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MODULE 3 

 

 

  Module Overview 
 

Burning fuel, the chemical process of combustion, has been 
a part of human civilization since we first started using fire 
for warmth and cooking. When the Industrial Revolution 
provided us electricity through widespread use of coal-
burning power plants, combustion brought all new 
benefits, and many serious drawbacks. The advent of 
cars and trucks driven by internal combustion engines 
multiplied these effects. Combustion produces particulate 
matter, a form of air pollution that can have very serious 
repercussions for human health and the environment. In this 
module, students will take on the role of concerned community members who fear that 
their proximity to sources of particulate matter, both from combustion and other 
processes, is endangering their health. Acting as citizen scientists, they will learn about 
where particulate matter comes from, and how it affects human health. They will also 
measure particulate matter in their community. The module culminates in a simulated 
public meeting before a state committee where students will take on different  roles to 
argue whether or not diesel trucks should be banned from traveling through residential 
neighborhoods. 
 
Anchor phenomenon: Streams of particulate matter emitted from diesel vehicles. 

 
   

Pacing 
 

¶ 9 activities (2 optional) + summative assessment 

¶ Approximately 10 class periods (plus 2 optional) 

Copyright © 2020 by the Metropolitan Washington Council of Governments 
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When to Teach This Module 
 

Finding the right place within a science scope and sequence to investigate air pollution with students 
can be tricky. Below you will find some information about the module that can help you decide where 
this it might fit into your own plans for student leaning: 
 
ü Connection to Ecosystems: Air pollution can have a tremendous effect on the health of 

ecoystems. The NGSS standards focus on how changes to a physical or biological component 
of an ecosystem can affect populations. In this module, the change in the ecoystem is 
particulate matter pollution, and the population affected is humans. Alignment to the 
standard would require additional examples of how other populations in the ecosystem is 
affected, but this module would fit well within a larger investigation of pollutants affecting 
ecosystems. 
 

ü Connection to Human Health: Air pollution from particulate matter pollution can have a 
significant impact human health. This module focuses specifically on how the health of a 
community is affected by particulate matter pollution. As such, it would fit well within a unit 
on the human respiratory and circulatory systems to add a real-world example of how the 
environment affects the health of human body systems. 
 

ü Connection to Natural Resource Usage: Air pollution is very much a story about human 
population and the consequences of how we use natural resources. While the module itself 
does not go into detail about kinds of natural resources, it would fit well as a part of a larger 
investigation of fossil fuels, and how our usage of those fuels affects human health. 
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Standards Overview 
 

Middle School NGSS standards alignment 
 

Performance Expectations 
 
Focus PE: 
MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a human impact on the 
environment.* [Clarification Statement: Examples of the design process include examining human environmental 
impacts, assessing the kinds of solutions that are feasible, and designing and evaluating solutions that could 
reduce that impact. Examples of human impacts can include water usage (such as the withdrawal of water from 
streams and aquifers or the construction of dams and levees), land usage (such as urban development, 
agriculture, or the removal of wetlands), and pollution (such as of the air, water, or land).] 

 
Background PEs: 
MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or biological 
components of an ecosystem affect populations. [Clarification Statement: Emphasis is on recognizing patterns in 
data and making warranted inferences about changes in populations, and on evaluating empirical evidence 
supporting arguments about changes to ecosystems.] 
  
MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the 
criteria and constraints of the problem. 

Science & Engineering Practices 
 
Focus SEP:  Engaging in Argument from Evidence 
Engaging in argument from evidence in 6ï8 builds on Kï5 experiences and progresses to constructing a 
convincing argument that supports or refutes claims for either explanations or solutions about the natural and 
designed world(s).  

¶ Construct, use, and/or present an oral and written argument supported by empirical evidence and 
scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a 
problem.  

¶ Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.  

 
Background SEP: Analyzing Data 
Analyzing data in 6ï8 builds on Kï5 experiences and progresses to extending quantitative analysis to 
investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error 
analysis.  

¶ Use graphical displays (e.g., maps, charts, graphs, and/or tables) of large data sets to identify temporal 
and spatial relationships. 

¶ Distinguish between causal and correlational relationships in data. 
 
Background SEP: Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in 6ï8 builds on Kï5 experiences and progresses to include 
constructing explanations and designing solutions supported by multiple sources of evidence consistent with 
scientific ideas, principles, and theories. 

¶ Apply scientific ideas, principles, and/or evidence to construct, revise and/or use an explanation for real-
world phenomena, examples, or events.  

¶ Apply scientific ideas or principles to design, construct, and/or test a design of an object, tool, process or 
system.  

¶ Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that 
meets specific design criteria and constraints.  

¶ Optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re-testing.  
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Disciplinary Core Ideas 
 
Focus DCI: ESS3.C: Human Impacts on Earth Systems  
Human activities have significantly altered the biosphere, sometimes damaging or destroying natural habitats and 
causing the extinction of other species. But changes to Earthôs environments can have different impacts (negative 
and positive) for different living things. (MS-ESS3-3) 
 
Background DCI: LS2.A: Interdependent Relationships in Ecosystems  
Organisms, and populations of organisms, are dependent on their environmental interactions both with other living 
things and with nonliving factors. Growth of organisms and population increases are limited by access to 
resources. 
 
Background DCI: LS2.C: Ecosystem Dynamics, Functioning, and Resilience  
Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical or 
biological component of an ecosystem can lead to shifts in all its populations. (MS-LS2-4) 
 
Background DCI: ETS1.B: Developing Possible Solutions 
A solution needs to be tested, and then modified on the basis of the test results, in order to improve it. There are 
systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a 
problem. Sometimes parts of different solutions can be combined to create a solution that is better than any of its 
predecessors. Models of all kinds are important for testing solutions.  
 

Crosscutting Concepts 
Focus CCC: Cause and Effect: Mechanism and Prediction ï Events have causes, sometimes simple, 

sometimes multifaceted. Deciphering causal relationships, and the mechanisms by which they are mediated, is a 
major activity of science and engineering.  

¶ Relationships can be classified as causal or correlational, and correlation does not necessarily imply 
causation. 

¶ Cause and effect relationships may be used to predict phenomena in natural or designed systems.  

¶ Phenomena may have more than one cause, and some cause and effect relationships in systems can 
only be described using probability  
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NGSS 5th Grade Standards alignment 

 
Performance Expectations: 
 
Focus SEP: 5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to 
protect the Earthôs resources and environment. 
 
Background SEP: 5-ESS2-1. Develop a model using an example to describe ways the geosphere, biosphere, 
hydrosphere, and/or atmosphere interact. [Clarification Statement: Examples could include the influence of the 
ocean on ecosystems, landform shape, and climate; the influence of the atmosphere on landforms and ecosystems 
through weather and climate; and the influence of mountain ranges on winds and clouds in the atmosphere. The 
geosphere, hydrosphere, atmosphere, and biosphere are each a system.] [Assessment Boundary: Assessment is 
limited to the interactions of two systems at a time.] 

 

Science & Engineering Practices 
 
Engaging in argument from evidence 
Engaging in argument from evidence in 3ï5 builds on Kï2 experiences and progresses to critiquing the scientific 
explanations or solutions proposed by peers by citing relevant evidence about the natural and designed world(s).  

¶ Construct and/or support an argument with evidence, data, and/or a model.  

¶ Use data to evaluate claims about cause and effect.  

 
Analyzing and interpreting data 
Analyzing data in 3ï5 builds on Kï2 experiences and progresses to introducing quantitative approaches to 
collecting data and conducting multiple trials of qualitative observations.  
When possible and feasible, digital tools should be used.  

¶ Represent data in tables and/or various graphical displays (bar graphs, pictographs and/or pie charts) to 
reveal patterns that indicate relationships.  

¶ Analyze and interpret data to make sense of phenomena, using logical reasoning, mathematics, and/or 
computation.  

 
Constructing explanations (for science) and designing solutions (for engineering) 
Constructing explanations and designing solutions in 3ï5 builds on Kï2 experiences and progresses to the use of 
evidence in constructing explanations that specify variables that describe and predict phenomena and in designing 
multiple solutions to design problems.  

¶ Use evidence (e.g., measurements, observations, patterns) to construct or support an explanation or 
design a solution to a problem.  

 

Disciplinary Core Ideas 
  
ESS3.C: Human Impacts on Earth Systems  
Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, 
ocean, air, and even outer space. But individuals and communities are doing things to help protect Earthôs 
resources and environments. (5-ESS3-1) 

 
ETS1.B: Developing Possible Solutions  
Research on a problem should be carried out before beginning to design a solution. Testing a solution involves 
investigating how well it performs under a range of likely conditions. At whatever stage, communicating with peers 
about proposed solutions is an important part of the design process, and shared ideas can lead to improved 
designs. Tests are often designed to identify failure points or difficulties, which suggest the elements of the design 
that need to be improved. 
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Crosscutting Concepts 
 
Cause and Effect: Mechanism and Explanation 
Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating and 
explaining causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be 
tested across given contexts and used to predict and explain new contexts. 

