To further research into Dynamic Geometry activity design for young learners, we would appreciate feedback on your experiences with
these activities. Please help us improve these materials by sharing your comments and suggestions at
www.kcptech.com/sketchpad/syl/feedback.htm. (New activities may occasionally be available at that address.) © 2003 KCP Technologies.

Sketchpad Activities for Young Learners: Grades 3–51
Edited by
Nathalie Sinclair, nathsinc@math.msu.edu
Department of Mathematics, Michigan State University
Over the past decade, The Geometer's Sketchpad“ has had tremendous impact on high school
geometry classrooms across the nation. Recognizing its potential for impacting mathematics learning
and teaching in the earlier grades, the NCTM explicitly recommends Dynamic Geometry“ technology in
grades 3–5. Innovative elementary school teachers have already started exploring the exciting
possibilities that open up through the use of this technology.
This collection of activities for grades 3–5 offers examples of the ways in which Sketchpad‘ can be
used productively across the range of mathematical subject areas in the elementary curriculum. In
addition to geometry activities, there are many activities that touch on various parts of the
Measurement, Algebra, and Number & Operations content standards of the NCTM Standards.
In the NCTM Standards, the process standards are taken to be as important as the content standards,
yet they are often sacrificed in the classroom. In contrast, in addition to representing the range of
content standards, this collection of activities for young learners also offers examples across the
process standards, focusing particularly on Problem solving, Reasoning & Proof, and Communication.
For example, in the Lulu activity, students learn to communicate mathematics through Sketchpad’s
interface using the language of coordinate geometry by solving problems involving movement on a
coordinate grid. In the Balance activity, students use mathematical reasoning in order to determine the
relative weights of different shapes, and explore the effectiveness of various problem-solving strategies.
This collection of activities is designed especially for teachers who have never before used Sketchpad,
and who are interested in effectively using Sketchpad to help their students develop deep
understandings of mathematical concepts. Many of the activities include pre-authored sketches, which
require very little Sketchpad background; they can be used in the classroom immediately and
productively. That said, of the teachers who have used Sketchpad in their own classrooms, most agree
that some of the richest and most effective activities involve students creating their own designs and
models from scratch, starting with blank rather than pre-authored sketches. While such activities
require greater Sketchpad skill, they also give students the opportunity to express their mathematical
understandings in personally meaningful ways. In order to give teachers a glimpse of this potential, the
collection includes three such activities. For example, the Making a Kaleidoscope activity invites
students to use rotation and reflection (transformations) to create an attractive kaleidoscope. In another
activity, Similarity, students create their own “logos” using Sketchpad’s custom tools functionality;
these logos are then used to explore various mathematical ideas, linking students’ mathematical activity
to their more personal interests.
Each of the activities included in the collection has been tested with students in grades 3–5, and refined
to suit the physical, social, and intellectual needs of young learners. Most of the activities have also
been tested by elementary school teachers. Each activity includes Teacher Notes to help you use the
sketches effectively in your classroom. These notes suggest ways of introducing the activities, offer
prompts that can help you probe your students’ thinking, and provide strategies to help you develop
your students’ mathematical understanding.
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In February 2003, a group of some 40 educators convened at the University of Chicago for a two-day
conference on Dynamic Visualization for Young Learners: Sketchpad in Grades 3–8. Classroom
teachers, Dynamic Geometry software and curriculum authors and researchers, and representatives of
several NSF reform elementary curriculum projects gathered to discuss how Sketchpad could be used
in elementary and middle school mathematics classrooms. Many of these people, from across the
country and around the globe, have contributed to the creation of this collection: Piet Human from the
Netherlands, Spario Soon from Singapore, and Judy Dussiaume from Canada, as well as Daniel Scher
(New York), Jeff Barrett (Illinois), Steven Chanan (California), and Nicholas Jackiw (California). I am
especially grateful to Steven Chanan for helping to make all the activity notes more readable and
informative and for helping to make all the sketches consistent, attractive, and easy to use. I am also
grateful to Nick, the creator of Sketchpad, who helped solve many sketch design problems, and who
has inspired the kinds of activities that can mathematically motivate young learners.
You are free to photocopy these activities for use in your own classroom. You are also free to make
changes to the sketches themselves for your own classroom use. (Since the sketches have been
locked, simply save the ones you want to change under a different filename.)
Copyright © 2003 KCP Technologies
All Rights Reserved
®

The Geometer’s Sketchpad and Dynamic Geometry are registered trademarks of Key Curriculum
Press and are used with permission. Sketchpad is a trademark of Key Curriculum Press. All other
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Grouping I
Description

Interactive Sketchpad Exploration
The goal of this activity is twofold. First, it introduces students to Sketchpad’s
most important tools and menu commands. Second, it helps students
appreciate how grouping objects can make them easier to count, and how the
same quantity of objects can be grouped in different ways. In addition, it will
help you develop a classroom vocabulary that can be used for Grouping II.
This activity can be used with Grouping II.

Grade

3 or 4

Total Time

30 minutes

What You Need

The handout Grouping I Student BLM

Standards

Number & Operations
“Recognize equivalent representations for the same number and generate them
by decomposing and composing numbers; describe classes of numbers
according to characteristics such as the nature of their factors; understand
various meanings of multiplication and division; identify and use relationships
between operations, such as division as the inverse of multiplication, to solve
problems; understand and use properties of operations, such as the distributivity
of multiplication over addition.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Use the Point, Segment, Arrow, and Label tools
• Color objects
• Hide objects
• Construct the interior of polygons
To construct a point, choose the Point tool and click once on the sketch. To
construct a segment, choose the Segment tool and click to locate the first
endpoint of the segment. (You can click in empty space, or on an existing point).
Then click again to locate the second endpoint. To drag points and segments on
the sketch, choose the Arrow tool. To label objects, choose the Label tool and
click on the object you want labeled.
To change the color of an object, select it and choose the Color submenu from
the Display menu.
To hide objects, select them with the Arrow tool and choose Hide Objects from
the Display menu.
To construct the interior of polygons, select the vertices that define the polygon
(in a clockwise or counter-clockwise direction) and choose Interior from the
Construct menu.

