STEM BriefsMaking Connections in STEM


Title: School Energy Audit
Challenge: Students and teachers at your school want to be better at energy conservation. Before you can conserve energy you need to know how you spend it!  You have been asked to assist with data collection and planning at your elementary school. After collecting data on the current amount of energy used by your school building, devise a plan for conserving energy. All plans will be pitched to school administration, teachers, and fellow students and one plan will be implemented by the entire fifth grade class. 
	Science
	Engineering

	Concepts:

Science 5.9
Energy cannot be created or destroyed; however, the availability of certain energy sources differs. Most of the energy used in the United States comes from non-renewable sources.  
· Energy use affects the environment in many ways. In general, fossil fuels do more harm to the environment than the use of renewable energy sources. Some harmful consequences of energy use include air and water pollution and wildlife and habitat loss (5.9 a).
· There are many ways to conserve energy. In the home, actions such as turning off the lights and electronic devices when not in use, taking shorter hot showers, and adjusting the thermostat by a few degrees (higher in summer, lower in winter) will conserve energy. Walking or biking instead of taking the car for short trips also conserves energy (5.9 b).
· Advances in technology continually improve our ability to harness and use energy more efficiently (5.9 c).

Practices:

Science 5.1
The student will demonstrate an understanding of scientific and engineering practices by
a)  asking questions and defining problems
c)  interpreting, analyzing,   and evaluating data
f)   obtaining, evaluating, and communicating information

	Concepts:

STEL-4I
Explain why responsible use of technology requires sustainable management resources

STEL-4S
Develop a solution to a technological problem that has the least negative environmental and social impact.

Practices:
The Engineering Design Process:
1. Define: Define the problem, ask a question  
2. Imagine: Brainstorm possible solutions
3. Research: Research the problem to determine the feasibility of possible solutions
4. Plan: Plan a device/model to address the problem or answer the question
5. Build: Build a device/model to address the problem or answer the question
6. Test: Test the device/model in a series of trials
7. Improve: Using the results of the test, brainstorm improvements to the device/model; return to #3 
8. Share: Communicate your results to stakeholders and the public





[image: ]
Grade 5 Science		


Title: School Energy Audit
Timeframe: 
	3 class periods for science
1-review content, student group work to generate questions, draft-o-meter
2- school tour, inventory, brainstorming
3- Explain, elaborate phase
*Extra science or literacy time may be needed to work on writing their conservation plan. 
*Extra science time may be needed to implement their conservation plan and complete follow-up data analyses. 



Standards/Indicators  (copied from the standards)
	Science 5.1
The student will demonstrate an understanding of scientific and engineering practices by
a)  asking questions and defining problems
c)  interpreting, analyzing, and evaluating data
     f)  obtaining, evaluating, and communicating information

Science 5.9
The student will investigate and understand that the conservation of energy resources is important. 
b) individuals and communities have means of conserving both energy and matter

Writing 
5.8- The student will write to inform an audience


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Students and teachers at your school want to be better at energy conservation. Before you can conserve energy you need to know how you spend it!  You have been asked to assist with data collection and planning at your elementary school. After collecting data on the current amount of energy used by your school building, devise a plan for conserving energy. All plans will be pitched to school administration, teachers, and fellow students and one plan will be implemented by the entire fifth grade class. 


Challenge and Criteria
	Students will implement an energy conservation plan for my school building. 
-conduct an energy usage assessment of my school building. 
-brainstorm and research possible ways to conserve energy. 
-devised a detailed plan to conserve energy. 
-create my final presentation/pitch of my energy conservation plan for my school building. 
- implement the energy conservation plan 


Support about the Standard 
	Science- Energy cannot be created or destroyed; however, the availability of certain energy sources differs. Most of the energy used in the United States comes from non-renewable sources.




