CUBE BUILDINGS
Hy Kim, Jan Marie Popovich and Alice Hruska

Youngstown State University
Youngstown, OH 44555

Activity 2

Fold a new square to obtain these four triangles and two parallelograms.

Do not

open the paper between folds.

This article is a summary of a series of lessons conducted by two prospective
elementary school teachers and the mathematics methods instructor in the Teacher
Education Center, Youngstown State University.
The unique parts of the series of lessons were: (1) the students were engaged in
hands-on activities and found the formulas of volume and surface area of prisms by
themselves, (2) the creativeness of the participating students was encouraged as
they constructed sugar cube buildings of their own design, (3) the lesson achieved
the textbook content through non-textbook activities.
Materials needed to carry out these activities include cubes ( commercially
produced cubes such as connecting cubes, multilink, or any wooden cubes, will be
much better than sugar cubes for the suggested activities), and centimeter grid
paper.

Write the fraction name on each piece.

Volume Qf Rectangular Prisms

Group the students so that three or four students become members of a team.
Give some sugar cubes to each team. The students will realize that a sugar cube is
not really a cube, but a rectangular prism. (The actual dimensions are 1.3 cm by
1.3 cm by 1.1 cm as shown in Figure 1.) Discuss the difference between a cube and
a rectangular prism.

Inform the students that the shorter side of the sugar cube

(1.1 cm side) is placed vertically in building activities in the lesson in order to
obtain a solid and smooth appearance.
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Figure 1
Ask each team to build a rectangular prism with three cubes. Ask each team to
build a rectangular prism using 12 cubes.

Let the students check other teams'

rectangular prisms to determine whether the shape of each building is a rectangular
prism and only 12 cubes are used. Introduce vocabulary such as "base" and "lateral
faces" of the rectangular prism. Let students count them. In rectangular prisms
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Activity 3

Fold a square to obtain four small triangles, four large triangles and four trapezoids.
Do not open the paper between folds.
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Write the fraction name on each piece.
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SQUARE FOLDS

each pair of opposite faces may be called bases.

m

aren't needed at this level.

Wayne R. Scott
Genesee Intermediate School District
Flint, MI 48507

Paper folding can be a unique means of developing both spatial visualization

2 bases -

and problem solving. Activities to assist students in developing spatial visualization
are not commonly incorporated in the curriculum, and with the advent of television
the amount of time children spend playing with blocks and tinker toys has declined
significantly.

In other prisms the congruent,

parallel faces are bases, with lateral faces being rectangles. More precise definitions

The following

activities can be used to help develop spatial visualization abilities.
There are two types of activities which follow. In each it is necessary to have
a supply of square pieces of paper.

Ask each team to build a rectangular prism using 30 cubes. Each team should check
the other teams' building to see if the shape is a rectangular prism and the building
contains only 30 sugar cubes.

Each activity requires a new square piece of

paper.

4 lat ml faces

Figure 2

In the past, boys spent more time with these types of toys and

developed much more skill with visual perception that girls did.

C

Now ask one student of each team to explain why his or her team's building is a
rectangular prism and why the building contains exactly 30 cubes. At this point
many students use their own methods such as ( 1) count the squares of the front side

Good luck!
(FOLD ONE SQUARE TO OBTAIN THE SHAPES IN EACH OF THESE
ACTIVITIES)

and multiply that number by the number of layers behind the front face or (2)
count the squares of the base and multiply the number of squares by the number of
layers between the two bases. Designate the student's or the team's name for the

Activity 1 ( one square)

formula, such as "John's Formula", when a student or the team uses the method

Fold and get these shapes - four small triangles and two large triangles. Do not

such as the number of squares of the base times the height of the prism. Since the

open the paper between folds.

number of squares of the base is base area, define "John's Formula" as "base area x
height".

