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Abstract

Architectural design is a complex process in which multiple issues must be addressed simultancously. The
ratio of window area to floor area in classrooms, especially in cold regions, plays a significant role in enhancing
both visual and thermal comfort, as it directly influences the amount of natural light and radiant heat entering
the space. This reduces the need for artificial lighting and dependency on heating systems. However, an
excessively high ratio can lead to heat loss, energy wastage, and discomfort due to glare. Therefore,
determining an optimal window-to-floor area ratio is crucial for ensuring both visual and thermal comfort.
This study focuses on a secondary school classroom in Tabriz, a city with a cold climate. The research
objectives were optimized using simulation tools such as Honey Bee, Ladybug, and the Octopus optimization
plugin. The study concludes that the optimal classroom window-to-floor area ratio ranges between 0.125 and
0.2. Specifically, the best results for glare and adaptive thermal comfort are achieved with a lower ratio within
this range. In contrast, the best results for daylight sufficiency occur at the higher end.
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Introduction

Sustainable architecture is a comprehensive approach that addresses user needs, contextual factors,
functionality, and aesthetics in an integrated manner. In educational buildings, functionality plays a critical
role as it directly affects the cognitive performance, comfort, and health of students. Among the most
important factors are thermal comfort, energy efficiency, and adequate natural lighting, all of which
contribute to creating a conducive learning environment. Natural daylight has been widely acknowledged for
its positive physical and psychological effects. It enhances alertness, reduces eye strain, and supports circadian
rhythm regulation, contributing to better concentration and reduced fatigue. However, without proper
design, excessive brightness can cause glare and discomfort, undermining these benefits. Achieving a balance
between sufficient daylight and visual comfort requires careful consideration during the design
phase.Thermal comfort is equally essential, as inappropriate indoot temperatures can impair students' health
and focus. Given the challenges and costs associated with post-construction modifications, using simulation
tools during the early design stage is highly advantageous. In regions like Iran, where localized sustainable
building guidelines are lacking, such tools are crucial for climate-responsive architectural solutions.Numerous
studies have examined environmental comfort in educational buildings across diverse climates. For example,
research in subtropical and tropical regions has emphasized the need for cooler indoor environments and
has highlighted gender-based variations in thermal comfort perception. Other studies have focused on
optimizing design elements such as light shelves and window placement to improve performance. The use
of multi-objective optimization tools based on artificial intelligence has enabled architects to address multiple
goals simultaneously. Despite these advancements, practical design recommendations tailored to specific
Iranian climates remain limited. This study addresses that gap by focusing on the window-to-floor area ratio
in high school classrooms in Tabriz. The goal is to identify an optimal range that ensures thermal and visual
comfort based on climatic conditions, using simulation and optimization tools to inform design decisions.

Materials and Methods

Tabriz is situated in northwestern Iran and features a semi-arid climate characterized by cold winters and hot,
dry summers. Positioned at an altitude of 1361 meters, the city receives about 4,369 hours of sunshine
annually, of which approximately 3,047 hours are usable due to weather conditions (Ouria, 2019). According
to ASHRAE Standard 55, the psychrometric chart indicates that, without climate-adaptive measures, only
19% of the year offers natural thermal comfort. To evaluate the classroom environment, the study used three
key performance indicators:

Daylight Autonomy (DA) — the percentage of time during which natural light meets or exceeds minimum
illumination levels, as defined by Reinhart & Walkenhorst (2001).

Daylight Glare Probability (DGP) — a measure of potential visual discomfort due to bright light sources
within a space (Van Den Wymelenberg, 2014).

Adaptive Thermal Comfort — determined using updated ASHRAE and EN standards that incorporate
outdoor conditions in naturally ventilated buildings (Serghides et al., 2017; Wang et al., 2019).

The research employed Rhino software with the Grasshopper plugin for parametric modeling. This allowed
for flexible adjustments of classroom geometry, including width, length, and window size. Ladybug and
Honeybee plugins simulated daylight and thermal behavior using actual climate data from Tabriz Airport.
Artificial lighting was excluded to isolate the impact of natural light. For optimization, the Octopus plugin
within Grasshopper applied the SPEA2 evolutionary algorithm. The three objectives—maximizing daylight
autonomy, minimizing glare, and increasing thermal comfort hours—were assigned equal weights to ensure
an unbiased evaluation. The simulated classroom was a ground-floor unit with an east-west orientation,
featuring one south-facing window and a fixed-size door. The window was modeled as non-operable, double-
glazed, and low-emissivity. Except for the southern external wall, all other surfaces were considered adiabatic.
The simulation focused on typical school days and hours, excluding holidays and vacations, and assumed
adult student occupancy per ASHRAE guidelines.

