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LEARNING 
OBJECTIVES

Objective 1: 
Identify positive/negative impacts of school policies around operable 
windows to support safely reopening K-12 schools in light of 
COVID-19.

Objective 2: 
Understand how school policies might impact occupant interactions 
with classroom spaces to improve IAQ and thermal comfort during 
COVID-19. 

Objective 3:
Analyze teacher interactions with classroom environments and 
decision-making factors to improve IAQ and thermal comfort before and 
during COVID-19.

Objective 4:
Explain impact of architectural guidelines on school policies to support 
behaviours to improve occupant experience in K-12 schools during 
COVID-19. 



QUESTION:
What is your role?





QUESTION:
Where are you located?





Children spend

8 hours/week
or

180 days/year
at schools. 

(Abramson et al., 2006)
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Schools
are the 

second most important 
space for 

children, 

after their home environment. 

(Baki-Biro et al., 2012; Mendell et al., 2013)
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School environments
are to support

students’ learning
and

their social skills. 
(Garcia and Weiss, 2020)
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School environments
also play an essential role in students’

comfort, health, 
and

learning performance
(Dias Pereira et al., 2014; Wargocki and Wyon, 2006, 2007; Almeida et al., 2017)



Thermal comfort
+

indoor air quality
are important parameters in

students’ learning performance 
+

health

(Wargocki and Wyon, 2007; Pan et al., 2018)
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Unsatisfying thermal condition
+

inadequate ventilation rate
in classrooms have a direct relationship with

students’ learning performance 
+

absenteeism.

(Wargocki and Wyon, 2006; 2007; Dias et al. Jul 2011)
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Unfortunately,
studies show that classrooms have 

inadequate 
ventilation rate 

for children. 

(Mendell and Heath, 2005; Daisey et al., 2003)
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COVID-19 was declared as

a pandemic
and

an ongoing issue
by WHO in

March, and May 2020,
respectively.

(BBC, 2020; WHO, 2020)
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COVID-19 affected

56 million
K-12 students in the US, and 

1.2 billion
worldwide,

in Fall 2020.

(NCES, 2019; Li and Lalani, 2020)
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In-person classrooms
are important for

economy
and

children's lives.

(Kiernan, 2020)



Leading agencies such as

CDC, WHO,
AIA, and ASHRAE

published guidelines to 

safer reopen schools
In light of the pandemic.
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The most recommended strategy was to

increase
outdoor air ventilation

and 

ventilation rate
in buildings including schools.

(CDC, 2021; WHO, 2020; AIA, 2020; ASHRAE, 2021)



Operable 
Windows

Fans
Decrease the 
Return Air in 

HVAC Systems



Studies show that people with 

control over their built environment
can tolerate

higher temperature ranges
and 

feel better mentally and physically, 
compared to those without control. 

(Brager et al., 2004; Mishra and Ramgopal, 2015; Buonocore et al., 2019; Jindal, 2018; Shapiro and Astin, 1998; Taylor and Brown, 1988)



Thermal comfort 
and 

indoor air quality

Control over built 
environment

Each behavior 
comes with 

benefits and 
drawbacks
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OVERALL
OBSTACLES + BENEFITS

of research in K-12 Schools



Cooperation 
Overload
Privacy
Worries about findings
Confidentiality

Participation
Overload

IRB 

Image by Schäferle from Pixabay

OBSTACLES



Performance | students + staff

Absenteeism | students

Satisfaction | students + staff +  parents

Health | students + staff

Energy Efficiency

Facility Performance  + Operations

School Reputation

Preparation for Unexpected Situations (i.e. 

pandemic)

BENEFITS



STAKEHOLDERS

Students
Staff
Families
Communities
Administration
Facility mgrs
Design teams
SDOH
Public health

STAKEHOLDERS



MULTIPLE SOURCES OF DATA | 
Triangulation

Surveys

Monitoring

Observation

GIS



MULTIPLE SOURCES OF DATA | 
Triangulation

Surveys

Monitoring

Observation

GIS



SAMPLE of the STUDY



School A, Raleigh, NC
Built in 2019, PreK-5, 425 Students
No operable windows; No fans; Horizontal shading; No controllable thermostat

School B, Raleigh, NC
Built in 2011, PreK-5, 590 Students
Operable windows; No fans; Horizontal shading; No controllable thermostat

School C, Durham, NC
Built in 1949 (renovate: 1955, 1995, 2010), K-5, 489 Students
Operable windows; Box fans; Horizontal shading; No controllable thermostat

School D, Joliet, IL
Built in 2018, PreK-8, 427 Students
Operable windows; No fans; Shade screen; No controllable thermostat



METHODS

Site walkthrough

Survey with teachers

Interview with teachers and 
engineers in charge of HVAC



SURVEY
total 27 teachers

School 
Names

Race

Role

Gender

Age



In the end of survey participants asked if they 
are interested in participating in:
● A raffle to win one of six Amazon Gift 

