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1 ABSTRACT

The design of learning environments has a sigmificale in students’ health and well-being, paftacly in

the light of the COVID-19 pandemic which has highed many challenges concerning the quality of
learning environments in our schools, especialgmentary schools. This emergency caused a massive
closure of schools and around 1.2 billion studewere unable to learn in their physical learning
environments during this period. Before developimgdications for the epidemic, one solution to lithi¢
infection was transforming our learning environnsead adding layers of protection to ensure healtidy
safe spaces for students.

This paper aims at investigating the design priesipf healthy learning environments according t4 A
strategies for safe reopening schools which cannbleded in providing healthy indoor environmental
quality, integrating nature with the learning eowiments, and providing safe contact in the learning
environments. Then, a comparative analysis will doeducted on three existing schools which have
succeeded to limit infection transmission and ti@ms into healthy learning environments during COVI
19. Finally, the paper provides a framework andomamendations for the designing of future healthy
learning environments to face any potential pandemhiich may occur in the future.

Keywords: COVID-19 Pandemic, AlA Strategies, Sclsdokerventions, Designing Learning Environments,
Healthy Learning Environments

2 INTRODUCTION

The COVID-19 pandemic has proven that a catastrajues not always face a recognized enemy. The
enemy might be hidden with disastrous impacts (8emiz et al., 2020). The most immediate effects of
COVID-19 are on physical health, but it also hasese effects on social and emotional functioning.
Globally, the COVID-19 pandemic has had a negativeact, particularly in the field of education, the
rapid spread of the virus has forced governmenttalte extreme actions, including the total or érti
closure of existing schools in over 190 countrieslaown in Fig. 1, in an effort to prevent the agref the
disease and limit its effects. By the middle of M2f}20, more than 1.2 billion students were unabledrn

in physical learning environments (Spitzer, 2021).

@ none
@ 1-10weeks
@ 11-20weeks
@ 21-30weeks -
) 31-40 weeks
41 or more weeks

Fig. 1: Location and duration of school closurecbyntry, (Spitzer, 2021).

School closure was the only solution to protectistus from the COVID-19 pandemic because schoels ar
not designed to adapt to any urgent crises orihealtdemics for the following reasons:

e Current schools neglect social isolation; instesathools have a large density of students and were
designed to be a place where students can inteihiceach other (Van Doremalen et al., 2020), so
keeping social distancing will lead to difficultgtause the number of classrooms in existing schools
Is not sufficient to meet the whole number of studevhile maintaining social distancing.
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* The surfaces and furnishings in existing schoolsew®t designed for hygienic purposes; rather,
they were only designed with sustainability andiemmental concerns as priorities (Khanam et al.,
2006). In addition, hygienic strategies in existisgthools are not enough to face the pandemic;
students must also physically push or touch susfaceoperate doors, windows, lights, etc., which
increases the risk of COVID-19 spreading amongesitgl(Chin et al., 2020).

* The ventilation rates of existing schools are a4 dm3/s/person, which is insufficient because
the minimum needed ventilation rate for schools trhes 8.5 dm3/s/person to be able to fight
infection transmission according to the Dutch BuaigdCode (Blocken et al., 2020).

Because of these problems, learning environmentg wet healthy enough to adapt to the COVID-19
pandemic and were obliged to be closed. During pleigod, education was provided through distance
learning. Although distance learning offers a secway to ensure learning continuity while protegtin
students, there is no substitute for physical otesas because of the drawbacks of distance learhikey
the difficulty of using distance learning for yowrgstudents. Also, distance learning can lead twako
isolation by keeping students away from physicdlvidies that are essential for learning, growtimda
innovation. This will lead to issues related to taéhealth (Jiao et al., 2020). Consequently, A& C, and
WHO started preparing strategies for the existinbosls to reopen securely, and for future learning
environments, the design principles won't be sintlecause health factors will be required to addtga
layers to adapt to any pandemic that may happéreifuture (CDC, 2021).

3 METHODOLOGY

This study is an exploratory study that is basedhwee main sections, as shown in Fig. 2. The f&st
literature review presenting the relationship bemvedesigning learning environments and infection
transmission control, and the importance of beiaglthy future learning environments. The reseanem t
investigates the design principles of healthy le@renvironments according to AIA strategies fofesa
learning environments. The second section preserdemparative analysis conducted on three existing
schools that have succeeded in applying AlA stiragetp their schools to limit infection transmigsiand
transform them into healthy learning environmentsirdy COVID-19. According to these findings, in
addition to the researches conducted during CO\ADwEe can finally devise a framework and a chetklis
measures for designing future learning environm#raswill be constructed post-COVID-19 to be resis
to any potential pandemic that may occur in tharfut
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Fig. 2: Research methodology.
4 LITERATURE REVIEW

4.1 The relationship between designing learning enviraments and infection transmission control

Pandemics and intense catastrophes have alwaygs lianful impact on our built environment. In aduit
they have transformed our built environment for yngears. As a result, architects and urban plaraetes
as the treaters, helping stop pandemics by upgyéatie design considerations of buildings throughbat
years as a response to pandemics, as during pacsjeh@ form, like the function, has always follatee
fear of infection (Ellin, 1999). As a consequertbe current health crisis demands upgrading thecimlies
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of designing future schools to be healthy and r&sito any pandemic that can occur in the futiegahed

& Ghoneim, 2020). According to the hierarchy of &alzcontrol, there are numerous strategies to magim
our defense against the infection transmission ©¥/{D-19 or any virus, which can be concluded irefiv
layers of defense as shown in Fig. 3. All layerssimalways be applied together to limit infection
transmission, and the measure at the bottom ohigrarchy is more effective than those at the Tps
hierarchy of hazard control shows that to limiteiction transmission among students in schoolsgdieg
healthy learning environments will be an essetsglect in the future (CDC, 2015).

=
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5-4 : Engineering Controls Healthy Learning ]<<: Scope of |
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(online learning)
High - High

Effectiveness

Fig. 3: Applying the hierarchy of controls in schefr COVID-19, upgraded from (CDC, 2015).