This formula is much more convenient than the traditional "width x

length x height" formula because the new formula can be applied in computing
volumes of all prisms, such as the hexagonal prism and cylinders, but the traditional
formula can be applied only to rectangular prisms. Some of the sample _rectangular
prisms with 30 sugar cubes are shown in Figure 3.

A

Write the fraction name on each piece.
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Figure 3
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Students should apply the discovered "John's Formula" to find the number of cubes
in the rectangular prisms of each team.

Then Joe said something like, "I hope you're not mad, but it really helped me

Now, have each team build a rectangular prism with 40 cubes. This time, let
them design first by drawing a rectangular prism of their own shape, indicating the
"base area" and the "height", then actually constructing the building.

Then let

them check the other teams' buildings.
By giving a box and a ruler to each team, let them find out how many 1 cubic
centimeters, (which is 1 cm by 1 cm by 1 cm), the box can hold. Explain that the
formula they discovered to find the number of sugar cubes can be applied in finding
volumes of rectangular prisms.

and quite a few things were going through my mind. For a brief moment I think I
felt a little embarrassed that I, being the teacher, hadn't thought of this first! What
a selfish thought, though, and I got rid of it fast. My first visible reaction was to
give Joe a huge pat on the back and tell him how proud of him I was. I announced
to the rest of the class that Joe had come up with what I felt was a better way to do
these exercises than what I had given them the day before. If they'd give him their
attention, I'd like them to follow his instructions. We proceeded to make our own
sets of manipulatives and then spent the rest of the period discussing how some

Surface Area Qf Rectangular Prisms

problems have many different ways to solve them and one should always be willing

Give a sugar cube to each team so that students can count the number of faces
of the sugar cube. Inform them that total area of the six faces is the surface area of
the cube.

to do it this way." Well, at this point, I guess you could say my jaw had dropped

Have the teams build a rectangular prism with three sugar cubes and

count the square units of surface area of the prism. Discuss the difference between
the volume and the surface area: the volume is how many unit cubes fill the prism

to try different approaches.

Somewhere during that discussion another student

suggested we cut out the pictures from our textbook of the gallons, quarts, pints,
and cups to paste onto the papers to make them even easier to use. Of course, I
didn't hesitate a moment to run to the copy machine and make copies of the
pictures for pasting'

and the surface area is how many square units can cover the prism. Discuss various

Well, as for Joe, he is at the vocational school now, where I hope he is taking

teams' methods used in finding the surface area of the prism. Usually the following

the initiative to try new ways to solve problems. I sent in an "academic referral" on

formulas were popular: (base area x 2)

2), or

him last year which resulted in his being called to the principal's office to be

the sum of the areas of three adjacent faces x 2. If centimeter cubes are used, each

congratulated for doing such a great thing in class that day. As for me, I choose

face is one square centimeter.

that experience to go back to whenever I start getting down or negative about what

+

(front side area x 2)

+ (side area x

Let each team build a building using 8 cubes and record the volume and the
surface area of their building. Some of the samples are in Figure 4.
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Figure 4

I am going to do as a teach_er. It wasn't necessarily an earth shattering event, but it
sure helped remind me that I am there not only to teach my students, but I am
there to learn from them, also.

" ... a little reflection shows that the graph of C

1

is the mirror image .. of the graph

Off_ II

The students will discover that the rectangular prisms all have 8 cubic units of
volume and their surface areas are different (24 square units for A, 28 square units

Leonard Gillman and Robert McDonwell

for B, and 34 square units for C). Lead the discussion that the cubical shape of the

W.W. Norton, 1973
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Calculus
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"WOW, WORKING WITH THESE KIDS REALLY IS
WORTH IT!"

rectangular prism takes less surface area.
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Volume and Surface Area of Prisms other than Rectangular Prisms

Build the prisms in Figure 5 as the models and have the teams build the same

Teri Abbott
Sycamore High School
Cincinnati, OH

prisms:

and say, "Wow, working with these kids really is worth it!" Let me set the stage: I
had what we call a Life Skills Math Class. The type of student one finds in this
class is the student who, for various reasons, has fallen behind in his or her math
skills, but is not classified as LD or DH. These students work very hard, never pose
a discipline problem, and are really very pleasant students to teach. They just have

A

measurement unit ... more specifically, conversions between gallons, quarts, pints,
and cups.

