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DESCRIPTION 
The purpose of this lesson is for students to obtain base knowledge of how renewable and non-renewable energy is generated and identify differences between renewable resources and fossil fuels. Students will research the potential long-term and short-term benefits and drawbacks of using fossil fuels, solar energy, and wind energy. In addition, during this lesson students will conduct an experiment that demonstrates the greenhouse gas effect. At the end of the lesson students will be able to answer specific questions about renewable and non-renewable energy options and explain the differences between renewable and non-renewable energy options. To solidify their understanding students will discuss their findings through Socratic Seminar.
GRADE LEVEL(S)
6-12

SUBJECT AREA(S)
ELA: Reading: Science and Technical; Energy Fundamentals; Solar Photovoltaic; Wind Energy; Fuels; SEP: Obtaining, Evaluating & Communicating Information; Energy Definitions; Human Impact; Socratic discussion; Research-primary; Data analysis; SEP: Engaging in Argument; Math: Graphing and Representation

ACTIVITY LENGTH
This lesson is designed to span ten – 50 minute class periods plus one additional day for the pre-test and to introduce the home energy audit.
LEARNING GOAL(S)
1.    Students will define and explain the differences between renewable and non-renewable energy sources. 

2. Students will research, summarize, and present the (short- and long-term) benefits and drawbacks of utilizing wind and solar energy.  

3. Students will research, summarize, and present the (short- and long-term) benefits and drawbacks of utilizing fossil fuels.

4. Students will generate questions about the greenhouse gas effect, identify and isolate variables, and then conduct an experiment to answer a class generated question about the greenhouse gas effect.

5. Through Socratic seminar, students will use the knowledge gained over the course of this lesson to discuss the potential long- and short-term benefits and drawbacks of using fossil fuels, solar energy, and wind energy.
Content BackGround
STUDENT BACKGROUND
· Students should be familiar with and comfortable working in small groups.
· Students should be familiar with Socratic Discussion and utilizing the habits of discussion for productive group communication.
· Students should be familiar with analyzing the informative writing style, including identifying the main idea and supporting details. 

· Students should be familiar with the scientific process, and independently be able to generate questions, identify independent and dependent variables, and write a hypothesis.
· Students should set up a coordinate graph at an appropriate scale to model potential relationships between independent and dependent variables. 
· Students should be familiar with interpreting data from coordinate graphs.
EDUCATOR BACKGROUND
Socratic Discussion – Socratic Discussion is a process for students to share information in a formal way. Students take turns speaking, use the Habits of Discussion to agree, disagree, and move the conversation forward. Socratic Discussion is an excellent tool for engaging students who are introverted, shy, and language learners. The process also provides boundaries for students who tend to dominate conversation. 
Read Write Think

http://www.readwritethink.org/professional-development/strategy-guides/socratic-seminars-30600.html
Scaffolding Discussion Skills with a Socratic Circle

https://www.youtube.com/watch?v=e3IBLKYaK1E
Shoulder-to-shoulder partner reading: Students sit shoulder-to-shoulder, facing away from one another. Students take turns reading the article paragraph by paragraph. Each paragraph is read three times. On the first read, students highlight all new vocabulary words and then look up the definition of the words. After the second read, students discuss to agree upon what the paragraph is about. After the third reading, students discuss and summarize the paragraph into one sentence. Students write the sentence under the paragraph or on a separate piece of paper. 
Jigsaw – Smaller student groups are broken into larger groups to become “experts” on their part of the information. Then smaller student groups come back together and each student shares the information they acquired. (For example: If in small groups of 4, each student in that group would be assigned a role. All the students in the class for that particular role work together. Then the class would be divided into 4 large groups and each group works on their assigned portion of the project. When the individuals return to their small group, they are the “expert” on that particular portion of the reading or project.)
Carousel – Students work in small groups (usually 4-6 students) and move through a series of questions as a group. As groups move through the questions, the thoughts generated by other groups can be reviewed and added to.
Materials Needed
Day 0 – unit preview
handouts/Paper materials

· Electrical Energy Pre-test (1 copy per student)

· Energy Use Data from Home Energy Audit template 

· Electrical Energy Summative _KEY

Activity Supplies (1 per student)

· Chromebook or computer with access to the internet
Day 1 – Overview of Energy

handouts/Paper materials
· L1-D1: “What is energy?” Questions Worksheet
Day 2 – overview of renewable energy

handouts/Paper materials
· L1-D2: “Renewable Energy: The Clean Facts” Article

· “Informative Text Notes” Worksheet (page 1 - 1 per student)

