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ABSTRACT

Introduction: Students play a key role in shaping the future of any society and spend a significant amount
of time in educational environments. Creating an optimal learning environment requires close attention
to factors affecting student well-being, particularly thermal comfort and indoor air quality. This study aims
to systematically review the existing literature on thermal comfort and ventilation systems in schools.

Material and Methods: This systematic review was conducted based on the Cochrane methodology,
involving a comprehensive search of three major databases — Scopus, Web of Science, and PubMed
— for articles published between 2020 and 2024. The inclusion criteria encompassed peer-reviewed,
conference, and review articles published in English that included the keywords “thermal comfort,”
“ventilation,” and “school” in their title, abstract, or keywords. Studies focusing on preschools, universities,
or other non-primary/secondary educational settings, as well as those conducted during the COVID-19
pandemic, were excluded.

Results: A total of 42 articles were selected after a rigorous screening process. The highest number
of publications was reported in 2023. Key findings included: Most studies focused on elementary
and secondary schools. The majority of research was conducted during the summer season, which
may limit generalizability across seasons. There was considerable variation in CO, levels, with some
exceeding recommended standards. In simulation studies, DesignBuilder and EnergyPlus were the most
frequently used software tools. Additionally, results showed that: Indoor air quality and thermal comfort
are significantly influenced by the type of ventilation system. Schools using natural ventilation often
experienced higher CO, concentrations and lower thermal comfort than recommended. Implementation
of Demand-Controlled Ventilation (DCV) has shown promise in improving indoor air quality and reducing
pollutant levels.

Conclusion: This paper can contribute to the improvement of educational space design, enhancement
of student learning, and promotion of indoor environmental health. It also provides insights into the
latest methods for measuring and simulating thermal comfort and indoor air quality. For more practical
outcomes, long-term studies with larger sample sizes across different seasons and times of day are needed.
Combining computer simulations with real-world measurements can support cost-effective and optimized
design of educational spaces. Future research should focus on standardizing temperature, humidity, CO>
levels, and selecting the most appropriate ventilation strategies for classrooms.
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1. INTRODUCTION

Schools are considered critical indoor spaces
due to their significant impact on the health and
comfort of their occupants . Students spend over
70% of their day on school-related activities.
According to the resolutions of the Supreme
Council of Education in Iran, elementary school
students in the first, second, and sixth grades
attend school for 25 hours per week (5 hours daily),
while for students in the third, fourth, and fifth
grades the attendance is 26 hours weekly (5 hours
and 20 minutes daily). High school students are
required to attend for a minimum of 6 hours and a
maximum of 8 hours per day .These schedules are
notably different in private educational institutions.

Poor indoor air quality and thermal discomfort
canlead toreduced concentration, increased fatigue,
and long-term health issues, negatively impacting
both students and educators .Extended school
hours and high student density present significant
challenges in maintaining a safe and comfortable
classroom environment. Children are particularly
vulnerable as they tend to passively adapt to their
surroundings and may not effectively communicate
dissatisfaction with indoor conditions Achieving
thermal comfort for students is a substantial
challenge for educational institutions. Factors such
as environmental conditions, seasonal variations,
heating systems, gender, and clothing insulation
significantly influence students’ thermal comfort.

The primary objectives of this study are as
follows:

1. To review recent research and identify
limitations and challenges in evaluating thermal
comfort in educational institutions.

2. To explore the relationship between
thermal comfort and ventilation.

3. To assess simulation methodologies for
analyzing thermal comfort and ventilation in
schools.

And also to provide recommendations for
improving thermal comfort in schools and guiding
future research initiatives.

2. MATERIAL AND METHODS

This systematic review adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure a
comprehensive and unbiased selection of studies.
A thorough search of peer-reviewed articles was

conducted across major databases, including
PubMed, Scopus, and Web of Science. The
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keywords employed in the search strategy were
“thermal comfort,” “ventilation,” and “schools”
Articles published between 2020 and 2024 that
focused on primary and secondary schools
were included. Studies related to other types of
buildings, such as kindergartens or universities,
were excluded. Additionally, articles focusing solely
on temporary ventilation measures introduced
during the COVID-19 pandemic were omitted
to avoid skewed results. Only articles written in
English were considered. All original research
articles, review papers, and conference proceedings
were eligible for inclusion.

For an article to be included in the review,
the selected keywords had to appear in the title,
keywords, or abstract. The selection process
involved the independent review of search results
by the authors, followed by the screening of
eligible articles for full-text review. Non-research
articles such as author notes, editorials, popular
texts, letters to the editor, and articles published in
languages other than English were excluded.

A total of 290 studies were initially identified
through the search process. After removing
duplicates and excluding non-relevant studies
based on titles and abstracts, 50 articles were
selected for full-text screening. Following further
evaluation against the inclusion and exclusion
criteria, 42 studies were ultimately included in the
analysis.

The quality of the review articles was assessed
using the Joanna Briggs Institute (JBI) tool, while
the quality of cross-sectional articles was evaluated
using the Critical Appraisal Skills Program (CASP)
tool. Quality assessments were independently
conducted by the authors using the JBI and CASP
checklists, and the results were averaged for each
article. Based on this qualitative assessment, all
reviewed cross-sectional and review articles were
deemed to be of exceptionally high quality.

The study analyzed 42 articles, comprising 4
review articles and 38 original and conference
papers. Of these, 25 studies included experimental
measurements, 8 involved both simulation studies
and experimental measurements, 4 focused solely
on simulation studies, 1 utilized machine learning
methods, and 4 were review studies. Additionally,
13 of the original articles were conference papers
(Fig.1).

3. RESULTS AND DISCUSSION
The evaluation highlighted several critical
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Fig. 1: The process of selecting and screening articles

concerns regarding thermal comfort and ventilation
in educational institutions, particularly in naturally
ventilated buildings.

Thermal Comfort of Students

Indoor thermal conditions are influenced by
multiple factors, including season, occupancy,
ventilation type, and heating systems. Regarding
thermal comfort, many classrooms, particularly in
schools located in warmer climates, experienced
temperatures  exceeding the recommended
comfort range of 22-26°C during summer months.
While natural ventilation systems are energy-
efficient, they often struggle to maintain both air
quality and thermal comfort, which can lead to
discomfort for students. This review revealed that
most schools rely on natural ventilation. However,
mechanical ventilation systems, though more
adaptable to varying climatic conditions—such
as changes in outdoor temperature, wind speed,
and direction—offer a more reliable solution for
ensuring high indoor air quality on a consistent
basis. Nevertheless, mechanical systems also face
challenges such as humidity control issues.

Furthermore, several studies found that even
schools equipped with mechanical ventilation
systems frequently fail to achieve optimal indoor air
quality due to poorly designed systems, inadequate
maintenance, or a lack of proper adjustment of
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ventilation settings. Interestingly, in temperate
climates, thermal comfort can often be achieved
without mechanical ventilation, particularly during
spring and winter.

Another critical observation was related to
seasonal variation in ventilation effectiveness. In
colder climates, many schools reduced ventilation
rates during winter to conserve heat, leading to the
accumulation of indoor air pollutants, including
CO. This highlights the need for balanced strategies
that maintain both energy efficiency and air quality
throughout the year.

Carbon Dioxide and Cognitive Performance of
Students

Analyzing the study results reveals that two
key factors of thermal comfort and ventilation,
significantly impact student learning. Temperature
plays a crucial role in children’s performance,
with elevated temperatures leading to decreased
concentration. Students tend to prefer classroom
temperatures lower than the thermally neutral
level that is typically preferred by adults. In tropical
climates, cross ventilation helps maintain thermal
comfort while keeping CO2 concentrations below
1000 ppm. Furthermore, CO2 levels below 900
ppm are shown to reduce negative effects on
cognitive function, supporting better academic
performance
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The Role of Simulation in Optimizing School
Mechanical Ventilation Systems and Minimizing
Energy Usage

Multiple studies suggest that simulation,
despite its minor inaccuracies, is an exceptionally
efficient and cost-effective method for modeling
and analyzing environmental settings. The findings
of the current study indicate that DesignBuilder
software, the predominant tool in this field, allows
for the creation and evaluation of various models
by manipulating different factors, thus helping
identify the most optimal design approach. Despite
some minor inaccuracies, these simulations are
highly generalizable and reliable.

Numerous software applications have been
developed for building simulation. DesignBuilder,
along with EnergyPlus—one of the most well-
known programs that simulates energy and
thermal performance in buildings—was used as the
environmental analysis tool for building design and
simulation. It is a powerful simulation software that
provides a three-dimensional graphical interface
for EnergyPlus, which is used to model overall
building energy consumption, climatic conditions,
and thermal loads.

4. CONCLUSIONS

This  systematic review highlights the
importance of proper ventilation and thermal
comfortin promoting students’ health and academic
performance. While natural ventilation systems are
widely used due to their low energy consumption,
they often fall short of providing adequate air
quality and thermal comfort, especially during
periods of high occupancy or extreme weather
conditions. The findings emphasize the need for
turther research to evaluate the long-term impacts
of poor indoor environmental quality on students
and to assess ventilation system performance
across different seasons.

Comprehensive measurements and simulations
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should be conducted year-round, with carbon
dioxide concentrations monitored during all hours
that students are present. These assessments should
account for various conditions, including season,
time, occupancy, whether ventilation systems are
active, and the type of ventilation employed.

Policymakers and school administrators
should prioritize improving indoor air quality
and maintaining thermal comfort in educational
facilities, as these factors are closely tied to student
well-being and academic success. Implementing
hybrid ventilation systems or upgrading existing
ones may be necessary to address the challenges
identified in this review. Additionally, fostering
increased awareness and providing training on
the proper use and maintenance of ventilation
systems are essential for ensuring their optimal
performance.

5. ACKNOWLEDGMENT

This study is related to the project NO
1403/54223 From Student Research Committee,
Shahid  Beheshti  University —of  Medical
Sciences,Tehran,Iran.

We also appreciate the “Student Research
Committee” and “Research & Technology
Chancellor” in Shahid Beheshti University of
Medical Sciences for their financial support of this
study.

6. ETHICAL CODE

This article has been approved by the Student
Research Committee and Research & Technology
Chancellor in Shahid Beheshti University of
Medical Sciences under the ethics code IR.SBMU.
RETECH.REC.1403.742.

7. FUNDING

Student Research Committee and Research
& Technology Chancellor in Shahid Beheshti
University of Medical Sciences.

Journal of Health and Safety at Work 2025; 15(3)


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

VPR-GAY Oiladw 11661€ jasls /W aylaib /10 sla )5 oyl § Cablsgy aslibing

ol (559 50 4xilao Sy 5 Iho 38 41988 9 F 1P RT (wy

%% 90

QLIRS ST ,8 dpouw M7 01540 (o 95 b (g3 ST S0 (g Akl

daped (Sbyy pale olSails crblagy eaSails 5wl 5 (sl b > Cudlagy (cwiige 09S¢ gzmiils Dladng azS
Olrl eOlAs stie

Qe (S pole olStils ridlag 0aSails I el g (sl 8o ulage qige 09,5 (o gzetils Dlad 4
Olrl Ol (e

Ol O i e (S psle olKnils gy 0aSails IS (hel 5 (5l 48 utlage iy 09,5
Ol ool ol (S psle olSasls”

Al Sy pole oSty ciunn ) Lo g (Sdblagy psle 0aSimgsy IS g Lz 5l (b5 else J5uS wlinios 35,68

Olrl Ol e
Olrl OIS s e (SKoyy pole oSty ( goaly Colilagy oaSaily’

VE A s g D F P/ sl o G b

ISNGT—
hisel glalame 10 1) psi FB (o) 5 08 o gl (lanal 2 ol (20 IS )0 (gulS i (el iils saniia
CedsS 5 il Gialel oagr el ol e alge 4y 335z g pilinns gllae (5500 (ol ol WiiS oo (6 s
e 53 453 Sl 5 (> Gl el 957 90 Dol aiepllis g plaie yg50 Bam b anlllan nl ool (S slse

el o0l

iz 25 5l aosls 85 50 10555 55 ol (sl leno bl 52 Saapllis 55950 aalllas cul IS b9
SYle il (5,80aex VoY Lluo Y- Y+ JLs 5IPubMed 4 Scopus. Web of Science ,.ias ools ol daws 4o
& Syl Gl gads SldS glls g Wogy ouls it eSSl L5 4 g (il ST L (6590 ¢ ol ©jg0dy a5
YA-0955 5ly90 Byo s bgy e Y aiouds dalllas 5y cings (gaudS SlalS b 0u S (jlaie 10 Kas )00 g €y 9p5»

a5 asdllas oogaze jl aline jé digel slagleisle g bolKisls o gliwss g wylw 4 Loy e g

oy piiie Yo VY Jlo jo OVlis olasd oy iey 250l dslllas o)ls 3.8 (6,500 ,8 5 uy allie FY (ggazee ,o ila a8l
a1y Slallas o oy Ll Juad il alawgie g ool Gojlie gy 4 Slalllae oy aS ol ylid gl .wog
3,90 oIS 10 COz clale 0gl ai8 )5 Lo 15 (6 dypmend Cudgazme S lgis 4 Wlgs so a5 sl 00ls plais] o5
Design- sl 58le 3 o g st (st 50 Casl 0585 YU o sl o 510 g0 S35 50 50598 4295 B g0 (g s axlllae
Sl bl 5 (A3 sled coaS aS wisly lis s o uizead wilodgy L )ll oy 30 )15, EnergyPlus 5 Builder
il 5 soleiin polie 51 5YL CO2 cdale ¢ nodo 43505 b o 13 35,1 )13 digd pianns £95 puiitons il S
@ Wil oo (DCV) Lol b ooy J 508 455 (gloypeiamms 5l oolitisl el oy 3135 b ailisl 4y s 6 50mb 5),>

QIS S leoan VT cbale zals g A5 (glop coiS e
L s 8185 5 oli9mI 2 6,55l Gl ¢ el 1ol oo S5eg 5 i o il i 16 dines
CabS 5 Syl bl sleand 5 o3l sla by, s o)lys Sl rimren 5L dde o ST LSl
Slelo g Jlo Jgead plas 10 555 diged paee b aeaily Slalllas ¢ 560 )5 gulis 4 oloiws (gl ams oo a1 S5 glgo
b 5 Wlgie (28ly lacs S0l b (6 sl (g3l Slaig) oS erizman Lol (59,0 59,8l lie
Ot penlin S5l 5 CO2 gl dad (g3lws il 32 ol 0aiy T (loimgss 1S S8 obj50] (slalad an jaeS g ate

S8 503 )d SIS 5 st Sl

o sla X o o o 5 sy i S OO, ctrggi o Gyl inlo] 25305 OlalS =

somayeh.farhang@sbmu.ac.ir :45lSe Jgims 0divn g5 (S xSl oy %


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

Shigelzils Gy oyl iimbel 4 olaws (V)
g <l wsle helse .l lae sl moe Mz S
A Bl 5 i il sl Job dsa
S5 o 5l Ghigeltils (Gylmimlel (Koo
(YY)
3O gt CedS A Cal eologlid Sladss
525 3081 55 s 5 o3 ol e, Laplas
g, S 4 s g5 08 ) sl 5
S5 a3l GBI S 53 198 ey 5 gl e (s
29 59T 60 whaw p w55 £ onl 2 edle
o llinl 0138 o (53U g IS coalS  ams
EN 16798- 5 (') ASHRAE 62.1 asle cabgs,e
oateie el o 1) e sy #5 Pl ((V0) 1
505 b Vsans Lo 35 538 Iy s &3 S oo
0Ll G (g 4 a5 358 00 035 (52055 CO, olan
2 CIAQ) (515 slon keS| e (niolz
YL clale (1F) 0iS o Joe ozl laglesle
SUL s cams lid i sl WwNS 0 CO,
Aol o ol 3l ol jo ) aliis S a5 ol
S80ee 5 5y9 o Wl CO, Vb ol (V)
2l 1y Glisel mils andllae 03jly 5yl ¢ Lras
&S sl ligel zils slp 1) geds il jlas 5 ams
Wb CO, ol (ol L3I lae S (sl (V40 A)
Ly oS ghailes b ppmVO - U YA ppm yo
el 03 )5S TSl Gaigel e el o]
S oo Sl elesl a5 SLSLe 6l p Jlade oyl
Sl lde opl e slagleisle o ol Jo3 LB
Vooros ppm I i cdale asl) « - ppm I ieS
S o s i ol (St 3 il Sy o il oo
Lis 6l w5 Glapians )l cnl )3 (T) 090
oW alels Job 4o Jaud L8 0ogaxe 10 CO, xhaw
hls Gla S jo a5 (gousie Oldllas .l (5,900