Grouping I

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
Begin by inviting students to follow the instructions given on the Student page (Grouping I Student
BLM). You can place these directions on an overhead projector, or print, copy, and hand them out to
students. Alternately, you may wish to give the directions orally.
Students are asked to construct “lots” of points, and then to predict the total number of points they have
constructed. Make sure that the students use the Text tool to write down their predictions. Students are
then asked to drag their points into groups. Some students will choose groups of 2 while others might
choose groups of 5 or 6. Using the new arrangement, students are asked to make a better prediction of
the total number of points.
Instead of letting the students work through the entire page independently, invite them into discussion
by asking the following types of questions:
•

•

Compare the different group sizes chosen by the students. Ask them whether some group sizes
make counting easier than others. Since students are fluent at counting by 5, many will agree that 5
is the optimal group size. Some might argue that 10 is easier.
Draw attention to the “leftover” or remainder points that many students will have. At this point, you
might ask the students to re-group their points so as to avoid remainders.

After comparing different methods of grouping, ask the students to join the points in each group with
segments, so as to create polygons (some students may choose to create self-crossing shapes, like the
star below).

Using the Label tool, students should write down the name of the shapes they have created to help
them forge a connection between groups and shapes. If you have enough time, ask the students to
rearrange their points into different shapes.
After the students have created their shapes, ask them to hide two of the shapes or to add on more
shapes, and then to re-calculate how many points they have.
Ask students to save their sketches.
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Grouping I

Student BLM

Computer Instructions

Getting
started

1. Place many points on your sketch using the Point tool.

Grouping
points

2. Approximate how many total points you have. With the Text tool, write
your estimate.
3. With the Arrow tool, drag the points into groups.

•
Groups and
shapes

Now count your points again. How close was your estimate?
5. Make a shape with each group of points. Take one group of points,
and join them using the Segment tool. If you have groups of 5, you
might make a pentagon or a star:

You can also make a shape with your leftover points.
6. Select all the point in one group and choose Polygon Interior from
the Construct menu. To change the color of your shape, choose
Color from the Display menu. Do this for each group of points you
have.
7. Write a short explanation of what you made in your sketch.
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Grouping II
Description

Interactive Sketchpad Exploration
The goal of this activity is for students to appreciate how grouping objects can
make them easier to count, and how the same quantity of objects can be
grouped in different ways. Younger students might be encouraged to think
about how to group objects ‘evenly,’ that is, into group sizes that are factors of
the total number of objects. The idea that n groups of m is the same as m
groups of n (the commutative property of multiplication) can also be explored.
Older students might be encouraged to explicitly consider the ‘remainder’
objects—that is, the number of objects left over after they have been divided
into certain group sizes.
This activity can be used by itself or as a follow-up to the Grouping I activity.

Grade

3, 4, or 5

Total Time

30-45 minutes

What You Need

The sketch Grouping.gsp

Standards

Number & Operations
“Recognize equivalent representations for the same number and generate them
by decomposing and composing numbers; describe classes of numbers
according to characteristics such as the nature of their factors; understand
various meanings of multiplication and division; identify and use relationships
between operations, such as division as the inverse of multiplication, to solve
problems; understand and use properties of operations, such as the distributivity
of multiplication over addition.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Change the value of a parameter
• Use a button
To change the value of a parameter, select it with the Arrow tool and press
either + or – on the keyboard to increase or decrease. Another way is to doubleclick the parameter with the Arrow tool, then change the value directly in the
dialog box that appears.
To “press” a button, click it once using the Arrow tool.

Grouping II

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
Begin by inviting students to:
1. Press the 1 … 2 … 3 … button to make the bugs move
around.
2. Press the REDLIGHT button to make the bugs move
into groups. Notice that the bugs will go into groups of
4, which is the value of the group size parameter.
Now ask the students to change the value of the group size
parameter and repeat steps 1 and 2. The students should
experiment with many different values of the group size parameter. As the students experiment, it will
be helpful if you introduced some vocabulary for talking about the effect of different group sizes. A term
such as number of groups can refer to the number of full groups, and a term such as remainder can
refer to the number of bugs that appear in the group that is not full. Therefore, if the group size is 4,
then number of full groups = 6 and remainder = 2. Help students notice that only one group of bugs can
ever not be full and sometimes there are no groups of bugs that are not full.
Many students will want to try large values for the group size, including values that are greater than 26 (26 is the
total number of bugs in the sketch). In fact, the sketch technically accepts any value for the group size, including
negative numbers, zero, and non-integer numbers. Since it does not make sense to have negative group sizes, or
even non-integer group sizes, encourage the students to constrain the values of the group sizes to natural numbers
less than 100.
After students have had a chance to experiment, pose the following questions to the whole class:
•

How many bugs are there in total? Which value of the group size parameter makes it easiest to
see how many bugs there are in total?

•

What happens when you try a group size that is larger than 26?

•

Can you find a value for the group size that leaves no remainder bugs? Can you find another value?
(There are no remainder bugs when the group size is 2, 13, or 26. These are all numbers that are
factors of 26—the total number of bugs. A group size of 1 also leaves no remainder bugs in that
each “group” is full—each has 1 bug. Expect some debate on this point, though, as group of 1
doesn’t really seem like a group!)

•

Can you find a value for the group size that leaves exactly 2 remainder bugs? Can you find other
values that leave exactly 2 remainder bugs? (Some students will simply enumerate each possibility.
Encourage the students to see whether they can find a pattern. Group sizes of 4, 6, 8, 12, and 24
all leave 2 remainders. These are numbers that are factors of 26 - 2 = 24 [but aren’t also factors of
26!]. That means that the group sizes that have 3 remainders will be numbers that are factors of 26 3 = 23. Since 23 is a prime number, only a group size of 23 will leave 3 remainders.)

