screen visibility, and is more critical in enclosed offices than in 
open-plan spaces [135]. In an experimental setup with desks at 5, 
10, 15, and 20 feet from the window, participants were grouped as 
“Window” (closer rows) and “Hallway” (farther rows). Those near 
the window reported higher satisfaction with the view, while those 
farther away reported better daylight levels, revealing a spatial 
trade-off [128]. View direction also shapes circadian lighting 
outcomes: Zeng et al., as cited in [100], found that workstations 
near windows and facing parallel to them delivered significantly 
higher circadian stimulation than those farther away or facing 
away. However, no desks located 4.5 meters from the window—
regardless of orientation—achieved sufficient circadian stimulus. 
Further simulations showed that changing only the view 
direction—without moving the desk—can produce a 58% change 
in circadian potential. This underscores the importance of distance 
from daylight, as well as occupant orientation and gaze direction, 
in workstation design [100]. Final layout guidelines recommend 
that desks positioned more than 6 meters (20 feet) from windows 
be oriented to face the windows to maximize circadian-effective 
light exposure [100]. These insights highlight the importance of 
thoughtful desk placement to balance glare control, daylight 
access, and outward views in shared environments. Desk location 
and occupant view direction determine the quantity and quality of 
circadian light received, reinforcing the link between workstation 
orientation and user well-being [102]. Occupant-centered design 
in shared workspaces requires integrating spatial zoning and 
ventilation strategies to balance comfort, health, and energy 
performance [136].  
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Partition characteristics—especially height, reflectivity, and 
orientation—critically affect daylight performance and energy use; 
well-designed partitions enhance light diffusion and openness, 
while poor configurations block daylight [16]. Fixed or heavily 
shaded window systems can reduce daylight access and visual 
comfort, lowering satisfaction and increasing eyestrain [128], but 
when paired with reflective surfaces, they can still perform 
efficiently [130] (Fig. 11). Ceilings, walls, and partitions should be 
shaped to minimize shadows and promote natural light flow 
throughout the space [51,116] .Transparent or semi-transparent 
partitions improve light transmission and visual openness, while 
full-height opaque dividers made with reflective materials can 
diffuse daylight and provide acoustic privacy. As discussed in 
Section 5.2.1, desk arrangement determines individual exposure, 
while partition design shapes broader patterns of light 
distribution.Shen et al. [136] proposed a multi-scale IAQ 

framework—combining building-level ventilation, room-level 
purification, and personal breathing-zone strategies—that aligns 
with modular workspace design and occupant-centered layouts.  
 

3.4.1.3. Modular, flexible furniture systems and visual 
access 

In educational and healthcare environments, such systems foster 
collaboration, flexibility, and improved daylight responsiveness 
[16]. Furniture arrangements can be reconfigured—with or without 
partitions—to support individual or team-oriented tasks, 
optimizing light access, comfort, and visual privacy. User control 
over immediate surroundings, including layout and lighting 
adjustments, is strongly correlated with perceived satisfaction and 
well-being. For interactions between partition elements and 
modular furniture design, see Section 5.2.2. Shen et al. [136] stress 
that occupant-centered design in shared environments requires 

  
Fig. 11. Daylight minimizes artificial lighting needs. Partition options range from closed to open, balancing privacy, light distribution, and visual comfort. 
Transparent partitions improve light transmission, while full-height reflective partitions diffuse light and offer privacy.  

 

  

Fig. 12. Adaptive lighting profiles aligned with the natural light cycle. The figure illustrates the author's conceptual design influenced by human-centric 
lighting research.   
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integrated spatial zoning, adaptive lighting, and ventilation 
strategies to balance health, comfort, and energy performance. 
Open-plan layouts show higher baseline transmission risk than 
partitioned or semi-open configurations, underscoring the spatial 
influence on airborne exposure [136]. Occupant-generated CO2 
closely correlates with aerosol persistence, providing a practical 
proxy for ventilation efficiency and transmission risk in enclosed 
clinical settings [137]. In Angelaki’s [129] typological breakdown, 
each classroom activity corresponds to a specific mix of lighting 
direction, working surface orientation, and head movement, 
highlighting the need for responsive lighting schemes aligned with 
actual spatial behavior.   
 