Day 3 – overview of the benefits and drawbacks of solar and wind energy

handouts/Paper materials
· L1-D3: “Advantages of Wind Energy” Article
· L1-D3: “Challenges of Wind Energy” Article

· L1-D3: “Pros and cons Wind Energy_Conserve” Article

· L1-D3: “Renewable Energy_Adv Disad” Article

· L1-D3: “Solar Energy” Article

· L1-D3:  “Uses of Wind Power” Article

· “Informative Text Notes” Worksheet (page 1 - 1 per student; page 2 – 3 per student)

Day 4 – overview of the benEfits and drawbacks of fossil fuels
handouts/Paper materials

· L1-D4: “Disadvantages of Fossil Fuels” Article

· L1-D3: “Pros and Cons of Follsil Fuels_altenergy” Article

· L1-D3: “Pros cons fossil fuels_apecsec” Article

· L1-D3:  “What are fossil fuels” Article

· “Informative Text Notes” Worksheet (page 2 – 2 per student)

· 4 Poster sized pieces of paper. One titled, “What are fossil fuels?”; second titled, “Benefits of Using Fossil Fuels”; third titled, “Drawbacks of using fossil fuels”; the fourth titled, “Connections to previous knowledge” 
Days 5 & 6 – greenhouse gas effect lab

handouts/Paper materials
· L1-D5: “Greenhouse Gas Effect Lab” Worksheet
· Newslea Article: “L1-D5_Effects-air-pollution-42357-article”

· “Informative Text Notes” Worksheet (page 1 - 1 per student)

Activity Supplies (per group of 3-4 students)

· Shop lamp with 150W spot light bulb

· 2 - clear 2 liter bottles with top ⅓ removed

· 2 cups sand (the same color and mixture)

· Plastic wrap to cover top of 2-L bottle

· 1 rubber band (to secure plastic wrap over bottle)

· 2 thermometers

· Tape to secure thermometers in bottles
Days 7 & 8 – NASA climate change
Handouts/Paper materials
· “Climate Change_NASA_decreased snow cover” Worksheet
· “Climate Change_NASA_Extreme events” Worksheet
· “Climate Change_NASA_Global temps” Worksheet
· “Climate Change_NASA_Ocean acidification” Worksheet
· “Climate Change_NASA_Sea Level Rise” Worksheet
· “Climate Change_NASA_Shrinking Ice Sheets” Worksheet
· “Climate Change_NASA_Warming Oceans” Worksheet
· “Informative Text Notes” Worksheet (page 2 – 3 per student)

Activity Supplies (per group of 2 students)

· Device with internet access
Days 9 – Socratic discussion
Handouts/Paper materials
· “L1-D9_Socratic Discussion Rubric” (1 per student)
· L1-D9_Habits of Discussion Sentence Stems (Class set)
GENERAL CLASSROOM SUPPLIES
· Markers
· Poster paper
· Timers (stop watches or egg timers)
· Internet access 
· Projector
· Clear Tape
· Rubber bands

· Dictionaries or access to on-line dictionary

Lesson Progression
Planning and Prep

This lesson is designed to last ten 50-minute class periods and is intended to prepare students for a Socratic Discussion about the benefits and drawbacks of renewable energy and fossil fuels. 
Day 0: Unit Preview. Print unit pre-test. Print example of Energy Use Data Template from Home Energy Audit.
Day 1: Overview of energy. Print Day 1 questions worksheet. Load video - Bill Nye: Energy