C?“a'“" RGP ﬁ@‘Mbwame

1. Indoor air quality
2. Education and Skills Funding Agency (ESFA)

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

0hBes g Cids (5 asbld

doddo =

Oialel 5 Ceodls 2 85 cage (R Js @ ol
R I R P T IS e
Oligel Gl (1) Wigd oo guams 0dligy yos gl lages
(V) 9,35 o wyo Gl WS jo 1) 5, 5 AV l...>).e.»
S9nsctisel Jlo glsd Slgas Gib a5 b 4
YO mid g pgd g Jol aly (ol oligel il ol
5 2k pgm slaal Gy, Ho Celud) win yo cele
Goy y® A8 S 9 el aian o el Y8 ey
Sl g el FUBlus abagie alaie o550l G0 5
A7) sl asls jaas dwyde 0 Wb je, 40 el A
ol gl oli] e e 45 el gl anl

Slhrombel g gleasle J2ls la cois
Sagose 9 o) wdle p &5 wies gladyl ol
Slsp oS aziliz (F) 2538 g0 58l g0l sl
e Wl oo 23l (UL G el 5 s 51
Rl S o3 ol sl e 5l e ST pair &
Gl 5 S o (a5ls o Slee
Sladsd (7 ,0) ogd lea 0 0szge slacigae s
R otzs BB b 4 il lel 4 wes el
iseltils anlllas SIS 5 oSl o loams o Slas
b o33 Lt )l bl (V) 238 o 8
Sr ol @ e (omlb LYL sl Gl les
xSk slaals)l o 0 Shee (2l S o3 1alS
Sle s S JoSs sl gl il (Ul 5l e
pooylal sy (Ve L) 0ed o adlllae Byt
Joe S0 4 €O, ol g (i Cogh; (I sleo
Gl ool 31 Lame ) ligabl 0 dvogs
O Sl oas oo oyl 90l ils

YL oSl g W e peae SYsb cels
e La> 0 1) ot slagilly Gligel il
L aslio ;o 5055 .aiS o bl ol g el (oS
ar 20)ls Jolod LT 1 aien J5ndy ol VLS5
el g gl 5l 05 SLbl Las b adlabie j5b
SS ed Sl Bl lea Ll 5l se (sl

9P


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

o abaly anllas )l oo ] Sldllas Colan g w)loe 5o
Sl e S5 ol 5 4 (5l pials]
aoled o ol salgm S8 Cou 5,90 1, 5500 Slaal
slacusgazme 5 oun] lidx cq> olesliin

Al wles &l Slalllae

Mgy =

(Systematic Review)aoplai (5,950 aslllas
phiie 5 355 O)50 4 a5 Cunl gl aslllas o5
paie (Ghagh Gy Sy Ll e Slallhe ples
wallae g9 opl WS o0 oS5 5 b3l wsysleex |,
G O e LS BBy Sl (o2,
g5 (nl il BB £5550 Sy 5j50 )0 S52ge walel
Grd 5 Ol 550 Gl ceslie 6y950 (o
el o DB e 090 S 43 damsgs

(Cochrane) :; ,SsS (6o Gillae aslllae -yl
Slr S9rge SLogSl (n e 5 2 St Sl (o &S
S ol s ool sl Aiapllss (g5 50 lalllaa plox
Siletn 5 335 Sl 5l Slacgerme b 2
5 il cosleez ol Bae o el eus (b
S ail) jhate 4 cilizes Slalllae I el ulo

ol oleel BB g a6 S A

s s golhe Jiagy Sl

@ gl JLio 4 aiepllas (55950 anlllas ol San
2w s Sl Ay ) 5o Jlew iy
ol uo)‘..\ao

PICPYS IR JES W W P CUUS SR I¥-E% P ES
Sl oo ﬁl.?u‘ uo)‘..\ao

Silwand slaghy, ax 5l 2 gladle o ¥
Sl ool oolawl

I, 2 Glee cuaS a5 SYle o CO, clale Y
Finl 4563 wil oazeiw

oolaiwl 3l sl Jlw jo e sla by, ax ¥

Sl ool

4qw

Sl bl 050 5015 ligelitils (nlo 5l YL
2 ks @ sy cpl les,S 815 LIS Jgene
aly anwgs loysiS )0 aSk arwy Jb 0 sla)siS
Wils eaisS )1, (6559 B pae STl azgi LB 5
Sty 5l RS b g 5y Jsb 0o pelae aises
Sl gs‘i’ﬁ‘] cllad Jld,e 0,5 S slp LS
4 GBI slp coiS w5 S ptalel g (T
% s i o )8 s b o8 s B s
SaS 03l slan ol g Jlo slad slrouY] Bis>
A oo il Bl s glan CoaS aseis j0 g WS oo
(YY YY)
Sl Slisios Y 3 o 55 5 lpe 0 i
Wibpee plexsle 2l lse oyl 4 o5
Ailgd o a5 wips o Cewd w4 |y el sla i
Sloccily At e ezl 5 ploiies
5 Wy e S Dliiod ¢ 0,25 Slalllas I ol
oz 5l bl sl 1) oz Gl s dagjluoars
Yl el 4 U oS o el (Bassle 5 ol Less
b S il i Lol el o piite (g00ai0 (55
L 315 (sl oS ¢ )l ol 4 bgyye iz 90
35 Sglite )5 L saplaitle )3 655l B ras
Solrobel G Jolss (o) b aslllas cpl a3l
Slrly @lgin (olse 0 Pl b 4 A s
Cldiog 5 LIS 55,5 wly> &l son ] clidss
Sleallas 555 8 Ll 05 o i 1, i
Web of Scopus ool olSol aw 2 oS aie) (pl o
<l w0, s o sel> sk |) PubMed 4 Sience
Gan onl Gl B i o] anllls ol 4o 1) s
el B Y Y la L b |, el oS, 4 o
5l 5 e anlllae (ol ol Glaal oaiS uayy Yo YF
egagase olulid jshie 4 5! Gldlas Jodo (V)
M) oolse o Gilmotlel Qb5 5 bl
o (V) st 5 Gyl oialol o oMl oo
P a5 g Sl oilel adllas 5leand slois,
Sl oibel ssp sl plbaros I (F) 5 )l

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

CYlae ol Gasin 1 e oVlae ol )
S 5k 0,50 Sledbl ailflas & jgo 4 25 g0 (Lol

S5 90 Jawgi 2l Sl slaosls iaosls anglis Y
Sgdse Jad g J> pgu 85

97 @l ) pleebl Jya> slagts, Y

cited by “ »Related articles” slaas ;5 5l oolaiul
5'ResearchGate" “Similar articles» « JISul |S535 ,o»
s e SYls Gla 2 (o)

Oldlle cotns b5, A

5l Olallas CuisS o Co2 155930 el
(JBI: Joanna Briggs ;5 » lfl? A g o S
Jedz 0 ceaS o)l b .al eolatulnstitute)
JBI cnd S sl 0alds oolopglias Vo lads oSS
Syge srhileg guald Sy5e sy50 Slalllae sl
B Fe ymop0 YU oS lgie 4 asyo Ar 5l i
Pl FeS opei 5 dawgie CudeS lgie 4 o yd A
(TT) 95800 i pa5 by CuleS Blge 4 2o

Oldllae codS yioviw gz i orhio Glllo
St b)) sl )les aslp Cand Sl (bl
oolazwl Critical appraisal Skills Programme: CASP
(V) Sl Jlgs VY ol e S ol s S

Sheslaul b oead sll S obj,l elsl
oaedS (@bl CedS 5l (o) 990 (orhaie
(Y Y ojleds LSS Jlaz) aiaidonls

basl =
SN slaolly 5o aolz sz ¢ Jsl al> 5o 3o
e 45 ol Scopus ¢ Web of Science (PubMed
Sl glajlas Jloel b aus 5 allie YV Slolis &
6‘9...7:4 9 oJ.aS.?' ‘LSJ-*-IS INLY ‘ub...c » w dd.b
lis FYoulys jo 0l Bl alie 175 slass «Ylio

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

0hBes g Cids (5 asbld

st 5 lsp CobeS )l ialel G OOLeles 0

Claz oyl o

s )
Web of Science ools olSGl aws sosls sboolL .Y

oolatwl 5,90 OYlae gz (5l Scopus 5 PubMed
S 0 )l

odls e OYlie 4y adlllae (pl: Sy eogue .Y
dgazme (YoVF Ll B Y-Ve) 3 Jlo zu o
D9 s

0uuS> e 1o 53 gudS SllS i guldS SldST Y
1525 (o0 ) B 97 8590 DVl sulS SlelS

:wges  Thermal comfort : 5,l> jislol
diepllas (69,0 dslllas Schools : .l Ventilation
:ovjeel  Health  : ol Systematic review
850 8900 Air quality :lse cuaS (Education
School design : w,las >l Energy efficiency
«o Building standards :lesle  gles,lali!
Learning : ¢ .5ol; «Carbon dioxide : 5,5 oS!

o9 Blind & s 4 ja awBlind ggzine F
plil ools sloolL jo 1) goinns dalllas a5l oMb
.MOLSA

T9> 99959 slaslre O

5 @bl ol spleitle g 9959 Hleme
o e gy oSS il L5 calaigio

slalad Lo 9T 0s5 age daollislo iz g 5 jlo
945l sodS SladS 4 Ve g (590!
(63lS SlalS dcgozmo o lgie (o 1) Kaus juo» g €y 505>
aS SYlie ool ogdle il atslas Ll slaoasS> b
L3, o 1y ) alel 5 arses cmles Lyl 0
S)ly axlllae (b 5o ilos ;S (o) 2 VA-955 (wgny b
Cordy S leie a4 gles ol Laslid 1y sadloauss

¥


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

SVl (682 5 bl )b 1) YK

r...?u” 2 ch)L.u A 5 Sldlas ‘ij }“'7” > 3¢5 )y9.0 ul.x.!Ua.A
b o Sldllas p)lez i3u 5 (o205 Slalllas pge
J5|J.?- 5 Jo5 Slbwsgs .)|).§ 9 sl 0,3 s o..\.:.ﬁ”
Gl 00 03,91 allie  LoSS 25y ;0 Cudgame Sl

Erere Slojojb o b o spape Vo p 5500
ForF ol
(FTF alos BY Yo Jlo 5 5e3l Jlo 0 b 4o
oL by calise Sloj sloosly )3 (59,0 anlllas oz
a0l b a5 coul ond plool Sglice (lb 050 5 a
Yoojled (heaST Jguz po eizman 0 005l 25
oo arlllas Ky s 0yo,T S5 alie Sl oles
ol polal o LSS, 09y a5 cuwl ool lis aallas
5 43 o)l «SetwgST 5 Seagis | olabe
S wiis ootn sla i Olpie 4 S (b o
Sl zres WS azgi O 4wl )b b

490

Y 51 oS 5 Jels OYlae cpl ol aslllas )lg
u,u)‘d.n )é Boes aS ..\309.3 So9”° 9 LSM.J‘).Q.S ‘Gal.c
48,5 a0 Vo VY o o Slalllas o i (Vo louds
slaldlas pl jo laase (Yo lads (LoSS o g03) ol
slag pSolailaile (caagh lahs) il (orms il
5 B Peels slagileand (Slaee
eSS 10505) wilos S eolawl by g, ol 5l oS 5
(s 090 Oladllas aemme 3l axdllas 08 ju (Vo Lo
Ly gileand sl GFael sagilodoe
‘51.3.417 )|.>943 ‘Q.ﬂﬁ os)l.c .J.i‘oo)f solarwl ggla.!‘..x,o
Qs oo Hlid SIS 4y fad sy Sldlasf ojles
AT el oads plol il fad jo Sldlas oy yiion
b 505 Gt (59, 2 gy 390 Dlalllas
ilodgs 35 eie Lyl 4o
ol sl i o el i oz ol ealllas o

1160 1€ Jl /W o)laid /10 sla )5 ¢ias) g Oublagy aslilng


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

ool slaplaidle > a5 4 LQ)IP&LAJT o) )d oM (owyy )lﬂ lpasl aoMs 1Y Jg.\b

5 (o 5 Seongis® | oo oK) ailicsgs Lanoms

Slr b 8 9 Gl i Sre ) e
G5 Olee )10 Sl Gl (555050 5 0L,
)58 o 8 el psls o Slas 5 lse
e oz 5lego s (slerite b san] Sligios
S ron b el g ol bl o
b osl ansls wuST il slo pite
(T0)s5s S38 (2295 & oy cpl slo Fawzes.

Seals 5o il ages el 5 (Sl a5es 2

Sl ool slpiing 8,8 18wy 8590 >N

slr ol G sloS (e 65 03l g,
(26) cedl 00 il poe slacels ez

s les as sls las Slae Slallae mls

5 233 baSe o8 b (g slsn sles 5 (slo S
Tz 5 500, el e 5 |y dazma oligal il
Silwad b asl asls 6 5SS e wisls

a8 YV 5l e a4 Slles slos a5 sls las

¥ Lo pals mShe g il pals of 5 ool

03900 )0 e cpl 4 oy ol 5 Blw 4z yo
AP e Slels o 3l 9550 (5> bl
(YY).oyls

Slos CaisS slas yeSosluil 5 (e la Slallas
21, COs clale 4 J31s sleo ik AAQ) L5l
s S S e awl 59el s (K liee
SSU s b1y 395 pligel il b asS o Jsbo

(Naes @l g m sbos Lawgis

bs coiaS o el )b Soletss (o)
5 o plol Sl 4y by e (IEQ) (51
S gy S 4y Sl s e () sla S
(YA)aze ylae ;5 TEQ sl oo 5 il

Solaze

1 sls
oo 45

ol

9 ol
o e
S S

sk e

gl

Lsls”
PrY

e

11€61€ 1l /W0 a)Laidd /10 Mo )5 (iaal § Cublagy aslilnd

Sl oazs &l alie £A
Ay o)
Sl yuimn Ll gl ol Jue)
Jewms
0 A e )
0392 Qlieals Juad (59, » S 3S e 5 glesls
o] dsyde 90
Soolas s

ool oy sl WIS je iy Sldlas

oole 3l sy S g Lok Wlaul Y asjue )
209 plowl alises slaglazslo b oo NS
azlge e OB Wb ST Slallae BYEN

Ol 02 a8y g Gl S 5 le (s
WS e il ialejT adlllas

ol 025 el Alie YV

2 4y 2ib 5
ol sle gl
Sglite S loncs (o) 52
(YoA\V-Y++A)
Yo¥e !
&95 )Le?:
95
@i:i;‘a ol sty
: '& - oz le i S
T ek
" Bt
s 2 Gl gl
" YTV sl
959, Jsb
Sl bl sy
SBoge 9 (Slwsls
s 2 Jd e Syl
- o slke glagyless L
a5t b Jls
oYY/ s
Jeily 9590 50
IS 94
Sente &l Lol b oo
e 3 151 lep Cods
20 &l bl

ole g0 Sl
YoYU !

basro CodS’ (o) 2
b EORICLRD e gl

Yo¥ ais e

(3%


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

ooshe slaleiilo ) agad g )l ialul die; 43 0dd ayp ST Colaaial, 4o 1) Jgaa daldl

o fles 5o (pldd g5 (ol amslin Jlox 5 a2
15 S S35 sl el 550k Jao
ASHRAE-o0ls olL) (YLS )5 5 (e
(29)@