Results

The primary objective of this study was to determine an optimal ratio between window area and classroom
floor area to create a comfortable indoor environment that supports educational activities. Using parametric
simulation and multi-objective optimization, the study explored how vatiations in classroom dimensions and
window sizes affected thermal comfort, daylight adequacy, and glare probability. Out of the various
configurations tested, 70 optimal solutions were identified using the SPEA2 algorithm. These solutions
formed a Pareto front where none dominated the others, meaning each provided a balanced trade-off among
the three objectives. The optimal range of window-to-floor ratios was found to be between 0.125 and 0.2.
Within this range, several configurations demonstrated particularly high performance in specific areas.For
instance, some configurations achieved daylight adequacy levels exceeding 86%, making them suitable for
reducing the need for artificial lighting during school hours. Others achieved over 1830 annual hours of
42 | Culture of Islamic Architecture and Urbanism, 2025; 10(1)
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thermal comfort, which would reduce reliance on mechanical heating or cooling systems. In contrast, the
best glare performance, with values as low as 0.73, indicating minimal visual discomfort. These results
underscore the importance of considering all comfort factors in tandem. Enhancing one objective often
impacts another—for example, increasing window size can improve daylight but may also raise glare and
thermal instability. The study demonstrates that there is no one-size-fits-all solution; rather, the optimal
design based on contextual needs and priorities. Designers may select specific solutions from the Pareto set
depending on site conditions, user preferences, or institutional policies on attificial lighting and HVAC
usage.Ultimately, the study's findings provide a valuable framework for evidence-based design in educational
architecture, especially in cold-climate regions like Tabriz.

Discussion

Ensuring thermal and visual comfort in classrooms is essential for supporting learning and well-being. This
study employed multi-objective optimization to explore how window-to-floor ratios affect daylight, glare,
and thermal comfort. A ratio between 0.125 and 0.2 was found to be the most effective. Lower ratios reduce
glare and maintain daylight levels, whereas higher ratios improve thermal comfort. The results provide
practical guidance for cold-climate classroom design in Tabriz. Future research can examine these
proportions in other climates and consider additional factors such as acoustic comfort or surface-to-floor
ratio as further design parameters.
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Fig 1. Graphic Contours of Climatic Parameters on an Houtly Basis, Extracted from Tabriz Airport

Meteorological Database, from January to December. A. Dry bulb temperature (°C) B. Dew point

temperature (°C) C. Direct vertical irradiance (lux) D. Relative humidity (%o)
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DESIGN STRATEGIES: JANUARY through DECEMBER.
11.6% 1 Comfort{1020 hrs)
15.9% 2 Sun Shading of Windows(1392 hrs)

20.4% 5 Direct Evaporative Cooling{1784 hrs)
20.6% 6 Two-Stage Evaporative Cooling{1806 hrs)
9.2% 7 Natural Ventilation Cooling{802 hrs)
7.9% 8 Fan-Forced Ventilation Cooling(695 hrs)
18.5% 9 Internal Heat Gain{1617 hrs)
10.9% 10 Passive Solar Direct Gain Low Mass{959 hrs)
16.5% 11 Passive Solar Direct Gain High Mass(1442 hrs)
1.1% 12 Wind Protection of Outdoor Spaces(95 hrs)
0.4% 13 Humidification OnhA36 hrs)
0.0% 14 Dehumidification Onha(1 hrs)
0.0% 15 Cooling, add Dehumidfication if needed(0 hrs)
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Fig 2. Graphic Contours of Climatic Parameters on an Hourly Basis, Extracted from Tabriz Airport

Meteorological Database, from January to December
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Fig 3. Model of the Classroom Under Study
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Table 3. Specifications of Materials Used in the South-Facing Wall of the Model
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Table 4. Optimal Solutions of the Final Pareto Front and the Value of Each Research Objective in