https://www.youtube.com/watch?v=8qmSzMwTkpk. The video is approximately 30 minutes which allows time for students to complete their notes after the video is over.   
Day 2: Overview of renewable energy. Print Day 2 articles and note sheet. Students will work in partners to read page 1 of the article “What is renewable energy?” and take notes in the provided format. Then students will work in small groups to read a portion of the rest of the article. 
Day 3: Overview of the benefits and drawbacks of solar and wind energy. Print Day 3 articles and note sheet. Students will be broken into six equal sized groups to read an assigned article, take notes, and will then share the information with the rest of the class (jigsaw).
Day 4: Overview of the benefits and drawbacks of fossil fuels. Print Day 4 articles. Students will be broken into four equal sized groups to read an assigned article, share the information with the rest of the class through a carousel activity, and then take notes on the big ideas of the day. Make 3 poster-sized papers and hang around room so that students have space to collaborate and move as small groups.
Day 5-6: Greenhouse Gas Effect Lab. Set-up lab. Print lab sheets. Print Newslesa article “Effects-air-pollution-42357-article” on the effects of air pollution along with page one of the “Informative Text Notes” Worksheet. Set up greenhouse gas lab stations (see photo below) Students will generate possible questions, identify variables, write a hypothesis, and then collect data to determine if an environment with more or less atmosphere is hotter.
Day 7-8: NASA climate change. Print questions and page two of Informative Notes. Students will be divided into equal sized groups and work in partners to complete the worksheet associated with their assigned reading. Then students will jigsaw to share information and take notes on the provided 
Day 9: Socratic Seminar. Print Socratic Discussion Rubric (1 per student) and Habits of Discussion Sentence Stems (class set). Tables should be moved to edges of room to create a circle of chairs large enough to accommodate half of the students. Clip boards are helpful for student evaluators. 
Lesson sequence 
Day 0: unit preview
6. (15-30 min) Pass out Energy Pre-test and allow students time to work. Reinforce with students that this is a pre-test and that it’s not expected that they know the answers. The questions on the test are a preview of what they will be learning over the course of the next few weeks.  NOTE: The pre-test is designed to preview and assess student information for the entire 3 part unit. However, if only implementing a portion of the unit, the pre-test can be edited to accordingly.
7. (20-35 min) Introduce home energy audit project. Assign homework, which is to identify all areas where energy is used and to collect data on number of minutes (or hours), number of times a large appliance is used (number of loads of laundry along with typical run cycle). Data should be collected for the next 14 days. While students are collecting data for Part 1-Lesson 3, in-class work focuses on acquisition of background information. NOTE: If only implementing Part 1-Lesson 1, omit this step.
Day 1: Overview of Energy
1.    (10 min) Ask students what they know about energy. Make a list of idea and questions. Keep questions on poster board for reference throughout the unit.

2.    (3 min) Pass out “What is energy?” video worksheet and preview questions.

3.    (30 min) Watch Bill Nye The Science Guy video, “Energy (https://www.youtube.com/watch?v=8qmSzMwTkpk). This video discusses kinetic and potential energy and introduces how electricity is created by burning oil, coal, and from moving water.
4.  (5 min) Have students discuss questions and answers with their table groups to complete the questions about the video.
5.  (3 min) Randomly call on students to check for accuracy on the answers to the questions on the worksheet.

6. Have students store notes in a designated folder or section of their binder.

Day 2: Overview of renewable energy
8.   (10 min) Pass out article and informative note sheet to students. Have students preview the article to determine the overall theme of the reading and preview the questions so they know what kind of information they are looking for in the article. Model shoulder-to-shoulder reading.
9. (25 min) Students use shoulder-to-shoulder partner reading procedure to read and summarize the article. Teacher monitors and answers questions. 
10. (10 min) With their partners, students complete “Informative Text Notes” Worksheet. Although students are collaborating on information to include on the text notes, each student is responsible for their own assignment.
11. (5 min) Review information as a class to ensure that all students understand the main idea and that the idea is supported with examples from the text. Random selection will keep all students accountable and create equity in the classroom.

12. Have students store notes in a designated folder or section of their binder.

Day 3: Overview of the benefits and drawbacks of solar and wind energy.

1.
(5 min) This lesson is a jigsaw reading technique. Divide students into six equal sized groups and pass out one article to each group (each students within the group should have a copy of the group’s assigned article). Explain that each group will be reading their assigned article, completing the “Informative Text Notes” Worksheet together, and then sharing the information with the rest of the class in a jigsaw.  

2.
 (15 min) Students use shoulder-to-shoulder partner reading procedure to read and summarize the article. (Each group should have 2-3 partner groups, depending on class size. Shoulder-to-shoulder reading can also be used with groups of 3 and is a good support for struggling readers.) Teacher monitors and answers questions. 

3.
(10 min) With their groups, students compare their summaries and then collaborate to complete the “Informative Text Notes” Worksheet, page 1. Although students are collaborating on information to include on the text notes, each student is responsible for their own assignment.

4.
(20 min) Jigsaw. Students are regrouped so that there is one student from each reading group in the new groups. Students take turn sharing information from their reading group’s “Informative Text Notes” Worksheet. Other students in the group take notes on “Informative Text Notes” Worksheet, page 2.
13. Have students store notes in a designated folder or section of their binder.

Day 4: Overview of the benefits and drawbacks of FOssil fuels.