[bookmark: _heading=h.f9hsln79sa0b]Support for the Engineering Design Process
	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.
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[bookmark: _heading=h.nv9r9xcbilyw]
Materials and Safety (Always refer to the VDOE Safety in Science Teaching)
Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	Materials 
· Energy Audit at My School Worksheet, Pencil, Sticks or old pencils, Tape, Scratch Paper, Computers with internet access (optional), Clipboards, Thermometers, Watt Meters, Paper, Envelopes, Stamps, Energy Audit Presentation Rubric
· Discuss Safety with students (glasses when looking at electrical wires, gloves, not touching things, etc)
· Teachers could share this youtube video about electrical safety


[bookmark: _heading=h.1fob9te]Lesson Preparation
	· Teachers may want to work with your building operations supervisor/maintenance to discuss the school grounds, energy, and what can be shown to the students (e.g., boiler room, electrical room, electrical panels, solar panels, etc.)


[bookmark: _heading=h.3znysh7]Suggested Prior Instruction
	Teachers may want to ensure students have an understanding of:
Science: 
· what energy is, and the types of energy that we see inside our school. 
· where energy comes from. 
· how to read a thermostat.
· how to conserve energy (ex. turning off the lights and electronic devices when not in use, turning off water when washing hands, and adjusting the thermostat by a few degrees (higher in summer, lower in winter).
Writing 
· How to write to inform an audience 



	[bookmark: _heading=h.2et92p0]Engage: The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for engaging in the proposed engineering problem. 

	Teacher Directions
	Additional Notes

	· Ask students where energy comes from. Brainstorm a list of ways we use energy in our homes and schools. Have students prioritize their top 3 energy needs. What energy uses are important to them, and which ones are less important?

· Remind students how to read a thermostat to test the temperature around the building.

· Help students create a “draft-o-meter” to measure the draft that is found by doors. To do this, tape (2 inch long, ½ inch wide), a piece of paper so it hangs vertically off a small stick or pencil.

· Practice using the draft-o-meter in the classroom and identify an area with a draft (indicated by the paper being blown into a horizontal or diagonal position).

· The teacher may want to request a field trip with a building operations supervisor or maintenance person at your school to look at unique spots in the school that they are unaware of (boiler room, where are the air filters, recycling bins, and dumpster, heat pump, etc)

· Allow time for students to formulate questions in a small group that they could investigate. Model the draft-o-meter- and ask them to identify investigable questions. Example: why is there a draft by some doors and not others, why is it by the door and not the window, what could change the draft, etc. 

· Ask students what else they wonder about conserving energy at their school. What other types of energy might they conserve?

· Allow students time to work in groups to brainstorm a list of investigable questions. 
	· Teacher may want to have a class K-W-L-S chart about energy conservation. (teacher background information)



	[bookmark: _heading=h.tyjcwt]Explore: The exploration phase provides concrete experiences where students investigate phenomena, observe patterns, and/or encounter discrepant events that build upon knowledge and practices from the Engage Phase.

	Teacher Directions
	Additional Notes

	· Explain to students that now that they have reviewed energy conservation and brainstormed ideas about energy conservation in their school that it is time to see how well their school is using energy. Hand out a copy of  the “Energy Audit at my School Worksheet” to each student and review it with students.
· Students will work in small groups to complete the audit but each student should still collect data on their own copy. 
· After allowing time for students to discuss what they think to be true about their school's energy use, students may wish to interview a Building Operations Supervisor or Maintenance personnel for further learning and clarification.
	



	[bookmark: _heading=h.3dy6vkm]Explain: The essential knowledge and practices with which students engaged and explored, are now made clear and comprehensible.  This is also an opportunity for students to explain their understanding of the concept or practices.

	Teacher Directions
	Additional Notes

	-Students will independently reflect on the questions at the bottom of the Audit worksheet and devise a plan for conserving energy. 

-Teachers can choose to group students or continue to have them work independently to create an informational or persuasive writing piece to be shared with the teacher and class.

-Teachers can vote or use the highest scoring presentations (based on the rubrics) to pitch the conservation plan to school administration, teachers, and fellow students so that the entire grade level can work to implement the plan.

-Alternatively, a class discussion of individual ideas can be shared to create one plan as a class, combining the best ideas of the individuals to pitch the conservation plan to school administration, teachers, and/or fellow students.
	· In this section key vocabulary terms are highlighted by the teacher. 

· Concepts that are uncovered through school research should be clarified. For example: If students learn that some light bulbs save energy, the teacher may want to extend a lesson to discuss why some types of lights use more energy than others. These would be extension conversations that tie into conservation but may not be needed to teach the main concepts in the standard. 