¶ Events that occur together with regularity might or might not be a cause and effect relationship.  
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Virginia Standards of Learning (SOLs) alignment 

 

Science & Engineering Practices 
5.1 (c) 
 

Interpreting, analyzing, and evaluating data. The student willé 

¶ represent and analyze data using tables and graphs  

¶ organize simple data sets to reveal patterns that suggest relationships 

¶ use data to evaluate and refine design solutions 
 
 

5.1 (d) Constructing and critiquing conclusions and explanations. The student willé 

¶ construct and/or support arguments with evidence, data, and/or a model 

¶ generate and compare multiple solutions to problems based on how well they meet 
the criteria and constraints 

 

6.1 (c) Interpreting, analyzing, and evaluating data. The student willé 

¶ organize data sets to reveal patterns that suggest relationships 

¶ construct, analyze, and interpret graphical displays of data 

¶ use data to evaluate and refine design solutions 
 

6.1 (d) Constructing and critiquing conclusions and explanations. The student willé 

¶ construct scientific explanations based on valid and reliable evidence obtained 
from sources (including the studentsô own investigations) 

¶ generate and compare multiple solutions to problems based on how well they meet 
the criteria and constraints 
 

Content Standards 
6th Grade 
6.9 

The student will investigate and understand that humans impact the environment and 
individuals can influence public policy decisions related to energy and the environment. Key 
ideas include: 

c) major health and safety issues are associated with air and water quality;  
e) preventive measures can protect land-use and reduce environmental hazards; and  
f) there are cost/benefit tradeoffs in conservation policies. 

 

Earth Science 
ES.11 
 
 

The student will investigate and understand that the atmosphere is a complex, dynamic 
system and is subject to long-and short-term variations. Key ideas include  

c) natural events and human actions may stress atmospheric regulation 
mechanisms; and  
d) human actions, including economic and policy decisions, affect the atmosphere. 
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Common Core State Standards alignment 
 

Literacy Standards 
RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking 

measurements, or performing technical tasks. 
 

RST.6-8.4 Determine the meaning of symbols, key terms, and other domain-specific words and 
phrases as they are used in a specific scientific or technical context relevant to grades 6-8 
texts and topics. 
 

WHST.6-8.1 Write arguments focused on discipline-specific content. 
 

WHST.6-8.1B Support claim(s) with logical reasoning and relevant, accurate data and evidence that 
demonstrate an understanding of the topic or text, using credible sources. 
 

SL.8.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and 
teacher-led) with diverse partners on grade 8 topics, texts, and issues, building on others' 
ideas and expressing their own clearly. 
 

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner 
with relevant evidence, sound valid reasoning, and well-chosen details; use appropriate 
eye contact, adequate volume, and clear pronunciation. 
 

Math Standards 
6.SP.B.5 Summarize numerical data sets in relation to their context 
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5E Module Flow 

 
 
 

Activity 2 (Explore): What Happens When Things Burn? 
Timing: 45-60 minutes 
Purpose: Connecting the physical phenomenon of exhaust from trucks with the scientific concepts 
of combustion and particulate matter 
V Students will know that particulate matter (PM) comes from combustion 
V Students will have an intuitive and a cognitive understanding of what PM 10 and PM 2.5 are. 

Activity 3a (Explore): Measuring Particulate Matter Using Technology 
Timing: 2-3 class periods 
Purpose: Measuring particulate matter in and around the school to learn how to measure PM and to 
determine if there are any air quality issues in the local school community 
V Students will be able to measure particulate matter using technology 
V Students will be able to use their measurements to draw and support conclusions about how 

healthy the air is near the school 

Activity 4 (Explain): Particulate Matter and Human Health 
Timing: 30-45 minutes 
Purpose: Understanding how particulate matter affects human health at a physiological level  
V Students will be able to identify the major health risks of particulate matter pollution 
V Students will be able to compare and contrast the health effects of PM 2.5 and PM 10 

 

Activity 3b (Explore): Measuring Particulate Matter Using Engineering 
Timing: 3-4 class periods 
Purpose: Building particulate matter collectors to use around the school to develop engineering 
skills, learn how to measure PM, and to determine if there are any air quaity issues in the school 
community 
V Students will be able to design, test, and deploy particulate matter collectors 
V Students will be able to collect and analyze data to determine what areas of the school 

community have high levels of particulate matter in the air  

Activity 1 (Engage): The Trouble With Trucks 
Timing: 45 minutes 
Purpose: Introducing the anchor phenomenon 
V Students will ask questions to clarify and define the phenomenon of point-source air pollution 

(truck exhaust) 
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Activity 5 (Elaborate): Particulate Matter in the Community 
Timing: 45-60 minutes 
Purpose: Understanding how particulate matter affects human health at the community level 
V Students will analyze data in order to connect particulate matter pollution to health 

outcomes in a community 
V Students will be able to distinguish between causation and correlation 

 

Activity 6 (Elaborate): Air Toxics in the Community (optional) 
Timing: 45 minutes 
Purpose: Understanding hazardous air pollution and how it can affect communities 
V Students will learn how scientists identify sources of toxic chemicals in the community 
V Students will understand the difference between the criteria pollutants and toxic chemical 

pollutants 

Activity 7 (Elaborate): Who is Polluting in My Neighborhood (optional) 
Timing: 45-60 minutes 
Purpose: Identifying potential sources of harmful air pollution in local neighborhoods 

V Students will research air pollution sources in their communities and analyze their findings 

Activity 8 (Elaborate): Not in My Backyard: Environmental Justice 
Timing: 45-60 minutes 
Purpose: )ÎÖÅÓÔÉÇÁÔÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ɉÉÎɊÊÕÓÔÉÃÅ ÕÓÉÎÇ %0!ȭÓ %* 3ÃÒÅÅÎ ÔÏÏÌ 
V Students will understand the concept of environmental justice 
V Students will investigate environmental justice in their community to see if certain groups 

of people are more frequently affected by air pollution 

Activity 9 (Evaluate): Public Hearing on Banning Diesel Trucks in the Neighborhood 
Timing: 2-3 class periods 
Purpose: Understanding the public policy of air quality, and learning to advocate for air quality 
issues 
V Students will explore and learn different perspectives on public policy related to air quality 
V Students will make arguments based on evidence about whether or not diesel trucks 

should be banned in the community 
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Module Materials 
 
Activity 1 (Engage): The Trouble With Trucks 
Æ Handouts: none 
Æ Materials needed: Computer & projector, sticky notes, sentence strips 
Æ Optional materials: Air Quality Champions interview (see end of module) 

 

Activity 2 (Explore): What Happens When Things Burn? 
Æ Handouts: What Happens when Things Burn? notes sheet 
Æ Materials needed: Two candles (large and small) and lighter/matches, glass jar that you can put 

over the small candle (or a metal can with the label removed), flour, flashlight, orange/match 
Æ Optional materials: aluminum foil, ice, paper 

 
Activity 3a (Explore): Measuring Particulate Matter Using Technology 
Æ Handouts: Measuring PM in the Classroom, Measuring PM in the School Community 
Æ Materials needed: AirBeams (approx. 1:4 students; see module for details), Android device with 

AirCasting app, clipboards, computer & projector 
Æ Optional materials: Student computers 

 

Activity 3b (Explore): Measuring Particulate Matter Using Engineering 
Æ Handouts: Design a Partculate Matter Detector 
Æ Materials needed: Graph paper, magnifying glass/dissecting scope, materials for building and 

testing the PM detectors (see module for details), scissors, additional blank paper 
Æ Optional materials: none 

 
Activity 4 (Explain): Particulate Matter and Human Health 
Æ Handouts: The Health Effects of Particulate Matter 
Æ Materials needed: Sentence strips, computer & projector 
Æ Optional materials: Student computers 

 
Activity 5 (Elaborate): Particulate Matter in the Community 
Æ Handouts: Citizen Science: How Particulate Matter Pollution Affects a Community 
Æ Materials needed: Graph paper 
Æ Optional materials: Student computers 

 

Activity 6 (Elaborate): Air Toxics in the Community (optional) 
Æ Handouts: Air Toxics in the Community, Air Toxics and Criteria Pollutants 
Æ Materials needed: Computer & projector, speakers 
Æ Optional materials: n/a 
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Æ Handouts: Air Pollution Sources in My Community 
Æ Materials needed: Computer & projector 
Æ Optional materials: Student computers (highly recommended) 

 
Activity 8 (Elaborate): Not In My Backyard: Environmental Justice 
Æ Handouts: Environmental Justice Investigation Guide 
Æ Materials needed: Computer & projector, internet connection 
Æ Optional materials: Student computers (highly recommended)   

 

Activity 9 (Evaluate): Public Hearing on Banning Diesel Trucks in the Neighborhood 
Æ Handouts: Role play stakeholder cards, Diesel truck ban role play scenario, Role play planning, 

hearing notes sheet, Cast Your Vote writing prompt 
Æ Materials needed: Research materials (see module for details), presentation rubric (provided) 
Æ Optional materials: Student computers, news arÔÉÃÌÅ ÏÎ #ÁÌÉÆÏÒÎÉÁȭÓ ÄÉÅÓÅÌ ÔÒÕÃË ÍÁÎÕÆÁÃÔÕÒÉÎÇ 

phase-out 
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Teacher Background Information 
 

Particulate Matter (PM) Basics 
 
PM stands for particulate matter (also called particle 
pollution): the term for a mixture of solid particles 
and liquid droplets found in the air. Some particles, 
such as dust, dirt, soot, or smoke, are large or dark 
enough to be seen with the naked eye. Others are so 
small they can only be detected using an electron 
microscope. 