3 i) st Ul @il g5 slagal,
Sl n ) el e b oo,y
Iy 258 B 5 a5 (5551 b Slozslo slaoils
ailato Lo o i a e slag oIS (sl
()azS ool ,d . Shaanxi

Slsr sles) LA )3 0> 5l i e S ol ke

(392 85 il a2 0 YHIO B Y410 oy 5o

ASlae) Ve oo ppm ;5 COs clale (il
((31)wsle 3L ppm FYYV :lais

2 Egbae gl lapies ceai b L BLS ) 5
Sladlhs G aisi ol ol oo plod
S e slacsl il 3590 55 ) loans
chle Boa oSk 4 oliss sl gorbae w50
0ls plomil ywys sla NS s aieles c2aCO2
2 Egbae s 0,515 w0ud (plulid aige 350,
(S 505 s S b olyan A jo 5, Jobo
bty 4l 5 20 D o oo ol 545 3y
(F1)0,5 oo wal3 G155 a5 2

Ot ladae sln e 02l gise ol 4 o)
oz ool 5 (DREAMS) e 55
s 00ls axwgs EnergyPlus plew (sjlo Joe
Sl |y oyd slapdls” alisee glgl a5 el
(SIS Laeme Sk slo Lo Lo 4 5 WS 0
Glb e 5 condles Lo slas st oS

(FV)aes oo 518 Sl 5550 55 1) loys g cudlage

350 3 i Jlo B0 Slaghos 5l molx 59,0
2 oy Sl s il S loa cuis
(7928 T+ 5l i

99V

ol o
1oty ”
i 09
RS )
5m
Caol
ol
ERCISIY
Pl
s ol e
Silwand s
awrly e
Jsad
Jss! Ol
) | (Ssle
5p5 g
osbye ol
sl 15
ouis &3l
o olpb
&
cazial) | LSl
Sl ob

S Gislejl ole S L
I galaels (i Jols gomy slapls
59 ol Ho o 6“’&“)" &

dsgezme (55 54 by w)lse
Jols ML (slagzy jsS0 51 (6 503 528
o8kes 2Lyl 5 Beee STk slaoe
wile (ol B (slaaiee; )0 miin
sl o yd Gl S

ol ot 4l

ol s 1

Sl 005 il

Cewl oaizs sl

w2 b el clllas 4 ool 5L
Oy5055 Dlalllas alox 5l 55 )5 diges
Sl g5l pasie b Soan]
s anyne Jaoe coaS Sl sl
Ceodlos g5 e alasoes Seodles s agrlye 1o
J31s 51 el el jtils pwsyais 5
318 8929 (5Ll o Shes g

s o O
oY
OVY oy

el tdls

e

PREISSS

&oae Jow

o)

Sl Y
oleazL
YA a0
5 350 il

alba )

NS

b ool
9t
O 5l ek
[CES WS
59 walise
aibhio VY

skl

Yof
oLl

2 2lad s pdy
]
u;“-b . .
2 S ol
2 le g S0l
LA TR
buzo g lgp CodsS
Sledd e sl slbes
L95 2
slytsle b glowl
T i ey ol
3 slag 2l il 5o
P A ot
YeYY/ goue
cdilé 519 ks CO2
b gla
B -
EIEE T 50 reb s
Cebye g5 slep
Yoo/ 5 o5
w9 Oldos gy 551yl
i Gly ggrao w905
“y B o
S Slgd Sk 9 cs"'")
s @Il ylawe yo Jol
Yo¥Y ol
3 S dos (g3lw e
b oy bS5 o o
b s g platle iluand
YeXY/o luno
9 B lgp codss
oyl 5o Cuodlw
L &l WSl oy

&l oly b ags
0y duw yoho bano
Yevyl

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

oo slaleile ) 405 g (Il lolel dise 43 0dd oy BT claail, 4o 1Y Joda aold!

sl obesS oy Job > S5 lym coiS
el L5 09 i sy il ol o loe

g (23 Sold; )l Luld s e
)l Sgee & led (Aala S 095 51 o T9 CodeS
gt e ]38 00 S el S S
5 COp cale polie sl b laisl xesb
w3l e 093 bL 5l e sl pled
0005 b s slael il Sl L Laié i> a5
(D)0l 929 TAQ S9ms (61 (2lad ooy

sy el 5 glales 3 l5ee] stils 251
oAPLE a3 ool ez 5 | Lo il 5 0S (o0
Sl By el ps3a col anlys PMV
(e (S (ized WS (G |) O SS
0575 Sl ez bl s gl S ol G
Bl )8 (K5 5855 hles caimsylas oS 5)ls
Oere slaled (VLS5 & S (055 il 5
b g ool g 0 oo Joov e |,
0313 ez 55 oy 4y o (Lo yzey 030,57 5k wuile)
(YO) sl 00l

5 Lout ¥l sl gz BB 5k alfye 455
L WS 50 ligel iils jpam ol ials' |, CO2
Sgae 3,0 PMig 5 COz ey o0l il
Slr e buls wlg o Lo ool 5 4508
(YP)aS wal,d oSgS

el ol 5 5l a5 fssal ils 251
(FV)aS o (Sl olas] oiigy p

o b st a2 L S
S g bl Sz o)l SKiwn
2 Sate ;53U (63959 4 (795 0 lasdih

S9d (o0 Sloiig )l b 4005 LIS

)l g

ROWI PRV

5 bl
[R\CoS

syl

$l9
)\)

Jls

Lt

Ll

RS
ok

oS gl

' Dual ventilation

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibnd

JOWPRVEpT

5 b edls 55 13 ol Jab s allis
O o8 g Gl Juab 285 )l
OBEALS CS L8 i e3gaste S
el 5l 090 (gt Slalllas plol

RO PRVARL

59 p3Y ol ales ol 4 aslllae ol
) sl glazslos 55 (5>t 350
i Slawe Slllas aas o g
G osd plowl Soo Joab 5o b
ooe glagleisle jo ()l talol
iy e b

ools 155 el L5 5590 i Slalllas
OSon (guolilen (laolSiuy! il s

ol T 2l Julo o o
s a5l el pl s AL sy

Ao O

g

LWIRVIN
o5
Lils 14A)
5 Gel
d.ua)u\a
£Y) s
()'9.41 ol
&3
oS #e
Yoo

Ay

30 Bl bl il
e o e
] B :M)Qﬁ' (SLBQML“
9 L?“‘L“; Tow &
. o) ehad
stk 2508
YeYelgile
693 2 e anllias
Eorlae ay5e5 29 (el >l
free- 4 Job 5 Ll sl slauudls
running ToXY linsls o
b a8 39 oo Cods
Q58 Coads
A yodo (WIS Cuad
S
59 dhwwgio g olas
e o YoTF/ gl
Sl g °
390 3O (Slowo (w2
s )y ]
e oo Ghgleli
<l g ui adlkio yo
Yo¥el JUs Jusize
390 G5 e by
P90 stk 41505 9590
L;‘-:.-J“ 985 - -
WSl sle
4 ydo Lo oS
YqA


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

oo slaleile ) 405 g (Il lolel dise 43 0dd oy BT claail, 4o 1Y Joda aold!

s om sl by ogiJled jemme o laplaisle
Sz Al glash 4 bz 0 ¥ b
(M) S9d

Sl Luled p e S 5 aises 0l jga  Jad
TAQ 4 olaws (s o .05l )..3[.. S
oS Jo s el lais 5l Gislal § gl
D)0 o )l 6y bl 3 liwse 5 e

CO2 grhaws civprs 4505 s s b (IS 251
duyie g S el by (Shg iy oYL
(FDcwl Jge A3l Glon coaS 5

a5 slagyles deliiw py (w2 g (Sloawe (5 5ol
9 53,8 0,25 | Lo g pe 33l (5508 Sble
b wiaile 3 Sl by, sble a5 Jl
o2 5 Olisal ot oo o 88 0l o
Sl w39 YU L 51 sbos By olales
(40)958,5 ar,25 1, 55 ped

5 ute Sl lagdily Condga g ol
&5 4 g ok 455 pledily (5 loline
(PNl b (IS )l il

Sl 8o b)) sl gy iloand S
Sonte §lp YLl ) 2 g A ye sl leisle
Pl gl ol 50 0atsled e iz o sl
2 ol talel a8 ol eololis .o
8l s Jg 55 oige] lolazsle
Sl slapi sl oslinal oo Juies 3ble
2 Ol 4 Sloy @bl il s ogdle T cess 4
3 olaebl sl pleisl cy pae 5 &)las 5500
CFV )l i sl 1o 35 5 bl Lyl

499

P oy
5 b
[R5

ol slnoe

5 obens;
I3k ke
55

okas
oais 43l

Sl

5 bl
[R|Ews

syl

[R|Eos
Y
Ly

Juts
LSy
Llms!

by

Lulyd 0,50 50 60l ez e orenb by

a5 e (oarddl 5 Koo

clovss sl

el oats 4l

Yl gl YY B Ve 5l (6,05 ojlul
o el

03l 15 el 5L 8500 2o Slalllao
OScae oty (sl olSin] ol (sl
clme (S il s 4 e
s aibls Jelse plo g LS Adsy
Lulyd 500 53 5ok ez ol b 22

s olis (e (ool 5 S0

el LS 35 gl ok asllins
olSiule;l 5o oais colun ialewy (wlal
Col (Bly Ll 38,5 i o g b

oS Y

5l oeye

Modulo"

Didactic

.0

b 508

R
shls 4w joe
Elae 503

35295 9

2 Lo
o ples

A o

oais &l

el

Sl e 53 sl
YNV 4y

CodS gol> b3
9 A1 slgn
2 )l bl
shisel gloglessle
Yory/aily oo euddl )0

9 510 Slgp codes
& ol bl
20 255 a1
oalie 33 S
Oluao bl (2ol
VoYYl lhe

S oly> G LT axdllas
29 003 o sl
9 G2 ol
23 lwyy

LB e

2193 slogdil p5b
Gy Fae b @
2 il bl
ol 0 G
NS 53 (ol
YoV &g o cg5 gl

Sl Lyl 3
2 olesle J51s
sl Gkt
G, luibiwl 4 azgi b
39,5k s bwl
o 9 of @bl
oY/l

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

oosle gla et lo )3 s g Gyl ialel e 43 0dd Ly BT (slaasdl, aoMs 1) Jga dald!

cls PMio jials 5o (s loline 55l ailS'go 4545
38,56 PMio 5 CO2 calé j aypes lsil 5
bl Lol 35 PMio 5 S g4 biog

[SARERRY ,.at CO>

5 COz clilé 5l oS mhaws 2>
Cds 1 stz 5 LB jsb 4 wlss o PMass
(F9).0,/5% ,3b 13501, 2sls

Oledez )2 ounl Gla S (i 5 55 505
Slr b a8 d5ee 5 )L S5 slag 4l
(F0) 3YL ) il

b 5 Slles slos 4 s olieltils ol
256 Wb o Jailiu] 45 WS o deog .cansl CO2
S50 lsp oS 1, CO2 5 s glaw 53 50
(V)55 ka3 58 o0y 50 AAQ)

Sl Sl w505 5l Slaiy g baled o lasily
e s faiteal b sllae )il 51 liselsl

() (55,0 G pgl

St e 5 il o ()l bl aoy
Alg5 sod 0 pe 4 wd blaul aiores 39r (b
sl 15 s Laa> )55k o,k 5l 1, toll
Ol 9> 3l g ol o Lol (VL s 51 J5ls

(FV) sl @b 513 ybnne 50 bl

Il
sauis &l

Canol

5 ole;
[ oybanss

S

oauis 4l

Sl

1Jgab ples
Joaxs

o493 ¥

1(keaslt)
SF.
Sis

I Jyab olos

SnsS

ook

bl

o
e
Y

sl

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibnd

RO RPN

30 00 S NS Jels Ladd aslllas
&)l et 5o ools 09 ol law

393 9g0te Jlewy dusyde Jawgs oo

5 Olodez yalie by b i adllas
0® 0 s pawye Ak
el ilgs o o] lalllae gy 35 pae
I o bl 5 bl s dos e slaliss

OB yiubgy

el oot & |

5 361 sles (sl Slae slags oS ol
595 0 WIBAS e Ve Sloj o5l
REIAES | S QIR ERPWRJITES

ahie gl s L et aslls sl
b plos abasgie
slayll ple Sl >
Sl 3,55 )13 (o 390 (S Laoea

LWIRVE g
SIS AD
oS FY
9 Py 2k
oS FY
p2i 4l

EWRVI
M)AA ).b
EDLaEY
Y el
) 8
Y+ 550!

oS Y4
PRI
.00
M)‘.LA

&l

oY

o

oS A

WlE g0 43905
b 4505
w368 9

Sl

b ages

b w905
Egrbae g

b wges

b w05

2P lon) Jolae
o Slgp CadS
438 9 5l Ll
3ops Y 5o
0 2l wylawe
YorY uid

oS ogllasl bLS |
9 LIS J315 glaa
ol gl byl
lisol ials et 5o
on Silow 4 b po
9 oile,S Jgad
S - loyS
Yo¥V i lo 3T andllne

Sl agd 203
990 )2,
2900y S g
aawgio gba WS
Y gile

S lgh codes
ol 5o oud 550
b 4505 b 2l
O ERRNCIN L BN
9 e gl o
YoXel 5l y> ol
Wi b st
Sraty ol alel
or® o o
oYY/ ol
ol bl
ol 53 glgel Al
b 4940 b sy
adlaio dogs o
(b p )5 Flunno
Yol i

Yoo


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

oshe o leilo > agad g )l ialul die) )3 0nd oy JBT (claadl aoMs 1Y Jgaa aald!

