SHINE 2.0 Lesson: 

A Metric Peg In A Standard Hole
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Grade Level: 9-12

Content (what is taught): 

· Converting From Standard to Metric Measurements

· Converting From Metric to Standard Measurements

· Calculating Volume

Context (how it is taught):

· Class Discussion

· Group Work

· Real World Examples Using Dimensional Analysis

Activity Description:

Students will measure things using standard and metric measurements.  Conversions between standard and metric units will be calculated.  Finally, a real world example using shipping containers and goods to pack inside the container will be used as examples for dimensional analysis.  The added component of converting volume between systems of measurement will add difficulty to these examples. 

Standards: 

Math: MD1, MD2




Science: SB1
Technology: TC4




Engineering: ED4
Materials List: 

· Yardsticks and meter sticks for students

· Various size boxes and other items for students to measure
· Calculators to use for conversion calculations
Asking Questions: (A Metric Peg In A Standard Hole)
Summary: Students will measure each other’s height in both standard and metric measurements.
Outline: 

· Students will measure each other’s height with a yardstick

· Students will measure each other’s height with a meter stick

Activity: Using yardsticks and meter sticks for measuring devices and each other for students to measure; students will measure each other’s height in both standard and metric measurements to understand that there are two different measuring systems.  Use the questions below for discussion.

	Questions
	Answers

	What type of measuring system is used in the United States?
	U. S. Customary Units also known as Standard Units

	What type of measuring system is used in the rest if the industrialized world?
	The Metric System

	How many Meters are there in the length of a football field?
	300 yards = 274.32 m

	Is 75 kph (kilometers per hour) faster than 55 mph (miles per hour)?
	No, 75 kph is equal to 46.60 mph.

	Who is taller, a person who is 2 meters tall or a person who is 6’-6” tall?
	The person who is 2 meters tall.  6’-6” is only 1.9812 meters.


Materials: 

· Yardsticks and Meter Sticks for Students

· Calculators
Exploring Concepts: (A Metric Peg In A Standard Hole)
Summary: Students will measure various items using standard and metric measurements, convert their measurements, and then check their results.
Outline: 

· Students will use standard measurements to measure items

· Students will use metric measurements to measure items

· Students will convert from one type of measurements to the other

· Students will check their conversions using appropriate measuring devices

Activity: Divide the students into two groups.  Have group one measure set one of boxes (or other items of various sizes) in standard scale and record the dimensions.  Group two should measure set two of boxes (or other items of various sizes) in metric scale and record the dimensions.  Have each group convert their measurements to the opposite scale (i.e. metric measurements converted to standard measurements and vice versa).  After the measurements have been converted, students will measure their set of boxes using the opposite measurement tool than they used the first time.  Students will then compare the calculated measurements to the actual measurements.
Materials: 

· Yardsticks and meter sticks for students

· Various size items for students to measure
· Calculators
Instructing Concepts: (A Metric Peg In A Standard Hole)
Dimensional Analysis

Putting Dimensional Analysis in Conceptual Terms: Dimensional Analysis (aka Factor-Label Method or Unit Factor Method) is a problem solving technique helpful in converting from one unit of measurement to another. It involves using conversion factors that are multiplied or divided into the original unit’s value to determine the secondary unit’s value. 
Putting Dimensional Analysis in Mathematical Terms:
Dimensional analysis begins by determining a conversion factor or setting a unit equal to one in comparison to another unit.  Some examples of conversion factors are:

      1 foot = 12 inches  
1 inch = 2.54 cm 
1 mole = 6.022 x 1023 particles 

Note: It would also be correct to write 1 inch = 1/12 (0.83) foot, but often is easier to write the conversion factor making the larger unit equal to one.  Then the amount of the other unit is written in a whole number rather than as a fraction or decimal value.

Next the conversion factor is applied to the original unit value either to be multiplied or divided.