4.2 Designing healthy learning environments

According to Zhen et al., (2019), a "healthy builgli is a physical structure that improves an irdlrail's
well-being and promotes healthy spaces as wellramqting physical, mental, and social health. Post-
COVID-19 pandemic, healthy learning environmentsaoee a concept that must be applied to both future
and existing schools to create ergonomic and heatttoor learning environments (Megahed & Ghoneim,
2020; Saeed et al., 2021). This is because helaénging environments can protect students frokngiss
and harm and promote preventative methods verskidattors that might result in disease in theriutoy
promoting suitable essential environmental fac{etsh as relative humidity, ventilation, thermalpastic,

and lighting comfort, etc). It also can protectdemts from physical threats as well as protectimmf
chemical and biochemical threats (WHO, 2004) asvaha Fig. 4.
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Fig. 4 : Components of healthy learning environmempgraded from (WHO, 2004).

As previously mentioned, it will be crucial to dgsihealthy learning environments in the future, jost to
protect students from pandemics but also to prdbesn from any viruses or diseases that may haein th
health. For instance, influenza is hazardous fomngostudents due to their lack of immune systemd tiis
can harm their bodies to the extent of death (CR@1). Healthy learning environments will enable
students to learn and succeed in an atmospheré&draeenvironmental risks or diseases, which withance
their social, mental, and physical health (Saeed. €2021; WHO, 2004).

4.3 Strategies of AlA for the existing learning envirorments during the COVID-19 pandemic

For some students, the ability to attend physitzdstooms can mean the difference between lifedaath,
and there is no alternative to physical classro@tsCD, 2020). Thus, AlA provided strategies focused
developing existing schools' designs in accordantte CDC and WHO guidelines to provide safe reopgni
for learning environments (AlA, 2020). The strategof AlA for safe reopening schools can be coredlid
three parameters: providing healthy indoor envirental quality, integrating nature with learning
environments, and providing safe contact in thenieg environments, as shown in Fig. 5.
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Fig. 5: AlA strategies for reopening schools safely

4.3.1 Providing healthy indoor environmental quality

Indoor air quality (IAQ), thermal comfort, lightingnd acoustic comfort are the four main indicatoirs
indoor environmental quality. The quality of thedaor learning environment influences the built
environment, affects students' health, and proteet® from learning in a sick building syndrome @dbed
& Ghoneim, 2021). Fig. 6 shows The relationshipsveen environmental health and its impact on healt
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Fig. 6 : The relationships between environmentaltheand its impact on human health, (Megahed &r&fra, 2021).
The AIA has recommended the following strategissst@wn in Fig. 7, for ensuring indoor air quality:

* Relying on natural ventilation because it is vesgantial to control cross-infection by removing
virus-laden aerosols exhaled by infected studerke®ping windows and doors open, using ceiling
exhausts to enhance the flow of air, and holdindaar classrooms (CDC, 2019).

« Enhancing ventilation systems following ASHRAE raguoendations, which include updated
relative humidity (40—60 percent) and temperat@&-{8 °F), as well as installing CO2 monitors,
upgrading air filtration from MERV 8 to MERV 13 férs, and using UV light in HVAC and/or
classrooms to purify the air from any pollutantd &ituses(ASHRAE, 2023).

AIA recommended providing natural lighting whenevasssible, Also AIA proposed using temporary
shades to promote thermal comfort in outdoor spandsoutdoor classrooms during extreme weathethen
other hand, AIA suggested the use of microphonek speakers in the classrooms to provide acoustic
comfort because masks can be considered as a batngt (AlA, 2020).
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Fig. 7: AlA strategies for providing healthy indaamvironmental quality in the learning environments

4.3.2 Integrating nature with the learning environments

The COVID-19 pandemic has significantly changedrm environments, including increasing awareness
that learning in outdoor areas can be safer tremileg in indoor spaces when the infection is ar&cern
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(Jones et al., 2020). So AlA suggested holdingsctesns and activities in outdoor spaces to promateral
ventilation and interactions between students atdra, as well as providing big windows and donreach
classroom to promote views to outdoor greenerytamiovide access to outdoor spaces (AlA, 2020).

4.3.3 Providing safe contact in the learning environments

AlA proposed strategies that provide safe contattveen students, which can be provided via hygienic
control, using hygienic materials, providing towedd systems, and enhancing social distancing. AIA
proposed measures to provide hygienic control loyradhygienic stations at schools' entrances, ag/slin

Fig. 8, as well as creating isolation rooms foeatéd students. AIA recommended using hygienic rzdge
with short-term COVID-19 stability, such as copped its alloy. As well as providing touchless syseby
substituting flush valves and drinking water disgens with touchless ones, controlling artificigjhtis and
door openers is also recommended with touchleserags AIA proposed several strategies to maintain
social distancing between students in entrancesssmoms, circulation, and spatial organization. At
entrances, social distancing was maintained bygugiound markings indicating a minimum distancé. &f

m between students. In addition to providing midtipoints of entry, and applying staggered schedtde
decrease traffic at entrances. In classrooms, Alfgested keeping social distancing between studertts

1.8 m between each other) and, where social disigig not feasible, placing transparent physicatibrs.

On the other hand, AIA promoted social distancimgirculation and spatial organization by creatimg-
way circulation in corridors and mapping the fladgscial distancing in schools caused a problenginis

that classroom areas are not large enough to acodatmall students at the same time while mairrgini
social distancing. Therefore, AIA proposed conveytcafeterias and gyms into bigger classrooms and
converting outside areas to outdoor classroomsaandoor activities, also by using movable partision
Another solution was providing distance and hybedrning by providing classrooms with the essential
tools, as shown in Fig. 9 (AIA, 2020).
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Fig. 8 (left) : Providing hygienic stations at sol® entrances. Fig. 9 (right) : AlA strategies fioaintaining social distancing in
classrooms, upgraded from (AlA, 2020).

5 COMPARATIVE ANALYSIS

This comparative analysis includes three examplesloools worldwide that have succeeded (if theyewe
compared with other schools) to apply AlA strategie their schools and transformed them into hgalth
learning environments during COVID-19 to limit icteon. This comparative analysis is conducted
according to AIA strategies between these exampWagsh are public school 138 Samuel Randall in the
Bronx, Brooklyn Laboratory Charter Schools in Newrk, and Projeto Espaco Educativo 12 Salas — PEE-
12 in Brazil. This comparative analysis aims toeigtigate the parameters and strategies of heaémgihg
environments that will be essential to make futaegning environments resistant to any potentiateanic.