These Solutions
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3 7.78 43.22 83.56  0.8634 1699 38 8.18 57.62 70.79  0.7741 1761
4 7.81 62.50 64.08  0.7311 1792 39 10.12 62.50 76.51  0.8041 1719
5 4.15 32.40 7249  0.8373 1803 40 3.94 27.73 76.59  0.8859 1781
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Fig 5. Status of Various Factors Related to the Selected Solutions with the Highest DA
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Fig 7. Status of Various Factors Related to the Selected Solutions with the Lowest DGP

| I

¥ Clg Y g Wl

S Join] 8 oo ol 4 bype (S Jlei] oSyl AJSWS

Fig 8. Contours for the Selected Solutions with the Lowest DGP

il (e oyt (gl VAYF g YAYD OAYS yaléo b

IS 13 09590 JDg0d it Lol plo b duslis )l
S sl 4 bge cilise (sbaygSh Cundg (1)

bl b (2 iy L aly sl Y€
byl ]

sz e 3 oadal] (cla s Gl bl )

iy 4 VY 5 YV oo laclgs &5 amd o i olog

Teowy S

dsh vayr phuecus ool Jual Hubl Vs @
SS4 s sy S Sl ¢

il v @

Fig 9. Status of Various Factors Related to the Selected Solutions with the Highest Adaptive Thermal

Comfort

V¥ gl o losd camd Jlo £ oDl (ot 5 (gjloxe Kimys | 0F


http://ciauj-tabriziau.ir/article-1-541-en.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 11:51 +0330 on Thursday January 29th 2026

i ol (silaed poby o Sho luT il plol

S el bl plo > 598 Slusls oy egdle
OBl gt 35 1y Sy ialel doz ] 503 wpe Slsal
S 4 o Cund BB plmen ) |5 350390
(sl Blaal s (gl o slal o it g g0 S
D93 B oSS g culie ggbg0 Bl o (g oS

il ol

b e lie b 680 Ao, Sl s lio ol 105 ] wlow
loadS o lisel i Sge g Sl s phlel Bani
Bl g Sho Il 5 51 )15 bl glanll oS ol " oy
s oSl > ()it le 35 (BT bygliie g (sl il 25

Gl 48,5 plo0] 55 05 oMl

PRRVREI b3 PSR PPV IS YRRV LN R COWEPN JGX g .9
Lol tgamy Jlog GEE g et mmialael Gl 5l3le 56 i g
Oy85 4l bodld pulals g o e Gl smilio Lyl 1wy g Buiod
oodls (il e ol site Gy 9 il foml Al Ggiote
OB g ples v s Jlo el ol 050 i ppite o] sl £ o

lodges caiblge (b g 03,5 dalllas |y dlio ods yuiiiio deus

03,55 2l yd (215 ddgs b g ol 1 b u,ol.?
LS b pMel |y blin DT 555 gt (B ki o 12800 SLAT

005 o5 b 5 0B ads5 (sloodls de gasro 13190 9 0SS Ay o ywrd
Jotue Saigs | (e Cunlgdyy Bl I ol Ghaghy Job

References

Alhagla, Kh., Alaa, M., & Elbassuoni, R. (2019).
Optimizing Windows for Enhancing Daylighting
Performance and Energy Saving.  Alexandria
Engineering Journal. 58(1):283-90.
https:..doi.org.10.1016.j.a¢j.2019.01.004

Bakmohammadi, P., & Noorzai, E. (2020). Optimization
of the Design of the Primary School Classrooms in
Terms of Energy and Daylight Performance
Considering  Occupants’ Thermal and Visual
Comfort.  Energy Reports. 6 (1):1590-1607.
10.1016.j.egyr.2020.06.008

Boubekri M., Lee J. Bub K., & Curry K. (2020). Impact of
Daylight Exposure on Sleep Time and Quality of
Elementary School Children. Eurgpean Journal of
Teaching and Education. 2(2):10-17.
https:..doi.org.10.1016.j.buildenv.2024.111644

Custodio, D., Ghisi, E., & Forgiarini Rupp, R. (2024).
Thermal comfort in university classrooms in humid
subtropical climate: Field study during all seasons.
Building and Environment. 258(4):115-130.
https:..doi.org.10.1016.j.buildenv.2024.111644