To explore grouping bugs with 24 and then 23 instead of 26 bugs, click the next button.
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Jump Along

Interactive Sketchpad Exploration

Description

This activity involves a number line along which students observe “consecutive
jumps,” controlling both the number of jumps and jump size. This sketch can be
used to model basic questions involving the addition and multiplication of whole
numbers. Students can also build and explore factor families, creating
interesting visual patterns in the process.

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

The sketch Jump Along.gsp

Standards

Number & Operations
“Recognize equivalent representations for the same number and generate them
by decomposing and composing numbers; describe classes of numbers
according to characteristics such as the nature of their factors; understand
various meanings of multiplication and division; identify and use relationships
between operations, such as division as the inverse of multiplication, to solve
problems; understand and use properties of operations, such as the distributivity
of multiplication over addition.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Change the value of a parameter
• Use a button
To change the value of a parameter, select it with the Arrow tool and press
either + or – on the keyboard to increase or decrease. Another way is to doubleclick the parameter with the Arrow tool, then change the value directly in the
dialog box that appears.
To “press” a button, click it once using the Arrow tool.

Jump Along

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
In the sketch Jump Along.gsp, students can make a point jump along the number line. With the Start
point set at 0, the number of jumps parameter set at 3, and the
jump by parameter set at 4, have students press the Jump Along!
button. The point will jump 3 times by 4 units each time to end up at
12, as shown at right. Now ask students to predict where the point
will end up if the number of jumps parameter is changed to, say, 4.
Then ask the students what value the number of jumps parameter
should be set to in order for the point to reach 20. Make sure, here
and throughout the activity, that they make a prediction before
pressing the button.
Invite the students to experiment with different values for the number of jumps and jump by
parameters. Many students will want to experiment with large numbers (i.e., jumping by 100 or jumping
75 times). This might take them right off the number line!
Many types of explorations are possible with this sketch. Students can work in pairs on the following
investigations:
•
•

•
•
•

Start at 0. Set the number of jumps to 4. How much do you have to jump by to reach 8?
Start at 0. How can you land on 12? Is there another way? (Help students notice that 3 jumps of 4
leads to the same place as 4 jumps of 3. This is the commutative property of multiplication. You
may or may not wish to mention this term!)
Drag the Start point to 11. Where will you end up if you set number of jumps to 7 and jump by to
1?
Drag the Start point to 15. How many jumps will it take to get to 23? (If appropriate, challenge the
students to find different ways of answering this question.)
Drag the Start point to 1. Can you get to 10 if you jump by 2? (This question is really about even
and odd numbers. You might challenge the students to come up with other “impossible” questions.)

A particularly enlightening way of using this sketch is to have the students create “jump families.” Select
a number with many factors, such as 24, and ask the students to find as many ways as possible to get
to that number. Keep a list of the different ways on the blackboard. For 24, there should be 8 in total (1
jump of 24, 2 jumps of 12, 3 jumps of 8, 4 jumps of 6, 6 jumps of 4, 8 jumps of 3, 12 jumps of 2, and 24
jumps of 1). Then ask students to create the jump family for 24 by doing all the different ways of getting
to 24 without erasing the traces. This should produce the nicely symmetric pattern shown below. Ask
the students to use the Text tool to write down the jump family for 24—that is, all the different ways of
getting 24.

Start
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Draw attention to the idea that if 3 jumps of 8 works, then so will 8 jumps of 3. (Again, this is the
commutative property of multiplication.) You can ask the students to use this idea to find the jump family
10

for another number, such as 32. It is also worthwhile to ask the students to make the jump family for a
prime number such as 17.
If each student tries a different jump family, you can print the various families out and discuss how you
might arrange them into groups. One way would be to put the prime numbers in one group and the nonprime numbers in another. Another would be to put square numbers (4, 9, 16, 25, etc.) in one group
(only square numbers have an even number of family members) and non-square numbers in another.
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Measuring Fish

Interactive Sketchpad Exploration

Description

Students use special “binker” rulers to measure the size of fish. They encounter
fish that are not whole-number units in length and experiment with the use of
fractional parts in order to determine exact measurements.

Grade

3, 4, or 5

Total Time

60-75 minutes

What You Need

The sketches MeasureFishA.gsp, MeasureFishB.gsp, and
MeasureFishC.gsp

Standards

Number & Operations
“Develop understanding of fractions as parts of unit wholes, as parts of a
collection, as locations on number lines, and as divisions of whole numbers; use
models, benchmarks, and equivalent forms to judge the size of fractions;
develop and use strategies to estimate computations involving fractions and
decimals in situations relevant to students' experience; use visual models,
benchmarks, and equivalent forms to add and subtract commonly used fractions
and decimals.”
Problem Solving
“Build new mathematical knowledge through problem solving.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Move objects
• Use buttons
To move objects, choose the Arrow tool then click and drag the object you want
to move.
To “press” a button, click it once using the Arrow tool.