5.1 Public school 138 Samuel Randall in the Bronx, NYe{ementary school)

The Urbahn architects designed a transforming galpir this school to enable it to adapt to the\vIid

19 pandemic. The Urbahn strategy focused on promdtygienic control, so Urbahn suggested establjshi
two prefabricated handwashing stations before eattance of the school, as shown in Fig. 10, a$ asel
installing prefabricated wash stations in the hajlerand each classroom to be accessible to a#rsisidand
also reusing auditoriums as isolation spaces. TtEt additionally concentrated on maintaining docia
distancing in entrances by adding entry pointsyipiing social distancing in the sidewalk queue gfie@m)
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by mapping the floor, and using transparent barleetween washbasins. They additionally maintained
social distancing in classrooms by rearrangingftineiture in a diagonal pattern to keep a distanicé.8
meters between students. Besides using one-waylaian in stairways and pathways by using coloured
tape on the flooring as shown in Fig. 11 and F&y.(Dubey, 2020).

_____________ E 1.8m

| Antimicrobial :
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| r——————

w area
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s =y A ————————— @Samtatlon Lo 4 Directional | | Transmonall
Schoo - T ; 1 I
I : statton | | floor decals | ol space |
1

Fig. 10 (left) : Prefabricated handwashing statioefre each entrance of the school, upgraded arbey, 2020). Fig. 11 (right)
:Social distancing in classrooms and paths, upgréden (Dubey, 2020).

Because classroom sizes are insufficient to accatateall the students with social distancing atgone
solution was to divide the cafeteria and gym intassrooms, as shown in Fig. 13. Other alternatives
included offering an alternate schedule and engigshybrid learning to decrease densities. Fog-@mm
strategies, Urbahn architects proposed that futlassrooms must be widened (AIA, 2020; Dubey, 2020)

S ===
@ 1 lmns]lmnal !
N spaces |
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\
3 7 i _‘:‘:=\_ ______
I Directional fioor decals L P ¢ !;' :;E 3 | Diagonal pattern for :
& floor markings LR social distancing 1
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Fig. 12 (left) :Social distancing in classrooms g@aths. Fig. 13 (right): Dividing gym into four slrooms by using divider walls ,
upgraded from (Dubey, 2020).

Furthermore, Urbahn suggested improvement of \aittil systems, particularly natural ventilationusing
exhaust vents on the roof to speed up airflow andgtieg return dampers to avoid air recirculation t
decrease infection transmission. As well as uiizMERV 14, 15, or 16 filters instead of MERV 18dis
and adding UV lamps and portable filtration deviteslassrooms (ASHRAE, 2023; Dubey, 2020).

5.2 Brooklyn Laboratory Charter Schools in NY (middle and high school)

This school applied adaptation strategies to fa®&/D-19 pandemic, so the school collaborated witie f
design companies, including Gensler, PBDW, PSFeetg] SITU, and WXY, to come up with the best
solutions, which were executed in the school. StEdigned a sidewalk with a shed at entrances,agnsh

in Fig. 14, for sanitizing hands and checking #maperature of students while maintaining sociahdising

(a minimum 1.8 m distance between students) by ingpihe floor. They also proposed increasing entry
points and using an alternative schedule. WheréBld &nd PSF suggested adding exterior stairs to the
school as an additional vertical circulation torpate social distance, PBDW and Gensler concenti@ated
promoting social distance inside the classroom8 (1) between students and/or utilizing a transgaren
barrier between students, as shown in Fig. 15. Hdejtionally enhanced social distancing in cirtiola by
providing one-way circulation in the paths and retays by using coloured tape, as shown in Fig. 16.
Because the classroom area is not big enough tormawodate all students while maintaining social
distancing WXY suggested that sidewalks beforeamats can be used as outdoor classrooms, as shown i
Fig. 17, whereas PBDW proposed designing flexibessrooms with movable acoustic and whiteboard
walls to promote extension, in addition to applyistaggered schedules for online and hybrid learning
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Further, PBDW emphasized creating hygienic indearding environments by increasing airflow through
window openings, upgrading HVAC air filters to MER3 filters, and keeping humidity levels 40%-60%

. Additionally, they provided touchless systemsalging foot controls for doors and sensor-operhtetis-
free technology for valves and flushometers in twatins (Broo
g WA L A -

Klyn Lab
j.’ai. ) 4

&

| N mrwgsega, §a 3

Charter School, 2020).

L) ‘«

Pl
T

Fig. 14 (left): SITU design for the shed beforerente, (Brooklyn Lab Charter School, 2020). Fig. Tiainsparent barrier between
students in classroom. Fig. 16: One-way circulaiiothe paths. Fig. 17( right): The proposed oatddassrooms.

5.3 Projeto Espaco Educativo 12 Salas —PEE-12 in Brafiélementary school)

During the COVID-19 pandemic, Furlani and Cardosthi#ects presented several adaptation solutions fo
the return to face-to-face classrooms in this steshgbublic school in Brazil. They suggested striatedor
hygienic control in schools, including providingng&er for the hands in all classrooms, using ifumne
made of cleanable material, and placing sanitars matside the school as shown in Fig. 18 (Fastiral.,
2020). They also recommended improving naturalilsion by providing cross ventilation which is neor
effective towards infection control than singleesddventilation. Improving visual comfort was acladvby
covering windows with shades to reduce glare, asshn Fig. 19 (Furlani & Cardoso, 2021).

- -
: Using information board to ; fashbasins clos 1 Blinds or Blackout 1

1guide students for hygienic cnmrol: _ _cach classroom I on \VB:lnws

— ———

To connect students with nature, they encouragedtiog areas in the outside yards that might sasve
learning spaces and casual eating areas, as shdwign 20 & Fig. 21. In order to maintain sociastdincing,
they provided a polycentric layout in classroomghvei 2-metre space between student chairs, whiclbea
movable as shown in Fig. 22. They also providedridylbearning, so they supplied classrooms with
technology devices like laptops, PCs, or tabletsjeptors, printers, digital whiteboards, etc. Admfially,
they provided alternative schedules to reduceitrafftween students (Furlani & Cardoso, 2021).

s

Fig. 20 (left): Outdoor learning spaces. Fig. 21d@te): Outdoor casual eating area. Fig. 22 (righcial distancing in classrooms.

