SPIRIT 2.0 Lesson:

So, just how hot am I?
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Instructional Component Used: Scientific Inquiry 

Grade Level: 9-12

Content (what is taught): 

· Use of scientific inquiry to answer questions about solar energy

· Use of thermometers to collect and record data

· Determination of which building and natural materials absorb and retain heat.

Context (how it is taught):

· Thermometers and any available measuring devices are used to measure temperature of materials when exposed to sunlight
· Graphing of data and analysis to determine which materials are most effective in absorption and retention of heat

Activity Description:  In this lesson, students will investigate various materials to determine which are good heat absorbers and heat retainers. They then take that information and design, implement, and analyze a lab to determine which materials work well. Finally, students will use the standard formal lab report template to report their findings.
Standards:

Science 
Technology

SA1, SA2, SE1, SE2, SF2, SF5.                          TC1, TA1, TA2, TA3, TC4, TD2

Engineering
Math

EA1,EA2, EB2, EB4,                                           MD1, MD2, ME1, ME2, MB1

Materials List: 

· Various thermometers                         

· Calculators                                              

· Styrofoam cups to hold materials            

· Science Notebook

· Various building and natural materials including Styrofoam (cups, boards, pellets), insulations, wood, siding, brick, soil, sand, concrete mixtures, water, plants, gravel, stone, (both in slab and pieces) and whatever else the students chose to test.

Asking Questions (So, just how hot am I?)

Summary:  Students will explore the various materials (natural and manmade) that impact heat absorption and retention.

Outline: 

· Have samples of various materials around room to spark ideas

· Organize into small groups to collaborate while answering questions on small white boards

· Come back together as a class to discuss findings and brainstorm

Activity:  The teacher will organize students into small groups and then hand out a list of questions to each group. The students will then have 10 minutes to discuss and determine what they feel are the best answers to each question, with the knowledge that no answer is wrong at this point. They will record these answers on small white boards. After 10 minutes, they will then come together as a class and each group will have their spokesperson relay the group’s answers, which will be recorded by the teacher. 
	Questions
	Answers

	Which materials (natural and manmade) can be used to absorb and store the most heat?
	Any material, whether displayed in the room or not, could be used.

	Will the color of the substance impact absorption and retention of heat?
	Black will absorb and retain the most heat while white materials tend to reflect sunlight (refer to black and white cars on hot day during discussion).

	Will the time of day or season of the year affect heat retention and absorption?
	Summer - near solar noon will have more heat to be absorbed. At nighttime - less retention.  Answers may vary.

	To test this and design a lab, what materials will you need?
	Laundry list of items, to include the materials, thermometers, and a heat source.

	How will you analyze your data?
	Graphs, calculations are possible answers


Exploring Concepts (So, just how hot am I?)

Summary:  The students will work in pairs to determine absorption and retention of heat of various materials.

Outline: 


Working in pairs, students will be randomly selected to test four samples of a certain material.  Some materials that can be used include water, air, dry soil, wet soil, dry sand, wet sand, powdered plaster, stones, chilled water, gravel, insulation materials, Styrofoam pellets, wood chips or sawdust, or any other material that is handy.


Students will use the temperature collection method assigned to them for their material to test and obtain data.


Students will collect data using a control sample of material, a sample placed in the sun, a sample placed under a heat light, and a sample placed in shade.


Students will obtain measurements and graph the results. 


Students will analyze their information.


Students will communicate their information to the rest of their class.

Activity:  In this lesson, students will investigate how various materials absorb and retain heat. Students will place four samples of an assigned material in Styrofoam cups and then place the cups in a variety of locations and measure the temperature of each cup every 5 minutes over a 40-minute period. Students will record data on a data sheet and then produce graphs of their results. Students will then report their results orally to the rest of the class and will display their graphs. Graphs of each material will be posted in the room, along with data sheets, for students to use as they design their own lab.
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Instructing Concepts (So, just how hot am I?)

Scientific Inquiry

Scientific Inquiry Process

Scientific Inquiry is a very systematic processes that scientist 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 (So, just how hot am I?)

Summary:  Students will design their own experiments using the scientific method (develop a question, write a hypothesis, gather materials and prepare them for testing). Each student will work independently to design, implement, analyze, and write his or her lab report using the template provided by the teacher. 

Outline: 

· Students will observe data obtained and design a lab to answer the following question. “Which natural or manmade material will absorb and retain heat best?”

· Students will form a hypothesis and record within their science notebook.

· Students will determine materials needed to conduct the experiment and will gather those supplies.

· Students will conduct the experiment and record data.

· Students will analyze their data and draw a conclusion as to if their hypothesis is proven true or false.

· Students will report results via the formal lab report template.

Activity:  In this lesson, students will design, develop, implement, analyze and report the results of an experiment to answer the given question. “Which natural or manmade material will absorb and retain heat best?”

Attachment: 
Formal Lab Report: S062-SOLAR-How_Hot_Am_I-O-Lab_template.doc

Understanding Learning (So, Just how hot am I?)

Summary:  Students will demonstrate knowledge learned through the process.

Outline: 

( Formative assessment of scientific inquiry.

( Summative assessment of scientific inquiry.

Activity:  Students can answer a writing prompt or answer quiz questions on the scientific method.

Formative Assessment

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

1) Do students understand the steps of the scientific method?

2) Were students able to apply the scientific method and design an experiment?

3) How can you adapt your experiment in the future?

4) What do you think your results tell us?

Summative Assessment

Students can answer the following writing prompt:  Describe the steps of the scientific method.  Be sure to relate each step to the experiment that you designed and conducted in your lab.

Students can answer the following questions in the form of a short quiz.

a) Which of the following materials (water, sand, wet sand, air) will absorb heat fastest? Explain why.

b) Which forms of building materials can be used to improve heat absorption and retention when building a house? 

c) Why did you choose those materials?

d) Which forms of building materials help keep a home cool during hot weather?

e) Why did you choose those materials?
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