1, TAQ aibesl wilgs oo s 58 (ameb dr565
& oallas 5L glad Llps )3 ey S (sl
5 JrS Bt (65,30 MWl &y e Lol o5 )]
2 > Wlgin lad §5LaSh 0gd oo 9> Sl e

slwoa¥T Sals e e sl 5 8 Lalys

Fgo 03B (slsn 3959 Jotnd 3 130 )3 09750
(FA)asl

330 000 SO (Sl Llpd I S e
LASHRAE- 00 s lib 1) 03500 canlllas
5o, FF ol b S od 03,1
(PSS oo o]y be! 350l stils

2550 530 G950 9 ol axdllas VA (o
Dm0 53 455 5 (55l ialo]

50 oo azbpdy edgame 5l YL Ly CO2 clale

ot 7 g sl o 44l 9 e oo

P IO R S Y A Y JES 1 W 351 IR P4
OV 5155 e IS g S s 4y

7 Pl
e
il
5ol L
slse
Képpen
~Geiger
L
oy bs;
‘_é‘)lé S
w2l sl
5
it
5SS ¢
pS b
Sl
pS il
iz
B Jixe
[}
s
P
IJpadples
Juse (J=!
L

(092 & csiloj] azgi BB Cosgame
sle SIS s 4 25 slao sy
S5l ST o3l ol &y 5 3 i
ols oo 2alS 1) il

05992 s e sinloj] azgi BB Cosgasma .
sl SLS Jds 4 ()5 slao sy
S Sl gl y5b 4 o 5 i
ols oo ShalS 1) &l

S s |y s lo g5 F aslllas ol
Lo sboplazsle gl o8 cosl a2 5

el o0z Al sgase e 4

S b e 0 ailllan K,
b ool slaglozslo i3 5
Sl S5 5 5 ylene caliee glacSiws
FodyS jsb as bl g 315 0 Sk
9 0065 3l (oS L slaws .0 l05 3929
Ol w5 8y o ot i 53 ylodes
5 e slacdled ploy Y cds b oS

S YE

EWGRVS]

dyae ¥

VEFA b a5
900 Ll
o FY

i\ A

b w93

505 55w A
CohS gl (SHilo
9 Il lgr
S0 (Sl plel
A yoo loss L
YYF/ glail oo

Tobw (w2
055 9 ol bl
ASHRAE-s sl
$0)90 axdllanddd:
39 33T g yd sl WSS’
YY) 2 gl
0 ol o glews
39 3O i
w5t 3 )l bl
0055 w158 4
Gl enlin byl
il glgil yo ol 8
- b plaste
4o

YoV Y/ S o
6:&]&1.5(-_5]4“
90055 S|
30 Sl el

Azl b g wdS’

ledao 9 ool jg0f 2510
YorY/ s oo plxil

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

Dole sl leile )> 405 gyl bl disej 13 00d oy BT slaazsl aoMs 1Y Joas dold]

el Jelge jllga o8 > plad g e S sladasne
g el iy & Slae
5 55 4 158 e 5 5ok 3 5kac g o
428 b Sk o Shee 2lHI L g (S (2
Ol a5 Sloj 5el 3ls dsp ey il 4y
OV )azils 95 5,Sles 0l o 4SS 5P

Gillaa ¥ ¥ diels 93 30 o (slaodlS Sl sk
iz Mom-Weisebron s lustew! b
Ol sl ol Gl sl Gl o loe o5 >
BB e slad 0,8 el & S Sl plsicen
,» Mom-Wiesebron sl it 5.l
08 5 olisal ST, 5 gy o, slnsbone
&b b ans a5l Sge sles wilgs
s>y Glsie 4 Mom-Weiseborn (slas it
Egrbae 450 b 08 5l b g (o aib gy
(OY)-04% oslazl

asd b )0 OIS a5 ool (gile Joe mls
o8kt Gilise glocdle 4 g wls lejle sl
@yl loaS el ) ialol oz
(Q\‘)..ma‘sa

247 359 4z ablite 45e (Olinli Jsb 5
S gl oy o Slkes 5 el
ol opdle ol (B350 (sl Jld et 0,8
e
Ol 5 iy b 90 0 50 o350l 80l
@Yl Sl JeoS g WS (o0 () el
(Y )as,ls

ol lls

&l¥

AN
sty
oais 4l

Sl

sleosls
s Lo
oL e s
ole ,o
)38
A0 )
o (oo
!
E RN

Sl 0023

5 Ol
[R5

&l ailzae

S

s

kg
Ol

(O]

a5,

Sl

oot

11€61€ 1l /W0 a)Laidd /10 Mo )5 (iaal § Cublagy aslilnd

S99 cudled 2 )0 O‘jsﬂi‘}.ﬁld Slows
Sl 5 aliy; aliy Sy az STl
bl o Ll )ls 592 LS 2
99,1 0529 bl L lae cilises
ez Lo Jsb 50 oljeel sils sl
O ol b Loy socad Jdo 4
Sglite calizes glacaled gl oy S
< COzebale (L larmo (sloyiol )y el
A3 g il o) (oo Cgho 5 Les
e altaPly

Sl oo &l

ol oats el

ol oazs al)

5yl Ql),ab:..‘.la Slass ;8 5ois
s 4 aidy (9o 9> poe 5 S
2lo @59, Jsb 58 Gljsel s o)
) o Sy b el sla S
wodls s sl (San 1S o el 5
AC R P ENCEI RS

A- L i
5900 Ll
59
PRV

dsyde )
o .
b 4505

Sl 1Y

oW A
Sy

Ay

b 505
o 5,

NE
olle b s
il

2138 sy 5
3 Sdos g (Fyl> )
39 &l390] pails
2905 b 0y Sl
w8l )0 (b
YoVY] 6 yomnn )5

9 sxSeae b
2l 2k
O (3l il
Olaanss (oo
AR LTI

9TAQ (g3lwans
K Gl
20000 W
alizo gla g 551yl
YoVYasge5

Sl ol glaJus
P ol S,
ool sbayloss L
& adidao of31
YoYel ailyig o


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

Dol slaleiiles ) 05 gyl bl diie 43 00b sy BT slaasil, 4D 1Y Jads dold!

ol g o slsn YL slos Juds 4 ornb ases | lils Ve iayd Sy b astd
- “® -
5 S31s )lmoilel L (gl o o oS o & “’u WEill | b ass | sl 0,Slas Sgup
(O0)Ees IS oS i3 55, 35 000 oW ’ s ¥ YeYel@hylol 53 oo
599!
b 4 (liws sl payd SlaodS )3 450 «olis SYob Juloi g 4
s sl iS5 Sl §f st cals, s e - _ G &L G
005 3k b | reb 8 g g Sl ol Lol ol oats 4l < , b sy e glel g JL51
Chli 8IS (gl pge g ool gilpl boyoety | oylB Jazes ? d yoo Sy 3
(08 )l (S35 glalad ) leons VT &l Yoy g
bl Sene
10,5 YA 45 o ol o] Sl (6 lotond b el 29 ol gl
3 ._\.4)? n)a Sl )fa 53] 4——-~ @ Jlely ) gl sleisle
5 33 BB edgazme sl )5 ()l Lalph odlge W bsSss e . -
! ’ ol ot &l M bags sled gl ;o KA
Ohigaltals &8 558 pasie 5 ol Jlo Jsbo seS )  els
; o adlllao iogb yo 9 0,5
OV)ams o ez i |y J S5 (o5 slales Cob e
LigTes 53 5259
YoV oands
oue Juloxi g 4 3
945 e 90
S5 PMV olis wlgi e 53 b SudSAC oais ail) &l» Egulo
amoe Giall |y oiSe) sl Ll asl iy g S N S, 2 Sl el
- Oles REW XV Eolae 43505
slea b1y ) lel Wl e stratum ge Sas S ool w30 sl WS
(OMSS wald YU bes (lsn Sl S iplos 53
o Stratum el
YorvIdx Jilie
L e 3 i s 5l 5o il (sles Suils Y¥F el ) Ll
Sl e 4 cul (See l aS0g s 9l (9748 30 Juniiliy g
sl L e 5, il slaglog 55 ool tils &: e el oat el ¥ b as | plasle y 6580 5
Ky
Loy Slles glos g ls o5, @ (21, slos JSV/aws 0 b a9t b aw e
(DV)ogd 0 o o Ye¥V s yo
Sals VYT
3ol
ol Jalox g 4 25
15 bl ;3 oS358 adly 1,1 s PMV ¢ wse gl .
d)l ial; J 555“56;5 o= 2 S 95 32 30 I lyo ol
el als Colgs ;0 0,10 0929 Dglas goudne asged S @
ol 20,1 952y gl gilas 4505 Sliis; 2 b g5 Aged b ey
330 Egekae 41543 s 45 203 o (L5 adlllae o Sl YY4 ) ”
) . . 9 ol o023 &l . w58 9 Egbo w90 9 (b
Loy o)l el LS 2ol)b rals gl ool S 3l sse! _
-» e 5 Es 9pS sl ol 5o
Sl JelS b ], LS (ol g 008 e ool
(7). oo 543 Sob o
Yove/
sk
Y-
oo
Vol 11€01C Ja3ly /W a)laids /10 3)a (5 3oyl g Cublsgy aslilnd


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

oo o lailo 1 w985 g ()l ialul die) )3 0 gy BT (claasl oM 1Y Jgas aoldl

Sigalotals soue gl (@51 ey Jelo g 2

5 boles .5U‘ o5l cyaes by L@{\ s (Ko wsii ) Lol

a5 08 0l ren 05 anl K 4 (Suds ) Ly}

BB g 85 sl awyae 0 IPEP Lulide 3Ll (Lew
(V) sl Slee

S o Olrgel gzl bl o Sae ol @ e
5 0¥ riey SRSk ln e laely axs o
Sym xSl sl |y K L s (S5
Olye b g9 aalllae Sy @ls ((7) wips oo 2 5
A5l ase5 5 (Gl ptalel 9550 50 ye3 (gl jsliws
aliBes glail jo ol 3l gl colie Ll 0 S o2l )8
OBl £65 0 Sosloinw dosd gy - b leisle
Slez bl (o daplin s dapg 31 Jolis
Coglgl sy 5055 aS sly las g lol sl
Wyl Ste 055 ilmgilel w5 Sl
a2l 1y v il olulus! auly e L
o kaie ( MS slasl 943y (soniinns dlayl) yioren
5 O 50 s3a e 4y el il (Sads 50y

(D) 3,ls 3g29 gl o Slas

5 bl a0 (ilodns SYlio g

FeX ¥ ol GV Te Jlojojl o diggs

5 ool Alie YA 5l onsl Joe 4y gyp b

Sl sl o, 5l eolatwl b axdllas VY ¢ il jaiS
Ao )3 Fadilo (6 S0l g, 5l eolaiwl b asllas S 4
ols plomil | lalllas pojlae 13 505 9 (55> bl
sl g, Elal saolis Foojleds LSS Jgum il
@S (mizmen Bk os 0ud a5 5 4 (55le 4

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibnd

Jl olgie
e S b 5l
S YV
A‘: . Girb 3l g S
< N
el ons asl)| L “’"‘J b ass | ele galene Julo
e 155 oslko o1y
. S LT L
e
] Yool
&l

2SI 3 5 5 pdgllanil 5 5 i 55k
Loyl (dams @lped Sialidl )0 o0 5 oljaelisls old,
S50 aalllae Sy (rizmen L(T0) W)l (gl 5 (S
Pl oyl po (Gl talol (g5, 5 45 s 558 0
by Oldllae a5 el ool flis mls conl oo
(SUL aiSly, wie oyl ;0 IEQ' sla sl )l o
W )0 Grizred At pounte JUSlo (g 5 0%y
hee Llyps 2Ll sl (6 sy e sepel 2 U
3529 dw e sbaleisle [0 s sl WS L5
Jlo 00 5l el (59,0 g S o (TA) 5l
Sl oo O Gl codsS Slides annds
5 N lor CodS e JolsS S50 g S o)
Sl 00,5 &l lseel il Cdlus g ooy o, Sles
09iS Fe oy Guslae sl CodeS (5590 allide (ol 5o
sloylias gl il eols )18 o) 8,50 Sl ol 5o
Ao gt ple ool g5 4 il iz )l
2l o bl 5 s (Glop CuheS @ ol
sl asls 3L VOCGs g lsa j0 3lee I3 L agzlge
&5 e S L olpen LS b oad ]S 41905
4385 8l 5L 0 )90 (5551 By Wil o el 5 glsn
5 Ceodw a5 > e 0 5w lals 1) S
48 p0 (e WS (o0 (e |) (ol 50 5095 05,
5o adllae ol IS ascs ol alils ol e 4 1) 9>
dwyie oligal zils a8 ol oyl G‘i)ly‘_)‘:..iLJ 3,50
S5 Logas 45 odpdiss pus (sl 5 T 50 Wyl Lyles
Sl B GYLS o8 5l wile plalas |

1. Indoor Environmental Quality

Velc


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

@55 5 ol Gl b BLs )| 5o 25 Slalllas b

F\.-.J)-\.A S
4 N\
slyp CokS L gl (Sl 4z 5 (al Djpo 4 4z oo 4508 ORI 50 Sy eadiene y9i 093 51 5 S gl 5 abolite 4505 (8 I oolita
st Jo Gl b ol 59520 Oliseliils )l GaleT 5 IS S5 Fooslod 2 Gy S sled g Cugh; crizen al dko )l bl
OF) sl 3 el galls (A3 (slga oS et (gly (Sl (F7) el )35 50 | b 5505 3l oolaiul o 4o 31
L J/
4 - R 4 N
Obzes Slelas 5 Glgel tils dao oy (392 5L 5 (Ghh 45 3925 L 5 Lo 551 ol Gojlas 53 COY) e 5 Loo (apo slapdlS shamme Luly s
arogs Gl 1 5YL Gays G sles 3 wo S n oS olas! Slalllae bl 4y 3 v Lyl 35t sl 3l alolh Csllan (slas il L Isn coiS
L (F s 5 lisal (21 55 a3 als 4 e LS pizres o 00l ) < > (M)l canlin sl lSal) @l g i
-
; N %
35 plaal 5 (ol 5 M ol icnlin 98 s Wl 2 Los iyl 951 iy )l bl el oug @ callisee Jgad 5o a0l il
65k 5o gl bl sl oo S azms 4y ol9al il ¢ ) bolid ol 55 lisel s (e )i Lol Jelse plyie @ Iy co g 5 Casho,
e e el w0 (FYI%0s
- T J \
D

bl b Gillae gl Ghalol Ll canlllas 9,50 (o) S 51 S g0
ASHRAE-00 5555 oo i, bl lisol G5 51 o, FF Jlo ol bzt |, |

(Fas ool L o5 il a0 ¥) B Y8 (Lol (gles o3gaome  YAIA a5 slas

-
P
Ll ol 8l s Pk 5 S ez oy 4 pleisle (b olil el
Wl o 53 L 4k Gk 5l 19 o3l 5 S a8l s oS o 5 Rl
(OF)asly ouie Se (slod Sguge o
o
4 I\

A Eras 5 stk s b sle 50 Ise sled Silee gl oLl

B B I N AL P

B 5 g & Sl Sy oo Sy el 1B 5l a5 sl il
o] G0l Lt s L5 fame slos 5 159 <5 b bl (slos egdloy caiztls

N I U

A
4 }
S ol (208 (ygel mls g wil 4l e <130 I i e cep oS Slej

Pl el 5l 5 e s p ) slbdame S ool (il (6ol sl 4l

07105 g0 350l G210 (5 ol o Shas ials’
N J
~

Jlo i j0 COYlile g Lo i 51 la S J51s Loyl dings (Sio el 4545 2 o )lhe
CBLE B 5 s B Sl bl pas s Logase 5 ey Jab o el 035y 58 LB

(7 )wingy 3T, l5L gselao 58 Sl s e 5 31 Lopos ol (©))as s)lsF COY
A\ J/ Y,
M / N
B 5Ll 95 A culs) Ll lae (1 LS 0598 Jsbo o S5 s slyn S 5 abline 453 bl 55 ammtls ol s bl 5 e Jad 5o gl (ils 251
Gla 099 5| g JB10 150 S mian il i s, Lnlps Syl [@ DL s a5l e 6l augas 45 ob asie ogdlas iogs s s s GO 35 s 1
(7)ol 5l S5 4 e Yo e
Ol oy 4 ) L ‘ )
~ 4 2\
. aan ol ing ol olysel il ST ol it )l pebesl T, aSilee
Ligie slad 50 olipal o pylez w5 Sabls o5 3 Slas S xobs 55 S5} 52 Sy Glygel siils ST O (2O ! [CPRe
srenl 5yl b S Ll L sl Jud o olisel adls gy o, SHYY 7 (Tl Gl ] ggrkas 98 slapimm Sl oslinl gz oo o,
(FY)2392 0 15 o0nliy s \ )
J Ve o
- ~ 9yl 257 (Kot J5e gl diged 0 5 oopd N Sl S ez
0ols & ol Lagzme (sl (slos ol @ ol 2 e o ol o Gl s [€ > Sl F5e o 22305 5 s olimn 5 e 3B S g05)5 4 25 o slasil s
5 S ase5 el oy 9 50 (s Gl )3 0905 Cogllas 53 S5 slss kS 5 L (Ml sllas 5l bl )
(s ,F J31s (slys cois 2l P
- J 31 55 o gy 5 Lo izils oV COY mhaw wions 385 Juo 4 o LIS 251
/ A ;
. iaal 115 5bs ol 4 e § ; 00 & L
Lt s o 5 ol e s slogls Case 5 ol > Sl S5 5 Olisalils sl ol 4 s a1y e o3 VL ASHRAE 00 s st
sl Casbye s il el Sy o5 553 58 56 s G 5 il q (Tl i ezl
(Tl sbye s 5 slebames 53 )l
\_ ) S S 45 ey o) (K lilae (sles 5 COY o & 1AQ 51 5355 5,0
» ()08 sbml 1y J5a3 18 1AQ wlgs 03 COY oyl arbans wily 4l iglol

25 Slllas I gl aods 1Y 3903

Ao, Sl rijal g shrestha asllas ;o 4 (YV) ws o
sl oy Bob Cmizmon gy (TV) o yoV/A s
DesignBuilder sla,138l ¢ 5 (s 5lo dd dio) ,0 0ds