Particle pollution includes: 

¶ PM10 : inhalable particles, with diameters that 
are generally 10 micrometers and smaller; 
and 

¶ PM2.5 : fine inhalable particles, with diameters that are generally 2.5 micrometers and smaller. 

o How small is 2.5 micrometers? Think about a single hair from your head. The average human 
hair is about 70 micrometers in diameter ɀ making it 30 times larger than the largest fine 
particle. 

These particles come in many sizes and shapes and can be made up of hundreds of different chemicals. Some 
are emitted directly from a source, such as construction sites, unpaved roads, fields, smokestacks or fires. 
Most particles form in the atmosphere as a result of complex reactions of chemicals such as sulfur dioxide and 
nitrogen oxides, which are pollutants emitted from power plants, industries and automobiles. 

What are the Harmful Effects of PM? 
Particulate matter contains microscopic solids or liquid droplets that are so small that they can be inhaled and 
cause serious health problems. Some particles less than 10 micrometers in diameter can get deep into your 
lungs and some may even get into your bloodstream. Of these, particles less than 2.5 micrometers in diameter, 
also known as fine particles or PM2.5, pose the greatest risk to health. 

Fine particles are also the main cause of reduced visibility (haze) in parts of the United States, including many 
of our treasured national parks and wilderness areas. 

What is Being Done to Reduce Particle Pollution? 
EPA regulates inhalable particles. Particles of sand and large dust, which are larger than 10 micrometers, are 
not regulated by EPA. %0!ȭÓ ÎÁÔÉÏÎÁÌ ÁÎÄ ÒÅÇÉÏÎÁÌ ÒÕÌÅÓ ÔÏ ÒÅÄÕÃÅ ÅÍÉÓÓÉÏÎÓ ÏÆ ÐÏÌÌÕÔÁÎÔÓ ÔÈÁÔ ÆÏÒÍ 0- ×ÉÌÌ 
help staÔÅ ÁÎÄ ÌÏÃÁÌ ÇÏÖÅÒÎÍÅÎÔÓ ÍÅÅÔ ÔÈÅ !ÇÅÎÃÙȭÓ ÎÁÔÉÏÎÁÌ ÁÉÒ ÑÕÁÌÉÔÙ ÓÔÁÎÄÁÒÄÓȢ  

 
  



 

On the Air 2020  Module 3: Air Pollution in the Community 

1
5  

How Can I Reduce My Exposure to PM? 
You can use air quality alerts to protect yourself and others when PM reaches harmful levels: 

AirNow: Every day the Air Quality Index (AQI) tells you how clean or polluted your outdoor air is, along with 
associated health effects that may be of concern. The AQI translates air quality data into numbers and colors 
that help people understand when to take action to protect their health. 

¶ Go to About AirNow to learn how you can get AQI notifications. 

¶ Also learn how the Air Quality Flag Program can help air agencies, schools, and other community 
organizations to notify their citizens of harmful conditions and adjust outdoor physical activities as 
needed. 

 
Source: Particulate Matter (PM) Pollution, US EPA. https://www.epa.gov/pm-pollution/particulate-matter-pm-basics 

  

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
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Activity 1 (Engage): The Trouble With Trucks 
 

Activity summary: In this investigation kickoff activity, students are 
introduced to the phenomenon of truck exhaust and ɀ in the extreme case 
ɀ coal rolling. They take a moment to consider what they already know 
about truck exhaust and come up with some questions about the topic 
before they begin exploring in the next activity. 

 
Warmup: What kinds of trucks have you seen in your neighborhood? 

¶ Students may identify garbage trucks, delivery trucks (ex. 
Amazon), dump trucks (if they are near a construction site), 
tractor trailers (ex. at grocery stores), tanker trucks (at gas 
stations) 

¶ The purpose of this warmup is to provide information about 
what kinds of trucks students are familiar with, which will help 
with the rest of the investigation. 

 

1. Frame the activity: Tell students that today they are beginning a new 
investigation. For this investigation, they are going to take on the role 
of citizens who are concerned about something they have seen in their 
community. In just a moment, they will see the same thing. Will they 
ÈÁÖÅ ÔÈÅ ÓÁÍÅ ÃÏÎÃÅÒÎÓ ÁÓ ÔÈÅ ÃÉÔÉÚÅÎÓȩ ,ÅÔȭÓ ÆÉÎÄ ÏÕÔȢ 

 

2. Introduce the Phenomenon: Diesel trucks: Hand out the I See, I Think, 
I Wonder sheet for students. Tell them that in a moment you are going 
to show one or more videos of this event. Their job is to write down 
what they see in the top row of the sheets using as many details as 
possible. 

 
Show students one or more of the videos or pictures below that show 
diesel vehicles emitting large amounts of pollution. Choose the 
video(s) that you think students will recognize from their own 
experience: 

¶ Garbage truck (video, show just the first minute) 
https://www.youtube.com/watch?v=TMzfOLfE0eA 

¶ Dump truck (vide) 
https://www.youtube.com/watch?v=_VxpFDeBfIo 

¶ School bus (picture): http://electricschoolbuscampaign.org/wp-
content/uploads/2018/04/Snapshot-5-4-7-2018-2-03-AM.png 

¶ Ȱ2ÏÌÌÉÎÇ #ÏÁÌȱ ÔÒÕÃËÓ ÍÏÄÉÆÉÅÄ ÔÏ ÅÍÉÔ ÍÏÒÅ ÐÏÌÌÕÔion (video, 
show first minute) 
https://www.youtube.com/watch?v=sqyZ1N9hvNU 

 

Time:  45 minutes 
 

Objectives 
V Students will ask 

questions to clarify and 
define the phenomenon 
of point-source air 
pollution (truck 
exhaust) 

 
Materials 

V Computer & projector 
V Sticky notes 
V Sentence strips (or 

other paper) 
 

Handouts 
V I See, I Think, I Wonder 
V Air Quality Champion 

interview (optional) ɀ 
see end of module 

 
 
 

Teacher Tip 
V If there are other 

vehicles that your 
students see regularly, 
consider showing them 
pictures of these as well 
(ex. buses) as long as 
they show the 
phenomenon. 

 
 
 
 
 
 
 
 

ACTIVITY DETAILS 

Standards Connection 
 DCI: ESS3.C: Human Impacts on Earth Systems 
 

 

https://www.youtube.com/watch?v=TMzfOLfE0eA
https://www.youtube.com/watch?v=_VxpFDeBfIo
http://electricschoolbuscampaign.org/wp-content/uploads/2018/04/Snapshot-5-4-7-2018-2-03-AM.png
http://electricschoolbuscampaign.org/wp-content/uploads/2018/04/Snapshot-5-4-7-2018-2-03-AM.png
https://www.youtube.com/watch?v=sqyZ1N9hvNU
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is a kind of truck you think they will be familiar with: 
 

 
 

Afterwards, have students turn to a partner and share what they saw. 
Encourage them to ÁÄÄ ÔÈÅÉÒ ÐÁÒÔÎÅÒÓȭ ÏÂÓÅÒÖÁÔÉÏÎÓ ÔÏ ÔÈÅÉÒ ÓÈÅÅÔÓ. 
Then have partners share with the whole group. Use questioning 
techniques to help students focus on the exhaust from these vehicles, 
and to be as descriptive of it as possible. Ask students if they have ever 
seen trucks like this before, either in their community or somewhere 
else. 
 

3. I think: In the Ȱ) 4ÈÉÎËȱ ÓÅÃÔÉÏÎ ÏÆ ÔÈÅÉÒ ÓÈÅÅÔÓȟ Èave students write 
what they know about exhaust. They will have different amounts of 
background knowledge, but they at least know that it is smoke that 
comes from trucks. Then have them turn to a partner to share what 
they know. Afterwards, have students share something that their 
partner said about exhaust. 