3.4.1.4. Materiality, reflectance, and perceptual 
modulation 

Studies confirm that wall color and reflectance significantly impact 
visual and non-visual lighting outcomes. High-reflectance walls in 
light or neutral tones boost corneal illuminance and circadian 
stimulation, lowering energy needs for visual tasks [100, 113]. 
Experimental data show that white walls yield higher CS than 
colored walls, with red, orange, and yellow reducing CS by 6%, 9%, 
and 12%, respectively [102]. Studies comparing blue, gray, and 
yellow surfaces found that yellow had the poorest CS performance, 
despite acceptable visual results [100]. Additionally, surface color 
affects the SPD received by the eye. Achromatic finishes maintain 
the intended SPD, while chromatic finishes may reduce circadian 
efficacy [113]. In certain settings like classrooms and hospitals, 
low-reflectance walls can significantly decrease effective CS, even 
with optimal window sizes and orientations [100]. Ajrina et al. [20] 
studied how wall color affects light reflection and appearance using 
different painted plywood and wallpaper samples. The analysis 
showed that wall colors react differently to lighting, particularly 
with tunable LED lamps with varying CCT values. For instance, 
yellow, beige, red, pink, and brown exhibited stable chromaticity 
under 5000 K light, while cooler tones like dark blue and dark green 
were more consistent under 5500 K. These insights highlight how 
choosing suitable wall colors and lighting can enhance visual 
comfort and color fidelity.  Equally important, the reflectivity and 
geometry of interior components, like ceilings, significantly affect 
daylight distribution. Dedeoğlu and Yalçın [13] found that curved 
ceilings outperformed flat and diagonal designs, achieving 90% 
lighting homogeneity and reducing artificial lighting energy 
demand by 50%. Concave geometries improve daylight penetration 
and distribution, especially in the mornings and evenings, making 
them ideal for energy-efficient learning spaces. Moreover, white 
ceiling reflectance enhances uniformity and indirect illuminance, 
although direct comparative data on ceiling finishes are limited 
[121]. Surface texture and material finish significantly impact visual 
comfort. Glossy finishes can cause glare, while matte textures 
diffuse light and improve uniformity in interior spaces  [100].   
 

3.4.1.5. Adaptive occupation, behavioral variability, 
and user feedback 

Occupant behaviour (OB) is a major source of uncertainty in 
building performance predictions; ignoring these uncertainties can 
lead to erroneous design decisions [138]. Timing and spectrum of 
daylight exposure are critical for regulating alertness and mood; 
dynamic lighting systems aligned with the natural light cycle 
enhance visual comfort and reduce daytime artificial lighting 
demand. Adaptive illuminance profiles—such as higher-intensity 
downlighting during the day and lower, indirect uplighting in the 
evening—can improve circadian stability and task performance 
[133]. Solar radiation dynamics over time require adaptive façade 
strategies that reduce energy use while maintaining thermal 
comfort. Shen et al. [130] show that layered environmental 
strategies—combining displacement ventilation, HEPA filtration, 
and spatial partitioning—can reduce transmission risk by up to 
96% with moderate implementation effort, making them suitable 
for resource-limited workspaces (Fig. 12).  

Li [139] used parametric adjustments—such as window 
geometry and material reflectivity—to optimize daylight 
distribution, showing that fine-tuning can substantially improve 
even existing buildings. Li [139] also demonstrated that optimizing 
window transmittance, wall-to-window ratio, and sky occlusion 
angle via genetic algorithms can significantly enhance DA and UDI 
in low-rise residential buildings. Gaetani et al. [138] emphasize that 
OB is a leading source of uncertainty in building performance 
predictions, and neglecting it can lead to erroneous design 
decisions. To improve visual comfort and energy efficiency, 
adaptive lighting control strategies must account for user activity, 
occupancy, and the dynamic nature of human activities, which can 
cause excess or insufficient daylight [140,141]. Research also shows 
that the timing of light exposure is as critical as its intensity or 
distribution: the brain tells time through natural light–dark 
patterns, so the same light stimulus may support health at one time 
and disrupt it at another. For day-active individuals, bright 
morning light supports alertness and well-being, whereas evening 
exposure to bright or short-wavelength light can delay sleep onset 
and harm circadian health [133]. At any moment, the biological 
potency of light can be adjusted primarily by changing its intensity 
and secondarily by shifting its spectral content. Brighter light with 
more short-wavelength radiation—especially aligned with the 
melanopsin action spectrum—has a stronger biological effect. 
Therefore, occupant-centered daylighting systems should respond 
not only to presence but also to time of day and light spectrum, 
supporting adaptive, temporally sensitive lighting design [133]. 
Recent studies highlight the benefits of adaptive daylighting and 
façade control systems that dynamically regulate illumination 
based on real-time occupancy and environmental feedback, 
improving comfort and reducing energy demand [25,142,145]. As 
shown in Fig. 13, the proposed schematic model illustrates how 
adaptive façades and sensor-driven daylighting systems modulate 
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solar exposure and indoor illuminance in response to user presence 
and circadian needs. This approach combines dynamic façade 
geometry and smart glazing, consistent with position-aware 
daylight simulation frameworks [142]. Overall, these findings show 
that dynamic occupancy and user-centered design must integrate 
spatial location, behavioural variability, and circadian timing to 
fully optimize both non-visual and visual effects of daylight.  

