Technical Appendix 1
Sustainable Polymers: Confronting the Plastic Crisis -- A 4-H STEM Curriculum for Grades 9-12

	Module
	Learning Objectives (Youth will…)
Driving Questions
	Core activity types (Kolb mapping)*
	Time (minutes)
	NGSS Science & Engineering Practices
	Scientific Literacy Outcomes most likely targeted**

	1 — Trends in Production and Disposal of Aluminum, Glass, Paper, and Plastic Across Time
	• Understand data tables that display data on a longitudinal (over time) scale.
• Convert table data to graphs by correctly plotting data points on the x and y axes.
• Interpret graphical data and compare graphs that use different scales.
• Make inferences about changes over time including cause and effect.
• Integrate graphs into the development of an argument, case study or proposal.

Driving Question: What are the historical trends for the production and disposal of plastics, glass, aluminum and paper products? 
	· CE: graph data from tables
· RO: discuss trends and implications
· AC: interpret graphs; identify cause–effect
· AE: build an argument or case study
· RO: Reflection (Group discussion)
	60
	· Analyzing and Interpreting Data
· Obtaining, Evaluating, and Communicating Information
	(a) science content 
(b) scientific reasoning skills
(c) interest and attitudes
(d) contribution through applied participation

	2 — Comparing the Properties of Aluminum, Glass, Paper, and Plastic
	• Identify the physical attributes of materials (plastic, glass, aluminum, and paper)
• Describe the most common uses of these materials and how these properties address application needs.
• Provide an explanation regarding why differences in material uses exist between different groups.

Driving Questions: Why are specific materials selected for specific use cases? Why have plastics become one of the most utilized materials in the world? 

	· CE: handle and test sample items
· RO: debrief pros and cons by use context
· AC: link properties to functions and constraints
· AE: select best material to meet criteria
· RO: Reflection (Group discussion)
	60
	· Analyzing and Interpreting Data
· Constructing Explanations and Designing Solutions
	(a) science content 
(b) scientific reasoning skills
(c) interest and attitudes

	3 — Life Cycles of Products We Use and their Environmental Impacts
	• Describe the environmental impacts of natural resource extraction, product production, use, and disposal of aluminum, glass, and plastic beverage containers.
• Communicate key environmental impacts of one material’s full life cycle.
• Design an action and/or education project in their local communities to help reduce the environmental impacts of aluminum, glass, and plastic products.

Driving Questions: 
What are the environmental impacts of common packaging materials – aluminum, glass, and plastic – throughout their life cycle, from extraction of natural resources and product production through consumer use and disposal? 

	· CE: investigate product life-cycle cases
· RO: reflect on tradeoffs across stages
· AC: model life cycles; analyze impacts
· AE: craft recommendations or presentations
· RO: Reflection (Group discussion)
	60
	· Analyzing and Interpreting Data
· Obtaining, Evaluating, and Communicating Information
	(a) science content 
(b) scientific reasoning skills
(d) contribution through applied participation
(c) interest and attitudes

	4 — All About Polymers!
· Build it and Break it
· Investigating Biodegradation
	• Define “polymer”.
• Provide examples of natural and artificial polymers.
• Communicate the pros and cons of different material properties and functions.

Driving Question: What is it about plastic that makes it so versatile? 

	· CE: build chain models; set up biodegradation test
· RO: compare models to real polymers
· AC: reason about structure–property links
· AE: test variables and record results
· RO: Reflection (Group discussion)
	50-80
	· Developing and Using Models
· Analyzing and Interpreting Data
· Obtaining, Evaluating, and Communicating Information
	(a) science content 
(b) scientific reasoning skills
(c) interest and attitudes

	5 — The Plastic Life Cycle
	• Describe the consequences of each post-life option for plastic products.
• Obtain, evaluate, and communicate information about environmental impacts resulting from plastic disposal.

Driving Questions: What happens to all the plastic we continue to consume? What impacts do plastics have on the environment?
	· CE: run a life-cycle simulation
· RO: debrief pathway differences
· AC: analyze evidence; revise claims
· AE: propose waste-reduction strategies
· RO: Reflection (Group discussion)
	60
	· Constructing Explanations and Designing Solutions
	(a) science content 
(b) scientific reasoning skills
(c) interest and attitudes
(d) contribution through applied participation

	6 — The Plastics Future: Bioplastics
· Comparing Polymers
· Creating Hydropods
	• Communicate the advantages and disadvantages of renewable and traditional polymers.
• Obtain, evaluate, and communicate information about the future of renewable polymers.

Driving Questions: How can we develop materials that are like plastic but have fewer negative impacts? What are the advantages and disadvantages of renewable plastics? 

	· CE: conduct biodegradation tests
· RO: compare conditions and results
· AC: model variable–mechanism links
· AE: plan and run follow-up trials
· RO: Reflection (Group discussion)
	110-165
	· Obtaining, evaluating, and communicating information
· Designing solutions
	(a) science content 
(b) scientific reasoning skills
(c) interest and attitudes
(d) contribution through applied participation

	7 — Emerging Solutions to the Plastic Crisis
	• Communicate possible solutions to the plastic crisis to a broader public.

Driving Question: What are the advantages and disadvantages in emerging methods to deal with the detrimental impacts of petroleum-based plastic? 

	· CE: analyze solution case studies
· RO: peer feedback on messages
· AC: evaluate evidence and tradeoffs
· AE: deliver a solution pitch
· RO: Reflection (Group discussion)
	60-90
	· Constructing Explanations and Designing Solutions
· Engaging in Argumentation from Evidence
	(a) science content 
(b) scientific reasoning skills
(d) contribution through applied participation
(c) interest and attitudes


Notes.
Total learning time: 7 ½ to 10 hours
* Kolb mapping: CE = Concrete Experience, RO = Reflective Observation, AC = Abstract Conceptualization, AE = Active Experimentation.
** Smith et al. (2015) framework: (a) science content; (b) scientific reasoning skills; (c) interest and attitudes; (d) contribution through applied participation
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Technical Appendix 2
4-H Polymer Science Curriculum Focus Group Protocol
1. Tell me your first name and age. 
2. Tell me about your experience in the polymer project. 
Follow-up: What was your favorite part of the project?
Follow-up: Imagine sitting with your best friend. If they asked you about the project, what would you tell them?
What part of the project was most challenging for you?
3. Explain how you use plastics in your everyday life? 
4. Explain what you learned about plastics through your participation in the project? 
Follow-Up: What did you learn about environmental impacts of plastics production, use, and disposal?
5. Tell me about the process(es)/approach(es) you used to learn about learning about plastics in the project. 
Follow-Up: Scientists use various methods to learn about things. Tell me about how you did and used science methods and tools in the project. 
6. What, if anything, are things you could do, or plan to do, to help address issues caused by plastics?
Follow-Up: In your home, school, or community? 
7. In what ways can we improve the project when we implement it at another school?
8. Please share anything else about the project you would like to add.

