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 LEsson Plan

Understanding E-waste Through Battery Design
Lesson 1: How might we design a battery that reduces e-waste? Phenomenon and Exploration

AUTHOR
Nicollette LeTellier

Teacher Contact: letelliern@psd401.net

CE Editor Contact: CEbrightfutures@b-e-f.org, 503-553-3949

DESCRIPTION 
During this introduction lesson series students will explore the guiding phenomenon to understand e-waste and connect it to battery design. Students will utilize online resources to learn about problems from e-waste around the world and the environmental impact of electronic consumption. The focus will be for students to ask questions, define problems and communicate information about e-waste. Students will read articles and define problems about the planet and human impact and review circuits to prepare for further exploration into electronics and battery design for the next lesson portion.

GRADE LEVEL(S)

4-5th grade NGSS standards 

(possible adaptation to electricity for 8th grade)

SUBJECT AREA(S)

Electronic waste, e-waste, electronics, electricity, battery design, circuit, Earth and Human Activity, environmental impact, China’s e-waste problem

ACTIVITY LENGTH

The first lesson of this unit is the exploration and review of circuits. This is divided into 4 lessons but can be adapted to your class as needed. If you have not previously taught or explored circuits, you will want to spend 2-3 lessons learning about electricity and circuits. 

	Day
	Time

	Day 1:  Intro to e-waste with video; introduction:  KWL to discover more; what is e-waste?
	40 min. 

	Day 2:  Exploring circuits; what happens when a battery is left on (review circuits/vocabulary)?
	40 min



	Day 3:  Create a model to show what is happening in a battery and circuit
	40 min.

	Day 4:  Human Impact on Environment; what happens to these batteries? (Read article) 
	40 min. 


LEARNING GOAL(S)

1. Students will learn about the phenomenon of e-waste through online resources to explore the history of electronics. 

2. Students will ask questions and define problems involving the environmental impact of electronics and human impact. 

3. Students will evaluate and obtain information about electronic waste from online resources such as news articles and videos. 

4. Students will learn (or review) knowledge of circuits to design a model and explain how a circuit works. 

CONTENT BACKGROUND

STUDENT BACKGROUND

· Students should be familiar with Science and Engineering Practices at the appropriate grade level expertise according to Next Generation Science Standards

· Engage in Evidence from Arguments

· Obtain, Evaluate and Communicate Information

· Construct Explanations and Design Solutions

· Plan and Carry Out Investigations

· Develop and Use Models

· Ask questions and Define Problems

· Analyze and Interpret Data

· Students should be familiar with using a multimeter and the basics of electrical circuits, if more time is needed for this section, adjust as appropriate.
· Students should have prior experience with potential and kinetic energy and types of energy.
· Students should be familiar with fundamental electricity concepts, including voltage, current, power and energy
EDUCATOR BACKGROUND

Educators should review all material for appropriate content. NEWSela is a free website for educators with varying levels of access, and it allows teachers to choose appropriate reading level articles. The article can be altered to adjust to reading levels. One article can be chosen for the entire class, or several articles can be chosen for groups to read. Articles can be completed during a guided reading or language arts lesson to correspond to reading, writing, and language standards. 

Educators should review basic circuit skills, vocabulary, and models, including the resources below. Students will reflect their knowledge through building and drawing models in science journals. It is recommended that students work in partners or small groups depending on space allowed. Simple circuits can be made with LEDs and button batteries. 

· Ambitious Science Teaching, Circuits Unit: https://ambitiousscienceteaching.org/one-curriculum-circuits-grade-4/
· Mystery Science Lessons: Energizing Everything: Energy, Motion, and Electricity (subscription needed)

· https://mysteryscience.com/energy/energy-motion-electricity 

· Potential and Kinetic energy, chain reaction, energy conversion, electrical energy

· How electricity works:  Youtube “Introduction to Electricity” https://www.youtube.com/watch?v=Uf76pThNXZc
· See Think Wonder chart for Introduction documentation https://docs.google.com/document/d/1cAjCaG7dBqRilVSRsGG8KUv2N4geafDA-QYbX3GIwAw/edit?usp=sharing 

· News ELA (English Language Arts) Free website for Teachers, News Articles https://newsela.com/ 

· Electronics recycling is important, but there is a tug-of-war over who pays https://newsela.com/read/states-recycling/id/13193/
· E-waste statistics in the United States https://www.thebalancesmb.com/e-waste-recycling-facts-and-figures-2878189
· E-waste provides income to the poor but is also an environmental hazard
https://newsela.com/read/how-to-deal-e-waste/id/28560
· An explosive problem with recycling iPads, iPhones and other gadgets

https://newsela.com/read/recycling-explosive-gadgets/id/46037/

MATERIALS NEEDED

HANDOUTS/PAPER MATERIALS

· Student Science Journals
· See-Think-Wonder charts 
· Chart paper for class summary chart or Teacher journal
· Print and copy articles if necessary from Newslea (see Day 4 Activity Supplies below-may require upgraded subscription)

