SPIRIT 2.0 Lesson: 

The Phantom of the Computer Lab
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Lesson Title: 

Draft Date: June 4, 2010
1st Author (Writer): Joan Lahm

Instructional Component Used: Scientific Inquiry

Grade Level: Middle/High School Earth or Physical Science

Content (what is taught): 

· Students will learn how to use an electricity usage monitor to determine kilowatt-hours (kWh) of electricity used by an electrical appliance over time.

· Students will learn how to evaluate data gathered by an electricity usage monitor.

· Students will calculate the cost per month and year for using specific electrical appliances.

· Students will calculate financial savings per month and per year if specific electrical appliances are unplugged.

Context (how it is taught):

· Students will be given a lesson on how to use and read an electricity usage monitor.
· Students will choose one computer in each computer lab in the school to plug into the electricity usage monitor for five school days and two weekend days.
· Students will multiply the number of kWh consumed by one computer with the number of computers in the lab.
· Students will calculate the kWh usage for computers during the week and during the weekend (“phantom” load  - plugged in but not turned on).
· Students will use the average cost per kWh of electricity in their community to calculate the cost of electricity used by the computers in one week, one month, and one year.
· Students will calculate whether or not it would be financially feasible to unplug the computers when not in use.

Activity Description:

Students will utilize electricity usage monitors to calculate the kilowatt hours of electricity used by computers in each of the school labs. They will compare usage when the computers are on to when the computers are off (phantom load) and calculate the cost for each. Further calculations will determine whether or not it would be feasible to unplug computers when not in use.

Standards:
Science: SA1, SA2
Technology: TB4, TC2, TC4, TD3
 

Engineering: ED1
Math: MA3, MD1, ME1





Materials List: 

· Electricity Usage Monitors (one per computer lab)             

· Computers

Asking Questions: (The Phantom of the Computer Lab)
Summary:  Students will look at concepts related to power use in the computer lab in their school.  The idea of phantom power use will be introduced. 

Outline: 

· Students will be asked to predict if money and energy consumption could be saved if computers are unplugged versus turned off when not in use.

· Students will think about how to calculate costs associated with electricity usage.

· Students will be asked their opinion on phantom load vs. cost.

Activity:  The question, “Should school personnel unplug computers and other appliances when not in use?” will be posed to students.  Students will be asked why this question is even relevant and the discussion will be guided toward the idea of phantom power.

	Questions
	Answers

	Do appliances use electricity if plugged in, but turned off? Explain.
	Yes, the electricity usage monitor will display how many kWh are used

	How can you calculate the average cost per kWh in our area?
	Varies – rates can be determined by contacting the local utility company or by calculating electricity bills

	What does “phantom load” refer to?
	Standby power, also called vampire power, vampire draw, phantom load, or leaking electricity, refers to the electric power consumed by electronic appliances while they are switched off or in a standby mode.

	How can you calculate the energy consumption and cost of a “phantom load” over a month or year?
	By using an electricity usage monitor, students can determine how many kWh are used by an appliance and multiply that number by days in a month or in a year. By using the electricity rate for your area, you can calculate the cost.

	Would the school save money over time if they unplugged each computer instead of only turning them off?
	May vary – depends on the type of computer and electricity rates in your area


Resources:  

Nebraska Public Power District (http://www.nppd.com) for electricity rates

Exploring Concepts: (The Phantom of the Computer Lab)
Summary:  Students will have a discussion directed toward the concept of phantom load.  The question, “Should our school develop a policy which requires all computers in our school to be unplugged after use for the day?” will be presented to the students. Students will be placed into four groups (representing the number of computer labs in your school). Each group will investigate what has already been researched regarding the topic of “phantom load” and present their findings to the class.  Each group will be assigned a computer lab to investigate and design a method for using an electricity usage monitor to determine whether or not computers should be turned off. 

Outline: 
· Pose Question:  “Should schools unplug all computers in a computer lab at the end of each day?”

· Students will research the question and find information relevant to the question.

· Students will form a hypothesis to answer the question about unplugging computers.
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Activity: The students will be asked if the school should adopt a policy of unplugging all computers in the school at the end of the day.  The scientific inquiry process will be utilized to answer this question.  Students will use researching skills to find information about phantom load, learn how to use and read an electricity usage monitor, calculate kWh and cost for using computers.  (A local power company may be helpful in this search.  After research, students will form about a hypothesis about whether or not to unplug all the computers school wide after the end of each day.   
Resources:
· Internet

· Periodicals

· Books – for research

· Electricity Usage Monitor

Instructing Concepts: (The Phantom of the Computer Lab)
Scientific Inquiry

Scientific Inquiry Process

Scientific Inquiry is a very systematic process that scientists use to understand phenomena that are present in the world.  The process must be followed exactly without any deviation or any results that are obtained might not be valid.  There are six basic steps to the scientific inquiry process.