Measuring Fish

Teacher Notes

These Teacher Notes assume a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
The file MeasureFishA.gsp helps acquaint students
with the use of the “binker” (1 unit of measurement),
and introduces the need for fractional binkers.
MeasureFishA.gsp: First Page
On the first page, students are asked to measure the fish
by determining how many binkers long it is (it is 2
binkers long). The sketch is set on “snap to grid,” which
should help the students place the binkers next to each
other when they measure. (To toggle grid snapping on
and off, choose Graph | Snap Points.)
Ask students to write their answers down. Once the
students have determined the solution, they can press
the next problem button.
MeasureFishA.gsp: Second and Third Pages
On the second page, students are asked to measure the fish by determining how many binkers long it
is (it is 3 binkers long). Ask students to write their answers down. Once the students have determined
the solution, they can click the next problem button.
On the third page, students are asked to measure the fish by determining how many binkers long it is (it
is 1 binker long). Ask students to write their answers down. Once the students have determined the
solution, they can click the next problem button.
MeasureFishA.gsp: Fourth Page
On the fourth page, students are asked to measure the fish by determining how many binkers long it is,
but this time the fish is between 2 and 3 binkers long. Some students may guess that the fish is actually
2 1/2 binkers long, but ask the students to discuss how they might be able to obtain a more accurate
measurement.
Once the students have determined the solution, they can click the next problem button.
MeasureFishA.gsp: Fifth Page
On the fifth page, students are asked to measure the fish by determining how many binkers long it is,
but again the fish is between 2 and 3 binkers long. This time, however, students are also given a binker
that has been divided into 10 equal parts. This new binker should help students determine that the fish
is 2 binkers long plus 4/10 of a binker.
If students had previously guess that the fish was 2 1/2 binkers long, invite students to compare the two
quantities. You might discuss why the binker was divided into 10 parts, and whether it would be
possible to use a binker that had been divided in a different number of parts.
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In the file MeasureFishB.gsp, students measure
fish that have fractional lengths using binkers that
have been divided into 4, 8, 10, 12, and 20 parts.
MeasureFishB.gsp: First, Second, Third, Fourth
and Fifth Pages
On the first page, the fish is 1 and 4/5 binkers long.
Challenge the students to come up with several
different ways of measuring the fish. Discuss why
the answers 1 and 4/5 and 1 and 16/20 are both
correct. Ask students to discuss whether one
measurement is more accurate than the other one.
Challenge students to find all the ways to describe
the length of a fish that is 3/5 of a binker long.
On the second page (students need to click the next problem button), the fish is 1 and 7/10 binkers
long.
Challenge students to measure the fish using the binker that is divided in 20 parts. Discuss with the
students why the fish can’t be measured using the binker that has been divided into 4 parts. Are there
any other ways of dividing the binkers into parts that would work?
On the third page, the fish is 1 and 5/8 binkers long. Discuss with the students why the fish can’t be
measured using the binker that has been divided into 4 or 10 parts. Are there any other ways of dividing
the binkers into parts that would work?
On the fourth page, the fish is 1 and 5/12 binkers long. Discuss with the students why the fish can’t be
measured using the binker that has been divided into 4 or 10 parts. Are there any other ways of dividing
the binkers into parts that would work?
On the fifth page, the fish is 1 and 3/4 binkers long. Challenge students to measure the fish using the
binker that is divided in 8 or 20 parts. Discuss with the students why the fish can’t be measured using
the binker that has been divided into 10 parts. Are there any other ways of dividing the binkers into
parts that would work?
Before opening MeasureFishC.gsp, ask students to find all the ways to describe the length of a fish
that is 10/16 of a binker long.
MeasureFishC.gsp contains three pages. Each
page asks the students to compare two different
ways of measuring a fish. Ask your students to work
in pairs through each of the three pages, and to
write their explanations down.
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Balance

Interactive Sketchpad Exploration

Description

This sketch contains a collection of five different shapes: a star, square, circle,
triangle, and diamond. The weight of these shapes can be compared by using
the provided balance scale; simply drag one or more shapes onto the balance
and it will tilt in the direction of the heavier shape(s).

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

• The sketch Balance.gsp
• Paper and pencil to help students keep track of their work

Standards

Number & Operations
“Develop fluency in adding, subtracting, multiplying, and dividing whole
numbers.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns; represent and analyze patterns and functions, using words, tables,
and graphs.”
Problem Solving
“Build new mathematical knowledge through problem solving; apply and adapt a
variety of appropriate strategies to solve problems.”
Reasoning & Proof
“Recognize reasoning and proof as fundamental aspects of mathematics.”
Communication
“Analyze and evaluate the mathematical thinking and strategies of others.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Use a button
• Change the value of a parameter
To “press” a button, click it once using the Arrow tool.
To change the value of a parameter, select it with the Arrow tool and press
either + or – on the keyboard to increase or decrease. Another way is to doubleclick the parameter with the Arrow tool, then change the value directly in the
dialog box that appears.

Balance

Teacher Notes

This sketch contains a collection of five different shapes—a
star, square, circle, triangle, and diamond. The weight of
theses shape can be compared by using the provided balance
scale—simply drag one or more shapes onto the balance and it
will tilt in the direction of the heavier shape(s).
We suggest that you begin the activity with a whole-group
discussion, as described in “Introducing the Activity,” then
invite students to play the Balance Game in pairs, as described
in “How to Play the Balance Game.”
Introducing the Activity
A balance scale is a useful metaphor for comparing the size of numbers. Note, however, that this model
has a few quirks. When students play with the scale, they will discover the following:
•
•

Regardless of how much weight is placed on a pan, the balance will always “tip” by the same
amount.
The weights do not remain sitting on the pans when the balance tips up or down.