6 DISCUSSION AND RESULTS

The comparative analysis reveals three main pasamet healthy learning environments, as shownaibld
1, that made these schools partially able to cople @OVID-19 as much as possible. On the other hand
these schools could not apply all strategies ofttinee parameters because they were restrictedamy m

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, m
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Designing Learning Environments in Response to Raiwde a Comparative Analysis for COVID-19 Best PragtisSchools
Interventions

factors related to the existing schools’ desigke Bite location and size, the condition of thed®sls, and
the integration of the schools with surroundingaareso applying strategies to existing schoolsmitlfit or

succeed completely in all the schools becauseeofdstrictions in existing schools. On the othaerdhdhese
parameters and their strategies will be effectibervconsidered in designing future learning envirents.

ik -Using MERV 14, 15, or 16 filters and
| adding portable filtration units

public school 138 Samuel
Randall in the Bronx

- Promoting natural ventilation and
using running exhaust vents on the roof

- Installing UV disinfection lamps
-Closing return dampers

Brooklyn Laboratory Charter
Schools in NY

- Sanitizing ducts of HVAC

- Keeping the humidity (40% - 60 %)
-Opening windows to improve ventilation
- Upgrading filters into MERV 13 filters
-Providing outdoor classrooms and
outdoor activity areas

Projeto Espago Educativo 12
Salas — PEE-12 in Brazil

-Promoting cross ventilation by opening

the windows on the two sides.

- Using the outside yards as outdoor
classrooms and outdoor eating areas to
increasc natural airflow

- Installing speakers on sidewalks that
were as outdoor learning spaces

-Providing natural lighting in outdoor
learning spaces by designing the shed
with transparent material, also installing
artificial lighting to the sidewalk areas

- Using blinds and louvers on windows
to avoid glare in classrooms
-Providing artificial lighting in outdoor
spaces

- Designing outdoor sheds at sidewalks
areas & outdoor learning spaces

-providing shades for outdoor space
- using louvers on classrooms facade

-Providing terraces and outdoor spaces to
encourage outdoor learning & activities
- Using vegetation elements in outdoor

- Designing classrooms with big windows
to provide views to outdoor green areas
- Using outdoor areas as learning spaces

areas and terraces. - Using natural materials such as wood

- Adding additional entry points in - Increasing entry points

addition to maintaining social distancing| - Using an alternative schedule

in the sidewalk queuing area (1.8m) by | - Adding exterior stairs to the school as
mapping the floor an additional vertical circulation

-Promoting social distance ( 1.8 m)
between students by mapping floors

- Utilizing a transparent barrier

- Holding outdoor classrooms to reduce
the density of students

- Applying staggered schedules

- Providing a polycentric layout in
classrooms with a 2-meter space
between student chairs which can be
movable

- Using an alternative schedule

- Repurposing the outside yards into

pattern to keep a distance of 1.8 meters
between students

- Dividing the cafeteria and gym with
divider walls to be smaller classrooms
-Providing an alternative schedule

- In the long-term strategies, classrooms | - Designing flexible classrooms with spaces for informal eating and
must be bigger in the future movable walls to promote the extension | classrooms

3. Providing Safe contact in the learning environments

| Providing Social Diatancing |

i
1
1
|
1
1
1
1
1
1
i
1| - Rearranging the furniture in a diagonal
1
1
1
1
1
1
1
1
1
1
1
1
|

-Using one-way circulation in stairways | -Providing one-way circulation in the
and pathways by using colored tape on | paths and stairways by using colored tape
the flooring to define circulation patterns | on the floors

-Providing hybrid learning by supplying
classrooms with technology devices like
laptops, PCs, tablets, projectors, etc.

- Promoting hybrid & Online learning - Providing hybrid & Online learning

Table 1: Comparative analysis between the three gheam

7 FRAMEWORK FOR FUTURE HEALTHY LEARNING ENVIRONMENTS

According to AIA strategies, comparative analysisd a lot of studies that have been recently doright

of the COVID-19 pandemic, a framework has beenheddor designing future learning environmentssThi
framework is generic and does not relate to specduntries (considering Brazil & New York) and yides

a lot of detailed strategies to achieve the samanpeters, while each future school can apply tipeagpiate
strategies from the framework according to its destlike school location, climate, cost, etc. Se th
framework isn't prescriptive for schools, but itfides the priorities of strategies according toirthe
importance to make schools healthy. On the othad hi's very hard to apply this framework to eixigt
schools because of their restrictions, like sinping, existing building conditions, etc. Whilewitll be
effective when applied to future schools. The freumiek provides three parameters that must be prafriate
future learning environments: providing healthyaond environmental quality, integrating nature wikte
learning environments, and providing safe contadhi learning environments (Table.2). The framdwor
provides a scoring system; Each parameter getfeaatit percentage according to its importance é&xen
the school healthy and able to cope with pandefmas®d on the literature review and the WELL rating
system for healthy buildings. Each parameter caprbmpted by a lot of strategies that have a péagento
achieve the main parameter. Parameter 1 stratagi&e schools healthy with 45%, Parameter 2 stredegi
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make schools healthy with 15%, and Parameter 8gies make schools healthy with 40%. The framework
will help architects to identify (before construmt) if the future school will be able to face pamits or not

by giving it a percentage for each strategy ofpfaposed design. If the percentage of the schdekssthan
50%, then additional strategies from the framewak be added to make schools resistant to pandemics

learning environments
—

g ssssecccsscas e e e e e e e e e = = = = =

Natural ventilation should be There arc a Iot'of fz actors aﬂ‘?ct on ventilation such I

merged with mechanical ] as the school site, site planning ,the school form, |

| ventilation to limit infection | classrooms orientation, site climate,.etc(Hamed, 2021))

| IIn hot climate (as known in Brazil in many regions |

1 | at many times of the year): 1

| ventilation will not be preferred | | Depending on natural ventilation than mechanical |

|

| I

1 |
1

after construction

percentage to total
percent. to parameter

before construction

Natural
Ventilation

Cross ventilation and stacked | Iventilation by using cross ventilation and openings