CLASSROOM SUPPLIES

· Scissors
· Transparent tape
· Safety goggles
ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS)

DAY 1: Youtube video introduction
· YouTube video “The Story of Electronics” https://www.youtube.com/watch?v=sW_7i6T_H78&list=PLK0Cp00T7q6dw6Q0_roaWr4tfqLQDayAx&index=4&t=0s
· See-Think-Wonder Charts
DAY 2-3:  circuits Lessons

· Put together Electricity Kits for your class groups (I have 7 tables of students, therefore I put together 7 kits)
· Electricity Kit:
· 4-5 button batteries, 3V CR2032 
· (2/group) Alligator clip test leads
· (1)  3 inch by 5-inch index card
· (1) LED per student
DAY 4:  Reading online articles about e-waste 

· From Newsela.com

· Title: “E-waste is both an environmental problem and an Opportunity for Jobs”

· Title: “Is it Possible to Make No Waste?”

· Electronics recycling is important, but there is a tug-of-war over who pays https://newsela.com/read/states-recycling/id/13193/
· E-waste statistics in the United States https://www.thebalancesmb.com/e-waste-recycling-facts-and-figures-2878189
· E-waste provides income to the poor but is also an environmental hazard. https://newsela.com/read/how-to-deal-e-waste/id/28560
· An explosive problem with recycling iPads, iPhones and other gadgets. https://newsela.com/read/recycling-explosive-gadgets/id/46037/
LESSON PROGRESSION

PLANNING AND PREP

This lesson is designed to span 4 days. Students need a scientific notebook for each day. Days 2-3 will require each group of 3-4 students will get an “electricity kit” for each day’s activities. Having those materials grouped and ready for distribution is extremely helpful and timesaving. 
Review See 4-5th Grade Energy Rubric.pdf for assessment standards.
Day 1: Watching videos and reading articles. Print worksheets. Students will need either their individual science notebooks or printouts of a See-Think-Wonder chart (google or create your own, e.g. https://en.wikipedia.org/wiki/KWL_table). 
Day 2: Learning how electricity flows in a circuit:  Each student group will need one “electricity kit” consisting of 4-5 LEDs of various colors, 4-5 button batteries, 1/student. A set of alligator clip wires for each station.
Day 3:  Create a model of electrical circuit:  Further explore and develop models with labels and explanations
Day 4: Watching videos and reading articles. Set-up video projection system and prepare kits.

Example:  Summary Chart used to keep track of each lesson
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LESSON SEQUENCE 

DAY 1: Introduction:  History of E-waste (anchoring phenomenon)

1. (10 min) Warm-up: Have students share what they know about electricity by completing a See-Think-Wonder chart in journal, or on a worksheet that can be attached to journal. See Think Wonder chart for Introduction documentation https://docs.google.com/document/d/1cAjCaG7dBqRilVSRsGG8KUv2N4geafDA-QYbX3
Some guiding questions:

a. What is electricity?

b. Where does it come from?  

c. What do you see around you, observe in your home, school, or community?  

d. Write down questions in Wonder section to discover as the unit develops. 

2. (10 min) Watch YouTube video “The Story of Electronics” https://www.youtube.com/watch?v=sW_7i6T_H78&list=PLK0Cp00T7q6dw6Q0_roaWr4tfqLQDayAx&index=4&t=0s 

3. (10-15 min) Write a journal reflection about the video, “The Story of Electronics.” 

a. Write down some problems or questions you may have in journals. 

b. Describe 3 important things that you learned about the history of electronics.  

4. (5 min) Turn and discuss with table group or partner your thoughts. 

a. Discuss important ideas with your table groups and take notes in your journals to reflect new ideas or changes in your thinking

5. (5 min) Have a class discussion about electronics. Have students share observations, knowledge and questions.
DAY 2: Learning about circuits and electricity

If students are unfamiliar with circuit and electricity principles, then this lesson may be extended to add scaffolding and more time for discussion and sense-making. 

1. (25 minutes total) Students will learn about electricity through building simple circuits. 

a. Introduction: In groups or partner interactions have students brainstorm what they understand about circuits. Gather class knowledge in short discussion. Perhaps start with pre-assessment question: Why do we call it “electricity”?

b. Divide students into groups, and distribute electricity kits

c. Run through materials

d. Instruction: Light up one light per group. If this is quickly achieved, scale challenge to include multiple lights or batteries.  

2. (10 min) Students will work to utilize minimal background from the video, combined with hands-on, to begin addressing questions around circuits. Students may need guiding support as they play with tools depending on how intuitive the setup of circuitry materials is.  In their groups, have students discuss and record their responses to the following discussion prompts in their scientific notebooks. 
a. Based on your observations describe and draw how a circuit works. If you know them, consider using the following words in your models: electron, current, voltage, battery, conductor, negative, positive. Sample student observations: wires do not show a complete circle, maybe just a straight line, - or + are not linking together from one end to the other. 
b. What is travelling through the circuit, and what direction do you think they are going? 
3. (5 min) Have each group of students share their model and findings with the rest of the class.