1.
(5 min) This lesson is a carousel type of activity. Divide students into four equal sized groups and pass out one article to each group (each students within the group should have a copy of the group’s assigned article). Explain that students will be sharing the information from their articles on the poster papers hanging around the room.
2.
 (15 min) Students read their assigned article in a round robin. Teacher monitors and answers questions. 

3.
(10-15 min) Student groups are given 3-4 minutes at each poster to review information that is already recorded and then add new information from their articles. Students stay at a poster for the set time and rotate as a group when instructed by the teacher.
4.
(15 min) Class discussion and individual note taking on “Informative Text Notes” Worksheet, page 2. Teacher reviews the information on the posters with the class and leads a discussion about ways to consolidate and refine details into a cohesive summary about the benefits and drawbacks of fossil fuels. Students record information on “Informative Text Notes” Worksheet, page 2.

5.
Have students store notes in a designated folder or section of their binder.

Day 5: Day 1 of greenhouse gas effect lab.

1.
(5 min) Solicit students for information about climate change and the greenhouse gas effect. Introduce lab. Pass out lab sheets. 
2.
 (5 min) Have students read the background section of the lab sheet and answer the question, “How does this information similar to or different than what you thought the greenhouse gas effect was?” 

3.
(10 min) Ask students, “If we were to conduct an experiment about the greenhouse gas effect, what kind of questions could we ask?” Record student answers on the board. After questions are compiled, ask students to identify the independent and dependent variables for each question. 
4.
(10 min) Reveal to students the lab set-up (without going over the procedures). (One bottle with an atmosphere, one without). Ask students to identify the question that could be answered using this set-up. Then have students identify the controlled variables, independent variable, and dependent variable. 
5.   (10 min) Guide students to write a hypothesis based on the question and lab set-up. (Example hypothesis might include: “The environment with the atmosphere will get hotter faster because the heat will be trapped under the plastic.”  “The environment without the atmosphere will get hotter faster because there isn’t any atmosphere (plastic) to block out some of the heat.” )  
6. (10 min) Guide students to write a hypothesis based on the question and lab set-up. (Example hypothesis might include: “The environment with the atmosphere will get hotter faster because the heat will be trapped under the plastic.”  “The environment without the atmosphere will get hotter faster because there isn’t any atmosphere (plastic) to block out some of the heat.” )  

7.
Have students store lab sheet in a designated folder or section of their binder.
Day 6: Day 2 of greenhouse gas effect lab.

1.
(2 min) Review purpose of the lab and have students revisit their hypothesis. 

2.
 (10 min) Review procedures with students. (Note – the bottles will not cool back down to room temperature during a 4-5 minute passing period. To address this issue I set up 16 bottles (8 w/ atmosphere and 8 w/o) and used 4 sets every other class. I then created 4 groups of six students. I instructed students to work with a partner within the group and each partner group checked the temperature every 6 minutes. Students then shared the data with their group. I made the 22 minute time frame so that each partner pair could check the temperature 3 times. However, depending on resource availability and class size, more bottles could be set up to reduce group size or number of time checks.) While students are waiting their turns to check temperatures they should read the Newselsa article. Reiterate with students that the timer should continue to run – do not stop the time, check the temperature, then restart the time. The clock should be running continually.
3.
(25 min) Students rotate through data collection and read Newsela article. To check for consistency, create a chart on the white board where students can record their group’s temperature at each 2 minute interval. For example:
	
	Start
	2 
	4
	6
	8
	10
	12
	…

	Grp 1
	w/
w/o
	
	
	
	
	
	
	

	Grp 2
	w/ 
w/o
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	


4.
(5 min) Review class data with the students. Have students identify inconsistencies within the data and potential reasons. (For example, an atmosphere popped so the trapped heat escaped.) 
5.   (10 min) Assist students with setting up the graph. Through modeling, ensure that students label the x- and y-axis correctly as the independent and dependent variables and that students have an appropriate and consistent scale for both axis. Reiterate that the time is x and the temperature is y so that students are clear on how to create and graph each data point as a coordinate point. 
6.  (HOMEWORK) Students complete the conclusion of the lab.
Day 7: Day 1 NASA Climate change.

1.
(5 min) Review big ideas from Greenhouse Gas Effect Lab. Ask students to make connections between the findings in the lab, the readings, and what they know to brainstorm ways that a warmer atmosphere may change our environment. 
2.
 (15 min) Open the link https://climate.nasa.gov/evidence/ and as a class read “Climate Change: How do we know?” Then explain that students will be exploring the evidence in closer detail and will be responsible for sharing what they learn with their classmates. Preview the evidence subtitles and how to access each with the class. 
3.
 (30 min) Divide class into 7 equal sized groups. Assign each small group a different “Climate Change_NASA_...” . (Link students to https://climate.nasa.gov/evidence/ The answer to each set of questions can be found under the subheading with the same title.) 

