[bookmark: _Hlk46942750]General Lesson Overview	Comment by Jennifer Dechaine-Berkas: Attach as a separate teaching material
Before starting the battery engineering design challenge, it is important to provide students with necessary background information on topics such as; basics on batteries, electricity, how to use a multimeter, and it is helpful but not necessary to understand some basics on oxidation reduction reactions. The amount of time depends on the depth of background information. 
1) Pretest (10-20 minutes)

Pretests are important tools for identifying student’s current knowledge about a particular topic and for identifying misconceptions. Example questions below. 

Questions:         1) How does a battery work?   
2) Draw a picture of a battery including the major parts. Explain each parts function. 
3) What are important characteristics of batteries? power, cost, weight/mass, safety 
4) You could show the Phenomena video and then have students write an explanation of how you can charge an IPhone with an apple/fruit, or you can just collect the pretest and move on to the phenomena separately. 


2) Phenomena  (10-20 minutes)


Phenomena are important for introducing the context of why students are learning about a concept and also increases interests in the topic. A phenomenon can hook otherwise disinterested students. The importance of using phenomena in science/engineering lessons is explained in the links below. 
·  https://www.nextgenscience.org/resources/phenomena  
· https://www.youtube.com/watch?time_continue=3&v=Jyiv1Lc0dng 
· https://www.youtube.com/watch?v=5duz42kHqPs  

For this lesson I used a video of a person charging an IPhone with an apple (https://www.youtube.com/watch?v=Blw7hMcJY-o). There are lots of examples using potatoes, watermelon, etc.  Every year students come into class expecting to charge their phones using the battery they create following what they see on the internet only to be disappointed. This is such a powerful lesson allowing students to challenge their own understanding and what they see on the internet. 

	Comment by Jennifer Dechaine-Berkas: Do you include a demonstration of the multimeter and discussion of safety here?  If so, add that


3) Battery basics tinkering lab (50 minutes)

Students are provided with three different liquids, deionized water, saltwater, and vinegar. Students are also provided with a number of different metals like copper wire or pennies, galvanized nails (zinc), aluminum foil, regular metals (iron).  Students are asked to experiment with the different combinations of metals and liquids and to record their results and answer questions. 

Before students start this activity I demonstrate how to measure dc volts and amps using a multimeter. Every year students struggle with using the multimeter so time spent showing them how to use it before each lab activity is useful, especially because multimeters can be complex with many settings. 


	Trial 
	Conditions, metals, electrolyte
	Volts/ millivolts (include label/units)
	Milliamps

	1
	Copper wire, copper wire, deionized water

	
	

	2
	Copper wire, galvanized metal, deionized water
*changed one metal
	
	

	3
	Copper wire, galvanized metal, 100 ml saltwater
*changed the electrolyte (liquid)
	
	

	4
	Copper wire, galvanized metal, 200ml saltwater
*changed the amount of electrolyte (liquid)
	
	

	5
	

	
	

	6
	

	
	

	7
	

	
	



1) What conditions produced the most volts?



2) Do you think the metal or the liquids (electrolyte) play a more important role in the battery?




3) What questions do you have after completing this lab/exploration?









4) Engineering Basics (50-100 minutes)	Comment by Jennifer Dechaine-Berkas: I am confused.  Do you introduce engineering basics to the students here?  If not, combine this with your intro to engineering page
Before starting this engineering lesson, it is critical to introduce key engineering vocabulary and practices. Terms like engineering design process, criteria, constraints, limits and optimizing, and prototypes should be introduced and used as often as possible. [image: ]

Engineering Practices
According to the NGSS, the eight practices of science and engineering that the Framework identifies as essential for all students to learn and describes in detail are listed below: 
1. Asking questions (for science) and defining problems (for engineering) 
2. Developing and using models 
3. Planning and carrying out investigations 
4. Analyzing and interpreting data 
5. Using mathematics and computational thinking 
6. Constructing explanations (for science) and designing solutions (for engineering)
7. Engaging in argument from evidence 
8. Obtaining, evaluating, and communicating information

One important component of engineering is the ability to form and work as part of a team. Included in this lesson is an outline showing how to set up engineering teams by Pat Burnett of Whatcom College.   



5) Battery engineering planning sheet (35 minutes)

Students will use the internet to research how to make a battery. There are many different varieties of batteries. Do not allow students to use bleach as there are some examples online that encourage chemical reactions that produce chlorine gas.  I have included two different templates to choose from. I have also included a Battery Challenge 2020 C where student try to make a battery that produces the most volts per unit of mass. 
 
Battery Challenge 2020 A
Name ________________________			Partner______________________
Build your own battery lab planning sheet
Use the research to find out how you can build a battery using household materials. You could bring in many different supplies (NO BLEACH) and try different things to see if they result in a higher amount of volts. Remember science and engineering is about iteration (lots of experiments/trials) and optimization (how can I make this better). Your battery should be able to fit in a 400 ml beaker. You cannot use any commercially available batteries. Your battery will be evaluated based on the number of volts it produces. 
One of the key components of engineering is identifying a problem to solve. What problem is your team going to try and solve?
Problem:
	Supplies/material
	What does it do in the battery?
	Who is going to bring it?

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	




Draw a labeled picture of your battery below.






Data:
	Trial 
	Conditions, metals, electrolyte, mass
	Volts/ millivolts (include label/units)
	Miliamps

	1
	



	
	

	2
	



	
	

	3
	



	
	

	4
	



	
	

	5
	



	
	

	6
	



	
	

	7
	



	
	



Conclusion: Use data!

Questions:
1. Does the amount of solution affect the voltage of a battery? Why or why not?
2. Does the type of metal affect the voltage of a battery? Why or why not?
3. Does the size of the metal make a difference in the voltage produced? Why or why not?
4.  What role does the electrolyte play in battery function?
5. Will a battery product voltage if two of the same metals are used? Why or why not?
6. Explain what a battery is to a 3rd or 4th grader.