3,5 1,8 oolatwl 5,90 yiiws EnergyPlus ol oo 4
09y olped 4 Slalllas guls ¢ jtius Slxusgs o

51l oo 03,91 i LS 0 (gjle A Sladllae
ooy las b cds dallas ¥ L5 asdlas VY () oy
B e o,en g Lala asdllas jo a5 widgs 0oged
adllas G (V) doyo VY codle 6,80k iy
VIV 1) Gile amd g (ABlg Jlade o BB Koo

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

Algiice o8 Vb oz b slagdlS o 58 dgute
PM,, b L 08 ol (555 sl s e Ll
S9d> o 4 ok ol slaw jek> ey y3 CO, 4
S 50 (V7)) 090 JB 090 5l i ao 0 VE- 4 VY-
Gl olyd cdale add Slaol wjlos o Sio gl
3B 5 (s 5 g Cagh)) (5>l 5 CO, (PM)
&5 iinb CuaByo )0 S x> u509) sla el
lsa sleo L ol o PM 4 CO, cdale 5 (5,5 5 S
€O, cdale 285 )8 () 3590 (s Zugh)
i jgam Gloj Jobo p0 V0 - GO - ppm G IS
PM,/ PM,; » ‘) J""L Ot S5 g5 5 g Oy
VIR (U IS BV (LR | SRR Y-S DRI | PSR VLI
oW A iy o belad eud ol 5 il 4> s YY B Y
oy ylid a8l og o 5 il ax )0 VY 51 g oy
5,0 CO, s PM cdale 51y ;50 o iien 4945 £lgs!
PM,; 5 CO, ol ) d‘)&‘:j J""L Al g0 4905 o5ug 4
356 CO, rshaw p ol oo ;3B PM, S g4 000
e Jolse 5l yd M e g aiged gl o)l
a3 oo L3 15t Cou awae ,o 1) TACH oS axies
5o alosliad sasie CJb o addlas Syl 0gde (FY)
S et sam ¥l il i b o
A8 Ll id 3 0)3 Ve e e AlBIL (5len ]
(oimle,S Lad Job 1o .ol ol o Jog SoV/O 5l jieS
Voo SRl g)lon 5 (GO0 Cand ooy 1 Sl
b aslyion (&5l Lulpd 9 TAQ Julse a5 amo ooplis
Sl 5 ol S S it 5 ot ) (55 o
(FF) aal asls gglae bLs )|
& > ) E
2 hlroilel 5 el e CodS Coan
e

Ganr 5 Soisel O o &5 Cel ame sy

bilyd g 0,500 Dy cmlio 5 o loged &

0hBes g Cids (5 asbld

ool 483 118 Folods LooST Jgam o colazul

Slellae 4 sppre sl 5 ool S
oS it S S e 5 SIS S o510
lso

S T olse g sl 0,3 slo saVT dlie o> 40
Sl iy o gl o5 il 48,5 )5 mis 9,96
031l (5 097 b 0ui VT pgas jo LSS Sleedgi g
Ll 00 oo”] 7 o leds oSS Jga o Lej S

b (S 50 Ol s gl oyl ) aalllae SG
s VWA ez Jlo Job o Slaws Shg, 5l ool
5l 8 as ols Las (DCV) 'Lolss e oo ;oS
FSlas b w0 oS 90 ;0 CO, melans DCV 3l oolazn!
o2 alin oy Jad Job 0 YFVA ppm o 85 clale
ol el VYYO ppm a4 |, CO, clalé 5l DCV .5
Jad Laulgl 5DCV gy slo WS ;0 CO, a5 Jb> o
Jelo g 3o Gl e ogdle 2l al38 ppm YAAY 4
Sgue Jgb (sladiges 10 39240 (VOCs) |8 JTolS 5
ol ol o Lid DCV L oy oS o 1) lse oS
Coads Gpizmed (V) Cuwl Fge Ql)'yﬂu‘:,;la R eancs
@ oo dhugio g glaml dwyae 00 5l ey WIS
)V(COL',%JS Sl ¢ (PM) 3leo )3 sy jshato
CO, gl 23,5 )3 anlllas 5,90 J,l,> Liwlwl g
YAY £ A8 o] 55k g e YVVO B F£F ppm
FSzsS o508 ln CO, mhaw (5l 09 el
3 s 2oy VA Lo (gl Jle g Slnd (i)
WS90 4ges g (w5 9 i JL) S5, lSesS
Sls szals 1) CO, g ooVl Folaw g5 JB Heboas
»CO, (b clale b (byen PM | o0l sl clale
edlS aS” (6090 10 091 (e plad 1o Ly sla WIS
s s Gl oy Gl WM 58 l9el ils Slaws

2. Air Changes per Hour

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

1. Demand-Controlled Ventilation (DCV) System


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

CoiS il ot e jsboay (LS 5 olisel s
Mo oyl L8 o slae jo (TAQ) (L3I len by
Sl L5 50 TAQ (ol S b ol 5 (65 )« ouniis
oYU s a5 aims anlis imghy Slalllas (67)
S sl eSSyl pmlal a1 eols,
b 455 b sl laizle o o5 Lug(TAQ)
S8 495 shlo laplasle )3 )5 4 s
adlls S mls uzmen (O0) 09 o0 ounlise
e 4B O (gl oz 50,5 5L aS el oolo il
Gl @Bly )3 09b o0 JEI0 (Sloa CudS Sgne
Mo RPN U Glor S s by oy
JAQ s caz 550 Sladlao Liwly e jo (V1)
Qg i 5l o3liiul g ooy g 0y 0355 5k
Loenl g oogdle (V7 YF) Wloo S ang 1) Sl
Oligel ol ColgiSy ajg dooyomy o S Tse s
L slgp CodeS 5 (b 41505 el Sgute 4
(YD) 0,5 S8
o (FY Y7 7)) alyd chale oS Slallas wlavles
3590 oyd GRS o 5 1, (FF 1) 418 JT olge
soa Y1 3l S VOC sroa YT .wlesls By
Sy oz OIS slmyl cely a5 w3l len
S g 5l Ngdoo LS 5 g (05 (el
g Ol ar ]y Gleo D3 (Sl olas 5l (6 ko
2 oodle ailes,S slubs J3ls glee Sogl Lol
LUT 5 Goshsyeml ey 5099008 cpebins (4 10
odsdig o Slalazns ;0 &5 Wogy 2lag B imls
9192 g ol 4w Ll gond 5 wad ol L)l

() Conl glan (6500 b olwg,y olsm (1S

els o Slee b o SucnST g0 5 Lo o bLS/
Olige il

AenSlgs cdale 6,5 05lul mls (iegh cpl o

5 o obdlas Jols sllas ool jo (p)S

Olisel il 4l anm 0l (sl (ogllae Sy, 5 (S
Gls il 08 e ey (rizmen WS (e ol
e cadls by 1 (ot S il 5 plls Lo
Camdg a5 20 oolid ouls plxil Slallas (FY) o)ls
ot olae Slao o Ve sgas o (ilag 5 sl
S e ] 5 Sl ezl oyl el onis b))
cslial (g0l glalazme 5o (ligel stils I (g las
plosl Slisdoss nl 2 ogdle wiind Jraxd 4 Joate
Lo a5 aoo copylid 1S 50l casie VLI o oul
e p stzg B 6 Wlgige e (Sopd
Y ogu a5 (g gbas il atsle ligel jmils s,
b 4 (B0 Sy, 5 (9 OS5l wo o
IS 500 Oldlas puzen sl lag pe an o
5t e e (S8 LS5 ot eins b
(FY) canl lygel il sl L8,

e e sl Sl cslas bt
SLoglgr Joli a5 ases o 8 Slaas 1y el g
celin 58 e Fgo (Sogll pas (il sla,
S 4z 81T asl gerdas 4ged el
G 5 ol glaplezile ay il Slallas
Sl el el Lol il aiily  plazs|
5 &gelitals Comez YL o515 Judo 4 )l 5o
St e ez 3 Slae o gt 3G
FUY e o515 L el laplansle ol
Wil o6yl 5 (G slaglexsbo I i plp
(P05 asts caslie Sl bylyd a4y 059 ax g

Oligalidls 0 ) lac 5 cuodlw o (A (slyo CodS
izl Gyl o Coraz (SIS ol )
Gl el ) 5 s oSl 5l i
Debise plp paiz bole cul o TEQ sle el )y
5 Db Oz odle a5 wilools olis lalllas
5 Oligelile o Slee g 35505 ¢ )l o, (rals
Gl TEQuinad slagially b L5l 58 55 olelas

1. Indoor environmental quality

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

A A obml Gglas CO, cdale )l 1o wilgs co aiylo
B wo S ol QB an s gl S 3 oS 0k
3l jga (013 lase J2lo 6?09,” L SOy
Voore S deeST g0 cdald wiil 5l ey
ligelzils a5 i 1,5 .(0F) Wb oo talS el
ppm b CO, cdale oS oo £9,0 |5 055 (oS aali
i 0 upgh 4o fuiores (OF) 59, o YL YF- -
Sl coliul ley 0 CO, aaw a5 col o] Sils
Sliass (0)) Wb (oo LmlS dwyae 39, OLL 4o
s 50,5 s g 5L L aulie jo as ailesls ylas
5 SwilSo dy 545 (Gl 3l oolaiwl o jo g oo oy
gl a5 4 e (555 55k 4 5093 slwe 2y

(FAFN) dgis g0 01,5 a6

Olise LAl Folmoilol  ige olse
Oligelimils ()l alal o)bye Sladlas mbs
"\"‘5"6.5"’ 69»4 g)"‘ C(OF LFA YY) el 009 Egide )L».ma
il Slegmlel 2 Jae Jelse jo gl o 4,
@ sl e oy 1) ol ligel jils a5 LS sleo
o 5 ol Ll ez ol (S g0l Jolge
Jelss iz (7)) gsehao 4509 bl (L3 azlse s
yowbe,S g s Bl jgas  fad aile alise
Jie lote 4.0 wls b A3l o)l Ll
slow) Sl < Jaine gblie ;o 45 ailosls sl lalllae
397 (Seille 1505 4 5 (9 Syl bl
9 ke Jyad )3 Lalyd cpl 4 (olitws fizmes 5 0l
il gles 45 el o] Sl anlllae S, gl
H9o olse 5| aS pogaz oylas o ligel il
o VL ol sles 3 ligel s g o
sles a5 Jljgel ils ol s olysel zils 4
Liug ool pgm ol jle a5l 518 Ll aolul
Sl e U )55l & bl 05 ASHRAE?
;500 adllae G o (TY) wols flis 1) se> GL-L»b

2. American Society of Heating, Refrigerating and Air-
Conditioning Engineers

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

0hBes g Cids (5 asbld

oo a5, 0 Jgoz 18 9.5,915,5 «soae sl jluans
Wl oo w585 3 Syl iielel Jele 9o as sloglas
e Jole oo asly Jige oligel ils S0k 5
sles o I35 o J..;L, O3S o, Slos a5 Cowl cogn
Oligel mils i ce S a3 ools s el YU
asl gles 5l gopw N gles wipd o
il e (s Gyl Sl ol YLS 5 o8
90t Gl el 4505 (S ymnsS Slyp 5 S o
ppm )\« ;CO, clale mhaw La> g )l olul
soa.n).,.sb)l‘\ ppm ,;CO, clalé (aiS o o2l )81
53 et (D) WS o0 5 xSl 653k Ul
I35 Sy 5 nol o Shae oy ala, arlls
GBI LS g5k 4 wg > gy JB b 4
3 6 am (O7) 435 o gy (T30 5,550 Iy
A s oyl 0 1) SYL slasan YT cdale s
Sl balos S 5155 o)l 5 (SeSue sloleilus
L ooVl ple 5 CO, robw (o Gudo bLs,l >
3590 ey il oligelils 0 )Slas 5 (650l Ul

(F) 055518 o) 2

9 S S0 Clilé Bl is o Cilisee folpe oSG
3ol slolaes
30 S daenSTgo e aS slogylis Lol dsllas
Jad daz 5l gonmin Julge 4 0uls aslllan slaloxs
el 6 505lal loy g Lad yo yol> ol 8l slaws .
aS ous odwlive jub Jad 0 CO, e o S ol
Lol ade as el ol cnl g Jhad 5 soumsles
Igo nlio Loy o ooty 5 b )0 (399 5k Olgise
adlas SO o L) fred 50 .(0)) Cudls Juad ol yo
0ds 850 (6 S0l 8 Shae oy 3YL a5 0l saus 508
CO, cdale 155 (FV) 09 (Lensls o (508 5 by 5o
) 85 85 ligel il (Sres (55, » Wyieo
s5a 8 5o a5 ol Blolass g udlad Gliee (ioeen

1. cross-ventilation

VoA


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

Sl ol iz Jalse 3l byl 5 4 ye
3l Sl oolinl b oyl oo @0l 1, gl tils
P 4 e $ln ) (Phb (e OlPee
I, @ipl slbanie @il o 9 0,5 Gl dw,ue
ol bols Gl 1y olsgel sils Lialul g ools uals
b giloands 5l Jol> mlbs a5 conl S5 a4 o3 (b=
(oplpbo aiylas JelS cisllan o28ly Loyl o b aien
Pl cistd Slapt oo o Slos 5l pliebl (s
e Lulys et ik 5 Slise slasSegl
el S)y9p8 oyl o
ol (F o)lads LS Jooz)  vuaxis oldlas
gy «Sul gl sszg b ogiluans a5 Wlosls
el g il due sl ddronngsie 5 ol )5 b
Olsie & EnergyPlus ol o2 «DesignBuilder
il g sbml (Bl woje cnl ol 58
3,5 ol 3 cilisis oty s 1, oo gl
sl sl ) A e i s Sl
ded,ad ldle s SOl sled s attine oyl
o Sl L, Sy 8 el ezl (glatd
&lp &5 WS oo o213 EnergyPlus ly ' (3D) (gus
g @l s el 5 @55l Bpae giludas
45 5503 Gl Olgier Wl o8 sl @ Az bl
LFY YY) i)l Vb 6y pwend bl

Sl CodS diej 0 LS Sldlae slocgogae
w)/ul,o
I, olslidsy cosgumme Oldlas dan Wiz 2
ol ) Cusgase a5 Sldlae Ll Wogs 00,55 ol
o o8yl A gb a4 ) oled Jgam ,0 58,8
S sl S slp plbopiin Wg o &
0)99 S & Lo Slalllas 5 (gl om0 (Lt oaiy]

1. Three-Dimensional (3D)

=

Cond iz Q‘)'}oi‘_}fw"s) LR QT S mbs
olis Gldllas (V) Wog i wlas 50, slales a
loe slod &l ps 4y aslgs o ) gel 2l a8 ilools
ol adlllae S5 (Jle (lgie 4 wigd S5l WS
Wiis o B,k allg e lyeeliils a5 el ool
Gl gy sled jo axg JB s SO L) 09>
4O Qljyiuulo aS el oalolis glasdllas (V) sums
S oo Ty 6t Sl ool bl e, Job
@ Cond bl olele o gl (Koo o jle o
ol (pl il gty ol wleol b g xeo
Sl e b Ql)'yTui..ilo O 6,85l saima iyl
Sl J)'l S adlas S mls (Jl cpen 0 (F9)
Sy o wld Bole o ddaly b5 L8, )55l oS
bl fumen .Cunl oo o Sldoe glod g 192
Gk 5l 1y il hlel sl ged poye a5 ilos,S
S0 Gaeh S mls (TA) aus bes 6,55l
Ll 5o ly Jeab 5o olisal tils 251 5 slogiles
S5k Goylae 50 00y o2l (J)l> e S

ol Sloptunw Gilodig o Gjludad Lid
il Srae ol 5 e (S
D978 4§ lone g (smdine pole (193359, i L
2 Slmoill 5al 6lp g slasts, S eslinad
T 50 09 ol G 3l G (sB590] slald
ol Sl s gy S Olsie 4 aeb aygd 85
azgi b anl ool azll blasle o o3l slen
@ ks g lee (Sogll siaal il Cumenr Al &
S 31 ol o Ll s
A4 698 sl S olee o (Sl ass
Golwand sla sl sl eolaiwl Lsly cpl jo ows, o0
il s Phb 5o s sl 1B Wlgs e SlaL,
ol ass l ey SOl e sl
it Glaping 3, Sos 5:85 (o) p (Bl Lol
wlize glalad o e Lyl (i st