DAY 3: Drawing models of circuits

1. (10 minutes)   Students will review previous lesson about circuits and discuss with table group. This may be an opportune time to begin clearing up misconceptions with students, continuing throughout the lesson. They spent the previous lesson using minimal prior knowledge to engage through hands-on, and discussion will help to solidify concepts.
2.  (10 minutes)   Students will draw and label examples of circuits in their science journal. Students will need to be reminded of the types of circuits they built in the previous day. They can also be asked to think of different circuit that may exist in their daily lives.
a. What is a circuit?
b. Label power source and direction of energy flow 
3. (10 minutes)   Each group will share out their model of a circuit on projector.
4. (10 minutes)   The teacher will add to the summary chart the days activities and a model of  a circuit. Again, this should be used as an opportunity to clarify vocabulary, clear misconceptions, and connect to hands-on observations.
DAY 4: Reading articles

1. (10 minutes)  The teacher will introduce articles about e-waste from online source Newsela.com

2.  (10 minutes)  Students will read the article silently and write responses in journal

a. Students will use the LAP model to record information about the article

i. L = What is one thing you Learned?

ii. A = What is something you want to Ask?

iii. P = What is something that Puzzles you?

1. Why do we send garbage/recycling to China? 

2. How can I change my impact on energy waste?

3. (10 minutes)  Turn and talk to your neighbor and share your ideas

4. (10 minutes)   The teacher will add to the summary chart the days activities about e-waste in the world around us. 

ASSESSMENT AND EXTENSIONS

FORMATIVE ASSESSMENT

Students will use their science journal throughout all the investigations. They will record vocabulary words, drawings, questions, and explanations. Terminology will be tested in a unit assessment at the end of the entire unit. This will reflect vocabulary definitions and multiple choice questions about electricity. The teacher can complete a quick check at the end of class if students leave the journal open on their table. Any misconceptions can be addressed in further development if discrepancies stand out in several journals. 

Journal about video introduction “What is e-waste?”

· Describe 3 important things that you learned about the history of electronics.  

· Discuss important ideas with your table groups and any notes or changes in your thinking

· Classroom will keep a “summary chart” on the wall and every class will add a few main ideas to the summary chart. This will serve as reminders/connections/revisions in thinking as the class moves through the unit. 

Assessment questions to consider during lesson:  

1. Draw a model of a circuit using arrows to show the flow of energy. Label all the parts of the circuit

2. Write 2 facts you learned about the history of electronics.

3. What does V stand for in electrical circuits?  

4. Why do we call it “electricity”?

5. What can you do to change e-waste problems?  

SUMMATIVE ASSESSMENT

Students will use their science journals for all lessons to document their learning, modeling, writing key vocabulary, and redesigning concepts. This journal documentation serves as a record of student learning and understanding. 

The final section will cover a reflection of their personal thoughts and progress during the unit. A google form assessment will be created to assess vocabulary, reading, writing and content standards connected to energy:  types of energy, e-waste, how a circuit works, why is clean energy important, where does local energy come from. Here is a sample google form you can make a copy and edit the classes or question style. 

Google Form

https://docs.google.com/forms/d/e/1FAIpQLScyh_J163FRUuxyCuHj2Hldq8l_e1alUBkme6AxtKxCpFCIZQ/viewform?usp=sf_link
See 4-5th Grade Energy Rubric.pdf

LESSON EXTENSIONS

1. Mathematical connections to equations and upper level math:  learn to compute amps, volts, watts, resistance and different measurement of power.

a. Bring in a power bill and explain what the rates and energy mean. This could involve a simple discussion of rate vs. quantity in units of energy.
b. You can also use this online energy converter to find watts with amps and volts https://www.supercircuits.com/resources/tools/volts-watts-amps-converter

2. Learn about the history of electricity involving historical figures such as Thomas Edison and Nikola Tesla. 

a. Connect ELA standards to explore the early inventors, and create an understanding of their struggle and success.

b. Read online and books to research biographies and nonfiction text about early electrical inventions.

c. Write a persuasive essay to take sides Tesla vs. Edison. Debate who had the original ideas. Reference materials and learn about citing works. 

3. Learn about Alternating current (AC) and direct current (DC) and explain why our power grid uses a certain type of current

4. Explore Insulators and Conductors. Explain the meaning of the words and test samples to find out what conducts electricity. 

5. Explore materials:  What are wires made of?  Why do wires need to be certain types of metal?  

a. Properties and values of metals:  Copper, Aluminum, Titanium, gold, silver

b. Learn about the Periodic table of elements

6. Make connections with your waste/recycling center or environmental education to learn about waste in your area. Peninsula School District is Pierce County www.piercecountywa.org/recycling 

7. Visit local power companies to understand storage of power and where local power comes from. Contact your local power company, and they might coordinate visits or field trips. 

8. Evaluate the e-waste in your community (at the state or city level) compare statistics of e-waste in the United States https://www.thebalancesmb.com/e-waste-recycling-facts-and-figures-2878189
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