Dear, R., & Brager, K. (1997). Developing an Adaptive Model
of Thermal Comfort and Preference - Final Developing an
Adaptive Model of Thermal Comfort and Preference. Final
Report on RP-884(ASHRAE Transactions) (pp.104-

oY

& 75 4o 0
doz)) fiselilhs Gl g sy il el
29 b Canl (o G (2l 3 Cyarly Clegoge
Bo8 Shal 3a0 o Gl g lab ks g sl 8l 4y
o &0 it (2 3yl gl s (S 3
P W Colus 5 1559 Sebil Colue (e dine
el 0303 )18 (g 23190 1) 39290 (Sl disitey Jol o8
2o Sed 51 &S o i Oldlas cpl > Buid
Lol eyt g5 Sl 5 (s el el (b o
2o b5 535 5 555k b el 15 s by o 8
S oo JyES 1y 53919 19 (e & LS gy 32
Cansd 538 yobods 9 Lad 363 dlayl &y g Cuwl 039y aslllned yg0
W a8y dhop pob Limgh sl sl o
—op hiod &5 o (g, il ool b g 0dgy yeSde Slasios
9 S e (men) guenyd 9 dinio Slial 4 (o)
lbg) el e 9999 )9 e 9 Sl ol Jolse
sl 0397 Ay G (pl Jod 4 il oo S 1y (B
ol gl ol S | o 355 gy o3l b5 ol
B (Byre A Tl AL s 3 (glwdig ]
(9l 5 S Colus 53 5 05dle ol (4115, o 5
ot g oSae (S 5 (8L 45 e 4 ool b e
2l o g A Ve 2ols )y ol oo il )l
u‘)m u;);\fb N Lol 039y yuxio Y. b YYO.. o)L 2
85 < Gl 4 B 85 oIS S &y 551
T j9 )9 S pogad 35 4us )5 oS a3 o0
el Gl phalel el 9 (S (e 2390 0 Jg 0392
Olsieds & olagul g lial I S a Sl ddlas .l
P &Sl ol ) Sl 5ud Sme Ban ya clacy i
oS S (39 )5 S g (S (e 4 bgpye ol
ey loy)a E:RT »9 )9§.\a 5)‘4 » (\YV' 9 W5 9 \Ya')
ot cxl » (V) sl Comd (el )l (el
Ca Lj ISHE Ny o L)i] f‘.?ul )‘ B .JJ]D.)}Q ))u5,ua.a
sl gl bl g Slal () (soluspie ©ygo 3
g ol gl jf ool el cblial | S & i oy3s
o & Ve gl plos & cusl S3oLLE g pals
andlae Cilual lojen g ol s 4 Clial oyl Joleie
P wlealy g e ol Al mls il o el |y
R dawgio alaio )3 (g3 Sla NS cuslio (b co
Wlgi oo (i (S sloyingly )3 bl Sy 8l 9 520

Vo (gl olasd comd Jlo £ oMl (gl st 5 (6 lare Sin b


http://ciauj-tabriziau.ir/article-1-541-en.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 11:51 +0330 on Thursday January 29th 2026

woill & Glalg olaws jolateds () (slo (M )3 S 4 455l paw Cams b Ao

Sustainable Architecture Goals. International conference
on modern research in civil engineering, architectural and urban
development. 3:65-76. https:..sid.ir.paper.910528.en

Nesma F., Akila B., Djamel A., & Atef A. (2023).
Optimizing Visual Comfort in School Buildings
Through Parametric Design. PERIODICO di
MINERALOGIA. 92(3):74-91.

Nicol, F., Humphreys, M., & Roaf, S. (2012). Adaptive
Thermal Comfort Theory, Principles and Practice. Routledge
publications.

Niza, 1., Mendes da Luz, 1., & Eduardo Broday, E. (2023).
Thermal Comfort Assessment in  University
Classrooms: A Discriminant  Analysis  for
Categorizing Individuals According to Gender and
Thermal Preferences, Atmosphere. 14:1325-1342.

Othman, A., & Mohd Mazli, M. (2012). Influences of
Daylighting towards Readers’ Satisfaction at Raja Tun
Uda Public Library, Shah Alam. Procedia - Social and
Behavioral S ciences. 68: 244-57.

Ouria, M. (2019). Solar Energy Potential According to
Climatic and Geometrical Parameters of Cities and
Buildings: A Case-Study from Tabriz City- Iran.
Urban Climate. 28: 100469.
https:..doi.org.https:..doi.org.10.1016.j.uclim.2019.10
0469.

Pilechiha P., Mahdavinejad M., Pour Rahimian P,
Carnemolla P., & Seyedzadeh S. (2020). Multi-
Objective Optimisation Framework for Designing
Office Windows: Quality of View, Daylight and
Energy Efficiency. Applied Energy. 261(5):205-221.

Reinhart, C., Mardaljevic, J., & Rogers, Z. (2006). Dynamic
Daylight Performance Metrics for Sustainable
Building Design. Journal of lluminating Engineering
Society of North America. 3(1): 7-31.