Have students work in partners to explore their assigned section of the NASA Climate Change evidence. During this time, students should answer the questions on their worksheet.
4.  Have students store notes in a designated folder or section of their binder.

Day 8: Day 2 NASA Climate change.

1.
(5 min) Students review their answers from day 7 and prepare to present their information to the class.  

2.
 (35 min) Open the link https://climate.nasa.gov/evidence/ so that it is available if students would like to reference a graph, etc. Each group gets five minutes to present their information. While groups are presenting, students should be taking notes on a copy of page 2 of the “Informative Text Notes” Worksheet. 
3.
 (15 min) Preparation for Socratic Discussion. Students review their notes from the previous days, 
4.
Have students store lab sheet in a designated folder or section of their binder for tomorrow’s Socratic Discussion.

Day 9: socratic discussion.

1.
(5 min) Split students into two equal sized groups. Have half the students sit in chairs and one student stand behind a seated student. The student standing will evaluate the student that is sitting directly in front of them. Each standing student should have a copy of the “Socratic Discussion Rubric” and a clipboard. (If printed two-sided, one piece of paper can be used per pair of students.)
2.
 (9 min) Students within the circle discuss the benefits and drawbacks of renewable energy and fossil fuels. 

3.
 (1 min) Stop discussion and have student evaluators coach students within the circle. (This is an opportunity for peers to remind each other to speak, to share ai- time, etc.) 

4.
(9 min) Students within the circle continue discussion the benefits and drawbacks of renewable energy and fossil fuels. 

5.
 (2 min) Student evaluators discuss overall performance with peer. Student evaluators transition to discussion participants and their partner becomes the student evaluator. (If rubrics are not printed double sided, hand out new rubrics to evaluators.)

6.
 (9 min) Students within the circle discuss the benefits and drawbacks of renewable energy and fossil fuels. 

7.
 (1 min) Stop discussion and have student evaluators coach students within the circle. (This is an opportunity for peers to remind each other to speak, to share air time, etc.) 

8.
(9 min) Students within the circle continue discussion the benefits and drawbacks of renewable energy and fossil fuels. 
9.  (2 min) Student evaluators discuss overall performance with peer. Student evaluators transition to discussion participants and their partner becomes the student evaluator. (If rubrics are not printed double sided, hand out new rubrics to evaluators.)

10. With remainder of class share conversation map with students and provide teacher perspective of the conversation. Have students turn in rubrics and notes. 
ASSESSMENT and Extensions
Formative assessment
To evaluate students throughout this lesson, the teacher can monitor student progress during partner and small group reading. The teacher can collect daily reading notes as a formative assessment. In addition, teachers can create exit tickets that ask questions such as, “What were the three most interesting facts you learned today about (solar energy, wind energy, fossil fuels, etc.)?” The greenhouse gas effect lab can be used as a formative assessment, along with the data table created on the white board during the lab. Notes from daily work (individual and group) can be collected and spot checked. Random call outs. Check for understanding during small group conversation.
Summative Assessment

The Socratic Discussion is a summative assessment. During the Socratic Discussion students should summarize, describe, and discuss reasons to utilize renewable energy. Students should also be able to discuss, with basic understanding, the benefits and drawbacks of using renewable energy and fossil fuels. 
If only implementing this Lesson, questions from the pre-test can be used as a summative assessment. 

LESSON EXTENSIONS
A potential extension to the Greenhouse Gas Lab would be to have students design their own experiment. Possibilities might include the addition of water into the atmosphere, addition of vegetation, changing the color of the gravel or sand. 
This TedTalk can be used as an opener to this lesson to spark students into thinking about country sized changes to renewable energy. Students can discuss what cultural changes would have to occur in order for the United States to become a country run on renewable energy.
Monica Araya

A small country with big ideas to get rid of fossil fuels
https://www.ted.com/talks/monica_araya_a_small_country_with_big_ideas_to_get_rid_of_fossil_fuels
If working with a language arts teacher, students can develop an argumentative or informative essay on the benefits and drawbacks of renewable and non-renewable energy sources. Additionally, if working with a language arts teacher, the ELA instructor could head the reading and research portion of this lesson while the science teacher provided hands-on labs for students to explore the greenhouse gas effect, collects and analyzes data, etc. that would support deeper, more technical conversation during the Socratic Seminar. 