Discuss these unexpected behaviors with your students. Once the differences are noted, students will
probably not find them to be an issue. Some students assume that the star, the largest of the objects,
weighs the most. You might point out here that a piece of paper, while larger than a small rock, weighs
less than the rock.
Invite students to interact with the balance scale. Once they are comfortable with the way it works (for
instance, all stars “weigh” the same), challenge them to rank the five shapes from lightest to heaviest.
Once the students have accomplished this, ask them to generate different combinations of shapes that
achieve balance (for example, with the default values, triangle + star equals square + circle). This can
lead into a discussion of how much each shape weighs. As a hint to students, announce that the star
weighs one unit. Using this information, challenge the students to find the values of the remaining
shapes using the star as unit of weight. (Star = 1, square = 2, circle = 3, triangle = 4, diamond = 5.) If
you do not provide the students with the hint, they may come up with a different set of correct values
such as star = 2, square = 4, circle = 6, triangle = 8, diamond = 10. (In some classrooms, you may wish
to not provide the hint, then discuss the equivalence of different possible answers.)
After this initial exploration with the balance, invite students to play the Balance Game, as described
here, or (if you feel your students need a bit more introductory time, or perhaps if you are short on
computers) to explore these additional questions:
1) Rather than rank all the shapes, can students find—with as few weighings as possible—the shape
with value of 3?
2) Using just a single star, square, circle, triangle, and diamond, is it possible to balance the scale?
(All five shapes must be used.)
3) Is it possible to balance the scale using just four shapes, all different? What’s the same in all
possible solutions? What’s different?
4) How many different ways is it possible to balance the shape with value 5?
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5) Reveal the values of the five shapes. Then put all six copies of any shape on one side of the
balance. Can the scale now be balanced using some combination of the remaining shapes?
How to Play the Balance Game
1. Player One presses the view/hide/change secret values button to reveal the numerical values of
the five shapes. While Player Two looks away, Player One double-clicks these numbers and
enters new values. Each shape should be assigned a value from 1 to 5, and no two shapes
should share a value. You may wish to ease these restrictions for subsequent rounds. When
Player One is done, he/she should press the button again to hide the secret information.
2. Player Two now drags one or more shapes onto both sides of the balance. The balance scale
will tip to indicate which shape(s) are heavier.
3. Player Two continues to experiment, dragging shapes to and from the balance scale to test
different weight comparisons. Player One keeps track of Player Two’s moves.
4. When Player Two thinks he/she knows the values of the five shapes, he/she should predict the
outcome of several new weight comparisons and then check them to see if these predictions
hold. As a final check, she should click the button to reveal the secret values.
Players One and Two now switch roles and play the game again.
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Circles and Squares

Interactive Sketchpad Exploration

Description

Using arithmetic reasoning and logic, players try to determine the secret values
of the square and circle in as few turns as possible.

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

• The sketch CirclesAndSquares.gsp
• Paper and pencil to help students keep track of their work

Standards

Number & Operations
“Develop fluency in adding, subtracting, multiplying, and dividing whole
numbers.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns; represent and analyze patterns and functions, using words, tables,
and graphs.”
Problem Solving
“Build new mathematical knowledge through problem solving; apply and adapt a
variety of appropriate strategies to solve problems.”
Reasoning & Proof
“Recognize reasoning and proof as fundamental aspects of mathematics.”
Communication
“Analyze and evaluate the mathematical thinking and strategies of others.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Use a button
• Change the value of a parameter
To “press” a button, click it once using the Arrow tool.
To change the value of a parameter, select it with the Arrow tool and press
either + or – on the keyboard to increase or decrease. Another way is to doubleclick the parameter with the Arrow tool, then change the value directly in the
dialog box that appears.

Circles and Squares

Teacher Notes

Every square onscreen has a secret value, as does every
circle. All squares share the same value, and all circles share a
(possibly different) value. When a collection of squares and
circles is dragged from left to right across the screen, combined
numerical total of the shapes appears on the right.
Strategy 1 (whole-class discussion)
Before asking students to play the Circles and Squares Game
(described here) with each other, model the process of figuring
out the values of the square and the circle in a whole
classroom context. The methodical strategy exemplified below
promotes systematic thinking.
Suppose we learn the following on the first turn of the game:
=7

Assuming that the values of the square and circle are both positive integers, we have three possibilities:
square = 1 and circle = 3,
square = 3 and circle = 2,
square = 5 and circle = 1
Students should use paper and pencil to record these values. Younger students may need help in
thinking about how to add together more than two numbers.
On our second turn of the game, we choose the square and three circles. We find:
=9

This time, there are two possibilities for students to record:
square = 3 and circle = 2
square = 6 and circle = 1
Comparing our two lists, we see that there is only one square/circle combination common to both:
square = 3 and circle = 2.
For some students, this systematic list approach may be the only method they’ll use when playing the
game. To limit the possible number combinations, encourage students to enter small numbers for the
square and circle; say, between 1 and 5.
Strategy 2 (whole-class discussion with teacher teacher playing the game)
The strategy described in the previous section is a good but slow method, especially if the values of the
square and circle are large. To introduce a more efficient technique, tell students that now it’s your turn
to play the game. One student should enter secret values for the square and circle (both larger than 5
and smaller than, say, 50) while you look away.
With the class watching, drag the first row of shapes across the screen and then the second row. You
might comment, “Wow, you chose large numbers! But I bet I can solve this quickly.”
Suppose, working again with the first two rows, you discover:
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= 60
= 84

Notice that both equations contain exactly one circle and one square. The only difference between the
two equations is that the second one contains an extra square on the left-hand side, and so that extra
square must account for the difference in the right-hand side values (84 - 60). This means that you’re
left with square = 24. Here’s another way of thinking about the situation: We know that square + circle =
60 from the first equation. Looking at the second equation, we then know, through replacement, that
square + 60 = 84. Once again, that means that the square = 24. Knowing the value of the square allows
you to return to the first equation, substitute 24 in place of it, and calculate that circle = 36.
Play the game several times with students, letting them choose the square and circle values. Can they
figure out your method? You can use the 3rd and 4th rows of the sketch to showcase the same strategy.
After you have played the game in this whole-class context, ask the students to play the game in pairs,
as described in the next section.
How to Play the Game (students working in pairs)
5. Player One clicks the view/hide/change secret values button to reveal the numerical values of
the square and the circle. While Player Two looks away, Player One double-clicks these
numbers and enters new values for the shapes. When Player One is done, he/she should click
the button again to hide the secret information. You may wish to restrict the allowable values to
lower numbers in earlier rounds.
6. Player Two drags a row of circles and squares to the right, crossing the vertical line on the
screen. When the objects cross the line, the combined numerical total of the squares and circles
appears.
7. Player Two begins to think about what the values of the square and circle might be. He/she then
drags another row of objects across the screen to view their value.
8. If possible, Player Two should now try to determine the values of the square and circle. He/she
should feel free, however, to continue dragging other rows across the screen to gather more
information.
9. When Player Two thinks he/she know the values of the square and circle, he/she should
calculate the value of another square/circle combination and then check the work by dragging
that row across the screen. As a final check, Player Two should click the button to reveal the
secret values.
Players One and Two now switch roles and play the game again.
Observations