Visual comfort is subjective and varies with individual 
preferences and needs. Collecting user feedback is essential to 
determine whether an interior design meets perceived visual 
comfort standards. Post-occupancy evaluations and surveys on 

lighting quality, color, and spatial planning provide key insights for 
refining design decisions [2,143,146]. Occupant feedback is 
essential for validating simulation-based control strategies, 
calibrating adaptive lighting and environmental models to real user 
experience [2,146], and refining OB modeling to better capture how 
human patterns affect design performance [138]. Aliparast and 
Onaygil [143] investigate the effects of human-centered indoor 
lighting in an open-plan office environment through a field study 
involving 60 participants. Their work evaluates how different 
lighting configurations (luminaire type, mounting height, and 
direct/indirect distribution) influence visual comfort, alertness, 

  
Fig. 13. Creased light intensity in the evening; customizable partition heights to reduce glare; and variable fixture heights for different user activities 
(individual or group task).   

 

  

Fig. 14. Morphological and Functional Interaction of Iranian Architecture with Nature-Inspired Approaches.  
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and cognitive performance. The results show that lighting 
conditions significantly affect occupants’ performance and 
subjective comfort, highlighting the importance of considering 
human-centered and context-dependent variations in lighting 
design for office environments.  
 

4. DISCUSSION 

4.1. Unconventional static façades: integrating 
Iranian architecture with nature inspired approaches 

Building form can shape microclimates and enhance daylight 
performance (DP), visual comfort (VC), natural ventilation, and 
energy efficiency through geometry and orientation. Three 
dimensional façades with layered depth and semi open spaces act 
as advanced shading systems. Traditional Orosi and Moshabak 
filter light while expressing cultural identity, and biomimetic 
forms inspired by branching, spirals, and flowers add 
environmental responsiveness. 

Integrating traditional principles with nature inspired strategies 
enables static passive façades that optimise natural light and 
environmental quality. These façades can be understood through 
three interconnected dimensions – morphology, mechanism, and 
material – as compared in Fig. 14. The figure contrasts Iranian 
architectural strategies (left) with biomimetic approaches (right), 
showing how both converge to define a new façade type. 
Morphology: Geometric patterns in Iranian architecture, such as 
star shaped, floral, and polygonal forms, are analogous to nature 
inspired structures including branching, spiral, and layered forms. 
Both rely on modularity, repeatability, and scalability, providing 
not only aesthetic value but also functional benefits such as 
daylight control, glare reduction, and privacy preservation. This 
shared morphological logic allows static geometries to actively 
regulate light without moving parts.  

Mechanism: Iranian façades use fixed or operable movements – 
hinged, sliding, pivoting, or rotating – along with varied opening 
depth and scale to regulate daylight and ventilation based on 
climate and orientation. Coloured glass reduces glare and enhances 
visual flexibility. Biomimetic designs employ folding, twisting, 
expansion/contraction, and moisture  or light triggered reversible 
movements. Through temporal and cyclical variations – sun 
responsive adjustment in traditional systems, humidity  or light 
triggered responses in biomimetic ones – both strategies enhance 
spatial dynamism and visual comfort without relying on complex 
actuators or sensors. 

Material: Traditional Iranian façades use wood, brick, and 
coloured glass to ensure structural integrity, modularity, and 
daylight control. Contemporary adaptations incorporate laser cut 
panels, 3D printing, bio based composites, and moisture responsive 
layers to achieve programmable porosity, flexibility, and thermal 
adaptation. These materials prove that static envelopes can actively 
modulate daylight when combined with smart geometry and 
spatial organisation. 

The convergence of Iranian morphological principles 
(hierarchical patterning, modularity, coloured glass) and 
biomimetic strategies (branching, folding, moisture responsive 
materials) defines the unconventional static façade – a passive, 
non mechanical building envelope that achieves environmental 
responsiveness through geometric hierarchy, material filtering, 
and spatial depth rather than through motors, sensors, or complex 
maintenance. This “third way” preserves cultural identity while 
integrating nature inspired logic, and it maintains daylight 
performance and visual comfort without high costs, computational 
overhead, or frequent maintenance. Within modular and 
parametric systems, it delivers multifunctionality, sustainability, 
and cost effective design.   
 

4.2. Relational adaptability beyond kinetic façades 

Contemporary adaptive façade research frequently associates 
environmental responsiveness with kinetic systems, including 
movable shading devices, responsive skins, and sensor-driven 
envelopes. However, the findings of this study suggest that 
adaptability should not be understood exclusively as a product of 
mechanical motion. Instead, daylight responsiveness emerges 
through the coordination between façade morphology, material 
filtering, spatial depth, and interior organization, challenging the 
assumption that adaptive performance necessarily requires 
technologically intensive kinetic mechanisms. 

Traditional Iranian façade systems such as Orosi and Moshabak 
demonstrate that fixed geometries can regulate daylight through 
aperture hierarchy, layered depth, patterned porosity, and 
chromatic filtering. When combined with nature-inspired 
approaches such as branching, spirals, and porous geometries, 
these systems create variable luminous conditions that respond 
indirectly to changing solar angles, occupancy patterns, and 
perceptual conditions. Their environmental performance, 
therefore, depends less on physical movement and more on spatial 
and optical modulation. 