1" ventilation will be recommended 1|, must be central and big as we can, the outer
| in the future learning environments | Iopenings must be larger than the inners. Providing " D 10%
| (Saeed et al., 2021)
___________________________ | S e RN rar ! I
! 2. Mechanical ventilation: Mixing | | regions at many times of the year): In cold climates
" Ventilation must be avoided in ||| time, there is a challenge to get ventilation VS

future schools because it recirculates| || warmth. These strategies can help (Fan et al., 2020)
1 the air, so it increases the infection | | -Using a combination of natural and mechanical
| transmission. It'll be recommended tol || ventilation to provide both warmth and fresh air
| depend on the personalize, dtratum, ! 1 -Opening windows partially or opening them for a
I and displacement ventilation with ' | *short period of time according to co2 monitoring
| considering the grills to be linear | -Providing windows at different height, so in the

: slots and away from students (Fan et | j extreme weather the upper level windows will
al., 2020)
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L Humidity must .. .: ; T 'Fo?nc_re;se_h;rrEthy_le:eE ST _:
‘ temperature is still 20-28 C . Using vegetation and humidifier devices in |
o o classrooms, in addition to providing water I
______________ I

1
I leeesesssssssnsssscscssscsosssal 1 - . } co o .
I ITIf can be contolled by controlling 1 || 1 surfaces and buried water pipes will be effective
1

Indoor air quality

mm)  itin the HVAC in the | ey oy Ly e |:| D 3%
= mechanical ventilation case I"To decrease humidity levels (such in Brazil): |

PAR( 2) 15% of total

______________ : Installing double glazing and dehumidifiers

| :It ca}'::;e controlle:fﬁby l.lsu;lg p;.t_ss: I devices in classrooms, also improving thermal :
I techniques according fo the climalc | insulation of building will be necessary I
1 (Manzano-Agugharo et al., 2015)

Humidity & temperature

site and location of school

54 % of parameter 1

-Mechanical filtration: such as using MERV 13,14 !

technology in schools |1 which can be indtalled in HVAC, or using HEPA |

I filters which can be installed in HVAC systems or I
e : T can be a portable device (ASHRAE, 2023)

I Eﬂuauqn tef:hnology : by Biofiltration technology: such as using green wall :

| * .usmg w e (Megahed & Ghoneim, 2021) 1

l | - biofiltration technology (ASHRAE, | (1= = — — — — = — = =

O O

0

[k

Total

I 2023) (Megahed & Ghoneim, 2021) _: I-Bipolar Ionization needs a lot of studies in future:
|| e LUVC Technology : such as UVC lamps which must;
|} | Purification technology canbe l|!be installed in the classrooms with high ceiling and |
Iprovided by using Bipolar lon ization!|! it must be pointed upward, or Upper-room UVGI |
technology or UVC Technology I by suspending UCV lamps from a wall or ceiling |
(Megahed & Ghoneim, 2021) ‘ with 2.6 m heigh (Megahed & Ghoneim, 2021) _!

4

Air disinfection

[Jpes

PAR({10) [45%) of total

PO PGB OEIEINEOO000000B0B00E0000S

A DS T T R . H Consideting 1ocdtion of schools, The classroom Tayou
acoustic comfort because masks is a and spatial organisation of spaces (James, 2002) |

-Using soft resilient floor finishes & absorbent |
materials such as resilient backed vinyl,

hybrid learning will be essential after—g e i : R
COVID-19 pandemic, so providing _rc_sﬂlcn_t fict_ca_n b_c {‘_midﬁ) ﬁ" e R 20001

- . . 4 I . .
acoustic comfort will be essential -Ingtalling speakers and microphones in the 1
classrooms to reinforce the sound (A1A, 2020) |
el

3%

2%

[

Acoustic
comfort

13% of P1

Olglgl o
O
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Designing Learning Environments in Response to Raitde a Comparative Analysis for COVID-19 Best PradisSchools
Interventions