 
4. I wonder: On their own, have students write down what they wonder 

about truck exhaust in question form (ex. Where does the exhaust 
come from?). While they are writing, pass out sticky notes to small 
groups of students. When they are done writing, have each small 
group write down whatever questions they have about truck exhaust 
ɀ one question on each sticky note. When they are ready, go around 
the class and have each group share one of their questions. You can 
rewrite these questions on the board or have students bring their 
sticky notes up to the front. After each question, ask if any other 
groups have the same question, and make a note of how many groups 
have that question. Tell students to put a check mark on their stickies 
whenever a question they have has been shared so that they only 
share new questions. Continue around the room until all groups have 
shared their questions. 

 

  

Vocabulary 
V Make sure that 

students are familiar 
with what you are 
referring to when you 
use the word 
ȰÅØÈÁÕÓÔȢȱ 4ÈÅÙ ÄÏÎȭÔ 
need to know what it is 
yet, but they should 
know you are referring 
to the smoke coming 
from the trucks. 

 
 
 
 
 
 

 
 

 
Differentiation  

V If students have 
difficulty creating 
questions, you can 
provide them with 
types of scientific 
questions to kickstart 
their thinking. For 
example: what is this 
made of? Where did this 
come from? Is this 
dangerous to humans? 
Is this bad for the 
environment? Is there 
an alternative to this? 

 
 
 
 

TEACHER NOTES 

https://www.wallpaperflare.com/peterbilt-truck-tractor-tanker-transport-blue-smoke-industrial-wallpaper-aktpe
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5. Summarize questions. 7ÉÔÈ ÓÔÕÄÅÎÔÓȭ ÈÅÌÐȟ ÏÒÇÁÎÉÚÅ ÔÈÅ ÑÕÅÓÔÉÏÎÓ 

into 2-4 groups of similar questions, and choose 2-4 overarching 

questions to summarize the category (the class may need to create 

questions that summarize each category). Ideally these will be 

questions that align closely with the goals of the module (ex. what is 

truck exhaust made of? Is truck exhaust harmful). Write these big 

questions on sentence strips (or other paper) and put them up on the 

wall. Tell students that you will use the questions to help guide their 

investigation. 

 
6. Trucks in the community: Now that students have seen the 

phenomenon, return to idea that citizens in the community are 

concerned about these trucks. Ask students why people might be 

concerned (ex. there are young children around, there are people with 

asthma, etc.) In particular, ask if there are there people in the 

community that might be more concerned than others? Have the 

students ever experienced one of these trucks driving by? What was it 

like? 5ÓÅ ÔÈÉÓ ÁÓ ÁÎ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÈÅÌÐ ÓÔÕÄÅÎÔÓȭ ÍÁËÅ Á ÐÅÒÓÏÎÁÌ 

connection to the phenomenon and see it as something to be 

concerned about. 

 
7. Formative assessment. You may uÓÅ ÓÔÕÄÅÎÔÓȭ I See, I Think, I Wonder 

sheets as a formative assessment, since this activity is designed to 

kickoff the investigation. Alternatively, have students write a short 

answer about their experience with trucks like the ones in the 

pictures: ex. How do they feel about these trucks?  

 

 

 

 

 
 
 
 
 
 
 
 
  

Air Quality Champion 
 

Joshua Shodeinde is an air quality 
champion in our community. As an 

engineer at the Maryland Department of 
the Environment, Joshua helps develop 
clean air regulations. Learn more about 

Joseph, his work, and how he protects air 
quality at the end of the module. 

 

Recommended 
reading 

V For more on how 
delivery trucks affect 
pollution in cities, check 
out this short article 
from Scientific 
American: 
https://www.scientifica
merican.com/article/deli
very-vehicles-
increasingly-choke-
cities-with-pollution/ 

 
 
 
 
 
 
 
 
 
 
 

Recommended 
V At some point during 

the module, have 
students read the 
interview with this 
ÍÏÄÕÌÅȭÓ !ÉÒ 1ÕÁÌÉÔÙ 
Champion to get them 
into the frame of mind 
ÏÆ ×ÈÁÔ ÔÈÅÙȭÌÌ ÂÅ 
investigating 

 
 
 

TEACHER NOTES 
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STUDENT 

HANDOUT 
 

Name           
 

I See, I Think, I Wonder 
 

) 3ÅÅȣ 
 

) 4ÈÉÎËȣ 

) 7ÏÎÄÅÒȣ 
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Activity 2 (Explore): What Happens When Things Burn? 
 

Activity summary: In this activity, students begin to investigate 
combustion by observing a candle burn and looking at the soot it 
produces. They read about particulate matter and experience a 
variety of different demonstrations to understand the difference 
between PM10 and PM2.5 

Warmup: Light the candle that you are going to use for the 

demonstration, and put it in a place where all students can see it. 

Have students describe what they see. 

¶ 0ÏÓÓÉÂÌÅ ÒÅÓÐÏÎÓÅÓȡ )Ô ÇÉÖÅÓ ÏÆÆ ÌÉÇÈÔȟ ÔÈÅÒÅȭÓ ÓÏÍÅÔÈÉÎÇ 
coming ÆÒÏÍ ÔÈÅ ÔÏÐȟ ÉÔȭÓ ÍÅÌÔÉÎÇȟ ÉÔȭÓ ÂÕÒÎÉÎÇȟ ÅÔÃȢ 

 

1. Frame the activity: Display the truck picture(s) from the 

phenomenon (Activity 1) while the candle is still burning. Tell 

students that the candle and the trucks have something very 

important in common. See if any students volunteer the idea 

that they both burn things. If not, ask them what they see 

coming from both the candle and the truck. Use questioning to 

help them focus on the smoke/exhaust, and the idea these 

both come from burning things. Both the truck (diesel fuel or 

gasoline) and the candle (wax) are burning things. Tell 

ÓÔÕÄÅÎÔÓ ÔÈÁÔ ÔÏ ÕÎÄÅÒÓÔÁÎÄ ×ÈÁÔȭÓ ÈÁÐÐÅÎÉÎÇ ÉÎ ÏÕÒ ÔÒÕÃË 

pictures, we need to understand what happens when we burn 

things, so they are going to study burning today. 

 
2. Candle burning observations. Pass out the notes sheet Ȱ7ÈÁÔ 
(ÁÐÐÅÎÓ 7ÈÅÎ 4ÈÉÎÇÓ "ÕÒÎȩȱ and tell students to record 
observations of everything they are about to see on the left 
side of the graphic organizer (Candle observations) with one 
observation per block. Relight the candle if necessary, and 
hold the glass jar or can above it so that it collects some soot 
(you may need to hold it very close to the flame). After you 
have collected enough soot, remove the jar/can and show it to 
students. You can also wipe some of the soot onto a paper 
towel and pass it around so students can see it. Make sure that 
students also observe the wick (is it getting shorter?) 

 
  

Time:  45-60 minutes 
 

Objectives 
V Students will know that 

particulate matter (PM) 
comes from combustion 

V Students will have an 
intuitive and a cognitive 
understanding of what 
PM 10 and PM 2.5 are. 

 

Materials 
V Candle & lighter/ 

matches (you may want 
2 candles, a bigger one 
for the first 
demonstration and a 
smaller one for the 
oxygen demonstration) 

V Glass jar &/or metal can 
with label removed 

V Word wall words 
V Flour & flashlight 
V Orange (or match) 
V Glass jar, aluminum foil, 

ice, paper, match 
(optional) 

 

Handouts 
V Notes sheet: What 

happens when things 
burn? 

 

 

ACTIVITY DETAILS 

Standards Connection 
SEP: Constructing Explanations 
CCC: Cause and Effect 
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1 3. Candle burning discussion. Once students have finished making 

observations, have them share their observations with the class, 
and keep a record using the board or chart paper. Students can 
ÁÄÄ ÅÁÃÈ ÏÔÈÅÒȭÓ ÏÂÓÅÒÖÁÔÉÏÎÓ ÔÏ ÔÈÅÉÒ Ï×Î ÓÈÅÅÔÓȢ Common 
observations: the wax melted, black stuff came from the flame 
and got stuck to the jar, the candle wick stayed the same. 

¶ If students have missed key observations (see below) 
use questioning to focus their attention on these events 

¶ Ask students if they know what the black stuff is that 
they observed. If anyone uses the word soot, then put 
this word up on the word wall, and have them add the 
word on their observation sheets wherever appropriate. 