Geometric patterning and material filtering regulate light 
diffusion, glare, and spectral quality. At the same time, daylight 
performance cannot be understood as the sole outcome of façade 
systems. Instead, daylight behavior emerges through interactions 
between exterior filtering systems and interior spatial 
organization. Interior parameters, including layout, reflectance, 
ceiling geometry, and user orientation, significantly influence how 
daylight is redistributed and perceived. While lower partitions may 
improve daylight penetration, they may also increase glare risk, 
demonstrating that daylight optimization involves trade-offs 
among competing luminous conditions. Occupant positioning 
further complicates standardized daylight metrics. Window-facing 
desks produce substantially higher circadian stimulus than desks 
facing away from windows, while occupants closer to windows 
often report greater daylight satisfaction despite lower lighting 
uniformity. Taken together, the findings suggest a ‘third way’ 
between passive and kinetic façades, where adaptability emerges 
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through coordinated relationships among geometry, materiality, 
and interior organization rather than mechanical responsiveness 
alone.   

 

4.3. Integrated exterior–interior design framework 
for unified daylighting performance 

Figure. 15 depicts how unconventional façade features interact with 
internal environmental parameters through shared optical and 
perceptual principles that jointly shape DP and VC. Diffusion is the 
primary shared parameter. Unconventional static façade features 
like patterning, modularity, movement types, and materials alter 
incoming daylight by scattering or redistributing it before it 
reaches the interior. Similar processes take place in the space, 
where artificial lighting, ceiling shapes, reflective partitions, 
surface colors, and finishes soften brightness gradients and 
enhance uniformity. Together, façade and interior diffusion 
strategies optimize, refine, and distribute daylight. A second 
shared factor is light intensity. In unconventional static façades, 
elements like pattern typologies, geometry, and materials impact 
daylight penetration. Internally, intensity modulation appears in 
color temperature selection, light distribution, furniture 
arrangements, and user-centered lighting controls. The focus on 
intensity indicates that both façade and interior systems account 
for human illuminance thresholds and task requirements. The 
façade regulates daylight, while the interior adjusts surfaces, 
lighting, and user positioning to ensure consistent light levels. 
Together, these strategies support balanced illumination and 
visual comfort. Spectral quality is another area of overlap, focusing 
on parameters like color responses. Colored glass, pattern 
typologies, and bio-based materials influence the spectral 
composition of transmitted daylight through selective filtering and 
wavelength modulation, while interior elements adjust artificial 
lighting spectra, color temperature, and surface properties. Glare 
significantly affects visual comfort. In unconventional static 
façades, elements like geometric patterns, modular materials, 
aperture depth, color treatments, and bio-based components 
mitigate brightness and shield occupants from direct sunlight. 
Interior factors such as lighting placement, desk orientation, and 
surface finishes affect perceived glare. Effective glare control 
depends on coordination between façade modulation and interior 
spatial design.  

The interaction between façade morphology, mechanisms, and 
materials with interior factors like user-layout, material-lighting, 
and space furniture shapes the quality of daylight in static systems. 
Features like Orosi windows, patterned lattices, and layered 
apertures influence daylight distribution and create gradients in 
occupied spaces. Aligned with user orientation and workstation 
zoning, these geometries enhance balanced luminance, daylight 
autonomy, and reduce glare. The next challenge is the interaction 
between façade mechanisms and material-lighting conditions. 
Static or semi-operable façades with fixed-depth panels, colored 

glass, or multi-layered openings adjust daylight based on user 
position and activity. Reflective or matte interior surfaces improve 
performance by redistributing light for consistent brightness and 
quality. This equilibrium balances light near apertures and in 
deeper areas without mechanical adjustments, while the third 
interaction connects façade materials with Space-Furniture. 
Transparent, porous, or textured materials such as patterned brick, 
colored glass, and wood composites filter daylight, enhancing 
energy efficiency and comfort. When paired with modular 
furniture, partition systems, and reflective ceilings, they distribute 
light evenly, promoting visual privacy and psychological openness. 
This setup enables static materials to actively modulate daylight, 
like kinetic façades, by interacting with the interior space. 

As illustrated in the design integration framework (Appendix 5), 
in climates with high solar intensity, deeper façades, hierarchical 
perforation, and diffusive filtering may reduce excessive 
brightness and glare, whereas overcast conditions may require 
larger apertures and highly reflective interiors to improve daylight 
autonomy. Interior layouts should also respond directly to façade 
behavior through workstation orientation, ceiling reflectance, 
partition height, and reflective upper surfaces. The framework 
further suggests that glare mitigation should prioritize passive and 
spatial strategies before mechanical intervention, beginning with 
façade geometry and aperture modulation, followed by desk 
orientation and interior reflectance adjustments. Overall, the 
findings suggest that rather than replacing kinetic façades entirely, 
relational adaptability offers an alternative environmental strategy 
that redistributes responsiveness across geometry, material 
filtering, spatial organization, and user interaction.   
 