—— i —— ——— —— v — g ( —————— 5] o
Framework for desi heal . . =g || ®
| parameters | ramework 10 deg gning healthy 1 Detailed Strategies | 8= 2le
learning environments Ze| 8| &
e | [ ——— EQ g e
XX > e L L e ol &2
Daylighting and electrical lighting a g’.;” e z
| GG LR TER e L R U ER R | shape and orientation of windows, and placement ! § EIR=A =}
1 RN CEEENREERM R W ST B | | of shading devices by using simulation programs & 2 3 E\-l
| devices in classrooms | according to site climate. Also providing cut-outs in “lal &=
it YT T Sunlight : the school form, increasing the ceiling height for I
I \ natural lighting, providing blackout shades, 1 —
I i classrooms must depend on - especially du}'ét}g tl'llle ;ert;'on 0; proée(;tlon, and | D 5%
| daylighting to be antivirus places |1 APTOJ{EIE% 1gt_t § Lf ves 1 _I:?ZO? 3h : _
| I  (Megahed & Ghoneim, 2020)  ||l— == (Guiadexdbruoat onlCommnibE0 KD | A
_________________________________ R S T T L o
I Artificial lighting doesn't imit_ 111~ Considering the type of lighting fixtures, their °
| infection transmission, but 111$1rr_11_na110r_1, and_ the _d1§lnbuuon of it. For addcd_ 1 ©
| it'll be very essential with the I+ flexibility, using dimming and sensor controls will | I:I D 204 —
I increased technology devices after be effective, artificial lighting will be more importantl -
1 COVID-19 (Ochs, 2022) especially in cloudy weather (Pelet et al, 2015) | —[|==
1 | i e ey A e e e e e e e e — -t =
— Y T T T T T NI I Ty 1 -
| 1 | IE Humidity became (40-60%) instead Hff Usmg flexible solutions suc»h as thermal - p—
| ME. of (20-80%) and the temperature is . lrnass,prowdlng movable fagade with suitable shadméi D o (=]
I . 1 devices, using suitable trees around classrooms, 1 I:I 3% — fg
I R e e using BPS Simulations,..etc (Fan et al., 2020) 1 o _"2;
humidity control ways have been o ey e ey e o iy b | S
1 ety 4 In hot climate (as known in Brazil in many regions 1 = ||
1 1= mentioned, to control temperature | - — — oo [[==
o | T CyE— (ASHRAE. 2023) |at many times of the year) :Providing big windows, — g
| 'E 1l mm e 2 b__ - _ll_giﬁ = |courtyards, atriums, & wind catchers for ventilation. =
1 (3 I cln:)c:i?;.?urc_::t:m I—?’\z:gtm ; Y 1Also using double glazing, louvers, double skin, %:
controlling it in systems Ithick I h & shadi fthe glazed —
| - ; ; g thicker walls, overhangs & shading of the glaze 1 =
I | e ihe_ nfc&agcil ien_tllitlin case | lopenings, providing green roofs, and using light | I:I 50 =
1 - ?ea};r;tl;e:an_bgc:;naoﬁeﬁ 1 | reflective paint (Manzano-Agugliaro et al., 2015) 1 o -
| 'ﬁ | by using passive techniques In cold climate (as known in New York in many | =
| I in the natural ventilation case regions at many times of the year): using thicker : -
| ) wall, atriums, suitable shading and overheads, —
I | i Considering orientation of classrooms,; | | designing windows with different levels and sizes 10: g
| §site climate, form of schools bui]dings§ | provide natural ventilation with warmth in cold I %
I— —I | _c_limatgs Manzano-Agugliaro etal.. 2015) _ _ — ||
=)
—— e — e )
1= 5 | 4 -By providing planting elements in classrooms such: =
l ossible because it influences students' as green walls, .etc or/& Enabling views to outdoor ___ ||
| | health and can also limit infection I landscape by glass of windows as possible accordin, |:| |:| 4% 5
to the climate in school (Almusaed et al., 2022) 1 A
I L/ || r— e
I ] 1B Visal connection with natatey In extreme climates such as heavy winters or |
| | I ]| e e e e = || extreme heat, these strategies will be suitable :
| 21 I I which can be inside or outside classroom|l -Using rolling garage- style doors or movable facade
1 8 I 1 S T L T | in classrooms to enable the indoor and outdoor to bel
| g | o . ============= 1 one space for thermal comfort
I e | I 5 [5) A Shs ermg-iﬁé-l.c-)canon, PR [ -Providing shades, tree canopies, and shelters | -
sl E E | t and environmental factors in the site i|; -Using movable shading to open in extreme weather|
| 2 I e & Il - considering the outdoor classroom j for thermal comfort and close in nice weather | =
l o I | v g | :  relation with surroundings in site 1- Physical& online classrooms will be more suitable | :"9
| g | k5 E [ and the size of site | In hot climate (as known in Brazil in many regions 1 |:| 6% . e
g1 & i - Considering providing infrastructure :|1at many times of the year) :Providing cooling devices w IS
1 &,/ = gp g Y v 5
] 1 a | : and being near to utilities like toilets | , Providing enclosed outdoor spaces like courtyards 5 (&
1 o | 1 | and hand sanitizers,..etc. or recessed for shading for protection from heat 5 =
1 = I 1 | _ Providing clear accessibility by clear In a cold climate (as known in New York in many | & =
| g | | ¢ paths and doors from each classroom regions at many times of the year): 1 g ﬁ
I 53 I I : Considering alternative schedule and roviding heater devices, Providing Artificial lighting] =
o | | capacity of outdoor classrooms i cloudy weather, and Providing semi-closed or 1 5
1 § | 1 | -Providing wind control devices Isemi-pcned outdoor spaces for protection from rain |
1 8 I | [P —— source (N 20200 source (NAAEE, 2020) |
a0 —— — [ T T T ¥ N N N T T NN NN wwy
I .g Ir It has an effect on mental health, but it It'll be preferred to use natural colors to help :
| s | | R e BTN TR e Rt |, students feel calm, for example, using blues, light | D D 1%,
| &0 I 1 9 - so it must be merged with the direct | browns, greens, and avoiding red and orange | -
2 . \ . il - ————
| = | a I} experience it can be suitable more in e — — — = — = —
I (=] | I E N | E schools which can’t provide direct It ng bE:. prefersf:d tﬁ l.l.;f: wood in chairs., d.esks, | —
A | 2 g | dexperience techniques according to the (PETiafs, CHGHELLE Bk el oidly 1k | 29| o
| I | o g ! extreme climate there | a natural material, but it's also a hygienic materlalJ o
o | o] | ettt S
_______________ P = e —— o
I 1 | B g Natural color | Natural features such as plants, water, etc. through ! S
RN o 004
| a |
1
| g | i —
| I O]l
I — — J 1 source (Rods, 2021)
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5 2]
| parameters Framelwork for designing healthy [ Detailed Strategies 1B & E é &
earning environments 51 SE| g
e | | I e ——————— | & e g g
-
+| T limustbe on an external wall, have exterior exits, | [l Sla s
I and keep the isolation room's pressure negative. ; ‘é = E\']!.
| IReturn air from isolation rooms should be evacuated 'g g § Ay
| outside when using mechanical ventilation. When : o) & =
using natural ventilation, it will be essential to I
exhaust air outside using a window-mounted box |
———————————— Ifan The minimum ventilation rate that is advised is | I:I 3%
__________ I — 12 airchanges per hour (ASHIRAE. 2025 _ I —
n enrances, between classroo Providing hygienic stations at entrances for hand |
.. inside cl ygiene and temperature screening with waiting areaJ D LA
i It must be found near ' - tﬁ f‘ldlh c_cr_odeEet_we_en_s”tu_de_nti(fﬂA_’JEZQ ;Qﬁ__: =
' Q‘fﬁVitieS, for example, playing : i _lt_ls;o?sgle_to_rczu?eEle_S];ca_dEfEe;ns_b; -1 9 =
outside or sporting activities, { |lproviding fully enclosed bathroom $alls, prioritizin . (1
............ before catingete i |1 cleaning automation in bathrooms, creating a ==
——— e = = = = = — — — — — 3 | | completely touch-free environment, supplying eachl D 3% = el
F*provuimg hygienic control in ﬂ')ilet with a mechanical exhaust, and avoiding using) =
hi————- e || e e e oA LT )
=%
@ LSRRV TY: ||| Ulilizing ailoys made of copper meial in =
g virus or any virus on surfaces Rl A areas such as eleyatc?r buttons and _door 1 =
E TR RN RN S IR (|| handles will be very essential in future learning | 2
g in future learning environments, JLIEA LU CER TS copper is not inexpensive, so to | @ Lﬁ;
E it’ll be very essential to use | create a substance with 'antlmlcroblal qgahtles, | % -
= hygienic materials I silver can be coupled with copper, plastics, and | |:| D 50) é _—
o zinc and used in high-traffic arcas. Also, 1 o [l ==
En | antibacterial paints like Biocote and hygienic : Sl | e
E T PP : " materials like vinyl wall coverings, upholstered | -
E H  avoided in the future learning i pancls, imd ‘YOOd coyerings el RS = §
o environments |1 Ikt eI R S | b
ﬂ .......................................... e ————————————————————————— 2
& % of diseases can be transmitted 1 Using touchless systems by using personal devices, 1 %
= y touching things, so it will be I hand interaction, motion sensing, & voice : —(l —~
8 2« |1 recognition to control doors, lighting fixtures, taps, I |:| D 49 S
g etc., in addition to using (AR) enables touchless I 0 - ﬁ
= I interaction without touching physical learning | |
u}; materials (Megahed & Ghoneim, 2020) I E
?n I 'Upgrading mechanical hardware to open doors with | a
8 either an arm or hip push. Utilizing the mechanical |
:g : foot-operated door opener&water dispensing 1 D D 20/ Iil
o - Depending on hybrid and online learning I
== PN e ___ sorse Brooklyn Lah ChaterSehool 2020
[Tl e = g e | e e e e e e e e e e e e e e e e e —
;- Creating waiting zones at entrances to check §h.1dent4 .
- Providing multiple points of entry " |:| 3% ‘S
source (ALA, 2[]2(}) 8=1
______________________________________ =
I - Enlarging spaces of classrooms : 2
! - Using flexible furniture that can be movable 1 A
-Design classrooms with flexible walls or | I:l 6% =
] partitions to enable them to extend to be bigger | E
-Hexagonal layout of classrooms will be suitable | | <
________ soutrcy (Bompdie &t Hamben, 11 = [=
_____________ i -Creating one-way circulation in corridors and stairs | =
——————————— I -Enlarging the width of corridors & using colored I E|
el || tape on the floor to define circulation patterns 1 D 6%
! -Dividing the school into separate zones , and | o
[52]
2
E =
role in education as a response to i [ee1e)CRAIITT learning such as speakers, cameras, Lij
(F-ENTS BRI R U SRV TR VA | projectors, smart screens, recording devices,etc é%
essential to be provided in future ‘ Providing schools with recording rooms to enabld D I:I 4%| 5=
because of their flexibility in time & teachers to record lessons and supply these rooms e
|E’ [P location ,in addition it can be an urgent i wnh technological devices :
=l |psolution in crises _ _ _ __ _ _ _ source (Furlani & Cardoso, 2021) |