It’s interesting to enter a large multiple of 10 for one shape and small number for the other shape. For
example,
square = 1000 and circle = 4, or
square = 6 and circle = 10,000
Such choices can make it much easier to guess the values of the two shapes.
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In some cases, we can learn valuable information about the square and circle without knowing their
specific values. Suppose square + circle + circle = 35. If the circle and square are both integers, can you
see why the square cannot be even?
As the game progresses, students can choose “tricky” values for the shapes, like zero or a negative
number.
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Ghost Paths

Interactive Sketchpad Exploration

Description

Students move two ghost characters (Doug and Linda) around the screen to
explore geometric objects including segments, rays, and lines. Students
discover connections between the ghosts’ constructed paths by comparing
them and looking for similarities and differences.

Grade

3, 4, or 5

Total Time

60 minutes

What You Need
Standards

The sketch GhostPaths.gsp
The handout Ghost Paths Student Blackline Master
Geometry
“Identify, compare, and analyze attributes of two- and three-dimensional shapes
and develop vocabulary to describe the attribute; classify two- and threedimensional shapes according to their properties and develop definitions of
classes of shapes such as triangles and pyramids.”
Communication
“Communicate mathematical thinking coherently and clearly to peers, teachers,
and others; use the language of mathematics to express mathematical ideas
precisely.”
Reasoning & Proof
“Make and investigate mathematical conjectures”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be
required to:
• Open/close files
• Select and drag a point

Mathematical
Background

Vocabulary: line segment, line, ray, circle, radius, hexagon, octagon

Ghost Paths

Teacher Notes

Introducing the Activity
In a whole-class, discussion setting, start by inviting students to discuss real contexts where “hidden”
pathways can be found (for example, detectors for buried power cables, radar for flight paths,
headlights of a vehicles at night, footprints on fresh snow, etc.). Here are some other questions you
might ask:
•
•

Were any of these pathways constructed using geometric concepts?
Can any of the following geometric concepts be used to build paths: line segments, lines, rays,
circles, polygons?

Activity
Students should now work through the Ghost Paths
acivity with two or three students per computer.
Students should click all Action! buttons. Some
sketches include I need some help buttons—advise
students to explore as much as possible before using
these. Students should record their observations on the
handout or, alternatively, the teacher can record
anecdotal comments after interviewing pairs of
students. Each sketch includes a Next Page button that
should be pressed when students have completed that
page’s work.
Introductions
This page is used to confirm that students know
how to drag a point. Note that there are no hidden
constructions—Doug and Linda can move freely on
the screen. The BLM includes questions to help
students understand this.

Hidden Path 1
Sample responses (from BLM #4):
What’s the same?
• Both straight
• Both slant upward to the right
What’s different?
• Different slant angles (slope)
• Doug’s path has a beginning and an end (the line
segment has two endpoints); Linda’s path has no
beginning or end (no endpoints)
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Hidden Path 2
Sample responses (from questions on screen):
What’s the same?
• Both straight
• Both go on forever in at least one direction
What’s different?
• One (a ray) has an endpoint, the other (a line)
doesn’t
• One (a line) goes on forever in both directions
Hidden Path 3
Sample responses (from BLM #6):
What’s the same?
• Both paths are parts of the same circle (Doug’s is
the circumference, Linda’s is the radius)
(This may be difficult for students to recognize. It’s
much clearer on the “I need some help” page,
where the two points trace their paths as they’re
dragged.)
What’s different?
• One path is straight, the other curved
• You can drag along one path (the circle) forever in
the same direction; on the other path you have to
keep changing direction
Hidden Path 4
Sample responses (from BLM #7):
What’s the same?
• Both perimeters of polygons
• Both go straight for a bit then change direction
• Both move in a counter-clockwise direction
What’s different?
• Doug’s path is the perimeter of a hexagon; Linda’s
is the perimeter of an octagon
• Length of sides
• Angle between sides
The End
This page has a hidden activity. Some students
might notice that the Action! button on the last page
makes Doug and Linda move as mirror images of
each other. You may wish to ask students where
the line of symmetry would be for these paths.
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Ghost Paths

Student Blackline Master

Computer Instructions

Introduction

Hidden Path 1

1. Can point D be dragged to inside the orange triangle? _______
2. Can point L be dragged to point D?
_______
3. Can the points be dragged to any location on the screen?_______
4. Complete this T chart for the paths.
What’s the same?

Hidden Path 2

What’s different?

5. Sketch each of the following:
a) Line segment
b) Line
c) Ray

Hidden Path 3

6. Complete this T chart for the paths.
What’s the same?

Hidden Path 4

7. Complete this T chart for the paths.
What’s the same?

Homework

What’s different?

What’s different?

8. Draw two geometric paths that have two “same” attributes and two
“different” attributes. Give a description of the paths. Use
mathematical language.
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RooBooGoo

Interactive Sketchpad Exploration

Description

The idea of this activity is to introduce students to some of the basic
transformational behaviors. The emphasis is less on properties than on
relationships between objects that have been reflected, rotated, or translated.

Grade

3, 4, or 5

Total Time

60 minutes

What You Need

The sketch RooBooGoo.gsp

Standards

Geometry
“Investigate, describe, and reason about the results of subdividing, combining,
and transforming shapes; predict and describe the results of sliding, flipping,
and turning two-dimensional shapes.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns”
Problem Solving
“Build new mathematical knowledge through problem solving.”
Communication
“Use the language of mathematics to express mathematical ideas precisely.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Use buttons
• Drag points
To “press” a button, click it once using the Arrow tool.