 
4. Constructing explanations. In pairs or small groups, have 

students look at their observations, and think about what could 
explain each of the things that they see. Use an example to get 
them started: I observed the wax melting because the fire was 
hot and the heat caused the wax to melt. Using the structure, Ȱ) 
ÏÂÓÅÒÖÅÄ ЁÂÌÁÎËЂ ÂÅÃÁÕÓÅ ЁÅØÐÌÁÎÁÔÉÏÎЂȱ ÃÁÎ ÈÅÌÐ ÓÔÕÄÅÎÔÓ ×ÉÔÈ 
their thinking process. Have them write their explanations on the 
right side of the graphic organizer next to the observation. 
Afterwards, have students share their explanations and add them 
to the chart of the observations. After each explanation, see if 
there is consensus among the class about whether the 
explanation is true. Support students in reaching accurate 
conclusions, but if they are stuck on something, tell them that 
they will come back to it later when they have learned more. 

 

 
 

  

Safety Note 
V Whenever you plan to 

burn something in the 
classroom, be sure to 
have safety measures in 
place such as a fire 
extinguisher and fire 
blanket 

 
Teacher Tip 

V Make sure to try out the 
candle demonstration 
in advance. Some 
candles produce more 
soot than others, so you 
may want to try out a 
few different candles to 
find one that work well.  

 
 

 
 
 

 

TEACHER NOTES 
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5. Building vocabulary. Tell students that scientists use special 

vocabulary to talk about burning. Put the words Ȱcombustionȱ 
ÁÎÄ Ȱincomplete combustionȱ on the word wall and ask if any 
students have heard the word combustion before. Explain that 
combustion is the scientific word for burning, and incomplete 
ÃÏÍÂÕÓÔÉÏÎ ÉÓ ×ÈÅÎ ÓÏÍÅÔÈÉÎÇ ÄÏÅÓÎȭÔ ÂÕÒÎ ÃÏÍÐÌÅÔÅÌÙ. Next 
ÐÕÔ ÔÈÅ ×ÏÒÄÓ Ȱparticulate matter (PM)ȱ ÏÎ ÔÈÅ ×ÏÒÄ ×ÁÌÌ ÎÅØÔ 
to where soot is, and tell students that soot is a kind of 
particulate matter. It is called particulate matter because it is 
matter made up of small particles and it is abbreviated PM. Have 
students write definitions for these three terms on their notes 
sheets. 

 
6. Oxygen and combustion. Light a small candle that you can put a 

glass jar over. Tell students that you are going to put the jar over 
the candle. Have them makes observations of what they see, 
then put the jar over the candle until it goes out. 
Like before, have students develop an explanation for this 
observation. Use questioning to help them reach the conclusion 
that combustion requires air/oxygen. Consider using the analogy 
of what would happen to a person if they were in a sealed room 
ɀ eventually they would pass out from lack of oxygen. 

 
7. Summarizing combustion reaction. Ask students what they 

think is needed for combustion. They should say air/oxygen (use 
this as an opportunity to clarify that combustion needs oxygen in 
ÐÁÒÔÉÃÕÌÁÒȟ ÎÏÔ ÊÕÓÔ ÁÉÒɊȢ 4ÈÅÙ ÍÁÙ ÁÌÓÏ ÓÁÙ ȰÁ ÃÁÎÄÌÅȱ ÏÒ Ȱ×ÁØȢȱ 
Help them to think back to the truck ɀ does it run on wax? What 
word can we use to describe wood, gasoline, or wax ɀ they are 
ÁÌÌ ÆÕÅÌÓȢ (ÁÖÅ ÓÔÕÄÅÎÔÓ ×ÒÉÔÅ ÏØÙÇÅÎ ÁÎÄ ÆÕÅÌ ÉÎ ÔÈÅ ȰÍÁÔÅÒÉÁÌÓ 
ÎÅÅÄÅÄ ÆÏÒ ÃÏÍÂÕÓÔÉÏÎȱ ÂÏØ ÏÎ ÔÈÅ ÂÏÔÔÏÍ ÏÆ ÔÈÅÉÒ ÎÏÔÅÓ ÓÈÅÅÔȢ 
Then ask them what they think is made from combustion. They 
should say soot and/or particulate matter. Have them write 
ÔÈÅÓÅ ÉÎ ÔÈÅ ȰÐÒÏÄÕÃÔÓ ÏÆ ÃÏÍÂÕÓÔÉÏÎȱ ÂÏØȢ !ÓË ÉÆ ÔÈÅÙ ËÎÏ× 
what the gases are in the smoke they saw coming from the 
candle. They may or may not know that carbon dioxide is the 
main gas. You can tell them that carbon dioxide and carbon 
monoxide are the main gases during incomplete combustion. 
(ÁÖÅ ÔÈÅÍ ÁÄÄ ÔÈÅÓÅ ÇÁÓÅÓ ÔÏ ÔÈÅ ȰÐÒÏÄÕÃÔÓȱ ÂÏØȢ Finally, tell 
students that hydrogen and oxygen are also products of 
combustion. They combine together: write H2O on the board. 
See if students can identify this product (water) and have them 
write it on their sheets in the summary box. 

 
  

Teacher Tip 
V If students bring up the 

wick as something 
needed for combustion, 
ask them if the wick 
disappeared when the 
candle was burning. 
You can use this as an 
opportunity to have 
them think about what 
the wick is for in a 
candle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Teacher Note 
V The particle turn and talk 

is designed to activate 
student background 
knowledge. The key 
takeaways will be 
addressed in the next 
section. 

 
 

  

 
 

TEACHER NOTES 
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3 8. What burns? Ask students what other things burn. Have them 

make a list in the space on their notes sheet. They will likely say 
things like wood, paper, matches, etc. Use prompts to help them 
think of other things: what burns in a stove (natural gas?) what 
burns in a grill? (propane or charcoal) what burns in a car? 
(gasoline). Have them add all these things to their notes sheet. 
Remind students that all combustion requires some kind of fuel. 

 
9. Turn & Talk: What is a particle? 0ÕÔ ÔÈÅ ×ÏÒÄ ȰÐÁÒÔÉÃÌÅȱ ÕÐ ÏÎ 

the word wall, and have students turn to a partner to share what 
they think of as a particle. Use additional prompts as necessary 
(how big is a particle? What are particles made of? Can you give 
an example of a particle?). Afterwards, have students share out. 
Write down key takeaways for the group: 

¶ A particle is a very small part of something. 

¶ The word particle can mean a lot of different things ɀ a 
particle of dust, an atom, or parts of an atom. 

 
 
!ÆÔÅÒ ÓÔÕÄÅÎÔÓ ÓÈÁÒÅȟ ÐÏÉÎÔ ÏÕÔ ÔÈÁÔ ÉÔȭÓ ÉÍÐÏÒÔÁÎÔ ×ÈÅÎ ×Å ÕÓÅ 
ÔÈÅ ×ÏÒÄ ȰÐÁÒÔÉÃÌÅȱ ÔÏ ÂÅ ÃÌÅÁÒ ÏÎ ×ÈÁÔ ËÉÎÄ ÏÆ ÐÁÒÔÉÃÌÅ ×ÅȭÒÅ 
talking about and how big they are, because there are many 
different kinds of particles. 

 
10. PM 10 and PM 2.5. Tell students that scientists use the terms PM 

2.5 and PM 10 to describe particles that are different sizes. Ask 
students what they think PM stands for (particulate matter) and 
which they think is bigger (PM 10). Have students look at the 
diagram on their notes sheet showing PM 10 and PM 2.5, and see 
what stands out to them. After they share, have them read the 
short paragraph below the diagram, and identify two similarities 
and two differences between PM 10 and PM 2.5. 

¶ Similarities: both are made of small particles, both are 
products of combustion, both are harmful to human 
health, both can be solid or liquid 

¶ Differences: PM 2.5 is smaller than PM 10, PM 2.5 can only 
be seen if there is a lot in once place, PM 2.5 can get into 
the human bloodstream, there are some differences in 
what PM 2.5 and PM 10 are made of (PM 10 includes dust, 
soot, pollen and various chemicals; PM 2.5 is mostly a 
chemical mix because it is usually smaller than dust and 
pollen) 

 
11. Demonstrating PM 10. Prepare by taking a small amount of flour 

in your hand and turning off the lights. Have students prepare to 
observe, then toss the flour in the air and shine the flashlight on 
it. Ask students what they saw, and whether they think the flour 
is PM10 or PM2.5 (it is PM10). Students should be able to see the 
flour particles. 

 

Teacher note 
V Micron and micrometer 

are exactly the same unit 
of measurement. 
Micrometer is used in 
this module because it is 
the SI unit of measure 
and because students 
are likely more familiar 
×ÉÔÈ ÔÈÅ ÐÒÅÆÉØ ȰÍÉÃÒÏ-ȰȢ 
Some diagrams (such as 
the one included on the 
student sheet) use the 
term micron, so you may 
need to clarify this for 
students. 
 

Demonstration Safety 
V Since breathing in PM2.5 

and PM10 can be 
harmful, students should 
not breathe in the flour. 
Breathing in the scent 
from the match or the 
orange is not significant 
enough to cause harm. 
 