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

et 5l b Slallle 5 wloss 455 I s g
e cpl o oodle alilas g2y olL pl o 5
Oeizes Aloadd aid S Ll b ollisls g SosS
) 3090 owyp pol dlie Coje (ge
Soore asdllas G iyloe 5 ases 5 e ols]
aw ;o YeVY el BY-Y. gl Jlo o (aepllas
aS 5g pubmed 4 web of since scopus g oL
RN - ROv-+- £ F-E I PRV S LR C)-.’.PT
o5l Jgad «olallas plo Cuogame pol> asllaos yo
S50 3 pel Dldllas glgil izmen 9 o) 605
ol 3 ases 5 (Sl omlel uld sey cu
adllas oyl gloadl, (IS job 4 .cewl 00ged diogd
S 55l 5 sl pese (b 4 Bilg e
650k 0 Shee 5 )l plalal Sgnpe dymie 5 WS
4 s ol dadlas pues 04 Q\jyiu‘ula RN
) ol S Yl asly cul aisly 8 ool @lllas
axdlas Sy940 J“) |) (Q)yof) E9y90 Sldlas 9 (s))yo\v

ol 0ols 413

S5 i =
lols jghaie a4 3 Oldllae ol o
Slrombel bl o by 5 lecyssae
S 4 lllae S a5 sboplis gl (el 4o
pac 4 Wlgh oo yol (pl 5 Wloads dgame o> Jad
ol rizmen 098 e @l G pdyeeess
aeSlgs Cle ale age glaytall 4 Slalllas
Oy & bl oal a5 Jlo e il oS
5 B slge coas bl slp gadS et ls S
a5 gsgame oyl 0gd co adlis )l > iolal
ople 4w oplis |) (Jadaiz g jeal> wlidos
5wl om Gl pae g G slagty, )0 gs8
@l oeizmen Sl oje nl o (ol slailly
Sl oS s Slgnlel & ses sl

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

0hBes g Cids (5 asbld

ailoads dgaze Jlo 3l ols Jad SO L oligS Sloj
Sldlas ol 5l Jols mls a5 05 oo el yol
ad S Sl o]y Jad oz o oS wsg Slallae oS
NR an sy dad ol i b () sl
Aoy oahide 3 La:QT a5 (FV 5 V) aal eslo
cbile wile soe sla il daiags 5l sl 5o
ol as Jb el onis (6,8 05ll S aanSTge
wstd Ol 5192 CodeS 25 6l sote 2L S
Soolgie & QBASES 28 e (7)) 35800 Dguane
I CoieS 53U 5 (Folmoibel Sl 5o et ol
oadd 48,8 b o Sldllae 31 gl o (ol p
2otz M b o Wlgise e o Jo 5 i
s Lo iagsy il 5 038 Sl o las slagealy
30 )90 adlae G Luilos S s leass alade 4
B pas e (o0 Olalllas a5 Canl 00,5 )by aiwey oyl
5 Sl 6Pl ez sy pl aws Gulul 21, (5551
3,0 892 (3gdte i «ilosls &Iyl G STl (655l
5 25t ol S Sy 655 Srae @88 lawles oS
slplazle o Jlasle cbas glgns plo
2 oogdle SVl 1 (g by (F) Qoo soslis |y o
5o Ll wilos 57 oolainl (g 5lwaccss 51 Slaws (55051l
Ailos )5 (glo Ll Uas 5 <80 5 9 (603 pooxd 390
oo g Uase 80 (e oo Slalllas 4o ol o
2ed ol s iy
o)y e SO lsie 4 Wilgs o Dl ol
ooloe asile bigel sladase B oS 1,8 solacul
5 Oliselils lp pelle S 4 1) elXals 4

blso 5 locyogums
pas pol adllae glacysgame (Pt alox
5500 5l g aYlas )l san JolS ascus 4y ow i
Sl B o a5 ol ) (8 dslllas slacgogase

Vle


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

o Job 5o S5, dged o2 b (Jsb Sldlae
@ 5wl it gley slaoll o 9 Jlo Jgad
Sy ploxl pelae &0

Logose gluand  glaghs, 346 e
5 ooy Al bl l o Slae slas ol
2l gler 0z (205 98 (aleilr s Gl
e 2 Lk Ol e e eyl
25k YL 5 55 SBran g anie yieS b arsys
3yl se mald

S 5 ISl 505 b ST slatagyy @
Ngd 35 peie higal slolome cuiS i)l sy
comilin 20 b 905 slapinns 3l oolaiul Joli oS
chile 5 cosb) (abes slayully glos bl
Al e oy Gl S o (S aSTes

deSligs clle (lad b aVlo) (gloygs il @
Sty Oliselmls Glmotlel Qb oS
St (55 6T B4 5 (ol glacsla
Sloladl alax 5l ¢ obigel slalad o aliee 4945
0 SO e Llyh s sl oleriay
S0l g

gl i 5l e le (S Cuxdse 335 (i @
Sllae mbs Jdow jo oy, slobls b abio b
Ll Con] Sl

rlo clile 6 pSojlul (n)S aeSles p ogdle
D9 oo dnog ST Slalllas o 9o slwossV]

ol onlranie Jolod o vgd oo Sleiiny
598 pll (Sl 905 aide laptans 9y 2
sloapo gl slaansa [l 5l ansS (5 ape b
20,5 Sl aelen; Ol g Sldes

o 8 (T Slallhe s pbige dnog @
@ B sl codsS 5 ol olesle
355 )8 owin 0s5e sl Jele G plge

lgo CoieS Sgrte Sz A oS slaol, 5l (Sue
olde ;0 00,8 o Aoy aF bl e 0 cllS

Dgd ablS (g i S0

i

Ol 5 0%edy il 4505 Slepiacw ).,.,b o
slaolaitenl 51 YL CO, cdale (b a5 L
Lol o cadlice sl 5ol ialel g sobaiogs
s (2hb sggs a5 wod copylid OMalas oyl
@ Wl o (Sl a5es Slahy, 5l eoliiul 5 49
el 5l S (S S SaS (ajsel Ll o5
s 0,SLos ()l Gl b sy onl ot
(Dlalllas 25T aS wies oo lid gl .cal 30l asls
osalive bL3 | 30l ils (5 5ol 5 b slod
b e Jeass 0,Sles 0go L1 Lo 1ol g ailes,S
Slalaze lagos lig0l yuils K0 & lie ayailausls
ar S e Ty S50k sln ) S
s 3 Sl allas giluad glagss,
Golwands gl jlidle 5 sl oy las ol ejlae o
Sldles o EnergyPlus 4 DesignBuilder ouile
@ wilgs co byl cpl a8 ol ouls solaiwl calize
heze Lulpd 2bs)l s s slaptuns (ssluange
5 il Srae ol 4 lgluand LS SaS
o Wil 5 Wsdee e Slgnlel sse
JB eolital 0y90 oylae (b o S5 )lpl Olgre
595290 slaosls jo Slacusgass (Jl> pl b, S
Sy 4z 4 35 &S 918 992 (Sliios sla sy,
oolaiwl Coows a4y w)lde aS 0gd oo ol oyl
s>lb sse 9 SEe ans slapiees
S S (o0 S ok s 4 &S lene
isel 5 sheme lulpd pglie Gl onizmen S
Gl St Sl 950 50 Gligel iils 5 Glales 4
0 S SaS (bl Lyl sg 4 wilgi e 31
(hd Sldllas ;0 092 90 Slacgogame s azgi b ecules
5 SIS Slop CodsS peias joboas 45 D9 oo Sleiny
90t sboaslyy 5 955 aly (ol 53 (5l tals]

255 )8 4z g5 0550 S0z jsboay jsel slalas

o olllas sy olpiiy
Sl 5y900 Fralr @S & oliws jglaie as e

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

lo ol =
Ble olas agS me ol Al By
NG

6 5 usbas 5 e o 5 el 553 L

sl 00l 428 5 o g0 arcmap LIl 5l cCangn

Sloyud g Sl =
LS 29 Sly9d Cgas zrb Jol> dllis )
Sty (S 3y pole olRils g g2miils (5 ,9L8 g Dlidod
Sasl o VEOYIGAOFYYY cod o)las & i

Sy S S Sy pole olasls (5500 8
B 05) 55 o 18,08 anlllae ol 51 o gl
.( IR.SBMU.RETECH.REC.1403.742

REFERENCES

1. Haddad S, Synnefa A, Marcos MAP, Paolini R, Delrue S,
Prasad D, et al. On the potential of demand-controlled
ventilation system to enhance indoor air quality and
thermal condition in Australian school classrooms.
Energy Build. 2021;238:110838.

2. Mohamed S, Rodrigues L, Omer S, Calautit J.
Overheating and indoor air quality in primary schools in
the UK. Energy Build. 2021;250:111291.

3. Riahi Nejad H, Razaghi H, Navid M, Ahmad A. The
set of approvals of the Supreme Council of Education.
Tehran: Saads Publication; 2018. p. 447. [Persian]

4. Jia LR, Han J, Chen X, Li QY, Lee CC, Fung YH.
Interaction between thermal comfort, indoor air quality
and ventilation energy consumption of educational
buildings: A  comprehensive review. Buildings.
2021;11(12):591.

5. Tran VV, Park D, Lee YC. Indoor air pollution, related
human diseases, and recent trends in the control and
improvement of indoor air quality. Int J Environ Res
Public Health. 2020;17(8):2927.

6. Sadrizadeh S, Yao R, Yuan F, Awbi H, Bahnfleth W, Bi Y,
et al. Indoor air quality and health in schools: A critical

11601E ks /W0 ayLadis /16 sla (5 (iay) § Cublagy asliling

0hBes g Cids (5 asbld

S9) 2 S g Dllllas 50 5 oo Sleivy @
olSiils g LSasS g diile wglae  luass ablio
28,5 ol

Slools syl ! bzl b cp> o
b M ) bl b llas 5 eslisd asile
b 250 Slaptan Sl ooliiul 5 lagdil conlie
Gogd A oy ple (iolidl ioren g0 oolaiul
WS (o0 S5 (oo

295 e 39,5 31 (6 S gl S S (slos 5y e
5 o3l (g o Ll Jad 1o Lo DS a4y 305 5>

Sleiiy da DS (lgp CodsS S jolare 4 e
Wiwd (JB ey slo IS aS el ol e

o3l slaa b aigd 5L sl oo,y b ay005 slopinnw
g 3,y oo 4

review for developing the roadmap for the future school
environment. ] Build Eng. 2022;57:104908.

7. Mendell MJ, Heath GA. Do indoor pollutants and
thermal conditions in schools influence student
performance? A critical review of the literature. Indoor
Air. 2005;15(1):27-52.

8. Liu P, Alonso M]J, Mathisen HM, Halfvardsson A,
Simonson CJ. Understanding the role of moisture
recovery in indoor humidity: an analytical study for a
Norwegian single-family house during heating season.
Build Environ. 2023;229:109940.

9. Wargocki P, Wyon DP. The effects of moderately raised
classroom temperatures and classroom ventilation rate
on the performance of schoolwork by children (RP-
1257). HVACR Res. 2007;13(2):193-220.

10. Kiikrer E, Eskin N. Effect of design and operational
strategies on thermal comfort and productivity
in a multipurpose school building. ] Build Eng.
2021;44:102697.

11. Bain-Reguis N, Smith A, Martin CH, Currie J. Indoor
CO2 and thermal conditions in Twenty Scottish
Primary School Classrooms with different Ventilation

Systems during the COVID-19 pandemic. Pollutants.

Vip


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2022;2(2):180-204.

Korsavi SS, Montazami A, Mumovic D. Perceived indoor
air quality in naturally ventilated primary schools in the
UK: Impact of environmental variables and thermal
sensation. Indoor Air. 2021;31(2):480-501.

Miao S, Gangolells M, Tejedor B. A comprehensive
assessment of indoor air quality and thermal comfort
in educational buildings in the Mediterranean climate.
Indoor Air. 2023;2023:6649829.

American Society of Heating, Refrigerating and Air-
Conditioning Engineers. Ventilation for acceptable
indoor air quality. ANSI/ASHRAE Standard 62.1-2001.
European Committee for Standardization. EN 16798-
1:2019. Energy performance of buildings - Ventilation
for buildings - Part 1: Indoor environmental input
parameters for design and assessment of energy
performance of buildings addressing indoor air quality,
thermal environment, lighting and acoustics. 2019.

Ding E, Zhang D, Bluyssen PM. Ventilation regimes
of school classrooms against airborne transmission of
infectious respiratory droplets: a review. Build Environ.
2022;207:108484.

Turanjanin V, Vudicevi¢ B, Jovanovi¢ M, Mirkov N,
Lazovi¢ I. Indoor CO2 measurements in Serbian schools
and ventilation rate calculation. Energy. 2014;77:290-6.
Korsavi SS, Montazami A, Mumovic D. Indoor air
quality (IAQ) in naturally-ventilated primary schools
in the UK: Occupant-related factors. Build Environ.
2020;180:106992.

Shendell DG, Prill R, Fisk WJ, Apte MG, Blake D,
Faulkner D. Associations between classroom CO2
concentrations and student attendance in Washington
and Idaho. Indoor Air. 2004;14(5):333-41.

Heracleous C, Michael A. Thermal comfort models
and perception of users in free-running school
buildings of East-Mediterranean region. Energy Build.
2020;215:109912.

Ma N, Aviv D, Guo H, Braham WW. Measuring the right
factors: A review of variables and models for thermal
comfort and indoor air quality. Renew Sustain Energy
Rev. 2021;135:110436.

Vassella CC, Koch J, Henzi A, Jordan A, Waeber R,
Tannaccone R, et al. From spontaneous to strategic
natural window ventilation: Improving indoor air

quality in Swiss schools. Int ] Hyg Environ Health.

ALY

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

2021;234:113746.

Mirzakhani Araghi N, Pashazadeh Azari Z, Alizadeh
Zarei M, Akbarzadeh Baghban A, Saei S, Yousefi Nodeh
HR, et al. The Relationship Between Sensory Processing
Patterns and Participation in Childhood Leisure and Play
Activities: A Systematic Review and Meta-analysis. Iran
Rehabil J. 2023;21(1):17-38.

Varela Kellesarian S, Ros Malignaggi V, Feng C, Javed E
Association between obstructive sleep apnea and erectile
dysfunction: A systematic review and meta-analysis. Int ]
Impot Res. 2018;30(3):129-40.

Manca S, Cerina V, Tobia V, Sacchi S, Fornara E The
effect of school design on users’ responses: a systematic
review (2008-2017). Sustainability. 2020;12(8):3453.
Dudzinska A, Kisilewicz T. Alternative ways of cooling
a passive school building in order to maintain thermal
comfort in summer. Energies. 2020;14(1):70.

Shrestha M, Rijal HB. Investigation on summer
thermal comfort and passive thermal improvements in
naturally ventilated Nepalese school buildings. Energies.
2023;16(3):1251.

Kapoor NR, Kumar A, Alam T, Kumar A, Kulkarni
KS, Blecich P. A review on indoor environment
quality of Indian school classrooms. Sustainability.
2021;13(21):11855.

Lala B, Kala SM, Rastogi A, Dahiya K, Yamaguchi H,
Hagishima A, editors. Building matters: Spatial variability
in machine learning based thermal comfort prediction in
winters. 2022 IEEE International Conference on Smart
Computing (SMARTCOMP); 2022.

Lan K, Chen Y. Air Quality and Thermal Environment of
Primary School Classrooms with Sustainable Structures
in Northern Shaanxi, China: A Numerical Study.
Sustainability. 2022;14(19):12039.