RooBooGoo

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
RooBooGoo.gsp: First Page
Start by having students drag point Roo and observing the behavior
of Boo.
Question 1: Where can Roo catch Boo? Try to make Boo and Roo
walk together. This question focuses on the idea of the mirror line,
or the line of reflection. Many students will notice that Boo and Roo
can meet in one or two locations. Encourage the students to find as
many locations as possible so that they can identify the diagonal
mirror line. By pressing the A different kind of Boo button, students
will encounter a different, horizontal mirror line.
Question 2: Make a right-angle triangle with Roo. What does Boo do?
This question focuses on the relationship between the two shapes that Boo and Roo trace out.
Encourage students to articulate the differences between the two shapes and to create other shapes
with Boo and Roo. Challenge the students to create a shape that “looks the same” for both Roo and
Boo (this shape will have reflectional symmetry).
Question 3: Can you make Roo and Boo trace a heart out together?
This question leads students to think about shapes that have reflectional symmetry, such as a heart, a
tree, the letter ‘A,’ or the number 8. Note that this will be easiest for most students when the line of
symmetry is vertical. (Press A different kind of Boo to rotate the line of symmetry.)
Question 4: Press the button A different kind of Boo. Compare the two Boos.
This question guides the students into discussing the similarities and differences between the two (or
more) Boos. If appropriate, you might ask them what other kinds of Boos they could imagine, and then
create these Boos by creating a new mirror line and using Sketchpad’s Reflect command under the
Transformation menu.
RooBooGoo.gsp: Second Page
Again, have students drag point Roo and observe the behavior of Goo.
Question 1: Where can Roo catch Goo?
This question draws attention to the fact that Roo and Goo can only meet in one location—the center of
rotation—unlike the previous page.
Question 2: Make Roo create a horizontal line. What happens to Goo?
Question 3: Make Roo go in a circle. What happens to Goo?
These questions help students think about the relationship between the motions of Roo and Goo: Goo
is rotated by 180° (half turn) around the center of rotation. You might also ask students what happens
when Roo makes a vertical or diagonal line, or draws a triangle.
Challenge the students to come up with many such shapes, including ones that do and do not have
reflectional symmetry. For example, a rectangle has half-turn rotational symmetry and reflectional
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symmetry, but the letter S has half-turn rotational symmetry without having reflectional symmetry. (Point
out to students that when drawing an S with Roo starting from the top, Boo also draws an S, but
starting from the bottom!)
Question 4: Press A different kind of Boo. Compare the two Goos.
This question introduces a different kind of rotation, this one by 90°. Encourage students to talk about
the similarities and differences between the two Goos.
RooBooGoo.gsp: Third Page
Once again, have students drag point Roo and observe the behaviour of Moo.
Question 1: Where can Roo catch Moo?
This question draws attention to the idea that Roo can never catch Moo, unlike the previous cases. Ask
the students to explain why this is so.
Question 2: Make Roo create a horizontal line. What happens to Moo?
This question draws attention to the idea that Moo always traces the same kind of line as Roo, only in a
different position. You might follow this question up by asking if Roo and Moo can move along the same
line (they can if Roo moves straight toward, or away from, Moo).
Question 3: Make Roo go in a circle. What happens to Goo?
This question draws attention to the idea that Moo creates the same shape as Roo, only in a different
position. Challenge the students to create circles that are ‘just touching.’ (This is tricky! The diameter of
such circles must equal the distance between Roo and Moo.)
By pressing the Show Boo and Goo too! button, students can compare the three types of
transformations.
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Making a Kaleidoscope

Interactive Sketchpad Exploration

Description

This activity has students create their own Sketchpad kaleidoscopes. In the
process, they learn about rotation and reflection, as well as gaining some skill
using Sketchpad’s transformation features.

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

The handout Making a Kaleidoscope: Student Blackline Master

Standards

Geometry
“Identify, compare, and analyze attributes of two- and three-dimensional shapes
and develop vocabulary to describe the attribute; classify two- and threedimensional shapes according to their properties and develop definitions of
classes of shapes such as triangles and pyramids.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users, though it might perhaps
be more appropriate for students with a little bit of Sketchpad experience.
Students start from a blank sketch, creating everything from scratch. All steps
are clearly written out on the Student BLM, with additional tips for especially
tricky steps in the Teacher Notes on the next page.

Mathematical
Background

Vocabulary
Students should know, or be introduced to, the following terms:
• Quadrilateral/quadrilateral interior
• Rotate/rotation
• Reflect/reflection

Making a Kaleidoscope

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. An alternate way of
approaching this activity to the one suggested here would be to copy the Student Blackline Master
(BLM) onto a transparency instead of passing out a photocopy to each student. Display the
transparency on an overhead projector and lead students through the activity step by step. This might
help keep the class together and make whole-class discussion a bit easier, but would require less
reading and independent exploration on the part of students.
Introducing the Activity
A nice way to start this activity would be to pass around actual kaleidoscopes and ask
students to describe what they see. Some possible questions to ask are: How many copies
of each particular shape do you see? How are these copies the same and different? You may or
may not wish to discuss rotation and reflection before launching into the activity.
It also may help to go through the entire Sketchpad construction once on a computer
attached to an overhead projector so students will feel more comfortable working through
the BLM on their own.
Step 1
(Note that step 1 refers to the instructions included in the first row of the Student BLM.)
To construct the second and third circles so that they share centers with the first, make sure the center
point is highlighted before clicking with the Circle tool. If a student accidentally creates a new center
point, choose Edit | Undo Construct Circle.
Note that, depending on the setting in Preferences, it’s possible that points will label automatically and
students won’t have to follow the instructions to label points. (Choose Edit | Preferences and go to the
Text panel to change label preferences.)
Note also that to select points, here and elsewhere in the activity, one must have the Arrow tool
activated. (This is also true for dragging points.)
You may wish to tell students that circles sharing the same center point are called concentric circles.
Step 2
To be sure a point will be constructed on the desired circle, the circle should be highlighted before
clicking.
Students may wonder why they needed to hide the three points in the previous step and then construct
three new ones in this step. The reason is that a circle’s radius point (such as those hidden in the
previous step were radius points) changes the size of the circle, whereas points constructed on a circle
like those in this step simply move around an existing circle without changing its size. You might show
students what would happen if they used the radius points to create their quadrilaterals (the animation
would look very different!).
Step 3
Depending on the locations of the three points constructed in the previous step,
students may get “crossed” quadrilaterals in this step, as shown at right. (This
can also happen if the points seem to be arranged properly, but are chosen out
of order.) Technically, these aren’t quadrilaterals at all, but can easily be “fixed”
by dragging the points.

