Hands-on Volume and Surface Area Measurement
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Summary: 
This activity provides a station to station way for students to gain practice in measuring the volume and/or area/surface area of different 3-D shapes.  Stations are set up throughout the room using different objects which may be used to represent the following: prisms, cylinders, pyramids, spheres, and cones.  The entire activity can be made into a contest where the students “estimate”, based on volume measurements, the number of Starburst in a clear container.  Additionally, the students may take measurements to obtain surface area of the 3-D shapes.

Subject: 

Math: ___ 8th grade TEKS:
8)  Measurement. The student uses procedures to determine measures of three-dimensional figures. The student is expected to:

(A)  find lateral and total surface area of prisms, pyramids, and cylinders using concrete models and nets (two-dimensional models);

(B)  connect models of prisms, cylinders, pyramids, spheres, and cones to formulas for volume of these objects; and

(C)  estimate measurements and use formulas to solve application problems involving lateral and total surface area and volume.

10)  Measurement. The student describes how changes in dimensions affect linear, area, and volume measures. The student is expected to:

(A)  describe the resulting effects on perimeter and area when dimensions of a shape are changed proportionally; and

(B)  describe the resulting effect on volume when dimensions of a solid are changed proportionally.

Grade Level: 

· Target Grade: ___ 8
· Upper Bound: ___ 8
· Lower Bound: ___ 6
Time Required: ___ ~1 class period (40 minutes)


Activity Team/Group Size: ___  Groups of 1 or 2 students.  This activity is intended for individual measurement practice.
Materials: 

· Basketball (or other spheres)
· Tennis ball can (or other cylinders)

· Funnels (or other cones including sugar cones)

· One clear, rectangular container approximately (6in x 6in x 14in [this will hold approximately 164oz. of Starburst, or 940 individual Starburst])

· Pyramids (if none available: http://alex.edfac.usyd.edu.au/blp/websites/Techass/makeit.htm )
· Any additional shapes which are desired to have students measure

Reusable Activity Cost Per Group [in dollars]: 
All shapes should be reusable. 

Expendable Activity Cost Per Group [in dollars]: 
The cost of Starburst (~$6.00/41oz. bag [contains approximately 235 Starburst per bag]). 

Learning Objectives: 

· The students are expected to gain experience in measuring 3-D shapes in both the English and Metric systems.
· The students are expected to be able to transfer basic concepts of calculating volume and surface area with a hands-on approach to connect the vocabulary to a physical parameter.

· Techniques on making educated guesses may also be pursued based on knowledge taken from these measurements.

Lesson Introduction / Motivation: 
If the Starburst estimation is used, it can be brought to their attention that there is a contest amongst all of the classes throughout the day.  The only problem is that they need to complete a worksheet and take all of the appropriate measurements in order to be eligible.  Then, explain to the students that the individual(s) with the closest ‘estimate’ (based on measurements and calculations) will obtain the prize . . . Starburst!  Inform the students they will be rotating through the room at specific time intervals and will need to measure the volume and/or surface area of prism(s), cone(s), pyramid(s), cylinder(s) and sphere(s).
Lesson Plan: 
Once the students are motivated with the concept of the activity/competition, splitting the students up is the next task.  Each station may work best if only 1 or 2 students are present.  For larger classes, it may be easier to set up more than one set of each station (i.e. two or more stations with spheres, prisms, cones, etc.).  Provide the students with the appropriate worksheets and assign them a starting station.  Taking approximately 7 minutes per station, have the students rotate throughout the room taking turns measuring the appropriate parameters of the 3-D shape(s) at each station.  Each station has an associated ‘story’ with instructions on what is needed to be measured.  The station assignment should be placed at the appropriate location during the initial set up.  It may be necessary to provide the students with a formula chart and a calculator at each station to expedite the process.  After all stations have been attended, collect the worksheet and assess which student(s) grasped the concept(s).
Lesson Closure: 
In general, this should be used during a time when students have already been introduced to these 3-D shapes.  This should then be a physical method of measuring these shapes.  This way, students are exposed to these shapes conceptually and in reality which is typically the more challenging of the two.  Finally, the students should be able to take the appropriate measurements and apply what they have learned in theory to real life objects. 

Assessment: 
Notice if the students are able to correctly measure in both the English and the Metric system.  Often times students have difficulty in realizing the different fractional measurements in the English system (e.g. calling a measurement 3.4 inches instead of 3 ¼ inches) by only counting the number tick marks.  Additionally, noticing if they correctly calculate volume and surface area for the given shapes based on the worksheet provided.  One key link of understanding may be obtained if the students can give a ‘proper’ estimate to the number of Starburst available in the clear container.
Vocabulary / Definitions: 

· Measurement
· Cone, sphere, cylinder, pyramid, prism

· Radius

· Circumference

· Diameter

· Volume

· Surface Area

· Base

· Height

· Estimation

Background and Concepts for Teachers: 

· Volume
· Surface area

· Measurement (English and Metric system)

· 3-D shapes

Prerequisites for this Lesson: (Optional) 

· The students should be familiar with the objects to be measured as well as the formulae to calculate their volumes/surface areas.
· Knowledge of measurement in English and Metric systems is encouraged.

Lesson Scaling: 

For students who are less experienced or have difficulty with the concepts, fewer stations may be used.  Additionally, extra hints or instructions may be included at each station to assist these students if the instructor is not available for one-on-one help.  
For more advanced students, more parameters can be measured and/or counted (number of faces/edges/etc.).  Additionally, students can also look for ‘hybrid’ shapes in the class room or in the real world (hybrid referring to a combination of multiple 3-D shapes).
Additionally, different shapes or scaled versions of the same shapes may be used.  This can then show the difference in changing the radius/length of a side/etc. and its effect on volume and area.  (E.g. use a volleyball, basketball and baseball.  All three are spheres but have different radii, surface area and volumes).
Troubleshooting Tips: (Optional) 

The majority of errors may occur when measuring in the English system due to the inexperience/inability to differentiate between the fractions of an inch and the fractions of a centimeter (i.e. there are 16th’s of an inch on a ruler and there are also 10th’s of a centimeter). Students will usually count the number of tic marks when measuring in inches and then relate this directly to the portion of an inch (e.g. saying something is 3.4 inches instead of 3 ¼ inches).  Assistance may be necessary here.
Additionally, the measurement of the volume of the sphere may prove to be challenging due to the inaccessibility of the center of the sphere to properly measure the radius.  Instead, the radius must be calculated from the circumference.  This two step problem proves to be somewhat challenging.

The other struggle may occur when calculating the volume of the pyramid.  This again is due to inaccessibility of the true height of the pyramid.  Therefore, it may be necessary to purchase a special ruler or construct one in class to properly measure the height of the pyramid correctly without ‘slanting’ the ruler and getting an inaccurate measurement.

Multimedia Support and Attachments: (Optional) 

· In case a pyramid is not available, one may be taken from http://alex.edfac.usyd.edu.au/blp/websites/Techass/makeit.htm .
· Station assignments
· Worksheet
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 



Teacher’s Comments: 