Talarosha B, Satwiko P, Aulia DN, editors. Air
temperature and CO2 concentration in naturally
ventilated classrooms in hot and humid tropical climate.
IOP Conf Ser Earth Environ Sci. 2020;409(1):012023.
Chang LY, Chang TB. Air Conditioning Operation
Strategies for Comfort and Indoor Air Quality in Taiwan’s
Elementary Schools. Energies. 2023;16(5):2493.

Grassie D, Karakas E Schwartz Y, Dong J, Milner
J, Chalabi Z, et al, editors. Modelling UK school
performance by coupling building simulation and multi-

criteria decision analysis. 17th International Conference

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

1o

of the International Society of Indoor Air Quality &
Climate; 2022.

Dugaria S, Pernigotto G, Gasparella A. Indoor Conditions
in Educational Buildings: the Case of Bolzano Schools.
Proceedings of IAQ 2020: Indoor Environmental Quality
Performance Approaches. 2020;1:232-9.

Aparicio-Ruiz P, Barbadilla-Martin E, Guadix ],
Munuzuri J. A field study on adaptive thermal comfort
in Spanish primary classrooms during summer season.
Build Environ. 2021;203:108089.

Kumar P, Hama S, Abbass RA, Abhijith K, Tiwari A,
Grassie D, et al. Environmental quality in sixty primary
and secondary school classrooms in London. ] Build
Eng. 2024;91:109549.

Shrestha M, Rijal H, Kayo G, Shukuya M. A field
investigation on adaptive thermal comfort in school
buildings in the temperate climatic region of Nepal. Build
Environ. 2021;190:107523.

Mba EJ, Sam-amobi CG, Okeke FO. An Assessment of
Orientation on Effective Natural Ventilation for Thermal
Comfort in Primary School Classrooms in Enugu City,
Nigeria. Eur J Sustain Dev. 2022;11(2):114-29.

Ahmed HS, Azeez NM. Indoor Carbon Dioxide Air
Quality and Thermal Comfort in Primary School
Classrooms of Maisan Province, Iraq. EnvironmentAsia.
2023;16(3):95-106.

Mazlan AN, Saad S, Yahya K, Haron Z, Hasbollah DZA,
Kasiman EH, et al., editors. Thermal comfort study for
classroom in urban and rural schools in Selangor. IOP
Conf Ser Mater Sci Eng. 2020;849(1):012049.

Mba EJ, Okeke FO, Okoye U. Effects of wall openings
on effective natural ventilation for thermal comfort in
classrooms of primary schools in Enugu Metropolis,
Nigeria. JP ] Heat Mass Transf. 2021;22(2):269-304.
Tagliabue LC, Accardo D, Kontoleon K], Ciribini ALC,
editors. Indoor comfort conditions assessment in
educational buildings with respect to adaptive comfort
standards in European climate zones. IOP Conf Ser
Earth Environ Sci. 2020;410(1):012066.

Hama S, Kumar P, Tiwari A, Wang Y, Linden PE
The underpinning factors affecting the classroom
air quality, thermal comfort and ventilation in 30
classrooms of primary schools in London. Environ Res.
2023;236:116863.

Deng S, Zou B, Lau J. The adverse associations of

1€ 300 /W o)ladd /10 sla 15 (ilay g Cublagy aslibod

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

0hBes g Cids (5 asbld

classrooms’ indoor air quality and thermal comfort
conditions on students’ illness related absenteeism
between heating and non-heating seasons-A pilot study.
Int J Environ Res Public Health. 2021;18(4):1500.

Faraj L, Zaky Bin Jaafar ME Shari Z. Evaluating
Ventilation for Thermal Comfort in Two Classrooms
Types in Malaysian Secondary Classrooms. Int J Sustain
Dev Plan. 2023;18(7):2207-15.

Suradhuhita P, Setyowati E, Prianto E, editors. Influence
of a facade design on thermal and visual comfort in
an elementary school classroom. IOP Conf Ser Earth
Environ Sci. 2022;1007(1):012004.

Wu Z, Wagner A. Thermal comfort of students in
naturally ventilated secondary schools in countryside
of hot summer cold winter zone, China. Energy Build.
2024;305:113891.

Rizzo K, Camilleri M, Gatt D, Yousif C. Optimising
Mechanical Ventilation for Indoor Air Quality and
Thermal Comfort in a Mediterranean School Building.
Sustainability. 2024;16(2):766.

Mustapha TD, Hassan AS, Khozaei F Onubi HO.
Examining thermal comfort levels and ASHRAE
Standard-55 applicability: A case study of free-running
classrooms in Abuja, Nigeria. Indoor Built Environ.
2024;33(1):8-22.

Ratajczak K, Amanowicz L, Palaszynska K, Pawlak F,
Sinacka J. Recent Achievements in Research on Thermal
Comfort and Ventilation in the Aspect of Providing
People with Appropriate Conditions in Different
Types of Buildings-Semi-Systematic Review. Energies.
2023;16(17):6254.

Zapata-Lancaster MG, Ionas M, Toyinbo O, Smith TA.
Carbon Dioxide Concentration Levels and Thermal
Comfort in Primary School Classrooms: What Pupils
and Teachers Do. Sustainability. 2023;15(6):4803.

Nor Azli MNA, Hariri A, Chong ZY, Khasri MA,
Muhamad Damanhuri AA, Syazwan Mustafa MS, et al.,
editors. Influence of Air Velocity on Thermal Comfort
and Performance of Students in Naturally Ventilated
Classrooms in Tropical Climate. E3S Web Conf.
2023;396:01074.

Suradhuhita P, Setyowati E. The effect of orientation and
fagade design on thermal comfort in Nasima elementary
school classroom. AIP Conf Proc. 2024;2710(1):020005.
Zemitis J, Borodinecs A, Sidenko N, Zajacs A, editors.

Vi


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~09)1ns )3 @045 § (HhacalnT L

55.

56.

57.

58.

59.

60.

61.

62.

Simulation of IAQ and thermal comfort of a classroom
at various ventilation strategies. E3S Web Conf.
2023;396:01073.

Aldawoud A, Salameh T, editors. Natural ventilation to
improve the thermal performance of schools in UAE.
2020 Advances in Science and Engineering Technology
International Conferences (ASET); 2020.

Catalina T, Damian A, Vartires A, Nitd M, Racoviteanu
V, editors. Long-term analysis of indoor air quality and
thermal comfort in a public school. IOP Conf Ser Earth
Environ Sci. 2023;1185(1):012005.

Guerrero D, Ge H, Lee B, editors. Improving thermal
comfort conditions in K-12 educational buildings in hot
and humid climate: a case study in Cucuta, Colombia. J
Phys Conf Ser. 2021;2069(1):012093.

Khan HM, Al-Saadi S, Al-Hashim A, Al-Khatri H,
editors. Numerical Analysis of Two Air Conditioning
Systems for Thermal Comfort in School Classrooms in
Oman: Stratum Versus DX Split Systems. International
Conference on Building Energy and Environment; 2022.
Shrestha M, Rijal H, editors. Adaptive Thermal Comfort
and Energy Saving Potential in Naturally Ventilated
School Building in Nepal. IOP Conf Ser Earth Environ
Sci. 2021;812(1):012066.

Souza ], Nogueira B, Lima A, Leder S, editors. Thermal
Comfort Analysis in Both Naturally Ventilated and Air-
Conditioned Classrooms in a Warm and Humid Climate.
IOP Conf Ser Earth Environ Sci. 2020;588(3):032053.
Lopez-Chao V, Amado Lorenzo A, Saorin JL, De La
Torre-Cantero J, Melidn-Diaz D. Classroom indoor
environment assessment through architectural analysis
for the design of efficient schools. Sustainability.
2020;12(5):2020.

Asadi-ghalhari M, Mahdinia M, Mohebi S, Hokmabadi

V1o

63.

64.

65.

66.

67.

68.

69.

R, Gharedaghi E. Assessing of some physical factors
affecting the health and performance of elementary
School students in Qom Province. Occup Med Q J.
2015;7(2):1-10.

Feizollah M, Fatemeh N, Mehdi M, Heshmatollah N.
Environmental health and safety in elementary schools:
A case study in Ilam city, Iran. ] Basic Res Med Sci.
2014;1(4):50-8.

Geravandi S, Dastoorpour M, Goudarzi G, Karimi
E Mohammadi MJ. A Survey Study on Safety and
Environmental Health Condition of Andika City
Schools. Jundishapur Sci Med J. 2021;20(4):312-23.
Chithra V, Nagendra SS. Indoor air quality investigations
in a naturally ventilated school building located close
to an urban roadway in Chennai, India. Build Environ.
2012;54:159-67.

Golbabaei E, SheikhMozafari MJ, Biganeh J, Shekaftik SO.
Teachers’ Health Status About Air Quality (Temperature,
Relative Humidity, and Ventilation) in Educational
Centers: A Systematic Review. ] Health Saf Work.
2023;13(3):266-95.

Catalina T, Damian A, Vartires A, Dima A, Vasile V,
editors. Decentralized Ventilation System in Classrooms-
Analysis on the Indoor Air Quality and Energy
Consumption. 2023 11th International Conference on
ENERGY and ENVIRONMENT (CIEM); 2023.

Heeboll A, Wargocki P, Toftum J. Window and door
opening behavior, carbon dioxide concentration,
temperature, and energy use during the heating season in
classrooms with different ventilation retrofits-ASHRAE
RP1624. Sci Technol Built Environ. 2018;24(6):626-37.
Cai C, Sun Z, Weschler L, Li T, Xu W, Zhang Y. Indoor
air quality in schools in Beijing: Field tests, problems and
recommendations. Build Environ. 2021;205:108179.

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

JBL o S b (65950 oYlie coaS o)l bt ) Jgur

VYdlsw  FUlaw  BOJlgw  FUlew Ylew Yl ) Jlsw

Manca, Sara

yAl aly b, aly aly al aly al a \
) etal.(\)

Al aly aby aly b e N & - Kapoor, Nishant Raj v
etal.(2)

Al al al ab all, a e - £ Sadrizadeh, Sasan o
etal.(3)

7 a al aly a o o o n Ratajczak, K. ¢
etal.(4)

CASP cad Sz U (abaiie &Ylis coiS b5l mli: Yoo

Wlew  Wllew  Vedlgw  AJlgw  Adlgw  YJlgw  #Jlgw I Fllow  Tlaw  Yllgw  VJlgw

AR ol ol ol ol ol ol ol ol ol ol b ol ®)
aliad b ol ol ol ol ol ol ol guily ol Al ol b *)
A o a o o ol a a o al ol al o )
1Aee aly aly ay ay al ay ay ay a ol a a A
AR ol ol ol ol ol ol ol ol ol ol b o @)
AR o o ol ol b ol ol o ol ol ol ol ()
AR o ol ol ol ab ol o o ol ol ab o o)
A\la ay ay ay ay al ay ol S udly ol Al ol aly an
AR ol o ol ol ol ol ol ol ol ol b o ()
aliad o ol ol ol ol ol ol o gl ab ab ab aly 0F)
AR o o o o ol o o o o ol ab o 08)
Lyee aly ay a ay ol ay a ay a b a ay (%)
Lyee a a a a ol a a a ab ol ab al av)
AR o ol ol ol ol ol ol o ol ol ol o (A)
A\lad o o ol o ol o ol o gl ol Al b o (19)
Aliad ay al ay ay al a ol S gedly ol Al ol al (¥)
A\lal al ay b ay ol a aly o guly ab al al b xY)
AR o o ol o ol ol ol ol ol ol ol ol (a0}
AR o ol ol ol ol o ol ol ol ol ol o (YY)
A\lad oy oy aly o ab o ol S gedly ol Al ol o (vf)
A\lal aly a a a ol ay aly o guly ab al ab a (¥8)
1yee al al aly al ol ay a aly a b a al )
AN o ol ol ol ol ol ol o ol ol ol o (V)
A\lad o ay oy o ab ay ol S gy ol Al ol o (YA
AR o o o o ol oy a o ab ol ab o (¥a)
A\la] al a ay al ol a aly o gedly al al al al (¥+)
AR o ol ol ol ol ol ol o ol ol ol o (1)
aliad ab b ol ol b ol ab & ab Al ol ab (\a2]
LAYIYY ol ol ol ol ol ol P P ab Al ab al (¥Y)
A\la] al al ay aly ol ay aly o il al al al al (¥F)
AR ol ol ol ol ol ol ol ol ol ol b ol (¥)
aliald ab b ol ol ol ol ol S guily ab Al ol aly (%)
e o o o o b o a o ab ol ab o V)
AR aly aly ay ay al b a al a al a al (¥A)
AR ol ol ol ol ol ol ol ol ol ol al a (¥9)
A ol ol ol ol ol ol ol o ol ol ol ol (F+)
AR o o ol ol ol o ol o ol ol ab o (FY)
A\lial aly aly ay ay al ay ol S gudly ol Al ol aly (FY)
11€01C Jasly /W a)laids /10 3la (5 3oyl g Cublsgy asliling Y1y


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

Viv

S50 Yoyl (gl aod 2 Jgur

el Gy oligelfils 6 ul 1 38 5 Jolge 51 28
S ame Lulys o)l sl (M By e el 4 b e o v
()35 3325 s te slap Lzl 1 Loy slo DS
Sigaloils s 5 Shos J2alS el LS glgp CotS pals s
(F)og n
5 0as3 aiiens B3| a5 gl il 3 Shos .
\

(OasS Lls)1 1 355 ) olabas] aiilys oo oS35S

- EBSCOhost YAY--A ol G
Web of since- scopus o 5 Sl
ey google s>siex> j5igey YoYVY..$ Lo
SaGT
schoolar
‘Web of Science,
Scopus, Science
- YeYY-)ave el
Direct, and SAGE $ ety
journals
- scopus YeYeoyevy S s Ao

o i Yl (o oolitul 590 (g3lwamds globg, 5l slaods iF Jgus

5 il €555 (5l il Jolo 5 4325 5 el (55> ol (it Gy sl
S Gl 95 5 ezl Lo 5236 5 QLS 5 5 1855 sl Jovo 9,Skos
sl gllas cilisee (glo Lo 4 oo prasi Cobld ol )

sy cilbe Gl @l b ss 4 oIS 53 CO2 > clile lab w8
S50 slgn i il i S 53 (5395 lgn Ol S azpm Sl s
Chendl el (ni ) st Ayl Sy oo Sgte S pe (b A5t Oy90
3l i il e Sl azm g oad Gl 3 0z ud L pllas s loa coaS
boe Sgte F @ 02 03D 5L L O B lsa 2l
5 2 oM $L 5 b o2ty wayed sl Ay g a5 ey sl 00e Jon
ol Fge las 5 IS oS
A5 s oSSy s ja 59, J5b 50 Eebin 5T Sl )l 0 it 3T
e 31 5 555 (sl &l 53 i B e o 1) 03 (slsa Jols &S el Sulsle
s
@ (e plosslo (0 S (i) ghans 4w 53 (Salins ()l il 4
el o el 3gep SV (o) 5 s yie oSl ($397:90 ()l Hekine
O Jaine wlil b Bblie (S 5 bl 53 (B0l slaplezslo yo )bl
ol ol BB Sl (gl 5] oozl
OB b Gl eyl U el 9penly e Juten glse 5 T 5
ol s 5 s sl Sl
S5 3ble 3 3 al el (S 5 039 IS0 (5050 3 Shae £ 2 el
41y b g (25l i 4l gl gluant mlS (eizen AL Sss8
Sloplas g ahas sl Jslre b 5V 6531 b (Sl w965 51 5 okr skt
4 Wgiioo L 5o s anilil slosS s 53 sLab Glyie 4y 50l 5 oolinal U
40 sy Jrab > Gale)T slo anm 3 sl ysb 4 g 058 Jaie )0 SIS
2 ds7se slaoa ¥l (2als 30 jp S Ll s (2o Wl e ailed (s5LaSYy 09 s
Sl oo st yo> (slad ale )T S5, a8l Sge 03 (slon 395 Jotd 5 Ign
8l ey Jad Jsbo 53 LM 4 lag a5l e 5 (sloe Jsil sl Sse o35l
5 el Jlo b s 3 BB esgame 1 o) (ol Ll @lsa 5o o VA s
i3 e g 5 |y A o (slales lisal il o 38 et
il ASHRAE 55-2017 ), (tslol slaosgase b o lailisl g5 uys (IS

oabls

G 0 5 e Sy 5 SIS sled 2 (475 LB il sl 0505 5 JUitl ol
e ot (b slutings o Jldt (Hb ol o)ls Syl Gl
load bt ASHARE-55 iyl 5,515 sl
i 5ls o 53 Jpane E3rlan 4585 (slaeirms b dulin ;3 (sl 41505 s
a5 el e &Y e 45 3l (L5 b5 51 s @ 1 (55540 (55l il VL
Al LB 5l (L 00U S s 4y S (505 (555 Dy
1) o505 s Ll asl als 520 PMV slie wilg oo 0 b SadS ogliza o>
55 0815 Yl b sl e 1 (ol bl g5 om0 e 03 (a3
Sy 3 Shes p olyz 5 il oa] Sladiog y ool g o WS anoys ol Sty
W 53 (e Sl ol g s Sl o alal) Gmen g 19n as e sles L slaY
25 sy Ol S3et SBGYS) 5 s
02y 3,8hes ilis slacllo 53 5 4l plojle (ol 195 b 0 W
il g o iala] Al des w03 e 11, (gleaS ol 5l oLl
2 5258 0k S5 s 15 5led )0 e sl 45 WolapliS saalesy gt
299355 4o i s on (LS |, IS B Gl Ll (s G sk
i e Sl o P g
o Syl ol ey 5 (p95m2 Slg Slod b (5t (sl i 0ss] sla)lS 5
Wl 59 (orenle 4305 45 9,15 9925 (9 5e0 (slpo sl bl Sl LT i b 995 (53
e b el e