	[bookmark: _heading=h.1t3h5sf]Elaborate:  The intention is to facilitate the transfer of concepts and abilities to relate to new situations. 

	Teacher Directions
	Additional Notes

	-The teacher can show students data about human consumption of energy over the last century and allow them to infer what might happen if the trend in energy consumption continues. 

Allow this time for students to make connections between how their schools use energy and how this might impact their school if the trend continues. What if all schools continued this way? Would it matter? 
	-This site may provide additional resources for teachers. https://www.eia.gov/kids/using-and-saving-energy/commercial-buildings.php





	[bookmark: _heading=h.4d34og8]Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	-Teachers should share the rubric with students to allow for understanding of the objectives.

-Student will present their conservation plan


	· Teachers may choose to use the rubrics along with the students' work sheets while students are presenting their proposal to check for understanding on energy conservation methods.


[bookmark: _heading=h.2s8eyo1]Suggested Post Instruction
	· Teachers could use rubrics to grade the performance task. 
· Teachers could use student journal reflections to ensure that students have the understanding of energy conservation. 


[bookmark: _heading=h.17dp8vu]Student Pages found below.


[bookmark: bookmark=id.divt6jxvant9]Name: ________________________________________________

ENERGY AUDIT AT SCHOOL Worksheet 
(adapted  from the Alaska Sea Week Curriculum Series, Volume VII)

Instructions: You will complete this resource usage audit as a “pre” evaluation of your schools resource usage. After completing the audit, you will calculate your points for school  energy usage. Following your calculations, you will identify areas of strengths and areas needing improvement. It is important to note that more points are better! You will use the information collected here to create a plan to conserve energy in your school. 

Questions for students/BOS/Principal: 

Does your school recycle paper?
· None (0 pts)
· Some (1 pt)
· All (2 pts)

Does your school recycle plastic?
· None (0 pts)
· Some (1 pt)
· All (2 pts)

Does your school recycle bottles and cans?
· None (0 pts)
· Some (1 pt)
· All (2 pts)

Does your school compost?
· None (0 pts)
· Sometimes (1 pt)
· As much as possible (2 pts)

Where does the school’s electricity come from?
· 100% Nonrenewable sources (oil, coal, or natural gas from a power plant) (0 pts)
· A mix of renewable and nonrenewable sources (2 pts)
· 100% Renewable sources (solar, biomass, hydroelectric, wind, etc.) (4 pts)

How often were your school’s furnaces & indoor air filters cleaned or changed in the last year. How many times?
· 0 times (0 pts)
· 1-3 times (2 pts)
· 4 + times (4 pts)

Check 4 different windows and 4 different doors for drafts: (Use the Draft-o-Meter)
· All 8 spots had drafts (0 pts)
· All windows had drafts (1 pts) 
· All doors had drafts (1 pts)
· 4 doors/windows had drafts (3 pts)
· No drafts were located (6 pts)

Does your school use energy efficient LED light bulbs:
· No (0 pts)
· Yes (4 pts) 

Does your school grow and eat foods from a school garden:
· No (0 pts)
· Yes (4 pts) 

Your school’s thermostat is set to:
· 72 degrees or higher (0 pts)
· 69-71 degrees (2 pts)
· 68 degrees or lower (4 pts)

What percentage of students ride the bus?
· 0-25 % (0 pts)
· 26-50 % (1 pt)
· 51-75 % (2 pts)
· 76-100 % (3 pts)

What percentage of students are picked up? 
· 76-100 % (0 pts)
· 51-75 % (1 pt)
· 26-50 % (2 pts)
· 0-25 % (3 pts)

Take a walk around the school (inside and outside). Do you see any litter?
· A lot (0 pts)
· Some (1 pt)
· None/very little (2 pts)

Walk around the school (inside). What do you notice about lights in the classrooms
_______ number of classrooms Observed total
_______ number of  classrooms with lights on (teachers/students NOT in room)
_______ number of  classrooms with lights off (teachers/students NOT in room)
· Most lights are left on when teachers/students are NOT in the room) (0 pts) 
· Half lights are left on when teachers/students are NOT in the room) (1 pts)
· Less than half of the lights are left on when teachers/students are NOT in the room) (2 pts)
· Lights automatically turn on and off by detecting motion (3 pts)