4.4. Tensions of relational adaptability 

Although the findings support the adaptive potential of 
unconventional static façades, the study also reveals important 
limitations and tensions within relational daylight strategies. 
Static systems cannot fully replicate the real-time responsiveness 
of kinetic façades. Their performance depends heavily on 
coordination between façade geometry, interior reflectance, 
furniture arrangement, and occupant positioning. Several trade-
offs also emerge across the reviewed studies. Strategies that 
increase daylight penetration, such as lower partitions or larger 
apertures, may simultaneously intensify glare and visual 
discomfort. Similarly, reflective materials can improve daylight 
distribution and circadian effectiveness while also increasing 
excessive brightness under certain conditions. Optimizing one 
daylight metric may therefore compromise another. 

The study also highlights tensions between environmental 
optimization and spatial perception. Occupants positioned near 
windows often report higher daylight satisfaction despite lower 
lighting uniformity, indicating divergence between subjective 
perception and quantitative metrics. Likewise, culturally 
expressive façade elements such as colored glazing or patterned 
geometries may improve visual identity and perceptual richness 
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while complicating standardized daylighting metrics focused 
primarily on uniformity and illuminance. Furthermore, the 
adaptive capacity of relational systems depends significantly on 
interior calibration. The same façade geometry may produce 
substantially different daylight conditions depending on 
workstation orientation, surface reflectance, ceiling configuration, 
and occupancy distribution. This dependence on spatial 
coordination may limit the transferability of static façade 
strategies across different educational typologies, climates, and 
user behaviors. These tensions suggest that relational adaptability 
should be understood as an alternative, rather than a replacement, 
to kinetic systems, redistributing environmental responsiveness 
across spatial, material, and perceptual relationships.  

 

5. LIMITATIONS AND FUTURE RESEARCH 
DIRECTIONS 
This study combines façade design and interior layout in 
educational settings, but it has conceptual and methodological 
limitations. Because this paper is primarily a review and conceptual 
study rather than an empirical investigation, the findings are based 
mainly on literature synthesis and theoretical interpretation. 
Conceptually, the framework assumes that adaptive daylight 
behavior arises from the interplay between façade systems and 
interior organization. The findings indicate that unconventional 

static façades could mimic adaptive qualities of kinetic systems 
through geometry and material filtering, but this has mainly been 
studied theoretically. Consequently, the framework is largely 
conceptual and may not fully reflect the complexities of real-time 
environments and perceptions. Methodologically, the study 
primarily uses literature synthesis, simulations, and descriptive 
comparative analysis instead of controlled experiments or post-
occupancy assessments, limiting the evaluation of integrated 
exterior-interior configurations across different climates, activity 
zones, occupancy patterns, and user behaviors. Future research 
should involve controlled and real-world classroom testing to 
assess how façade geometry, patterned apertures, workstation 
layouts, material-light interactions, and furniture zoning affect 
daylight performance and visual comfort. Additionally, multi-
factor testing of façade behavior, interior reflectance, glare, 
daylight dispersion, and user mobility is necessary to validate the 
proposed framework. Future studies can enhance this approach 
using parametric and data-driven optimization methods to 
calibrate façade morphology and interior organization. 
Additionally, research should include carbon-performance 
metrics, material durability, life cycle assessments, and post-
occupancy evaluations to explore how integrated daylight-driven 
strategies can foster low-carbon, high-comfort educational 
environments.  
 

   
Fig. 15. Integrated Exterior–Interior Daylighting Framework. Exterior parameters (unconventional static façade features) interact with interior parameters 
to influence Daylight Performance (DP) and Visual Comfort (VC). Key shared factors—diffusion, intensity, spectral quality, and glare—show how façades 
precondition daylight while interior materials, layout, and lighting refine and distribute.  
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APPENDIX 1. 
Table A1. Keywords selection systematic literature review.   

Group Keywords / Search Terms 

Topic "daylighting" 

External Building Parameters ("dynamic façade*" OR "adaptive façade*" OR "kinetic façade*" OR "static façade*" OR 
"unconventional façade*" OR "parametric façade*" OR "traditional façade*" OR "biomimetic 
façade*" OR "Orosi window*" OR "Moshabak screen*" OR "Mashrabiya" OR "louvers" OR "egg-
crate" OR "perforated screen*" OR "façade geometry*" OR "façade depth*")  
AND  
("window-to-wall ratio" OR "WWR" OR "orientation" OR "form" OR "courtyard building*" OR 
"urban morphology" OR "neighboring building*" OR "vegetation*" OR "seasonal*" OR "climate*") 

Interior Parameters ("Luminaire Distribution Type" OR "Spectral Power Distribution" OR "SPD" OR "Illuminance" OR 
"Light Output Intensity" OR "Correlated Color Temperature" OR "CCT" OR "Fixture Height" OR 
"Lighting Density" OR "Spatial Pattern" OR "Lighting Direction" OR "Room Dimensions" OR 
"Ceiling Design" OR "Wall Color" OR "Surface Finish" OR "Surface Reflectance" OR "Partition 
Characteristics" OR "Desk Arrangement" OR "Seating Location" OR "Occupant Density" OR "View 
and Field of View") 

Objective ("visual comfort" OR "glare" OR "glare risk" OR "circadian alignment" OR "daylighting 
performance" OR "daylight quality" OR "natural light" OR "indoor comfort" OR "occupant well-
being" OR "perceived comfort" OR "daylighting index*" OR "sDA" OR "UDI" OR "DA" OR "DGP" OR 
"ASE" OR "CDA" OR "DF") 
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APPENDIX 2. 
 
