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From Walking Routes to Classrooms: Applied Low-Cost Sensor Science for Air Quality



When Living Things Reveal Air Pollution
The Sooty Birds

A COMPARISON OF HORNED LARKS COLLECTED INSIDE AND OUTSIDE OF
US INDUSTRIAL AREAS DURING THE EARLY 20TH CENTURY

Source: BBC. https://www.bbc.com/news/science-environment-41557157 



WHO IS MEASURING 
AIR QUALITY TODAY?



MEASUREMENT IS NOW DISTRIBUTED
ACROSS MANY GROUPS

LOW-COST SENSORS HAVE
DEMOCRATIZED AIR MONITORING

BUT DISTRIBUTED MEASUREMENT
CREATES A NEW CHALLENGE ....

 DATA QUALITY AND
COMPARABILITY!



ALLIN-WAYRA: ADVANCING SMALL SENSOR
SCIENCE THROUGH GLOBAL COLLABORATION

Allin-Wayra (“good air” /
“winds of change”) 
 IGAC activity established
in 2023 to connect global
small-sensor efforts and
build a diverse, inclusive
community of practice for
responsible sensor use.

Contact us! : allin.wayra@igacproject.org



ALLIN-WAYRA: ADVANCING SMALL SENSOR
SCIENCE THROUGH GLOBAL COLLABORATION

Global community-of-practice
coordination1

Regional and international
workshops2

Expert webinar series3

Conference sessions and
splinter meetings4

Co-development of open
guidance resources5



OPEN GUIDANCE ONLINE WEBINAR & WORKSHOP



“Evolving Trends” in the application of air quality low-cost sensors (LCS) (Bagkis et al. 2025)



The 5 Pillars of Low-Cost Sensor Best Practice

1.Fit for purpose
2. Co-location &

calibration
3. Environmental

correction
4. QA/QC protocol
5. Transparent reporting
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Field Application Case Study 1: 
Mobile PM₂.₅ Exposure Monitoring



A Walk Through Kuala Lumpur.. POV from Hyperlocal Scale
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Mobile monitoring using
both research-grade
(SidePak) and low-cost
(Atmotube) sensors
provides valuable
insights into PM₂.₅
exposure among active
commuters in urban
environments.
Atmotube captured
general pollution trends,
it underestimated PM₂.₅
concentrations by ~35%
compared to SidePak
and showed reduced
sensitivity to short-term
peaks.



Morawska et al. (2018)

1) Response time lag
 • Sensors track rapid pollution changes
 • Fast movement = delayed peaks
2) Inlet placement matters
 • Body & bag position change airflow
 • Small placement shifts → different readings
3) Humidity effects
 • Strong impact in tropical conditions
 • Always record environmental context
4) Spikes are signals
 • Short peaks reveal hotspots
 • Exposure patterns > absolute values

What the Street Taught Our Sensors

Field behavior ≠ Lab behavior



Low-Cost Sensors Are Powerful.... 
But Only When Science Is Shared!





Previous Sampling Campaign
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Morning commute-to school

Afternoon commute - return home



Key motivation

Our study found that PM2.5 levels near school gates
during pickup hours were high!
Let’s investigate how students like Maurice can avoid
these peaks.....

How can we transform
scientific evidence on

air pollution into
hands-on learning
experiences that

empower young people
to become informed,

data-driven advocates
for clean air?



Maurice lives only 500 meters from the school. Every morning, his
parents drive him to school, but in the afternoon, he usually walks

home on his own. Recently, Maurice has been experiencing
respiratory symptoms such as coughing and shortness of breath.

After a medical check-up, the doctor informed him that he is
sensitive to traffic-related air pollution. Concerned about his

health, Maurice wants to understand whether his school
environment and walking route are contributing to his symptoms. 

fictional student Hi guys!
Selamat pagi!
Saya Maurice!

Meet Maurice — A Student Just Like Yours

To help him, we invited students to become 'Air Pollution Detectives'
tasked with investigating Maurice's daily environment and
identifying the safest, cleanest route for him to take with the help of
wearable low-cost sensor



Theory of Planned Behavior (Ajzen, 1985)



Analyse

Identify

Act

Report
Transform Our World, UK

Inspiration Core Modules Translation of
Modules to the
Local Situation



86 students
aged 13-16

from non-science background



2 UNIT FLOW BY PLUME LABS





Sparked Interest Confident in Identifying Pollution
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Student Engagement & Enjoyment1 Learning Impact2

Results/Findings

Learning Outcomes from the ActivityStudent Engagement and Enjoyment in the
"Air Pollution Detective" Activity

Found it Engaging Enjoyed Detective Role Want More Activities

Believe Students Can Improve Environment
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Sensor Usability3

Sensor Easy to Use Found Better Route for Maurice
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0%

20%

40%

60%

80%

Hands-On Use of Low-Cost Sensors
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Sensor Usability4
Was the Time Enough?



Fit-for-purpose design matters more than device price
Calibration, QA/QC, and context are not optional

A story-based approach with Maurice’s case --> activity
more meaningful and relatable --> helped students stay
engaged and apply what they learned to real-life
problems

Even with limited time and simple sensors, students
were able to collect, understand, and use air quality
data to recommend safer walking routes  

Small sensors can create big impact... but only when we pair
accessibility with good science and shared best practice!

Key-Takeaways



Any question?

“We do not inherit the Earth from our ancestors, we borrow it from our children!” 

elianiezani@upm.edu.my