Point Breakdown: 
0-14: Improvements are necessary
15-29: You are on the way to sustainability but improvements can be made
30-45: Way to go! You are a sustainability icon! 
Complete Total: ____/45

[bookmark: bookmark=id.9z9ps479am3s]Questions to get you thinking about what you will write for your persuasive essay to your Principal to request changes at your school to be more energy efficient:

1. What areas of school gave you the least amount of points (i.e. the least sustainable)?
2. What areas of school gave you the most amount of points (i.e. the most sustainable)?
3. What, if any, resources used at school come from renewable sources?
4. What, if any, resources used at school come from nonrenewable sources?
5. What changes would need to be made to add points to your“at-school” total?
6. What could students and/or teachers change to be better stewards of energy resources?
7. What changes would your Principal need to request to make your school building more energy efficient?

[bookmark: _heading=h.3rdcrjn]

School Energy Audit PBA-Rubric
Name_________________________________________

	Category
	4
	3
	3
	1

	Brainstorming - Solutions 
	Students identify more than 4 reasonable, insightful possible
solutions/strategies to
encourage change.
	Students identify at least 4 reasonable, insightful possible solutions/strategies to encourage change.
	Students identify at least 3 reasonable, insightful possible solutions/strategies to encourage change.
	Students identify fewer than 3 reasonable, insightful possible solutions/strategies to encourage change.

	Research/Statistical Data
	Students include 3 or more high-quality examples, quotations, types of evidence, or data from their energy audit to support their idea.
	Students include at least 2 high quality examples, quotations, types of evidence, or pieces of data from their energy audit to support their idea.
	Students include at least 1 example, quotation, type of evidence, or piece of data from their energy audit to support their idea.
	Students do not include any examples, quotations, evidence, or data to support their idea.

	Campaign/Solution 
	Students create an original, accurate and interesting solution that adequately addresses the issue.
	Students create an accurate solution that adequately addresses the issue. 
	Students create an accurate solution but it does not adequately address the issue.
	The solution is not accurate.

	Presentation: Individual Preparedness 
	Student is completely prepared and has obviously rehearsed. Speaks clearly and distinctly all (100-95%) the time.
	Student seems pretty prepared but might have needed a couple more rehearsals. Speaks clearly and distinctly almost all (95-90%) the time
	The student is somewhat prepared, but it is clear that rehearsal was lacking. Speaks clearly and distinctly most (90- 80%) of the time.
	Student does not seem at all prepared to present. Often mumbles or can not be understood 

	Written Component-
Sentence Fluency
	- chooses precise  
words to paint a  clear picture in the  reader’s mind 
-includes language  that enhances   meaning
	-chooses words to  paint a picture in the  reader’s mind 
- includes language  that supports  meaning 
-uses some vague  words
	-demonstrates minimal  use of precise words 
- includes language  that occasionally confuses meaning 
-uses many vague  words
	-lacks precise vocabulary 
-includes language  that confuses meaning 
-uses repetitive words that distract the reader

	Written Component-
Conventions
	According to grade 
level standards,  
thoroughly applies 
correct: 
♦ spelling 
♦ capitalization 
♦ punctuation 
♦ grammar 
♦ sentence structure  (includes only a few minor  errors that do not detract)
	According to grade 
level standards, applies  correct: 
♦ spelling 
♦ capitalization 
♦ punctuation 
♦ grammar 
♦ sentence structure (includes some errors)
	According to grade 
level standards, 
demonstrates weakness  in applying correct: 
♦ spelling 
♦ capitalization 
♦ punctuation 
♦ grammar 
♦ sentence structure (includes numerous errors)
	According to grade 
level standards, 
demonstrates  
significant weakness in  applying correct: 
♦ spelling 
♦ capitalization 
♦ punctuation 
♦ grammar 
♦sentence structure  (errors make the writing  difficult to understand)