Table 2: Framework for designing future learningimmments.
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Designing Learning Environments in Response to Raide
Interventions

a Comparative Analysis for COVID-19 Best PradisSchools

8 CHECKLIST FOR DESIGNING FUTURE LEARNING ENVIRONMENT S THAT WILL BE

CONSTRUCTED POST COVID-19

Table 3 provides checklist for designing futurehi@ag environments to make them resistant to pamntem

Classrooms

OInstalling signs for prevention measures.

[OMapping floors to delineate one-way walking patimsl durniture
locations.

OProviding classrooms with technological deviceshsas laptops,
projectors, cameras, speakers, etc. for hybridoatide learning.

[ODesigning classrooms with flexible walls or padiits.
[JUsing movable furniture.

[CICreating touchless handwashing hygiene stationsr iadjacent to
the classroom or sanitizing station(s).

[OConsidering the finishing materials to be a hygiematerial like
antibacterial paint, wooden and vinyl coverings)oraaterial, etc.

[Ohexagon layout of the classroom If it's possibhés tshape will be
suitable based on the shape of the virus headdiaily.

Acoustic comfort

CJExpanding the size of classrooms than in currdmvals.

[OConsidering being away from sources of noise sicmachanical
rooms, etc.

[OConsidering the layout and geometry of the clasafoand avoid
using domes or barrel vaults in the classroom eectilso avoid using
a curved wall in opposition to a flat wall.

[JUsing touchless systems to open doors and windevszch as
possible, if it isn’'t possible, using mechanicakpwby arm or foot to
open them, or if it isn’t possible, using copperdoor and window
handles and elevator buttons will be effective.

OEnhancing acoustic treatment in classrooms by usibgorbent

Engaging classrooms with nature

materials if it's needed.
Oinstalling microphones and speakers.

Providing suitable ventilation

[0 Considering the site climate, location of classmpand the wing
walls placement by using simulation programs.

Olnstalling CO2 monitoring.

[ Considering the form of the school, the heighth& classrooms
and the roof shape of them.

[OConsidering the orientation of the classroom adaogrtb the climate)

Oproviding planting elements in classrooms.

OUsing natural and organic shapes in furniture '8 impossible
according to learning styles.

Providing natural features and natural colors.

[CJUsing natural materials that can be antibactéri&nabling views to
outdoor landscape through as many windows as pessiitording to
the climate in school.

[0 Each classroom should have a door for entry amsthan for
accessibility to outdoor classrooms if the climatsuitable for outdoo
classrooms, as we will mention in the checklist.

and the style of learning, it's generally recomnethdo have 4

Providing thermal comfort (20-28 C) & (40-60%) hufity

northern orientation.

O Providing windows at different heights, so in extrene weather,
the upper-level windows will provide natural ventilation with
thermal comfort.

OUsing suitable mechanical ventilation like POV, a8im, PEV,
Displacement ventilation, Mixing ventilation must hvoided.

In hot climate, for exampleaé known in Brazil in many regions at
many times of the yea}:

[Using cross ventilation. Openings must be as cemind big as
possible .The outer openings must be larger thaimthers.
OProviding courtyards, atriums, & wind catchers

OUsing single sided ventilation with improving by liging the
opening into two by using wings wall , using famsd providing
transom window above the door if the cross vemtitais impossible to
be achieved.

In cold climate, for exampleé known in New York in many regions
at many times of the yeay:

[OUsing a combination of natural and mechanical \eidn to
provide both warmth and fresh air.