We had spent a day in class filling various containers with water and

seeing how many of each type went into the different containers.

The students

seemed to catch on fairly well, but the tough part is performing these conversions as
pencil and paper exercises, not to mention going home and trying some of them on
their own. I wasn't sure what to expect when we all returned to class the next day.
Well, what I found the next day still makes me get a catch in my throat when I
talk about it. I asked the class how they thought they did on the assignment. The
general response was "I think I did okay, but I'm not sure." One student, however,
(let's just call him Joe) had a somewhat different response. Joe approached me with
a little reservation and said that he thought he might have cheated but he felt he
had completed the work correctly.

Joe often had his mother help him with his

homework, so I asked him if this is what he meant. He said no, it would probably
be easier if he just showed me what he had done.
Joe's explanation went something like this:

Well, I took a full piece of

construction-like paper and I called it a gallon. Then I took another piece and cut
it in half and called those two pieces half gallons.

Then I took another piece of

paper and cut it into four pieces and called these the quarts ( and he continued his
explanation through to cups). Then, to work the homework, I just laid the pieces
down on top of each other to see how many would fit.
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Figure 5

a hard time catching on to things at times.
The situation I'd like to share happened while we were in the middle of a

. . . ...
..

.. . .

I had one of those unexpected occurrences last year that makes one sit back

Remind the students that any three-dimensional figure that has two bases
congruent and parallel and rectangular lateral faces is a prism and the name of the
base determines the name of the prism. For example, if the base is a triangle, then
the solid is called a triangular prism; if the name of the base is a hexagon, then the
solid is called a hexagonal prism. Let them find the solid's name; such as, solid A in
Figure 5 is a hexagonal prism; B an octagonal prism; and C a decagonal prism.
Have students find the volume of each figure and check whether the formula
that they discovered, base area times the height, works for the prisms. The student
will discover that the formula works for any prism, but the formula of "width x
length x height" does not work for all other prisms except rectangular prisms.
Let students build their own prism and find the volume and surface area of the
prism.
Building Activities with Cubes

Construct a building such as shown in Figure 6, on the teacher's desk.
Designate the base, front, right side, left side, and back side of the building.
Demonstrate how to draw the different views for base, front, right side, left side,
and back side of the building on a piece of grid paper either on the overhead or
chalk board as illustrated in Figure 6.
Let each team design and construct a sugar cube building.

Give each team a

piece of grid paper and have them draw a different view of their building: base,
front, left side, right side, and back. One-centimeter grid paper will be helpful
7

to students in drawing the buildings.
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Figure 6

Let students indicate the front side of the building and move to the sides and
back when they draw these illustrations.
After completing all five illustrations, students should dismantle their buildings.
Then, after exchanging their illustrations with one other team, the students will
build their partners' building by studying the five illustrations.

Partners should

compare the drawings to the finished buildings as a check.
Students may repeat the activities by constructing complicated buildings using
many cubes. At the advanced level, the students can construct a building using an
unlimited number of cubes. The number of cubes for the building is the volume of
the building.

The students may be asked to pretend that they are painting the

building. In order to paint the building they are asked to count how many squares
of the building need to be painted. Only the exposed faces are counted.
Cube buildings teach geometry, enhance spatial visualization, and encourage
creativity in the math classroom.

"As every school student knows, a SCALENE triangle is one with UNEQUAL
SIDES. SCALENE, aptly, is from SKALLOS, Greek for CROOKED LEGGED."
Word for Word

Cartoon strip by Atchison
Sept. 17, 1991
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Enlarge and laminate,
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