	Written Component-
Connecting to content
	conveys a strong  interest and  
understanding of the  topic using the writer’s own words 
	 conveys interest and  understanding of the  topic using the writer’s own words 
	demonstrates minimal  interest and/or understanding of the  topic 

	acks evidence of an  interest or understanding of the  topic 









[bookmark: _heading=h.26in1rg]VDOE 3rd Grade Performance Task Common Rubric
	Skill
	Exceeds Expectations (4)
	E/M (3.5)
	Meets Expectations (3)
	M/D (2.5)
	Developing 
(2)
	D/E
(1.5)
	Emerging 
(1)
	N/A

	Asking Questions 
and Defining Problems
	Asks questions that require data to answer and evaluates the testability of the questions.
	
	Asks questions that require data to answer.
	
	Asks questions that can be investigated but do not require data to answer.
	
	Asks questions that cannot be investigated.
	

	
	Predicts an outcome that is directly related to the question and provides science-based support for the prediction.
	
	Predicts an outcome that is directly related to the question.
	
	Predicts an outcome that is indirectly related to the question.
	
	No prediction was made or the prediction was not related to the question.
	

	Planning and Carrying Out Investigations
	Designs procedures (individually or as a team) and uses appropriate tools to make accurate measurements.
	
	Follows procedures (individually or as a team) and uses tools appropriately to make accurate measurements.
	
	Follows procedures or uses tools inappropriately or does not make accurate measurements.
	
	Does not follow procedures, uses tools incorrectly, or does not make accurate measurements.
	

	Interpreting, Analyzing, and Evaluating Data
	Accurately represents data using data tables, charts, and/or graphs and includes supporting details (i.e. labels, units, titles).
	
	Accurately represents data using data tables, charts, and/or graphs.
	
	Partially complete or inaccurate placement of data in data tables, charts, and/or graphs.
	
	Inaccurate or missing data tables, charts, and/ or graphs
	

	
	Accurately analyzes or interprets information using a graph and/or table, identifies patterns in the data, and recognizes unusual or unexpected data.
	
	Accurately analyzes or interprets information using a graph and/or table.
	
	Analyzes or interprets information using a graph and/or table but makes minor mistakes.
	
	Analyzes or interprets information using a graph and/or table but makes major mistakes.
	

	Constructing and Critiquing Conclusions and Explanations
	Constructs or evaluates an explanation based on observations or laboratory evidence, relates it to scientific ideas or principles, and applies explanation to new contexts.
	
	Constructs or evaluates an explanation based on observations or laboratory evidence and relates it to scientific ideas or principles.
	
	Constructs or evaluated an explanation or evaluation of evidence that is supported by laboratory evidence but does not include scientific ideas or principles.
	
	Constructs or evaluates an explanation that includes an irrelevant claim.
	

	Developing and Using Models
	Makes accurate and labeled models (drawings, diagrams, or other) to represent the process or system and explains the model.
	
	Makes accurate and labeled models (drawings, diagrams, or other) to represent the process or system.
	
	Makes models (drawings, diagrams, or other) to represent the process or system investigated with minor errors.
	
	Makes models (drawings, diagrams, or other) with major errors.
	

	Obtaining, Evaluating, and Communicating Information
	Communicates accurate, clear, and complete information. Uses scientific terms and concepts accurately to support explanations.
	
	Communicates accurate, clear, and adequate information. Use of scientific terms to support explanations is evident.
	
	Communicates partially accurate and/or minimal information in explanations. Use of scientific terms in explanations is limited or partially accurate.
	
	Communicates information that reflects inaccurate concepts. Use of scientific terms is inaccurate or absent.
	

	Content


SOL______
	Explains and applies relative and accurate content.
	
	Explains or otherwise applies relevant and accurate content.
	
	Identifies or otherwise applies relevant content with minor errors or omissions.
	
	Identifies or makes connections to irrelevant content OR relevant with major errors or omissions.
	

	Depth of Understanding
	[bookmark: _heading=h.lnxbz9]Exceeds
15 to 16 points
	[bookmark: _heading=h.35nkun2]Meets
11 to 14 points
	[bookmark: _heading=h.1ksv4uv]Developing
 7 to 10  points
	Emerging
6 or below
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Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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