[JOne way is to partially open windows or to opennthier a short
period of time, according to CO2 monitoring.

[ Opening higher-up windows during heavy rain.

[ Considering the orientation of classrooms & sli@ate.

[OUsing movable facade with suitable louvers

[JUsing suitable trees and considering thermal mass

[JUsing Building Performance Simulations (BPS)

[JUsing suitable HVAC systems

In hot climate, for exampleaé known in Brazil in many regions at
many times of the yeay:

OProviding big windows, courtyards, atriums, and dviratchers for|
providing cross ventilation.

[0 Using double glazing, louvers, double skin,
overhangs, and shading of the glazed openings.

[0 Providing green roofs and light reflective paint.

[0 The humidity in Brazil is more than 60%,, so usangdehumidifier
in classrooms will be effective.

In cold climate, for examplexé known in New York in many regions
at many times of the yea):

[0 Using thicker walls, atriums, and suitable shading

I Designing windows with different levels and sites

provide natural ventilation with warmth in coldrofites.

thickevalls,

Lighting comfort

Using filtration and purification technology in srooms

[JUsing green walls or planting filters.
Oinstalling UVC lamps or UVGI at high levels.
[OUsing MERV 13,14 or/ and HEBA.

b

[CIConsidering the orientation and the classroom ratigo the shapg
and orientation of windows and shading device ptem® by using
simulation program$&] Providing cut-outs in the school form if it
possible.

OIProviding blackout shades, especially during prtajec
OlIncreasing the ceiling height for natural lighting.

[JConsidering artificial lighting using sensors

outdoor classrooms Site

e mGrow,
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[OConsidering the location of it to be in quiet spaaeell connected tg [JConsidering the location of the school's site t@vay from noisy.
classrooms to enable teachers to monitor studantsnot in dark o Providing multiple points for entry and exits.

corner places for student safety. CHaving enough space before each entrance to havaiting area
L Considering the climate in the schools and wheitteepossible to| pefore the entrance for checking the temperaturestoflents and
provide outdoor classrooms or not in schools. providing hygienic stations.

U Considering outdoor classrooms orientation andtiel of them| [JConsidering the site size and site planning to kenitio extend to
with the surroundings on site and the site size. future needs and to provide outdoor classroomsygptainds, and
[0 Considering providing infrastructure and being rnetlities like | classrooms in suitable spaces.

toilets and hand sanitizer. [IConsidering providing separate parking circulatiaway from
OProviding Clear accessibility by providing clearthm and doorg students.

from each classroom and making them well defined. [OConsidering staggered times for entry if it is reskd

UProviding wind control devices in outdoor classrsom OConsidering spacing buildings’ schools by a distant at least 5
[ODesigning them with buffer space around them fovencent. times the height of schools to provide natural Netidn

[OConsidering the alternative schedule and capatity o [OConsidering the placement and types of vegetatmhteees on the
[JConsidering designing soft and hard landscape eitsne site.

In extreme climates, such as heavy winters or extnge heat

Ophysical and online classrooms will be more suitabl Services and additional spaces

OUsing rolling garage- style doors or movable facedelassrooms tq_General notes
enable the indoor and outdoor spaces to be oneesjmacthermal| [JUsing touchless systems to open doors and wind@avswach as

comfort. possible, if it isn't possible, providing mechadipash by arm or foot
OUsing movable shading to open in extreme weathertermal | to open them, or if it isn't possible, using coppedoor and windo
comfort and close in nice weather. handles will be effective.

In hot climate, for examplea¢ known in Brazil in many regions at| CJConsidering the finishing material to be hygieniaterial like using
many times of the yea}: antibacterial paint, nano coating materials, etc.

OProviding cooling devices in hot regions. OUsing touch-free faucets, sinks, soap dispensers,et
considering drainage and protection from landslides [OMapping the floor of the cafeteria, gym, and otbervice spaces t
OProviding enclosed outdoor spaces like courtyamdseoessed forl_define the circulation path as one-way.

shading for protection from heat. New additional spaces should be considered in $ehoo

In cold climate, for exampleas known in New York in many [OProviding isolation rooms for infected students hwihegative
regions at many times of the year pressure, separated entry and exit, and a sepailate Also, it should

be located on an exterior wall.
OProviding recording rooms with technological degider recording
lessons in hybrid and online learning.

[OProviding heater devices in cold regions.

OProviding Artificial lighting in cloudy weather.

OProviding semi-closed or semi-open outdoor spaocegffotection
from rain.

Bathrooms

[dProviding toilets with side exhaust fans.

e b il ow be a
[OBreaking down the school into separate zones, &asbrooms car eaning automation in bathrooms will now be a jityo

be grouped around common services.

OAvoiding pinch points.

OProviding one-way circulation in corridors and stai _ _

CMapping the floor to define the circulation paths. Cafeteria, gym, and other services spaces

OEexpanding the width of corridors than in curresitmls. _DCo_nsidering acous_tics, lighting, t_hermal comforgnﬂlatio_n, air

OIProviding single-loaded corridors if possible fantilation if itll be | filtration, and engaging spaces with nature as ioeed in the

suitable according to the climate. checklist of classrooms.

ClConsidering cutouts in a building's form by classnoorganization| = Nstalling signs for prevention measures.
for daylighting if it will be suitable with climate DlProviding entry and exit for the large service ssac
OProviding hygienic stations in each space.

[dUsing flexible furniture in cafeterias, gyms, etc.

[OUsing cleaning robots and self-cleaning devicesh wituch-free
faucets, sinks, soap dispensers,etc.

Table 3: Checklist for designing future learningiemvments, Author based on the previous framewotkces.

9 CONCLUSION

COVID-19 has highlighted the lack of health in ¢éemrning environments, so the parameters for design
learning environments must be updated in the futoreprovide healthy learning environments. The
parameters that must be provided in future learamgronments to make them able to face any pardemi
crisis are: providing healthy indoor environmentplality (by promoting indoor air quality, acoustic,
lighting, and thermal comfort); integrating natuséth the learning environments (by providing natura
views, outdoor classrooms, etc.); and providinge sadntact in the learning environments( by prowdin
hygienic stations, hygienic materials, touchlesstesys, and making the learning environment flextble
extend or be able to maintain social distancinggise there is any pandemic).
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