Step One:  Ask a question.

In this step you ask a question that you want answered about something that you have observed.  If scientific inquiry is to provide an answer, the question must be framed in such a way that it can be measured preferably with a number. 

Step Two:  Make a set of observations regarding the phenomenon being studied.

The scientist will observe the phenomenon that is being studied without out any bias.  It is important that the phenomena be researched in addition to observing it so that past information will be noted and past mistakes will not be repeated.

Step Three: Form a hypothesis that might explain the observations.

The hypothesis should be framed in a format like “If I do this, then this will happen”.  This hypothesis must be measurable and should help you answer your original question.

Step Four: Test your hypothesis by doing an experiment.

You will conduct an experiment that will prove your hypothesis true or false.  It is important that the experiment be unbiased and fair.  To do this you can only change one variable at a time and keep everything else the same.  Doing this insures that any change observed will be as a result of your experiment and not some other factor.

Step Five:  Analyze your data and draw conclusions.

Once your experiment is done you need to analyze your measurements and see if your hypothesis is true or false.  If your hypothesis is false (a common occurrence), you should start the entire process again with a new hypothesis.  Even if you find your hypothesis to be true you may want to devise another experiment to test your hypothesis again.  Multiple experiments that validate your hypothesis make your conclusion stronger.

Step Six: Communicate your results.

If your hypothesis stands up to multiple tests you should report your results in a final report.  This might take the form of a journal article in a professional or scientific journal.
Organizing Learning: (The Phantom of the Computer Lab)
Summary:  Students will test the hypothesis they formed regarding the question, “Should our school develop a policy which requires all computers in our school to be unplugged after use for the day?”  After gathering data, students will analyze the results.

Outline:

( Students will design an experiment to test their hypothesis.

( Students will analyze the results.

Activity:  Students will design an experiment to test their hypothesis regarding unplugging the school computers.  The teacher should guide students to a quality design including a timeframe, when to measurement the load, etc.  An electricity usage monitor can be use to measure power consumption and phantom load over time.  All data that was measured as well as costs and calculations should be recorded.  Attached is a possible chart for recording data.  See attached file: S056_SHINE_phantom_power-O-DataChart.doc  After the experiment has been conducted, students will analyze the results and make a determination about their hypothesis.
[image: image3.wmf]Attachments:  S058_SHINE_phantom_power-O-DataChart.doc

Resources:
· Electricity Usage Monitor

· Local Utility Company
· Data Table
Understanding Learning:  (The Phantom of the Computer Lab)

Summary:  Students will demonstrate what they learned in this lesson by communicating the results of their experiment to the class. Students will be asked turn in a typed report following the scientific inquiry process.  If the results warrant further communication, students may be asked to present their data to the administration and faculty. 

Outline: 

( Formative assessment of scientific inquiry.

( Summative assessment of scientific inquiry.
Activity:  Students will report the results of their scientific inquiry regarding the question of unplugging all computers in the school at the end of each day.  The report will be done as a complete lab write-up.  If warranted, the results could be reported to the school leadership.

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Did students understand the scientific inquiry process and were they able to apply it?

2) Were students able to use the electricity usage monitor and current electric rates to determine costs to run computers?

3) Were students able to understand the cost associated with computer that are not running?

Summative Assessment


Students can answer the following writing prompt:

Explain the steps of the scientific inquiry process and why the method is designed the way it currently is.

Students will be asked to write a report following the procedures for a scientific method detailing the question, research, hypothesis, experimental design, data, analysis and results.  The purpose of the paper is to make a yes/no recommendation with the data to substantiate the recommendation.  If the recommendation warrants a change, the student should set up a time to present their results to school leadership.  A class created rubric will be developed for each of the following steps:

1) Question – testable (regarding the amount of electricity and cost of leaving computers plugged in when not in use – “phantom load”)

2) Research – including citing of sources (MLA format)

3) Hypothesis – logical and based on research

4) Procedure – appropriate and can be duplicated

5) Data collection – appropriate for analysis

6) Analysis of data

7) Conclusion – support or refute hypothesis

8) Communicate Results – to class and possibly to administration and faculty
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