Table A2. Exterior and interior parameters of the reviewed studies (n=27) – all lacking integrated design.   
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Climate codes: Köppen-Geiger: Cfb (temperate oceanic), BSk (cold semi-arid), BWh (hot desert), Csa (hot-summer Mediterranean), Af (tropical rainforest), Dfa (hot-summer humid 
continental), Csb (warm-summer Mediterranean), Dwa (monsoon humid continental), Dfb (warm-summer humid continental), Cfa (humid subtropical). 
Space: Edu (educational), OB (office), MF (multi-functional), (Res) Residential 
OR: Orientation (N, S, E, W, Var). 
Facade op.: Static / Dynamic (Dyn). 
Facade geom.: Conv (conventional), Unconv (unconventional). 
Mat. (ext): exterior materials (e.g., Vinyl-fabric = lightweight vinyl-coated fiberglass fabric; MSU-wood = movable shading unit wood; Gereh = Iranian-Islamic Gereh pattern). 
WWR: window-to-wall ratio (%). 
Glass: Dbl (double-glazed), Sgl (single), Tpl (triple), LoE (low-emissivity), Low-E dbl (low-e double), DB (double). 
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APPENDIX 3. 
Table A3. Comparative analysis of studies from 2020–2025 on Orosi windows and Moshabak screens, highlighting morphology, materials, mechanisms, and multifunctional performance in 
daylighting, thermal regulation, and visual comfort.    

Year Clim
ate 

Metho
dology 

Software Function Mechanism Morphology 
Type 

Material Behavior / Performance Solution / Outcome Image RE 

2022 
 
  

BWh SA Rh + D; 
RE 

P, DP, VC, 
DC 

Perfor, S H / V / Sq – Daylight diffusion, 
filtering, veiling, glare 
control, transparency 
enhancement 

sDA ≥55%, UDI optimized, ASE 
≤10% (up to 100% reduction in 
summer), DGP <35%; horizontal 
aperture (W:H 4:1) Moshabak with 
60% perforation provides best 
daylight distribution and visual 
comfort; reduced overlit areas; 
improved transparency; simple 
passive mechanism 

  

[79]  

2022 BWh LS / SA Rh, G, 
HB, LB 

DP, VC, 
PsE 

Rot, D, 
Moveable, 
Param 

Hex, 
EggCrate, 
MultiLayer / 
MultiScale 

CG, TG Diffraction, Scattering, 
Filtering, Redirection; 
Diffusion/Fragmentatio
n; Real-time 
adjustment (kinetic & 
parametric); 
Psychological 
stimulation; Visual 
comfort improvement 

Kinetic Orosi-inspired façade with 
colored hexagonal modules; UDI 
93.5%, sDA 78.4%, EUDI 6.3%; 
5.6× UDI increase, 91.8% EUDI 
reduction; glare-free, improved 
daylight and occupant comfort 

 

[30] 

2024 BWh FE / SA Rh + G; 
CS 

DP, VC, 
PsE, PhE 

Param, 
Perfor, S 

Tri, 
Patterned, 
Optimized 
Orientation / 
Size / 
Distribution 

TG, 
Laser/3D
P 

Real-time adjustment, 
Influence on occupant 
mood / perception, 
Diffusion / 
Fragmentation  

The parametric patterned façade 
(PPF) boosted task performance, 
reduced negative affect, and 
improved mood and visual 
comfort with optimal daylight 
levels. 

 

[88] 

2020 BWh FS / SA Rh, G, D DP, VC, 
DR 

Diffusion, S  Star6 / Oct / 
8Fold / 
10Fold / 
8Fold2, 
SimpleGrid 

– Diffusion / 
Fragmentation of light / 
improving distribution 
and reducing glare. 

IGPs improved daylight and visual 
comfort; South façade 8‑Point‑Star 
(10 cm) achieved DA 80%, UDI 
77%, sDA 45%, EUDI 12%; West 
façade less effective, best with 
8‑Point‑Star/8‑Fold-Rosette. 

 

[51] 

2020 BWh LS / 
SA/  

Rh, G, 
HB, LB / 
DAYSIM / 
Design 
Explorer 

DP, VC, 
DC, PsE, 
P 

Rot (0–45° / 
0–90°), 
Kine, Param, 
D).  