Card for each school.  
● A follow-up interview



INTERVIEW
Total 8 interviewees
6 teachers + 2 engineers



School Role Experience Operable 
Windows Shadings Fans Controllable 

Thermostat

P#1 A

Teacher

13 years No Horizontal Blind No

No

P#2 A 16 years No Horizontal Blind No

P#3 A 20 years No Horizontal Blind No

P#4 B 2 years No Horizontal Blind No

P#5 C 25 years Yes Horizontal Blind Yes

P#6 D 14 years Yes Shade Screen No

P#7
Engineers at School C District

P#8



RESULTS



27 
participants

Operable 
Windows

16 participants (60%) have 
operable windows

11 participants (40%) do not 
have operable windows

Fans

Controllable 
Thermostat

All 16 participants (100%) liked having 
operable windows

All 11 participants (100%) wished or 
somewhat wished to have operable 

windows

22 participants (82%) do not 
have fans

5 participants (18%) have 
fans

All 5 participants (100%) liked or 
somewhat liked having fans

17  participants (77%) wished or 
somewhat wished to have fans

5 participants (23%) did not wish to 
have  fans

22 participants (82%) do not 
have thermostat

5 participants (18%) have 
thermostat

All 5 participants (100%) liked or 
somewhat liked having thermostat

All 22 participants (100%) wished or 
somewhat wished to have thermostat



Almost all participants 
liked/somewhat like/wish to have 

more control over their classrooms.



Teachers’ preferred behaviors to 
improve thermal comfort when it is hot/cold 

before/during COVID-19



Feeling 
hot

Feeling 
cold

Operable 
Windows

Fans

Thermostat

HVAC 
Systems

Personal 
Interactions

“I've opened them [windows] year round, 
depending on how the weather is...when it actually 

got kind of warm so, then I opened it [window] 
because it was kind of uncomfortable“

“it was extremely hot upstairs...so the principal got 
everybody a fan, so we just pretty much turned it on 

and ….it was very helpful to myself, as well as the 
students”

“Each floor has a different temperature, depending 
what is going on in the classroom, temperatures 

might need to be adjusted and should not be 
controlled by the county office”

“Inform admin to adjust temperature”

“We can't control the windows, thermostat and we 
don't have fans so we put jackets on.”

“I'm going to have them get up, and stand up 
moving around so even if they feel cold”

“Students will use injury Ice packs from my fridge.”



Thermal comfort 
and 

teachers’/students’ performance. 



P#2:“... Not my performance [is being affected by 
being thermally uncomfortable]. But possibly 

students, yes. If students are very uncomfortable, 
they might just choose to sit out and refuse to 

participate. more so if they're hot. If they get too 
hot, they just give up and say, okay I’m done...”

P#6: “...I think, for some kids, it [being thermally 
uncomfortable] does make an impact on them 
because then you want them to be comfortable. So 
if they're worried about being cold or they're 
uncomfortable, they're not going to be able to 
pay as much attention…”

P#4: “... for me, it's pretty cold to the point that ... I 
guess it goes back to my physical health, because I 
have nerve pain in my right leg, and so I am always 
wearing that teacher jacket, or teacher sweater and 

I also have pain, sometimes it happens if I'm too 
cold. And it typically happens in my feet to the 

point where I have to go out to my car, and I have 
to warm my feet up just for the real 

temperature...”

P#5: “...I think it's more important for the kids to 
be comfortable because they need to learn and 
need to be able to do that...”



Almost all teachers believe that being
thermally uncomfortable would negatively 

impact students’ and teachers’ performance. 



Teachers’ preferred behaviors to 
improve indoor air quality

before/during COVID-19



Indoor Air 
Quality

Operable 
Windows

Fans

Air Purifier

Cleaning 
Practices

HVAC 
Systems

“if the older kids are starting to get the 
body odor, then i'll definitely do [open] 

windows.”

“It'll [fans] provide more ventilation for 
covid. Pandemic type of instruction.”

“Air purifiers would be awesome [to 
improve IAQ].”

“Increased cleaning practices: remove 
mold from window unit and sinks; dust 

and change filters more frequently. Wish 
we had more cleaning staff.”

“filters cleaned/replaced monthly”



Operable Windows
Benefits and Drawbacks



QUESTION
Based on your experience, 

what are the benefits of operable windows?





Operable Windows
Benefits (Survey Results)



Operable Windows
Benefits (Interview Results)

Health and Safety:

P#2: “...So I would have felt a lot safer teaching, knowing 
that there was airflow and air circulation in my space.”

P#5: “....it drives me crazy, as we have a girls bathroom in 
our hallway, and there are windows in that bathroom, but 
they have locked them, so they're screwed close so that 
you can't open them at all. And I understand, I am 
assuming from a safety. But if we needed to get out for 
whatever reason, you can't. I mean the kids would be 
trapped in that bathroom, and it just makes me crazy….”