 

Current Events 
V Students may be 

interested in knowing 
how big coronavirus is 
compared to air 
pollution. One 
coronavirus is 
approximately 0.1 µm, 
which makes it much 
smaller than most PM 
2.5. 

 
 
  

TEACHER NOTES 
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12. Demonstrating PM 2.5. Have students prepare to observe, 

then move to a corner of the room and either light a match 
and blow it out, or peel an orange. Have students raise their 
hands when they can smell the match or the orange. Ask them 
whether they think the scent particles from the match or the 
orange are PM10 or PM2.5 (they are PM2.5). Students should 
be able to detect that there are particles by the smell, but they 
are too small to see. 

 
13. Demonstrating Smog (optional). Prepare to create the demo 

by putting a piece of aluminum foil over a glass jar to make a 
lid. Take the lid off, and put ice on it to cool it down. In the 
meantime, put a small amount of water in the jar and swirl it 
around to cover the inside. Light a small strip of paper with a 
match and drop the paper and the match into the jar. Quickly 
cover the jar with the foil lid. Allow students to observe. (What 
happens is the combustion products combine with the cooled 
water vapor to create a hazy smog: PM2.5). 

 
14. Visualizing Particulate Matter (optional). Show students the 
.Å× 9ÏÒË 4ÉÍÅȭÓ ÖÉÓÕÁÌÉÚÁÔÉÏÎ ÁÎÄ ÁÒÔÉÃÌÅ ÏÎ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ 
here: https://www.nytimes.com/interactive/2019/12/02/climate/air-

pollution-compare-ar-ul.html. Use the graph feature to compare 
the amount of PM2.5 in different cities around the US and the 
world. 

 
15. Formative Assessment. Show students the pictures of the 

trucks from the original phenomenon and remind them of the 
questions they came up with during their first activity about 
the trucks and their exhaust. Have them use the information 
on their notes sheet to answer at least one of these questions 
using accurate scientific terminology ɉÅØȢ Ȱ×ÈÁÔ ÉÓ ÔÒÕÃË 
ÅØÈÁÕÓÔ ÍÁÄÅ ÏÆȩȱ. You may want to remind students that not 
all products of combustion are visible. 

¶ Both PM 10 and PM 2.5 are coming from the truck. 
While the soot (PM 10) is visible, other chemicals that 
make up PM 2.5 are also likely present even though we 
ÃÁÎȭÔ ÓÅÅ ÔÈÅÍȢ 

 

Name     
     

Connection to Module 
2 

V Smog that causes a Code 
Red Day is the anchor 
phenomenon in Module 
ΤȢ )Æ ÙÏÕȭÖÅ ÔÁÕÇÈÔ ÔÈÉÓ 
module with students, 
showing them how 
particulate matter and 
moisture can create 
smog may be a 
particularly interesting 
demonstration. 

 
 
  

TEACHER NOTES 

https://www.nytimes.com/interactive/2019/12/02/climate/air-pollution-compare-ar-ul.html
https://www.nytimes.com/interactive/2019/12/02/climate/air-pollution-compare-ar-ul.html
https://www.wallpaperflare.com/peterbilt-truck-tractor-tanker-transport-blue-smoke-industrial-wallpaper-aktpe
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What Happens When Things Burn? 
 

Candle 
Observations Explanations 

  

  

  

  

  

  

 
Combustion:              
 
Incomplete combustion:            
 
Particulate matter:             
 

Materials needed for combustion Products of incomplete combustion 
  

STUDENT 

HANDOUT 
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What else is a fuel? What burns? 
 
 
 
 
 

 
Reading 
Particulate matter is one kind of air pollution that is a product of combustion. Large particulate matter or 
PM 10 is made of things like dust, pollen, soot and other chemicals. PM 10 is between 2.5 micrometers and 
10 micrometers long. That is about one-fifth the width of a human hair. Small particulate matter or PM 2.5 
is smaller than 2.5 micrometers. That means four particles of PM 2.5 are about the same length as one 
particle of PM 10. PM 2.5 is a mix of chemicals and metals that are very tiny. PM 2.5 is so small, you can 
only see it if there is a lot of it in one place. The funny symbol µ in the diagram above stands for ȰmicroȢȱ 
One µm (micrometer) is 1/1000000th of a meter (one millionth) or 1/1000th ÏÆ Á ÍÉÌÌÉÍÅÔÅÒȢ 4ÈÁÔȭÓ ÒÅÁÌÌÙ 
small! Particulate matter can be a solid or a liquid, depending on the source of the pollution. All 
particulate matter is dangerous to human health when we breathe it into our lungs. PM2.5 is especially 
hazardous because it can go deep into the alveoli of our lungs and may even cross into our bloodstream 
and affect all parts of our bodies. 

 
Name two similarities and two differences between PM10 and PM2.5 

Similarities Differences 

  

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
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7 Activity 3a (Explore): Measuring Particulate Matter Using Technology 

 

Activity summary: (see above) 
 
Before starting this activity 

¶ Read the information sheet: AirBeams & AirCasting: How Does it 
Work?  

¶ Read the information sheet: Using the AirBeam and AirCasting App 
and familiarize yourself with how the AirBeam and AirCasting 
equipment works 

¶ Setup stations for students to measure particulate matter indoors (ex. 
candle, incense, room deodorizer, etc.) 

¶ Plan for any necessary chaperones for outdoor work on Day 2 

¶ Add map of the school community (anywhere students may go for 
outdoor work) to the Day 2 data sheet: Measuring Particulate Matter 
ÉÎ ÔÈÅ 3ÃÈÏÏÌ #ÏÍÍÕÎÉÔÙȢ )Æ ÔÈÉÓ ÉÓÎȭÔ ÐÏÓÓÉÂÌÅȟ ÙÏÕ ÃÁÎ ÈÁÖÅ ÓÔÕÄÅÎÔs 
write out their routes. 

 
 
 

  

Time: 2-3 class periods 
 

Objectives 
V Students will be able to 

measure particulate 
matter using 
technology 

V Students will be able to 
use their measurements 
to draw and support 
conclusions about how 
healthy the air is near 
the school 

 

Materials 
V AirBeams (approx. 1:4 

students) These may be 
purchased or borrowed 
in partnership with 
Clean Air Partners. 

V Android device with 
AirCasting app 

V Clipboards 
V Computer & projector 
V Student computers 

(optional) 
 

Handouts 
V Measuring PM in the 

Classroom 
V Measuring PM in the 

School Community 
 

Teacher Guides 
V AirBeams & AirCasting: 

How does It Work? 
V Using the AirBeams 
V AirBeam Lesson Guide 
 

 

ACTIVITY DETAILS 

Standards Connection 
DCI: LS2.C: Ecosystem Dynamics, Functioning, and Resilience  
SEP: Analyzing Data 
 

 

Activities 3a & 3b 
 
There are two different methods students may use to measure particulate 
matter. Each is described below. You may choose to do one or both 
activities, although the content in the two activities is similar. 
 

¶ Activity 3a (high tech). Students use commercially available PM meters 
and android tablets to measure particulate matter pollution in and 
around the school in order to identify sources of PM and areas that 
may be unsafe due to air pollution. They gather and analyze data in 
order to support claims about how safe the air is around the school. 

 

¶ Activity 3b (low tech). Students use the engineering design process to 
design a low-tech particulate matter detector. They test out their 
models, and then deploy them into the field where they can gather PM 
that is deposited. Next, they gather and analyze the data from their 
detectors in order to support claims about how safe the air is around 
the school. 
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Warmup: What sources of particulate matter do you think there 
are near our school? (you can be broad with the definition of 
ȰÎÅÁÒÂÙȱɊ 

¶ Possible answers: schoolbuses (and other vehicles), 
construction sites (for dust), power/chemical plants that 
are upwind, wildfires, fields/trees that are producing 
pollen 

 
1. Frame the activity: Tell students that now that they know 

the trucks in the pictures are emitting particulate matter, as 
citizen scientists it is their job to see if trucks or other 
sources of PM are making their own communities unsafe. 
For the next three days, they will measure and analyze the 
amount of particular matter in their community. Identifying 
and quantifying the sources of PM in a community is 
important so that community members can take action to 
protect their health and the environment. 

 
Due to the detailed directions required for using the 
AirBeams, a separate lesson guide follows. Below is an 
outline of the daily activities. 