Reinhart, C, & Walkenhorst, O. (2001). Validation of
Dynamic RADIANCE-Based Daylight Simulations
for a Test Office with External Blinds. Ewergy and
Buildings. 33(7): 683-97.

Saadatjoo, P, & Saligheh, E. (2021). The Role of Buildings
Distribution Pattern on Outdoor Airflow and
Received Daylight in Residential Complexes; Case
Study: Residential Complexes in Tehran. Nagshejahan-
Basic Studies and New Technologies of Architecture and
Planning. 11(3): 67-92. [In Persian]

Saligheh, E. (2022). Investigating the Effect of Protrusion
and Orientation of the Building on Self-Shading of
the Building in Hot and Humid Climate (Case Study:
Four-Story Buildings on Kish Island). Jowrnal of
Renewable and New Energy. 9(1): 49—60. [In Persian]

Saligheh, E., & Saadatjoo, P. (2020). Impact of Central
Courtyard Proportions on Passive Cooling Potential
in Hot and Humid Regions (Case Study: Single-Story
Buildings in Bandar Abbas). Nagshejahan: Basic Studies
and New Technologies of Architecture and Planning. 10(2):
137-52. [In Persian]

Serghides D., Dimitriou S., Kyprianou I., & Papanicolas C.
(2017). The Adaptive Comfort Factor in Evaluating

125).

Elwekil, E. (2015). Optimizing Classroon: Acoustic Performance
1o Promote Children’s Edncation and Wellbeing (Published
Master's thesis). The University of Arizona, Tucson,
Arizona.

Fallahtafti, R., & Mahdavinejad, M. (2015). Optimization
of Building Shape and Orientation for Better Energy
Efficient Architecture. International Journal of Energy
Sector Management. 9(4):593-0618.
https:..doi.org.10.1108. IJESM-09-2014-0001

Gursel Dino, 1., & Ugoluk, G. (2017). Multiobjective
Design Optimization of Building Space Layout,
Energy, and Daylighting Performance. Journal of
Compnting  in  Civil  Engineering. ~ 31(5):201-235.
https:..doi.org.10.1061.(ASCE)CP.1943-
5487.0000669.

Javanroodi, K., Vahid, N., & Mahdavinejad, M. (2019). A
Novel Design-Based Optimization Framework for
Enhancing the Energy Efficiency of High-Rise
Office Buildings in Urban Areas. Sustainable Cities and
Society. 49(5):362-405.
https:..doi.org.10.1016.j.5¢s.2019.101597

Kent M., Altomonte S., Wilson R., & Tregenza P. (2017).
Temporal Effects on Glare Response from Daylight.
Building and Environment. 113:49-64.
https:..doi.org.10.1016.j.buildenv.2016.09.002

Konis, K., Gamas, A., & Kensek, K. (2016). Passive
Performance and Building Form: An Optimization
Framework for Early-Stage Design Support. Solar
Energy. 125:161-79.
https:..doi.org.10.1016.j.solener.2015.12.020.

Kottek M., Grieser J., Beck C., Rudolf B., & Rubel F.

(2006). World Map of the Koppen-Geiger Climate
Classification Updated. Meteorologische Zeitschrift. 15
3): 259-263. https:..doi.org.10.1127.0941-
2948.2006.0130

Lakhdari, K., Sriti, L., & Painter, B. (2021). Parametric
Optimization of Daylight, Thermal and Energy
Performance of Middle School Classrooms, Case of
Hot and Dry Regions. Building and Environment. 204(1):
108-143.
https:..doi.org.10.1016.j.buildenv.2021.108173

Lamberti G., Salvadori G., Leccese F., Fantozzi F., &
Bluyssen Ph. (2021). Advancement on Thermal
Comfort in Educational Buildings: Current Issues
and Way Forward. Swstainability. 13(18):107-123.
https:..doi.org.10.3390.su131810315

Mahdavinejad, M., Tahbaz, M., & Dolatabdi, T. (2016).
Optimization of Proportions and How to Use the
Light Rack in the Architecture of Classrooms. Journal
of Fine Arts: Architecture & Urban Planning. 21(2):81-92.
https:..doi.org. 10.22059.jfaup.2016.60164  [In
Persian)|

Moghtadinejad, M., & Pashaei, S. (20106). Investigating the
Impact of Parametric Architecture Design Process
Based on Algorithmic Design, A New Approach in
the Digital Architecture Design in Line with


http://ciauj-tabriziau.ir/article-1-541-en.html
http://dx.doi.org/10.61186/ciauj.10.1.541

[ DOI: 10.61186/ciauj.10.1.541 ]

Downloaded from ciauj-tabriziau.ir at 11:51 +0330 on Thursday January 29th 2026

i ol (silaed poby o Sho luT il plol

Huang Q., & Zhang Q. (2017). Optimization of
Thermal and Daylight Performance of School
Buildings Based on a Multi-Objective Genetic
Algorithm in the Cold Climate of China. Energy and
Buildings. 139(5): 371-384.