Thermal Comfort:

P#5: “ ...in the winter, the heat was just so stifling 
because it was just blasting, I would open my window just 
to have some cold winter air come in to cool off the room”

Indoor Air Quality:

P#1: “...But I love fresh air especially if you have a weird 
odor. Like one time a kid left milk in their cubby and it 
was spoiled and he didn't know it was there, and so they 
brought in this giant industrial fan trying to blow it out. If 
you just open that door or that window, you [remove the 
odor] very quickly. So I would love it. It's something to me 
that's like cleansing and purifying fresh air...” 

Connection to Nature:

P#6: “... I think the kids do need to have lots of different 
sights and sounds… so they're able to notice, butterflies 
and bugs and things like that, and notice the smell too. If 
you open the window and it's raining, there's certainly a 
different smell to it, than, when it's dry. So, they do notice 
those kinds of things….”

Students’ Performance:

P#4: “...If I had windows, I wouldn't have to have the kids 
go outside [to record music]....”



QUESTION
Based on your experience, 

what are the drawbacks of operable windows?





Operable Windows
Drawbacks (Survey Results)

P#1: “So it's like we live in this world 
now that simple things that would be 
awesome like getting in a little fresh 
air in the middle of the day is not 
possible.”



Operable Windows

Security:

P#1: “....But honestly, because of lockdown and school 
shootings and the violence, I don't think even if we had 
operable windows, they [school administrators] would 
let us open them…”

P#7: “...the legitimate security risk, is if they [operable 
windows] don't get closed, leaving them open overnight, 
etc,...”

Animals and Insects:

P#5: “... I had a bird fly in [the classroom] last year. That is 
exciting. And I asked if I could put a screen, or if they could 
bring one, and they said no because it's the emergency exit. 
We've had birds, and wasps ...”

Health and Safety:

P#1: “... maybe a kid trying to get out of it or hurting their 
arm ... because kids can be mischievous, Closing somebody 
into the window, so I guess, just like safety ...”

P#6: “...We usually, don't open it [operable window] that 
much… I do have some kids with some allergies and 
because they are still working on the outside, it was like 
weeds and stuff outside for a while ...”

HVAC Performance:

P#7: “...So we have these increasingly sophisticated 
systems, that whether it's taking CO2 readings, and 
humidity, and temperature, and adjusting based on time, 
based on occupancy and all those things, and then you 
throw open a window, and it throws that all off-balance.”

Students’ Performance:

P#2: “... if I had an open window, you might hear the 
traffic all day. So I don't know if I could use it anyway, with 
all that noise, honestly….”

Drawbacks (Interview Results)













SUGGESTIONS
to different stakeholders

How to enhance benefits of operable windows and mitigate their drawbacks?



WE ALWAYS THRIVE FOR 
MORE SUGGESTIONS

Please share your name and email address 
if you are interested in this conversation!



Architects:

● Locate classrooms on a side with less disturbing 
noise such as traffic noise, etc.

● Design classrooms with at least two operable 
windows to provide cross ventilation

● Keep daylight, safety (emergency exit and kids 
falling), and security (not letting people in) in 
mind when locating the windows.   

● Have secured locked windows, which are easy to 
open/close and clean, and have a screen to 
prevent animals and bugs from crawling in.

● Provide windows along with a tool to remind 
teachers to close them. 

● Educate teachers on how they can improve 
thermal comfort and IAQ in their classrooms.

HVAC/Maintenance Staff

● Provide sensors or indicators to let teachers 
know when is a good time to open/close 
windows and remind teachers to close windows 
when leaving. 

● Design system which considers the status of 
windows (open/close).

● Educate teachers on how they can improve 
thermal comfort and IAQ in their classrooms.

Teachers

● Remember to close and lock the windows when 
leaving the classroom (i.e., by using notes/asking 
students to remind them/etc.)

● Attend training sessions that architects and 
engineers design to educate them about their 
impact on their classrooms and students.



Window Manufacturer:

Design and manufacturer windows which are:
● Customizable based on the users’ needs. 
● Easy to open/close.
● Secure locked.
● Have or can have a screen.
● Easy to clean and maintain

Urban Planners:

Zone schools far from highways with traffic giving 
architects more freedom to locate windows that can 
be open/close without any traffic disturbance. 

Software Engineers/UX Designers:

Design a way to:
● Tell teachers when is a good time to 

open/close windows based on indoor and 
outdoor conditions.

● Remind teachers to close windows when 
leaving (an app on their phone device or 
indicators in the class/windows)

School Administrators

Provide training sessions for teachers about the 
benefits and drawbacks of operable windows and 
how to use them effectively.

Students:

Learn how to interact with their spaces to improve 
IAQ in their classrooms.



LET’S THINK TOGETHER and 
IMPROVE OUR SCHOOL ENVIRONMENTS

Please share your name and email address 
if you are interested in this conversation!

Helia Taheri: htaheri@ncsu.edu

Dr. Traci Rose Rider: traci_rider@ncsu.edu 

Robin Randall: rrandall@legat.com

mailto:htaheri@ncsu.edu
mailto:rrandall@legat.com


THANK YOU!