6)  Optimization (100- 300 minutes) 
After each team completes their initial battery lab trying to solve a problem they have identified, teams could 1) identify changes to their initial lab to optimize their design, 2) each team could present to the class and the class could try and work together to produce the best batter as a class, 3) two teams could join up to produce a batter that combines the best aspects of the two designs.   

Battery Challenge 2020 B
Name __________________________	Partner ____________________________
Background: Batteries are oxidation-reduction reactions in a container. When the two sides of a battery are connected electrons flow from one side of the batter to the other producing electrical energy. There are many different types of batteries for numerous different applications, they start our cars, power our phones and nose hair trimmers. It is difficult to live one day without using on a battery at least once. 
Problem:
Solution to problem:

Procedure:  Write a procedure, draw a picture and explain the role of each part of the battery. You may want to bring multiple supplies to test and improve your results.




Data:
	Trial
	Conditions
	Volts

	1
	


	

	2
	


	

	3
	


	

	4
	


	

	5
	


	


Conclusion: Questions on back also

1. If given the chance to build another battery, what changes would you make and why?


2. What is more important the electrolyte solution or the type of metal you use? Explain using your results. 

3. Explain the importance of batteries in your life, when do you use them and for what purpose? What would your life be like without batteries? (3-4 sentences)

4. Draw a simple picture, and explain how a battery works to a fifth grader. (3-4 sentences)





















Battery Challenge 2020 C
Name __________________________	Partner ____________________________
Background: Battery engineers are constantly working to produce a battery that can produce a large number of volts yet be lightweight.  
Purpose: Design a single or multicell battery that will produce the highest number of volts per unit of mass. 
Hypothesis with justification:

Procedure:  Write a procedure, draw a picture and explain the role of each part of the battery. You may want to bring multiple supplies to test and improve your results.




Data:
	Trial
	Conditions
	volts
	mass
	volts/mass

	1
	


	
	
	

	2
	


	
	
	

	3
	


	
	
	

	4
	


	
	
	

	5
	


	
	
	



Calculations:


Conclusion: 


7)  Summary/Conclusion (100-300 minutes depending on activities chosen)
There are many different ways to conclude this engineering activity, some potential ideas include, 1) have students analyze and reflect on their experience through out the battery engineering unit, 2) have group do a final presentation of their optimized battery, 3) identify the next steps to further optimize their battery, 4) have groups identify a product that uses a battery and identify problems with the current battery using what they have learned during this battery engineering unit. 
Sample Battery challenge lab questions
	Source
	Voltage
	Current
	Power

	PC USB
	5 volts
	0.5 amps
	2.5 Watts

	iPhone Charger
	5 volts
	1.0 amps
	5 Watts

	iPad Charger
	5.1 volts
	2.1 amps
	12 watts


A charger performs some important tasks in order to charge a battery. First, the charger converts the alternating current from the electrical outlet into direct current to charge the battery. Second, the charger changes the volts and amps supplied to the battery from 120 volts and 15-20 amps to the necessary volts and amps for that particular battery.  See chart below for specifications for some apple products.
1. Do you think you can charge a IPhone with a fruit after completing this battery engineering unit?
2. Did your design solution solve the problem you identified?
3. In simple terms, explain how a battery works. Where does the electricity come from? What role do the metals play in the battery? What role does the electrolyte/liquid play in the battery?
4. Using the data from your lab and the chart showing the volts and amps needed do you think you could charge an Ipone with an apple? Justify your answer.
5. Does the amount of liquid affect the battery? Does the size of the electrode affect the battery? If so how?
6. Would sanding the metal help? Explain why or why not.
7. How can the engineering design process be used to solve a problem? 
8. Pick a product (something you buy) and explain how you think engineers have improved this product over time?
[bookmark: _GoBack][image: ]9. Explain the importance of developing teams and working as a team to solve a problem using the engineering process.
10. Given the materials in the table below how would you design an battery to produce the most volts? Justify your choice of materials.  
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TABLE 20.1 Standard Reduction Potentials in Water at 25°C

Standard
Potential (V) Reduction Half-Reaction
287 E,(g) + 2e- — 2F-(ag)
151 MO, (ag) + BH* (ag) + 5e- —> Mn®* (ag) + 4H,0()
136 Clyig) + 26~ —2CI- ()
133 C1,0,2~(ag) + 14H*(ag) + be- — 2Cr™ (ag) + 7H,O()
12 0,{g) + 1H+(ag) + de- — 2H,0()
106 Brf) + 2e- —> 2Br-(ag)
0.96 NO,(ag) + 4H*(ag) + e~ — NO(g) + HO()
0.80 Agrlag) + & — Ag(s)
077 Fe**(ag) + &= — B+ (ag)
0.68 0,(g) + 2H+(ag) + 26~ — H,0,(ag)
0.59 MnO,(ag) + 2H,0(1) + 36~ — MnO,(s) + 40H~(ag)
0.54 Ls) + 2e~ —> 2I-(ag)
0.40 O(g) + 2H,0) + de~ — 4OH~(ag)
034 Cu*(ag) + 2= —» Cufs)
0 2H" (ag) + 2e" — Hy{g)
-0.28 NE*(ag) + 26~ — Nifs)
—0dd Fe*{ag) + 2 —> Fe(s)
-076 Zei*(ag) + 267 — Zn(s)
-083 2H,0(1) + 2e- — H,(g) + 20H~(ag)
~ 66 AP*(ag) + 3~ — Alls)
-271 Na(ag) + e~ — Na(s)
-3.05 Li(ag) + e= — Lifs)