Hex, 
MultiLayer / 
MultiScale, 
EggCrate, 
Periodic 

CG 
(RGB), 
TG, 

Filtering, Diffusion, 
Real-time adjustment 

High daylight performance: UDI 
93.5, EUDI 6.29, sDA 78.37; UDI 
increased 5.61x, EUDI decreased 
91.8%; glare mostly imperceptible 

 

[52] 
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2024 BWh LS / CS 
/ FE / 
SA 

DB DP, DC, 
TP 

S  Patterned 
Star6 / Hex / 
Tri 

TG/ CG 
Blue, 
Red, 
Yellow, 
Green, 
Colorless
) 

ransmission / Diffusion 
/ Filtering / Influence on 
PMV, sDA, ASE, UDI; TP, 
DP, VC 

Yellow glass: +22% comfort hours 
(PMV -1 to 1), sDA 98.6%, ASE 
5.96%; Colorless & Green good 
sDA ~94%, ASE ~1.45%; Red poor 
daylight sDA 57.7%. 
Recommended: Yellow for optimal 
thermal and daylight performance. 

 

[28] 

2022 BSk CS / SA Rh, G, 
HB, LB / 
DAYSIM 
/Evalglar
e 

VC, DP Gl, Frame 
Transmissio
n, Frame 
Depth, S 

Star6 / 5-
Part Orosi / 
SimpleGrid 

Wood + 
CG + 
Plaster + 
Carpet 

Glass color reduces 
glare; frames regulate 
UDI; shape/frame 
pattern homogenize 
daylight distribution 

Best performance: tinted glass + 
frames → reduced glare (DGP 0.356 
vs 0.569), improved UDI by 14%, 
improved sDA; Orosi prevents 
excessive illuminance 

 

[29] 

2025 BWh DA, LS, 
FS, SA, 
GA 

Rh, G, 
HB, LB, 
R. 

DP, VC, 
EN, DR 

Param, 
Perfor, 
Diffusion, 
Absorption 

PSS, 
Patterned / 
Optimized, 
GeomLattice 
(Chalipa 
geometry) 

- Diffusion, 
Fragmentation, 
Redirection, Real-time 
adjustment 
(parametric), Improved 
visual comfort, reduced 
glare 

Optimized Shabak skylight 
patterns increased UDI by 55%, 
reduced glare by 17.25%, 
preserved traditional aesthetics, 
enhanced energy efficiency, 
potential for intelligent adaptive 
systems 

 

[80] 

2025 BWh 
/ Af / 
BWh 

SA / CS 
/ FE / 
ML 
(ANN, 
ENS, 
DT, 
SVM), 
MCDM 
(ANP), 
GA  

Rh / G / 
HB / LB / 
R, 
EnergyPl
us, 
OpenStud
io, 
Colibri, 
MATLAB 

DP, EN, 
VC, DP / 
DC / PsE / 
PhE 

S/ PSS 
(Perforated 
Shading 
System, 
star-
patterned) 
 

Star8 
Mashrabiya 
pattern, 
MultiLayer 
parametric 
geometric 
design 

Wood, 
Laser-
cut / 3D-
printed / 
TG  

Modulates light 
transmission, diffusion, 
and filtering according 
to climate and 
orientation, optimizing 
daylight distribution, 
glare control, and 
thermal comfort 

 
Compared to traditional fins: UDI 
+48–105%, CDA +8–12%, ASE 
−100%, SG −82–88%, EUI −25–
45%, with high visual comfort and 
uniform illuminance across Cairo, 
Riyadh, and Kuching 

 

[34] 

2023 Csa Param
etric 
Modeli
ng + 
SA 

G/ Rh /CS 
| 

VC, DP 
 

Rot / Param / 
Moveable 

SemiReg / 
DemiReg, 
Tri / Hex 

OG Foldable panels 
performing rotational 
movement 0°–90°; 
adaptable 
orientation/daylight 
control /glare reduction 

sDA ≥55%, UDI optimized, ASE 
≤10%, DGP <35%; flexible facade 
patterns providing visual comfort; 
simple mechanism reducing 
complexity 

 