 
Day 1 Outline 

1. Shows students how the AirBeam and AirCasting app 
works including a brief review of the internal workings 
of the device 

2. Divide the class into groups and assign group roles. 

3. Give each group an AirBeam and tablet to use and have 
them practice connecting the AirBeam and tablet using 
Bluetooth 

4. Have students take measurements at various stations in 
the classroom 

5. Using a Google Map of the school environment, plan 
routes where students can measure air quality at 
different locations during Day 2 

 
  

Community 
Connection 

V Take a moment to 
explain to students 
what a citizen scientist 
is, and how citizen 
scientists can 
contribute to the health 
of their communities 
 

 

 

TEACHER NOTES 

Modification Note 
 
There are many different variations to how you might do this project, 
depending on your school grounds, availability of chaperones, etc. 
Consider what modifications, additions, or special preparations you may 
need to make based on your individual situation. 
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9 Day 2 Outline 

1. Refamiliarize students with the AirBeam equipment 

2. Take students outside and lead them along their routes to collect 
data and make observations. 

3. Return to class to analyze data and observations. 
 
Day 3 Outline 

1. Students complete analysis questions based on their data. 

2. Students present their results to the class. 

3. 3ÔÕÄÅÎÔÓ ÃÏÍÐÌÅÔÅ ÔÈÅ Ȱ#ÏÎÃÌÕÓÉÏÎÓȱ ÓÅÃÔÉÏÎ ÏÆ ÔÈÅÉÒ ÄÁÔÁ ÓÈÅÅÔÓ 
including a Claim-Evidence-Reasoning argument. 
 

  

 
 

 

 

TEACHER NOTES 
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GUIDE 
 

AirBeam Lesson Guide 
 

Day 1 
.ÏÔÅȡ 3ÅÔÕÐ ÓÔÁÔÉÏÎÓ ÆÏÒ ÍÅÁÓÕÒÅÍÅÎÔÓ ÂÅÆÏÒÅ ÃÌÁÓÓȟ ÂÕÔ ÄÏÎȭÔ ÌÉÇÈÔ ÁÎÙ ÃÁÎÄÌÅÓ until students are 
ready to take measurements. 

 
1. Tell students that for the new two days they are going to be collecting data with electronic devices 

called AirBeams that are paired with tablets (or smartphones). 
 

2. Introduce the AirBeams and tablets to students by demonstrating how to turn on the devices and 
off, and how to connect them to the tablets ɉÓÅÅ Ȱ5ÓÉÎÇ ÔÈÅ !ÉÒ"ÅÁÍ ÁÎÄ !ÉÒ#ÁÓÔÉÎÇ !ÐÐȱɊ 

 

3. Explain to students how the AirBeams work. Key points: 

¶ The AirBeams have a fan that pulls air into the device 

¶ There is an LED inside that shines a light on the air 

¶ The LED light is absorbed and scattered by the different sizes of PM 

¶ Sensors inside the AirBeam detect and measure the number of particles and their size by 
how much light is absorbed, and scattered 

4. Divide the class into teams of four or more students depending on the number of instruments you 
have. Assigning roles to each member of the student team will help make sure all students are 
actively engaged. For Day 1, only roles 1, 2, and 4 are needed. For Day 2, all four roles will be needed. 
Each team member can be assigned one of the following roles: 

1) AirBeam transporter: makes sure the air beam is on and the air intake is clear and facing 
outwards. Stay within 10 feet of tablet. 

2) Tablet carrier:  makes sure the tablet is connected, receiving and recording the data. Also 
takes photos of sources using tablet. Reads out the data for the group along the route. 

3) Cartographer and timekeeper: lead the team on agreed upon route. Identifies sources of 
pollution and makes notes on map 

4) Data and note taker: fill in the data table for # of sites agreed upon. Records observations. 
 

5. Pass out AirBeams and tablets to each group. Make sure all group members know how to turn the 
AirBeam on and off, and how to pair it with the tablet. Remind students that the equipment is 
delicate and should be handled with care. 

 

6. Pass out data collection sheets to students and review how they will collect data. The units of PM 
are µg/m3. Explain to students how small a microgram is (one-millionth of a gram) and how big a 
cubic meter is. 

 

7. Finish setting up PM source stations. Possible stations include a candle, an air freshener (spray), 
chalk dust, incense, etc.  

 

8. Have students rotate among the stations and collect data. As each team moves through the 
stations, they learn that commonly used items may release particulate matter. Have students switch 
roles at different stations so all students can practice using the AirBeam and using the AirCasting 
app on the tablet.  

 

9. After the students have visited all the stations, have them return the AirBeams and tablets. Then 
have them review their data and answer the questions on their data sheets: What source emitted 
the most PM? Why do you think that is? What kind of PM was the most common? Why? Discuss 
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1 answers with students afterwards. You can also ask additional follow up questions such as: what 

happened when you moved closer or farther from a source? 
 

10. To prepare for the outdoor portion of the investigation, project a Google Map of the school 
community and/or pass out printed maps to students. Based on their warmup answers, and the 
research they have just completed, have students identify possible sources of PM on their school 
grounds or in the community. Common sources include the bus and car drop-offs, vents from the 
school (from an incinerator or HVAC system), or a busy street nearby. 

 

11. Finally, have students develop an AirCasting route based on their understanding of where and when 
particle pollution might be elevated. Also consider where the pollution is going to be the lowest as a 
comparison point. Make sure students consider the time of day ɀ will there be cars or buses idling 
out front? If not, can someone collect data when there are buses? You may have different classes or 
perhaps teams of students test air quality at different times of the day or in specific parts of the 
school grounds or community. Some students may agree to arrive at school early one day to test 
when the buses arrive in the morning or stay late in the afternoon when parents are picking up 
students. 0ÁÓÓ ÏÕÔ ÔÈÅ Ȱ-ÅÁÓÕÒÉÎÇ 0ÁÒÔÉÃÕÌÁÔÅ -ÁÔÔÅÒ ÉÎ ÔÈÅ 3ÃÈÏÏÌ #ÏÍÍÕÎÉÔÙȱ ÄÁÔÁ ÓÈÅÅÔÓ ÔÏ 
students, and have them draw or write their route on the sheet, with numbers showing where they 
will collect individual data. 

 
Example map for planning AirCasting route 
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Day 2 
 

1. Organize students into their groups, and make sure that all students know their assigned roles. If 
students will be traveling with a chaperone, have the chaperone introduce themselves to the 
students.  

 

2. Make sure all student groups have their Measuring Particulate Matter in the School Community data 
sheets with their routes on them. Review what additional data students will collect while outdoors. 
They should use their various senses (sight, smell and hearing) and observe and note emission 
sources: ex: mobile sources such as moving cars, trucks, buses, a smoker AND stationary sources 
such as a vent, garage, nail salon. Note how close the source is to the sensor.  
 

3. Hand out the AirBeams, tablets, and clipboards. Check to make sure all AirBeams and tablets are on 
and connected before going outside. 

 

4. Take students outside to a central meeting location. If groups will be following different routes, 
make sure students and chaperones know what time they will meet back at the central location. 

 

5. Students follow their agreed upon routes, collecting data as they go. When they have completed 
their routes, they return to the central meeting location. 

 

6. When the student teams return to the classroom, have them upload the data to the AirCasting site 
(option crowdmap). If time permits, student teams should look at and analyze their data and be 
ready to share out their observation and results (otherwise this can wait until Day 3). 

 

 
Sample data from the AirCasting website 

 

7. Before the end of the class period, make sure to look up the PM2.5 levels for the area near the 
school. You can find this information by going to https://www.iqair.com/air-quality-map and 

using the map to find the nearest sensor. Be sure to record the PM2.5 level in µg/m3 (not the 
AQI). 

  

https://www.iqair.com/air-quality-map


 

On the Air 2020  Module 3: Air Pollution in the Community 

3
3 Day 3 

 

1. Have students work with their groups to complete the analysis questions on their data sheets. Lead 
a short sensemaking discussion afterwards to clarify student thinking, especially around the idea of 
where the PM in the school community is coming from. 

 

2. Project ÓÔÕÄÅÎÔÓȭ data from the AirCasting website, and discuss the data to clarify any questions 
they have. 

 

3. Have student groups present the data they collected and share what they learned. Groups should 
share: 

¶ Where they went 

¶ What they found (ex. sources) 

¶ What their data was 

¶ What they learned from their data collection and analysis 

¶ Anything they would do differently next time 

 

4. Have students complete the Ȱ#ÏÎÃÌÕÓÉÏÎÓȱ ÓÅÃÔÉÏÎ ÏÎ ÔÈÅÉÒ ÄÁÔÁ ÓÈÅÅÔÓȟ ÁÎÄ ÌÅÁÄ Á ÓÈÏÒÔ ÄÉÓÃÕÓÓÉÏÎ 

afterwards to review conclusions. 

 

5. The final assessment for this activity is the Claim-Evidence-Reasoning argument. You may have 

students do this in class or as a homework assignment. Especially if students are new to writing 

CERs, it is worthwhile to provide feedback on their responses and have them revise their responses 

to ensure that their final CER is high quality. 

 

Sample CER:  

 

¶ Claim: The air near the bus drop-off is the least healthy for people to breathe. 

