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�Dimensions�

Subject: 
• Mathematics: Geometry

Level:
• Grades 9-12

Abstract:
• In this unit, students create and measure models of common geometric

figures and solids to observe, note, and predict the effect of dimension
changes on the figure�s perimeter, area, and the solid�s surface area, and
volume.

Prerequisites: 
• Students have completed the study of linear, square, and cubic units of

measurement. Students possess background in common geometric
figures and solids. Previous study of ratio and proportion will be useful as
well.

Invitation:
Students are invited to discuss the need and available options for
packaging products such as, storage, transport, and display. The
considerations should include the size of the package, its outside
appearance (surface area), and its volume. The idea of modifying the
package to hold different amounts of product is to be encouraged, for
instance, a half size, full size, double size. This is common for products
sold for individual consumption vs. family vs. institutional use. A chart
recording specific examples of product and the sizes encountered can
serve as �memory� of the discussion.

Situations:
• Where: This unit is designed to be completed in three environments: the

classroom, home, and the computer lab. A space where students have
access to computers to work in small groups is an alternative location.

• When: During Mathematics � Geometry class, after students have
completed the prerequisite units of study.
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• How Long: Five to ten 55-minute class periods, depending on student
progress in the investigation process, student ability to construct models
for geometric solids and figures, and student ability to follow the step
sheet to compose and use the Perimeter Formula Sheet provided for the
investigation.

Tasks:
• Task 1: Teacher presents the invitation and facilitates the class

discussion. A good example to use would be laundry soap packaging.
Sample sizes of product are another option that can be considered.
Packages are proportional to the regular product. The outside appearance
(printing and lettering) constitutes the surface area. The question of how
the package�s size affects its surface area and volume can be presented
at this time. Predictions can be accepted and recorded for later discussion
and verification.

• Task 2: The teacher models and demonstrates an investigation using the
PowerPoint presentation provided. The measurements of the side of a
square, its perimeter, and area are presented. The changes in area and
perimeter due to doubling and halving the measurement of the side of the
square are examined. Next, the changes in the surface area and volume
of a hexahedron (cube) when the measurements of the edge are doubled
or halved are examined as well.

• Task 3: The teacher introduces the Perimeter Formula Sheet and models
its use to compute and compare the perimeter of geometric figures.

• Task 4�Small Group Interaction: Students are divided into small
groups. The teacher assigns a regular geometric figure of a pre-
determined measurement to each group. Students draw or construct
models of the figure, increasing or decreasing one of its measurements. A
minimum of three geometric figures is expected, where Figure A depicts
an increase in a dimension (double), Figure B the original size, and Figure
C a decrease in the same dimension as Figure A. (half). Students
calculate the perimeter of their figures using the Perimeter Formula
Sheet. Students write a ratio to determine the factor of change in their
figure�s perimeter.
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• Task 5�Small Group Interaction: Students create and assemble a
geometric solid, made from the geometric figure assigned to them on
Task 4. Students construct models of the solid showing the results of an
increase and a decrease in one of its measurements. A minimum of three
solids is expected, where Figure A depicts an increase in a dimension
(double), Figure B the original size, and Figure C a decrease in the same
dimension as Figure A. Students create and use an Excel Formula Sheet
like the Perimeter Formula Sheet to calculate surface area and volume of
their solids. Students write a ratio to determine the factor of change in
their figure�s surface area and volume.

• Task 6�Small Group Interaction: Students summarize the changes
noted in terms of increasing or decreasing a measurement in their
geometric figure and geometric solid. Students may use the Findings
Worksheets to do this. Students share their findings with the class, using
the models constructed and the calculations performed in the Excel
Formula Sheets in a class presentation format.

• Task 7: Students in the audience take notes from the presentations,
compare and contrast findings to determine if a generalization can be
made in regards to the changes in perimeter and area when the
measurement of a geometric figure is modified (doubled or halved). The
same applies to the surface area and the volume of a geometric solid
made from the geometric figure studied.

• Task 8: The teacher facilitates a whole-class discussion that takes place
to go over the findings presented by the small groups at the end of Task
6 and the trends noted by the audience during Task 7. This is also a good
place to go back to the predictions recorded during Task 1 and accept or
refute them.