Write the conversion factor as a fraction multiplied by the original value.  Place the units desired to be eliminated or canceled on the bottom and the secondary unit on top. 
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Example:
Convert 34 inches to feet
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            34 inches x 

   = 2.83 ft.[image: image2.emf]  
 

If several conversion factors are used to convert the original unit value, they can be written as many fractions multiplied together or in the method shown below. A horizontal line is drawn to represent all the fractions and several conversion factors are written together beginning with the original unit value and ending with the final unit value.   

Example                                     
Convert 
[image: image3.emf]to 
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5400 inches   2.54 cm   10 mm    1 year           1 day       1 hour = 0.00435 mm/sec
   1 year          1 inch       1 cm      365 ¼ days  24 hours  3600 sec
Putting Dimensional Analysis in Applicable Terms:

Dimensional analysis can be utilized in unit conversion problems found in math and science especially mathematical story problems and chemistry stoichiometry problems as well as numerous other applications not listed here.
Organizing Learning: (A Metric Peg In A Standard Hole)
Summary: Students will convert space available and space required from standard to metric and vice versa.
Outline: 

· Students will convert metric space available in a shipping container to standard measurements

· Students will convert standard space required for an item to metric measurements

Activity:  Students will be given the measurements for standard shipping containers and goods that can be packed in the containers (see attached files: S146_SHINE_Metric_Peg_Round_Hole_O_Container.doc and S146_SHINE_Metric_Peg_Round_Hole_O_Goods.doc).  NOTE: The measurements are in both standard and metric units and only one should be given to the student.  The other can be used to check their answers.  First, students will determine the maximum standard measurement cubic space available in a cargo container by converting the metric measurements provided.  Second, students will determine the minimum metric cubic space necessary to pack a cargo container by converting the standard measurements of various box sizes (goods).  The Kawasaki Motors plant in Lincoln, NE must bring in components from domestic and overseas suppliers.  Because domestic manufacturers often use standard measurements and overseas manufacturers use metric, it is necessary to convert from one style of measurement to the other to determine space allocations in shipping containers and warehouses.

Attachments:

· S146_SHINE_Metric_Peg_Round_Hole_O_Container.doc

· S146_SHINE_Metric_Peg_Round_Hole_O_Goods.doc



Understanding Learning: (A Metric Peg In A Standard Hole)
Summary: Students will use dimensional analysis to convert spaces and items from standard to metric measurements and vice versa.
Outline: 

· Formative Assessment of Dimensional Analysis
· Summative Assessment of Dimensional Analysis
Activity: Students will complete assessments related to dimensional analysis.
Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Are students properly converting standard to metric measurements?

2) Are students properly converting metric to standard measurements?

3) Are students properly calculating volume measurements?

Summative Assessment: Students can complete the following writing prompt.

Describe dimensional analysis and how you applied it in this lesson.

Students can complete the following performance assessments:

1) Given the standard size of a carton and the quantity to be shipped, students will determine the volume of space required for the goods to be shipped in metric units.  Dimensions for the carton: height of 18 inches, width of 24 inches, and a length of 30 inches.  Quantity of cartons to be shipped: 115 cartons.

2) Given the metric size of a shipping container, students will determine the standard volume of space available for goods to be shipped.  Dimension for the container: interior length of 15.0876 meters, width of 2.4892 meters, and height of 2.7051 meters.

Assessment Answers
· S146_SHINE_Metric_Peg_Round_Hole_U_Solutions.doc


Math component (34 x 1 = 34 … 34 ÷ 12 = 2.83)


Unit component (inches ÷ inches cancel the units   


                            converting them to feet) 





    1 foot   


12 inches





Math component (multiply numbers on top and divide numbers 


                               on bottom)


Top: 5400 x 2.54 x 10 x 1 x 1 = 137160


Bottom: 1317160 ÷ 1 ÷ 1 ÷ 1 ÷ 365 ¼ ÷ 24 ÷ 3600 = 0.00435


Unit component (each one cancels until mm and sec remain)	
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