¶ Evidence: The level of PM 2.5 near the bus drop-off was 42.5. This was the highest of all 
our measurements. 

¶ Reasoning: PM 2.5 can get into your lungs and your bloodstream, which can cause many 
different health problems. The EPA chart shows that the amount of PM 2.5 near the bus 
ÄÒÏÐ ÏÆÆ ×ÁÓ ÉÎ ÔÈÅ ȰÕÎÈÅÁÌÔÈÙ ÆÏÒ ÓÅÎÓÉÔÉÖÅ ÇÒÏÕÐÓȱ ÒÁÎÇÅ which was the worst rating for 
all of our tests. 
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STUDENT 

DATA SHEET 
 

Name          
 

Measuring Particulate Matter in the Classroom 

 

Connecting the AirBeam Sensor to the AirCasting App: 

1. 4ÕÒÎ ÏÎ ÔÈÅ !ÉÒ"ÅÁÍΣȢ  9ÏÕȭÌÌ ËÎÏ× ÉÔȭÓ ÏÎ ×ÈÅÎ ÔÈÅ ÒÅÄ ,%$ ÉÎÄÉÃÁÔÏÒ ÂÅÇÉÎÓ ÂÌÉÎËÉÎÇȢ 

2. Turn on the android tablet or phone. Open the AirCasting app. 

3. Press the menu button, then press Settings. 

Ɇ Press External devices, then select the AirBeam1 unique ID# (# will be on 

the AirBeam itself) from the list of paired devices. When prompted to 

connect, press Yes.  You will then be redirected to the Sensors 

Dashboard. 

4. In 5-20 seconds, measurements from the AirBeam will appear on the screen and the 

ÂÌÉÎËÉÎÇ ÒÅÄ ÌÉÇÈÔ ÏÎ ÔÈÅ !ÉÒ"ÅÁÍ ×ÉÌÌ Ó×ÉÔÃÈ ÔÏ ÓÏÌÉÄ ÒÅÄȢ  9ÏÕȭÒÅ ÃÏÎÎÅÃÔÅÄȦ 

 
Data 
 

Source 
(ex. candle) 

PM 1.0 
(µg/m3) 

PM 2.5 
(µg/m3) 

PM 10 
(µg/m3) 

    
    
    
    
    
    

 
Which source had the highest level of any type of particulate matter?      

Why do you think this is?            

               

What kind of particulate matter (PM 1.0. 2.5, or 10) had the greatest amount?     

Why do you think this is?            
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STUDENT 

DATA SHEET 
 

Team Members:          
 

Measuring Particulate Matter in the School Community 

 

-Ù ÇÒÏÕÐȭÓ ÁÉÒ testing route: 

 
Data 

Location 
Number 

PM 1.0 
(µg/m3) 

PM 2.5 
(µg/m3) 

PM 10 
(µg/m3) 

Additional Observations 
Ex: school bus, vent, car, etc. 
how close is the sensor to the source? 

     

     

     

     

 

Insert Google map of the school community here. 
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Location 
Number 

PM 1.0 
(µg/m3) 

PM 2.5 
(µg/m3) 

PM 10 
(µg/m3) 

Additional Observations 
Ex: school bus, vent, car, etc. 
how close is the sensor to the source? 

     

     

     

 
Additional observations: 
 
How windy is it?             
 
Temperature:   °F Relative humidity:     % 

 
Analysis Questions: 
 

1. Was the PM level on your route higher, lower, or close to what you were expecting?  

                

2. Where were particle levels highest?          

What is causing the PM level to be so high here?        

             

3. Where were the particle levels lowest?          

Why do you think this was?           

             

4. Do you think the time of day or season affected your results?       

Why or why not?            

               

5. Where do you think most of the PM near the school is coming from?     

               

Conclusions: How healthy is the air near the school? 
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When particulate matter levels get too high, they can be dangerous to our health. The chart 

below from the US Environmental Protection Agency (EPA) shows how healthy the air is based 

on the amount of PM2.5 and PM10. Keep in mind that these numbers are based on more than 

just one reading. They are based on the average amount of PM measured over a whole day. 

 

 Good Moderate 
Unhealthy for 

Sensitive Groups 
Unhealthy 

PM 2.5 
0 ɀ 12.0 
µg/m3 

12.1 ɀ 35.4 
µg/m3 

35.5 ɀ 55.4 µg/m3 
55.5 -150.4 

µg/m3 

PM 10 
0 ɀ 54.0 
µg/m3 

55 ɀ 154 
µg/m3 

155 ɀ 254 
µg/m3 

255 ɀ 354 
µg/m3 

 

What is the PM2.5 level for the day you in your area (in µg/m3) measured by the closest sensor? 

     

You can find this information at: https://www.iqair.com/air-quality-map or by talking to your teacher 
 

According to the chart, how healthy was the air?         
 
How does the PM2.5 levels you measured compare to this? Are your readings higher or lower or a 
mix of the two? 
              

               

 

Why do you think your readings might be different than the readings from the sensor?   

              

              

               

  

https://www.iqair.com/air-quality-map


 

On the Air 2020  Module 3: Air Pollution in the Community 

Write a Claim-Evidence-Reasoning argument about whether the air near your school is safe to 

breathe or not based on what you know about particulate matter. Make sure to use your data 

and the chart above to support your conclusion. You can choose to write about the area near the 

school in general, about specific areas near the school, or both. 

 

Claim: Do you think the air is safe to breathe or not? 

Evidence: What data do you have to support your claim? 

Reasoning: What do you know about particulate matter that makes your claim true 

based on the evidence?  
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TEACHER 

GUIDE 
 

AirBeams & Aircasting: 
How does it work? 

 
The AirBeam is a palm-sized air quality monitor used to measure the amount of particulate 
matter in the air. Paired with an android device, and the AirCasting mobile app, citizen scientists, 
educators, students, and community leaders can take air quality measurements and contribute 
to a crowdsourced air quality map on the AirCasting website. Using the website, individuals can 
display and share air quality data. 

 
The AirBeam uses a light scattering method to measure particulate matter (PM 1.0, 2.5 and 10). 
by drawing in air and measuring the concentration and size of particles using a light scattering 
method. 

 

Image by Chris Nafas, modified by HabitatMap. 

 

Once powered on, the AirBeam uses a small internal fan to create a partial vacuum which causes 
more air to flow into the AirBÅÁÍÓȭ Ȱ0- ÓÅÎÓÏÒ ÉÎÔÁËÅȱȢ !Ó ÔÈÅ ÁÉÒ ÉÓ ÄÒÁ×Î ÔÈÒÏÕÇÈ Á ÓÅÎÓÉÎÇ 
chamber, the infrared light from an LED bulb shines on the particles in the airstream. Some of 
this light is absorbed by the particles, and some is scattered. Two sensors inside the AirBeam: a 
particle-counting sensor and a light-scattering sensor, detect the number of particles and the 
amount of scattering. The information from the sensors is converted into a measurement that 
estimates the number of particles in the air (see below for more information on how estimates 
are calculated). 
 
While the light scattering is related to the amount of PM in the air, the intensity of the light 
depends on a number of different factors. 

-  Amount of particles 

-  Size of particles 

-  Wavelength of light 

 

-  Angle of light scattering 

-  Number of particles 

-  Color of particles 
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The AirBeam takes measurements of PM 1.0, 2.5 and 10 in µg/m3, as well as temperature and 
relative humidity. These measurements are taken once per second, and then communicated via 
Bluetooth to the AirCasting mobile app. The app maps and graphs the data in real time on your 
android smartphone or tablet. At the end of each AirCasting session, the collected data is sent to 
the AirCasting website, where the data is crowdsourced with data from other AirCasters to 
generate maps indicating where PM concentrations are highest and lowest. 

An AirCasting session lets users capture real-world measurements, annotate the data and share it 
via the crowdmap on the AirCasting website.  Using the AirCasting mobile app, AirCasters can 
record, map, and share 3 levels of PM concentration (1.0, 2.5, and 10), temperature, sound levels, 
and humidity. 

 

 

* Particulate Matter 1.0, 2.5 and 10 ɛg/m3: Particles scatter light at an angle and intensity that is 
dependent on their size. When light strikes a particle, it is either diffracted, refracted, reflected, 
or absorbed. Smaller particles scatter light more intensely and at smaller angles than larger 
particles. Each particle size produces a unique scattering pattern. The intensity of light scattered 
is a function of its wavelength ɚ, scattering angle ɗ, particle size dp, and relative index of 

refraction n between the medium and particle.  

Photodetectors detect the intensity of scattered light. The energy of incident photons 
(elementary particle of light) on these devices cause electrons to be liberated. This produces an 
electrical signal (current) which is proportional to the intensity of detected light. This signal is 
converted into a measurement that estimates the number of Particulate Matter 1.0, 2.5 and 10 
ɛg/m3. 

 
 
  
















































































