Ziaee, N., & Vakilinezhad, R. (2022). Multi-Objective
Optimization of Daylight Performance and Thermal
Comfort in Classrooms with Light-Shelves: Case
Studies in Tehran and Sari, Iran. Energy and Buildings.
254(5): 111590-615.

Lailss (WAS) oo ot 5 dmgi gjlogi Glojls (5 8
352940l ol ol )Ll o 5590 (slalesilo )b
ol

Llps (WA0) . o)lte s8 g drwgi iy olojl (36 8>
390 2 ol Sl o ol sloloibl (b
Ol

Sob glode o i (V) b pledl 5 by o> dlew
8Ly 59y )95 9 5k sladol gl p (FeSume peme sl
IR b (G95me Slageine i(3)90 diges g loid L
SVAY (VY (oles il

blo Sluls S35 oy (1¥22) g3 coleus by 5 ploll cailes
sk ye g o5 waldl > pladl (gliwal Gialopw 3 (65550
(obesis b dpe S la Glosblo 163)90 diges)
A0 YN e e i

SrSee g Sliin W6 app ) el il
ge) gk yo g )5 maldl o L (gilulalodss ezl
oyl (LS opr dbke laglils o5
FAF N e gy a0

(IY20) 3lige «odblcdgs 0 ygmaio junls wlgssome 335 (oo
Sl 3 )98 Byl edlital b5 5 Gl (gjludige
(53l e 9 (Solone i (oo yim g 15 530l (slo NS
AY —AV(Y)YY

the Energy Performance of Office Buildings in the
Mediterranean Coastal Cities. Ewnergy Procedia. 134:
683-91.

Taghizade, K., Heidari, A., & Noorzai, E. (2019).
Environmental Impact Profiles for Glazing Systems:
Strategies for FEarly Design Process. Journal of
Architectural Engineering. 25(2):67-81.

Talaei M., Mahdavinejad M., Azari R., Prieto A., & Sangin
H. (2021). Multi-Objective Optimization of Building-
Integrated Microalgae Photobioreactors for Energy
and Daylighting Performance. Journal of Building
Engineering. 42(2):165-179.
https:..doi.org.10.1016.j.jobe.2021.102832.

Technical Deputy and Supervision of School Equipment
and Renovation Organization. (2015). Regulations for
the Design of Edncational Buildings (Architectural Planning
Jfor Schools). Planning and budget organization of the
Islamic Republic of Iran. [In Persian]

Technical Deputy and Supervision Organization of School
Equipment and Renovation. (2006). Regulations and
Criteria for the Design of Educational Spaces. Planning and
budget organization of the Islamic Republic of Iran.
[In persian]

Veillette, D., Rouleau, J., & Gosselin, L. (2021). Impact of
Window-to-Wall Ratio on Heating Demand and
Thermal Comfort When Considering a Variety of
Occupant Behavior Profiles. Frontiers in sustainable
cities. 3(12):101-116.

Wang W., Hong T., Ning X., Xiaodong X., Chen J., &
Shan X. (2019). Cross-Source Sensing Data Fusion
for Building Occupancy Prediction with Adaptive
Lasso Feature Fi Ltering. Building and Environment.
162(4):213-228.

Wymelenberg, K., & Den, V. (2014). Visual Comfort,
Discomfort Glare, and Occupant Fenestration

Control: Developing a Research Agenda. LEUKOS:

Journal of Uluminating Engineering Society of North America.
10(4):207-221.

Zahiri, S., & Altan, H. (2016). The Effect of Passive
Design  Strategies on Thermal Performance of
Female Secondary School Buildings during Warm
Season in a Hot and Dry Climate. Frontiers in Built
Environment. 2(10):1-15.
https:..doi.org.10.3389.fbuil.2016.00003

Zhang A., Bokel R., Van den Dobbelsteen A., Sun Y.,

0 | VEF gl el qun Jlo Ml il ged 5 sslane Sin


http://ciauj-tabriziau.ir/article-1-541-en.html
http://dx.doi.org/10.61186/ciauj.10.1.541