• Task 9�Independent Practice: For the duration of Tasks 1 to 5,
students may be assigned homework from their textbooks to reinforce
the calculation of perimeter and area of geometric figures, as well as the
surface area and volume of geometric solids.

• Task 10: Each group of students must turn in a folder containing
printouts of the Excel Formula Sheets that include all data pertaining to
measurement and calculation of the perimeter, surface area, and volume
for their assigned geometric figure and geometric solid. Also, a list of
tasks completed and contributions of each member to the group�s folder
and their role in the class presentation of their findings.
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• Task 11: (Optional) A further discussion can take place, to evaluate the
most efficient packages in terms of the amount of material needed to
make them (surface area), their volume, options for stacking,
warehousing, mailing (visit the local post office, and ask for information
about how the size of a parcel affects the price of its postage for local
delivery).

Interactions:

• Full Class: The invitation, demonstration, and class
presentations/discussions take place in a full-class setting.

• Small Group: Students work in small groups to conduct their
investigation, construct their models, complete the Excel Formula Sheets,
and prepare their class presentation.

• Partner/Individual: Students complete homework individually. They
may also complete tasks assigned as members of a small group as
individuals.

• Standards:
Geometry�The geometry skills and concepts developed in this discipline
are useful to all students. Aside from learning these skills and concepts,
students will develop their ability to construct formal, logical arguments
and proofs in geometric settings and problems.
11.0 Students determine how changes in dimensions affect the perimeter,
area, and volume of common geometric figures and solids.
8.0 Students know, derive, and solve problems involving the perimeter,
circumference, area, volume, lateral area, and surface area of common
geometric figures.

Assessment:
• Class Participation: Students receive credit for contributing to full-class

discussions and activities. The teacher may note on a class roster each
time a student participates. The same list can be used to identify those
students who have not participated in a whole class activity, and invite
them to do so.
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• Homework: Accuracy of calculations. Check Teacher�s Edition for other
alternatives.

• Investigation: Each group of students constructs at least three models
for a geometric figure and three models for a geometric solid. These
models depict an increase in a dimension (double), the original size, and
a decrease in the same dimension (half). For the Excel Formula Sheets,
examine a printout for accuracy of data and use of appropriate formulas.

• Class Presentations: Refer to the list prepared by students in Task 10.

Tools:
• Rulers or measuring tape
• String
• Scissors
• Construction paper or other colored paper suitable to build geometric

solids
• 1 sq. in. graph paper easel pad or butcher paper to draw a square grid to

use as reference
• Cutting mat
• Markers
• Scotch tape to assemble solids
• Calculators may be allowed
• Access to computers with Excel and PowerPoint
• Large screen or TV to show PowerPoint presentations in class.

Project Tips and Alternatives:
• Tip #1: Use string to surround geometric figures. Measure the length of

the string to determine the perimeter. Compare this measurement to the
one obtained by computing the formula.

• Tip #2: Children�s blocks, sugar cubes, cubes made out of Lego�s, and
Unifix cubes can be used to model volume units and also to measure
approximate volume by filling in a given geometric solid.

• Tip #3: Encourage the manipulation of concrete models/examples. The
concept of linear, area, and volume units is facilitated by the ability to
relate to concrete objects.

• Tip #4: As an extension, study tessellations or the works of Picasso that
incorporate geometric figures.
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Attachments:
• "Dimensions PowerPoint Presentation"
• "Findings Worksheet: Geometric Figure"
• "Findings Worksheet: Geometric Solid"
• "Perimeter Formulas"
• "Area - Surface Area Formulas"
• "Volume Formulas"
• "Step Sheets: Using a Projection Device"
• "Step Sheets: Creating a Perimeter Formula Sheet"
• "Step Sheets: Placing Geometric Figures and Solids on an Excel

Spreadsheet"

Web Resources � Excel:
• A list of linked web resources for Excel can be found on the Excel

Resources page.

Assistive Technology:
• Please refer to the Assistive Technology section for information on

methods and devices to help ensure that all students have access to the
curricula in the least restrictive environment.
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