[89] 
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Climate = BWh (Hot Desert), BSk (Cold Semi-arid), 4C (Moderate Climate – ASHRAE Zone 4C), Af (Tropical Rainforest / Very Hot Humid), Csa (Mediterranean).  
Methodology = SA (Simulation Analysis), LS (Library Study), CS (Case Study), FS (Field Survey), FE (Field Experiment), LM (Laboratory Measurement), DA (Descriptive Analysis), ML (Machine 
Learning: ANN, ENS, DT, SVM), MCDM (Multi-Criteria Decision Making), GA (Genetic Algorithm). Software =Rh (Rhinoceros), G (Grasshopper), D (Diva), CS (Climate Studio), HB (Honeybee), LB 
(Ladybug), R (Radiance), IESVE (Integrated Environmental Solutions Virtual Environment), RE (Revit), DB (DesignBuilder). 
Function = DP (Daylight Performance), VC (Visual Comfort), TP (Thermal Performance), PsE (Psychological Effects), PhE (Physiological Effects), P (Privacy), DC (Daylight Control), EN (Energy 
Performance / Efficiency), DR (Decorative Role), V (View to Outdoors).  
Mechanism =S (Static), D (Dynamic), Rot (Rotational), Slide (Sliding / Translational Movement), Moveable (Operable modules), Kine (Kinetic / Moving Modules), Param (Parametric / 
Computationally Controlled), Perfor (Perforated Screen / Panel), Diffusion (Light control through scattering / transmission), Absorption (Absorptive daylight / solar control). Morphology Type = 
H/V/Sq (Horizontal / Vertical / Square apertures), Hex (Hexagonal), Tri (Triangular), EggCrate (Egg-crate pattern), MultiLayer / MultiScale (Multiple layers / scales), Rhombus (Rhombus-shaped 
apertures), SimpleGrid (Basic grid arrangement), GeomLattice (Geometric lattice), Star6 / Oct / 8Fold / 10Fold / 8Fold2 (Star, Rosette, Polygon geometries), PSS (Perforated Shading Screen), 
SemiReg / DemiReg (Semi-regular / Demi-regular tessellation), Patterned / Optimized (Parametrically controlled orientation, size, distribution).  
Material =CG (Colored Glass), TG (Transparent Glass), OG (Opaque Glass), Wood (Timber / Wooden Frames), Laser / 3DP (Laser-cut / 3D Printed), LT (Light-transmitting wall / skylight), plus 
finishes: Plaster, Carpet, Wall, Floor, Ceiling. Behavior / Performance = Diffraction, Scattering, Filtering, Redirection (optical modifications); Diffusion / Fragmentation (softening / spreading of 
daylight); Real-time adjustment (kinetic or parametric adaptability); Influence on mood / perception (psychological or physiological outcomes) 

 
APPENDIX 4. 
Table A4. Summary of nature-inspired approaches in adaptive architectural design, including morphological, mechanistic, and material dimensions based on previous studies.   

Morphological Tree morphology Branching patterns, layered arrangements, 
optimization of light interception and distribution 

Flexible multilayered skins, curvature-based kinetic movements for daylight 
adaptation 

 
Morphological 
,Mechanism 

 

Saguaro Cactus Ribbed exterior, spines, adaptive expansion/contraction Multi-angle adjustable fins and louvers in hexagonal shading skin 
Amaranth flower 
pollen; Earwig wing 
(Forficula auricularia) 

Geometric patterns, hexagonal grids, T-shaped ribs, 
permeable membranes; Folding mechanism, origami-
like joints, rapid transformation, flexibility, mechanical 
resilience 
 

Hexagonal kinetic façade modules, fixed edges, lightweight and structurally robust 
surface; Foldable membranes in façade modules, movable parts for varying openness 
(100%, 75%, 50%, 25%), flexible and rapid kinetic movement 

DNA structure, 
Phototropism, Eshelby 
twist 
 

Physical appearance of DNA, phototropism behavior, 
Eshelby twist movement 
 

Kinetic façade strip forms, twisting movement to filter and moderate daylight 

Ammophila arenaria 
leaf 

Leaf-rolling mechanism, reversible bending, grooves 
and veins 

Bimetal biomodule for self-shading; creased active layer inverts movement (opens 
when heated, closes when cooled), module scale, creasing pattern, and stamping 
matrix geometry tuned 

Echinocactus grusonii Rib-structured cortex, self-shading areoles and spines, 
stomatal openings, hierarchy, heterogeneity 

Folding ribbed structure with SMAs for heat regulation and shading, photochromic 
glazing for light and solar gain, hierarchical openings for ventilation, hexagonal rigid 
origami Bio-ABS modules 

Mechanism Plant stomata Dynamic movement, patchy distribution, transitory 
stages, adaptive repositioning 

Circular TSA zones, hierarchically adjusted depth and rotation of kinetic elements, 
grid arrangement reflecting stomata patterns 

Mimosa pudica, Cactus 
(Echinocactus 
grusonii), Stone Plant 
(Lithops salicola) 

Biological adaptation and movement mechanisms Folding and triangular fins on hexagonal base with hinges and elastic springs, merged 
into multi-functional adaptive envelope for thermal comfort 

Gazania flower Adaptive movements: petal curling and curving along 
longest axis, conical/triangular shape abstraction 

Diamond triangular modules, varying size and depth based on focal region radius, 
light-responsive kinetic façade 

Material Wood Hygroscopic property (moisture-responsive swelling 
and shrinking) 

Integrated into hygromorphic façade panels that fold for shading in dry weather and 
open in humid conditions to optimize daylight 

Wood-based filament Hygroscopic property (responds to humidity) 3D printed responsive units with origami-inspired hinge logic for controlled folding 
and shape-change 

Hygroscopic bio-
composite material 

Differential swelling and shrinking (hygroscopic 
response to humidity) 

Formed active layers in multi-material bilayers to control sequential shape-change 
through thickness, porosity, and layer configuration for programmable motion steps 

Wood Hygroscopic behavior (dimensional instability; expands 
and contracts with humidity) 

Integrated into responsive apertures within robotically fabricated plywood panels 
that autonomously open and close in response to relative humidity, creating a 
climate-adaptive architectural skin 
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APPENDIX 5. 

 

Fig. A1. Design implications diagram. 
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