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Up on a Rooftop..

Paonia letter jacket!
Paonia

● Low-cost air quality monitoring
○ Pre-oil and gas development 

in North Fork Valley 2012
● Western Slope Conservation Center 

non-profit set up locations
○ Paonia High was one of them!

…these pods should be inside the school

Y Pods!
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Introduction to 
Air Quality

Combustion 
and Hands-on 

Activities

Project Poster 
Symposium

Project 
Brainstorming 

Data 
Collection

Guided by CU Boulder mentors 
throughout the entire process

Air Quality InQuiry 
(AQIQ)

5 Teach Engineering Modules
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School Legend

Start (2013-14)

8 year growth (2015-22)

Future (2022-23)

● 8 years later..
○ 15 total schools reached
○ Over 3,000 students
○ 8 school districts
○ Spanning the western slope 

to front range
● And growing !

○ 3 schools joining in 2022-23 
academic year (Ouray, Yuma, 
Fort Morgan)

AQIQ in 
Colorado
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● Student contact with Public Lab 
Mongolia NGO and National 
University of Mongolia

● Severe air pollution
● Start : 3 high schools in capital, 

Ulaanbaatar
● Current : 5 high schools across 

various provinces
● Doubled # of involved students 

School Legend

Start (2020-21)

1 year growth(2021-22)

AQIQ in 
Mongolia
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From research to a K-12 environment
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AQIQ Class, Delta High School 2022



● YPods at center of curriculum
○ Project-based → learning by doing rather than telling1

○ Demystifies science and engineering tools
○ Active engagement - no separation between knowing and doing2

● Low-cost sensors
○ Increases accessibility
○ Expands on ideas of citizen science3

● Same pods used in research
○ Authentic tools of the profession (students can adopt role)2

■ Used by Hannigan Lab in research settings
○ Allows students to draw ties with higher education/careers

Important 
Constants
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Important 
Changes YPod Iterations - 2013
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Can measure :

● CO2

● VOCs (light and 
heavy)

● NO, NO2

● Temperature
● Humidity
● Pressure
● Ozone

Other features:
● Janky 

(disorganized)
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Important 
Changes YPod Iterations - 2016

Can measure :

● CO2

● VOCs (light and heavy)
● NO, NO2

● Temperature
● Humidity
● Pressure (discontinued)
● Ozone

Other features: 
● Janky 

(disorganized)
● Power cable
● Battery power
● Instructions
● Updated 

circuit design



Can measure :

● CO2
● VOCs (light and heavy)
● NO, NO2
● Temperature
● Humidity
● Pressure
● Ozone
● CO
● PM (1, 2.5, 10)
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Important 
Changes YPod Iterations -

2020

Other features: 
● Janky 

(disorganized)
● Power cable
● Battery power
● Instructions
● Updated circuit 

design
● Choice of gas-

only / gas+ 
particulate



● Enhances understanding of air quality
○ AQI and NAAQS (rooted in regulation)
○ Easier for students to visualize
○ Allows to students to measure “Visibility” 
○ Expands sources students can study 

(aerosols, dust, mechanical generation etc.)

● Connects to COVID-19
○ Mask experiment - importance of particle 

filtration

● Connects to wildfires
○ Place-based, students’ experiences of hazy 

days

● Over 20% of student projects involved 
PM in first year!

Important 
Changes Incorporating PM
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With these changes, students are 
able to explore 
● Multiple pollutants
● Environmental factors (T, Rh)
● Place-based AQ questions
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Tailpipe emissions activity in Lone Star, 2022 HS student exploring combustion

HS student exploring agricultural emissions

Tailpipe emissions 
activity, Ulaanbaatar
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Past AQIQ Projects

Student AQ Symposium 
in Mongolia

Student AQ Symposium 
in Colorado



Pollutants and 
environmental 
factors
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Place-based 
and multiple 
pollutants
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Place-based 
Mongolia 
and multiple 
pollutants
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Technical -

● Increase data accessibility
○ E.g. Wifi, cellular,  Bluetooth

● Expand measuring capability
● Improve sensor calibration

Educational -

● Long-term impact of AQIQ
● Expand curriculum

○ Sensor function
○ Local sources/industry
○ Environmental justice

Further Plans
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Teach Engineering website with AQIQ curriculum



AQIQ Website - https://www.colorado.edu/aqiq/

AQIQ Data Analysis Tool - https://www.colorado.edu/aqiq/resources

Curriculum - https://www.teachengineering.org/lessons/view/cub_airquality_lesson01

Learning outcomes from previous studies -
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A. Collier, D. Knight, K. Hafich, M. Hannigan, M. Polmear and B. Graves, "On the development and implementation of a project-based learning curriculum for air 
quality in K-12 schools," 2015 IEEE Frontiers in Education Conference (FIE), 2015, pp. 1-7.

D. Knight, A. Collier, M. Hannigan and K. Hafich, "Broadening and sustaining an Air Quality K-12 curriculum through a Digital Library and undergraduate service 
learning course," 2016 IEEE Frontiers in Education Conference (FIE), 2016, pp. 1-5.

K. Okorn, T. Tran, J. Polman, D. Knight and M. Hannigan, "Changing learning opportunities and outcomes with varying levels of remote and in-person 
engineering education outreach," 2021 IEEE Frontiers in Education Conference (FIE), 2021, pp. 1-8.

Polman, J. L., Tran, T. C., & Knight, D. W. Place-based air quality inquiry in U.S. rural contexts. In Miller, K. M.. Data Literacy in Context: Culturally Oriented and 
Place-Based Learning Through Data. Symposium presentation at American Educational Research Association 2022.

Tran, T. C., Polman, J. L., Knight, D. (2022). Organizing outreach for cultural transformation: The design of a STEM education learning pathway. 2022 International 
Conference of the Learning Sciences. (conference proceedings)

More Information
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https://www.colorado.edu/aqiq/
https://www.colorado.edu/aqiq/resources
https://www.teachengineering.org/lessons/view/cub_airquality_lesson01


The Sensors
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Sensirion Surface-

Mount Humidity and 

Temperature

Figaro TGS2600 

(sensitive to lighter 

VOCs)
Figaro TGS2602 

(sensitive to 

heavier VOCs)

Plantower PMS5003 

Particulate Matter

Alphasense CO-B4 ELT S-300 CO2
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