15 ldd g5 s lezsla Ble
Machine Learning BERPECIOS [ Y G Sy \

Ve 53 otle 553k

Sl §)> bae 5 g cohS

Sl s3luand 2k sl il b olatl avjue M
Finite Element andllas S iopz oo 2ils Jlot
V)gsus

Ebe 4905 Slles glas] anl
2 JPb Glee cuiS g 2o, 6l Y
Ml plazl o jloe

b (s aslin —(soae (siluaces
Ok e

Sl b silone ol g5 Glal Llys sl

EnergyPlus 4 a5 b (bjsel slaglaasls o .
Comsol L sax 4w > bl yo 55k ralol slas il
Multiphysics (D) 2lsn g o
Al b sjlaans b LSSl ol 3 Shoe (53l oe
EnergyPlus el Jelo g oLzl (gludd o
Do jlne i
DesignBuilder L sjluacs lr Sl 4985 55l e
energy sCFD jl oolicesl) Slomlal 5 (L3 lge cuaS s
(plus G e djae lesle S 4o
IO
3 bl s og
10 K-12 55501 sloplozslo
DesignBuilder b sjlwars 58 GHIERY v
23 g0 aslllasiogbe g 05 lon
OD)lewelS 5555
A5 s 30 308 Jolo g 425
STAR | soue sjloars 2 Sl ombel §lp ggdas
sl )38l 51 S COM olee 3 Golae 3 sl A
CFD o Stratum colew! sbeianns
(%) DX s
S ol s TAQ (sluas
SFlowEFD «, CED G J
il slags 3l al 43 oys (IS q

SolidWorks CAD
O Hayses

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

ol i Y (o oolitul 050 (g3lwamds sla i, 5l laods iF Jgus aslsl

Ol 4 Al ges plils 53 05 3k Lulps 5 o m slm VL sles s @ ol a5

oo S0 Sy 3l 05 o0kl aiiS SiS (55,1 35 53y5] 2 (sl GOl i S

S5t Slp 1y st s BB il 45 0,5 olitl 36 s G sie 4 151 ol
B P PO N B N I N

Sl oS les e BB Hob 4 Wlg o b oy Sz g o5 ol cenlie Sl

D% 3B 55 ) 97 pe Glie 5 oSl

i g o b Leugie ob e b 46, S st oo i
s g egletSlo o3le (Wb (Gl (ol b ol o Al 03,28 (SlSe 41505
1y 1S 6L 55 ol dmgs BB (2018 (ISl e i g b a3 ol
PN- 5 uilial 55 S52gn (ginedss 251, sl lono s jda oIS 53 Loyl S ool
Alie ol 5 0 il sla b 5 45325 3,5 03,91 1, EN 16798-1: 2019-06
s 5} oozl b ezl (Sl stS Sib s (25IEE LS 1Sl
55 o 92l L orerl 5 (Sl 058 5 5
Obgd Joe b anlia y3 gm0l G315 Lo als Js 4 b ST 58] i
b S e ol plelne s lisel s sl Sl Jsb o |y s il gmlel
3 oslial plfin 53 L 53 (59,81, 25k 4 Send (550l sled Egame 3 3L ST 558,
O ob 8 1 s b 4 b padiie sb (5lednnd ] iz abls Lme o
1) dom e (sl Lo wilgs o 00T Slalllan ans o Gial33l bl 5l s |, Sl

RS (g
Slelo Jso 19 Jl 50 2o s0guma 13 45wz s (b 8l Julo @ lilos sles
il SalS ol Kl az,0 VY ialS 1Sl b of Kl a0 YV 35 4 el duwjie
b Glas il 56,5 55 b L oo slaglorsle st o & adllas ol
igh Sty Gl ) eSS g S (g lene 2k Jsbo o Jleb et

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibnd

5 ANSYS Fluent ,lj3ls 5
ol o0 4, Design Builder
EnergyPlus oz, 53

Design lj8la 3 b g5loacs
Builder

Design 38l b sloanes
Builder

Design l33le 5 L (sjloans
Builder

o Sles Sy Sz rele w505

OS] )5 ol 5,1

Sl S 3Rl sty
sstie & Jldjd an i platsle
QL0 - ER S W W Y-

390 Sl slr ase L)
dhsgie Sl S 53 (0 (IS g5
OVl

5 Glls Gl talal (o0
2 Jlind Gl sloge
256 b LS ooyl slaglassle
(O)greils

VIA


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

Foo ppm::gilwand jo cdals

viq

el ool ol
oIl Sy Lo
\+-+ Taiwan EPA
ppm
:BB101 o jluituw!
baseline + 800 ppm

EN 16798-1 o Justec
PPm\ cee

Slesls sl ppmMY « -+

Ll 0825 ;.S

SR EN 16798- s it
ppm)- - \/NA

s g Joall s
(Welsh Government
:.CO, Guidance)
o €02 : green light -
ppmA-- G ¥
o €02 :amber light -
ppm 1a-- GA- -
5| Ui €02 : red light -
ppm \o- -

EN 16798- s laitesl
BARERR

a0+ Sl Category I

ppm
VY- i :Category I

ppm
Vo i Categorylll

ppm
5| YL Category IV

\Yo- ppm

3 olsle « ppm)-- -

Sl 00023

~um)las )3 13045 § (yhaginlnT Gy

oads yuiie SYle ;0 oad (5 pSejluil €O, clale sl glasdls 10 Jguer

PPM > y €Oz cdalé

16 S0l yo cdale
YE7-YA4 ppm imes A celos
FYV-FYO PPMiges )+ el

FAA- OVY ppm b V)Y cels
FYF-#VF ppm b Vocels
(V) F10-#V0 ppm ac \Yeels

YAY ppm:gilwdm jo clilé
(8)$15 - £09 ppmig mFojluil yo cdalé

415ppm: g jlwdmis ;o cdalé
) )85 g S0 3l06l yo cdale
AcppM :giluwand jo cdalé
FAO PPML (<A ) opd IS j0 1g S0l jo wdale
(1) 0%+ LAY+ PPM e jslxe (S (slagal, 1o
s o 5| S oy oS 55 €02 pyorale clalé
25505 i b 09 Jlo 05 2t 0 YENAPPM DCV 455
51 U3 COz clile izan 0w, VYO PPMa jlais oy
o YA PpM @ 8 s Juad Laslgl 1o 43905 cual
(Yo
Celw jocdale plp#l i (Ve v s ppm) b VY cels
el (VO PPM) LS 89,5
Yeer BYerr ppmys, b b COx clile iSlos
EQRI

Jbsl oleles 151,010+« 5o« ppmys COz sl
(YAl (Bb o )lss cos mye sla DS

3 &> 9200 ppml 5V S aeST (68 awgie clale

(PN AV ppml s (69,150

L g e YVVO B £2F ppm 5l IS 50 CO2 clale
dpogs ailiwl 3l oS a5 ppm YAY £ A4 .Sl
(F)58s (Vo + + PPM)ocss

11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad

37 9 G dpd Ol


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

EN 16798-1 s,lailesl
00 oS sl

00+ isla> Category I

o2 ekl 5 i ppm

09t Slgw )

ASHRAE 62.1 s st
Wee i 5 sl
PPM
S8 olojle ppm Y - -
oW PR
5 ASHRAE 62 s luiteal
;51 Category IT saxacss
EN s, lastel
ppm V.- AYYVAY. LY
ppmewdls ¢l o lasteal
Voeoo
9
b basee (gl ol
et

odds yiiie Yl 40 00l (6,

PPM s €Oz cdald
e 0AY el o (I3 e ;0 CO2 clilé Sk
IDAEA Lug (Y« - ppm) 5L 5,50 oy o a5 o9y gl

S8l a5 5 09: YV PP e ¢lgs 40 0,5 e 00,510 1,

@Y-ppm ) IDA2 Js.3 LB TAQ L 5,50 zlaw

2l s o ol yae RITE o jlasbisl awsgs ooy jaseine

Oliae 5o (3 e ;0 CO2 clile ( Silee ¢ Jilio o
o waes IAQ Sl oaims plis a5 aew )V AY ppmay
(YOl oy Gl oIS

(Y)25: YEYY ppm G 017 ppm sg0> ,0 COz clalé

Jsb o ppm V-« GO« s (WIS 50 CO2 cdale
(V) 09 (AAOETFD) 1Siloo g -390 yuicia Jlisl
(FY)o5 VY0 ppm CO2 (. Kiles

Jab 35 VWA PP c2le)S 8 Jab 0 CO2 Sk
(MY - ppm iole S

FYV-2-Y ppm il (WIS J3locor clale .Sl
(Y+)352 OY - ~FAA ppmMLy (slas ;5 €CO> il (. Kila

11€0 1€ 330 /W a)ladds /10 o (5 (ilay) g Cublagy aslibnd

o3l co, cdale 5l slaods 10 Jgus aslol

10

0hBes g Cids (5 asbld

A


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

ledllas s )15 T Slge 5 gl slaoany¥T il 5l glaodis @ & Jgam

625 e3lasl gy

595 0 PMio 5 PM ¢y slaclle Sl

Sy Fag S \FEF GV EY e Jol

3 IS 5 135 el ogdle oo dy5a5 oliwo YEEY 5P E ) S5 apg 5y, 0 5o | Aeroqual o B lgs oS jrile ;I\\/Idm
. . v o . . 25
I8 CoieS Sgage odias lis lga sladiges 5I(VOCs) B9 aSa yie y yieg,See Fapsrrel Gl \
05 DOV L s 5 o @ DFB DY G asalle s clle o Sile
250l g
aan o Jdl b (il331 L PMip s CO2 gk
8L bl ead (s oy Sl
vio 3 M0 gk 490 4505 e onanks 455 L aglio 0
51T i ) ol alS (s BB sk 1, PM
(X)) 7S PMi sl 5 (AYA
2 CO2 ol cdile b lojen PMio ool sle clile PMio 5 PM (s PMi slaclile . Sile -
. 10
SRl 85 53150 ) g ke plad o s Sla S L 655 Jmgl sl5ls (OPC-N3 PMas Y
et 3y el s Gl WS o l3gel ls Slass PSR PR VALE S AR 4 B4 Alphasense) PM;
Lol wilgs oo YU sl b slo oodlS 55 43545 S9me RYYRUL
5 PMi0 ghaws 15 05 ol 8 05355 sl | 57
VEe g VY Sgu i YU Jlsl gl )b 40 CO2
33 JB 0,90 5l i v
£+
5 CO2 el b Jlitl oS o5 anls 55 o515 loges
3,08 oo alayl, d e 5,5 el ;s PMig
eSlee (b g (SlSe) WSS dyg05 3l oolanal eS8 9,50 YY 2 10) PMig (eSils -
by aly, oS ;s PMi g PM vy PMio b agzlse  PMi g (cxSoyin 5,559,500 )+ 2 ¥) PM Alphasense s, <13 oss)lois PMw o
(oyis) (smaebs dsgs s dglin 1o 2¥Y o - Jlb- JBtl o 53 (asSayio 5 pS9,Sen 5 £ ¥) OPC-N3 PM”
1
ls rals g
P des s 997 G5 b e slodS ,sPMio
(F)5gr YL ih b aylie
LoyS o
YAV FY: PN o5
bls )l Jls o Juad PM sles 3, &l)3 Y/a0 :PMayss
el o slot )AF 25) Ghae 3, 3 S5 lyd oLy PM (count/L)y,
Bl 6 lans s 4 el s Cand b o o/-A :-HCHO
. E]
PMajs) &ls ol S 539 colins slo o33 Lol Lo ek (2
( 2/5_) 53 ol 5 039 ol sl @ (89 5w b gls 5 oslial L asallep jsile PMass(ig
5 Oligel sl cans 5 i onl m LSl ) ¥1#0): PN o5 . N
Sresish (ppb seaulle 3/m3
(FY)og joaas f/vs :PMass
viA HCHO
B (5,50 DY) glie
[ _JOW PR
B 5555 a9 abangran ol
Bl ol
[ U
Bl
Yvf-v-ve) sl o, Qljy]&dlo sazs ablie gl 8 as 65 1) Hlo g0l
Vi 1€01€ 1l /W a)Laids /10 Mo (5 oyl g Cublagy asllhosd


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

0hBes g Cids (5 asbld

CYae alans
IN o

N

Ve il J
2020 2021 2022 2023 2024

(VY=Y V) ons joiie OYlie Sloj mjei iV Hloges

oldlhe g4 Slol 9 259

30
25
3 2
™
:3 15
3 10
)
5
- 1 -
0 L | S — I —
S b 4 50sle L oSl 5 ileand (s e Slallls
oSl i
Olallao g4

VeV oY YF lal o oldlas g5 Slolb ae oV 5loges

1160 1€ Jl /W o)laid /10 sla )5 ¢ias) g Oublagy aslilng

7 7
' ' l 0
A

VPP


https://jhsw.tums.ac.ir/article-1-7213-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-03-22 ]

~um)las )3 13045 § (yhaginlnT Gy

s S 0 31a0) J g )5 2 @)

0
SIS d 10
Ol d 5
Olasa) 5 lasls b d 5

)é.%\-' 5 O S e 1
D s Ombe ey o 1
Db s e QLS e 1

b Jad

Jpad 4t | d 5
sl o3 43) ) d 5
(Sose CYGe) D slite ) d 4

Jgead JS (5 s (5 3bs 4 5 inay 53 (5OR 0511 e 1
0 2 4 6 8 10 12
sl 2

YeVe-Yevf ol Jlo o ais 3 Lo o Joad SOS& 4y ool piiin SYle Sl )8 a0 5651 F 510903

Po.land
. Ttaly, R.cmama
Spain il
United States® P . .. C‘ecoe ChmaO
Malta® Cyprus@ e, o Nepal
Emirates g o Taiwen ®
P India(_)
Neer)
Colombia @ Mo ‘
; Indonesia
Brazil
Australia @
Number Of Papers
. 1 New Zealandg

o 2
@ :

(FoYFY V) Lale oVlie ldli ass8 iooode oy g ais 1Y JSU

VW 11€0 1€ 330 /W a)ladds /10 o (5 (iay) g Cublagy aslibad


https://jhsw.tums.ac.ir/article-1-7213-fa.html
http://www.tcpdf.org