C

D

B

A
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Step 4
You may wish to ask students why rotating by 90˚ three times results in four “evenly spaced”
quadrilaterals (90˚ x 4 = 360˚). You may also wish to ask how the four shapes are similar and how they
are different.
Step 5
Students may be surprised that the shapes change as they animate. You might ask the students why
they think this happens. The reason is that the three points animate at the same speed (linear speed,
not rotational speed!) along their respective circles, so a point on a smaller circle makes a full rotation
faster than one on a larger circle.
Step 6
Again, as in step 1, make sure the center point is highlighted before clicking the first time.
Step 7
Before starting the animation, you might ask students to compare each shape with its reflected image
(the other shape that’s the same color). (Unlike rotated images, reflected images have opposite
orientations. In other words, tracing around one clockwise is the same as tracing around the other
counter-clockwise.) As the animation is going, you might ask how the movements of reflected objects
compares (one goes clockwise as the other goes counter-clockwise).
Further Ideas
Once students get the hang of it, it really doesn’t take too long to create one of these kaleidoscopes.
Students may wish to create new kaleidoscopes with greater numbers of circles (and therefore greaternumber-of-sided polygons) and different numbers of degrees of rotation. Before the students being
creating their own variations, discuss these questions with them: How many shapes will you get if you
rotate by 60˚ instead of 90˚? By how many degrees should you rotate to get 8 shapes?
Students may also wish to alter existing kaleidoscopes by changing the settings in the Animation
Properties dialog box. Select the Animation button (by clicking on the black band on its left) and choose
Edit | Properties. Go to the Animate panel and choose different Speed and Direction settings for any
or each of the three animating points.
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Making a Kaleidoscope

Student Blackline Master

Use the Circle tool to construct three circles with
the same center.
To label an object,
select it and choose
Show Label from the
Display menu.

Label the center point A.

A

Hide all the points except point A. (Select the points
and choose Hide Points from the Display menu.)
Use the Point tool to put a new point on each circle.

D

C
B

Label the points B, C, and D.

A

Select A, B, C, and D and choose Quadrilateral
To change the color Interior from the Construct menu.
of a quadrilateral,
Change the color of the quadrilateral.
select it and choose

D

C
B
A

the Color submenu
from the Display
menu.
With the Arrow tool,
double-click A to
make it the center of
rotation. With the
interior selected,
choose Rotate from
the Transform menu.
Press OK.

Rotate the quadrilateral interior by 90° around
point A.
With the new quadrilateral selected, rotate again.
Then rotate one more time.

D

C
B
A

Make each quadrilateral a different color.
Select B, C, and D only and choose Action Buttons
and then Animation from the Edit menu. Press OK.

Animate Points

Press the Animation button to see your kaleidoscope!
Press the Animation button again to stop the
animation.
Use the Segment tool to create a segment with one
endpoint at the center of the circles.

With the Arrow tool,
double-click the
segment to make it
the reflection “mirror.”
Select the four
interiors and choose
Reflect from the
Transform menu.

Reflect each of the four interiors across the segment.
Press your Animation button again and watch your
new kaleidoscope!
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Lulu

Interactive Sketchpad Exploration

Description

Students interact with a first-quadrant co-ordinate system, learning how to
specify points though their co-ordinates and to describe horizontal and vertical
motion on the grid.

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

The sketch Lulu.gsp

Standards

Geometry
“Describe location and movement using common language and geometric
vocabulary; make and use co-ordinate systems to specify locations and to
describe paths.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns.”
Problem Solving
“Build new mathematical knowledge through problem solving.”
Communication
“Use the language of mathematics to express mathematical ideas precisely.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Edit plotted points
• Use buttons
To edit (move) a plotted point, select the point with the Arrow tool. Choose Edit
Plotted Point from the Edit menu. Enter new co-ordinates and press the Edit
button, then the Done button.
To “press” a button, click it once using the Arrow tool.

Lulu

Teacher Notes

These Teacher Notes assume a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
Lulu.gsp: First Page
On the first page, students can move Lulu around on the grid using
four arrows. The grid represents the first quadrant of the Cartesian
co-ordinate system, but should remind students of a city grid, with
which they are familiar. The right and left arrows move Lulu one unit
to the right or left, respectively, while the up and down arrows move
Lulu two units up or down, respectively. Have students practice
moving Lulu around the city. Encourage them to clearly explain why
Lulu cannot get to the park or the store.
On the left of the grid, Lulu’s location is reported in co-ordinate form. Many students get confused about
the order of the co-ordinates, and tend to talk about Lulu’s position in (y, x) form instead of the
conventional (x, y) form. In the next page of the activity, students will be explicitly asked to use the (x, y)
form, so it is enough, on this page, to ask students to think about how the co-ordinates reported on the
sketch correspond to Lulu’s position. Here are some other kinds of questions you can ask to draw
students’ attention to the properties of the co-ordinate grid:
•
•
•
•
•

How do Lulu’s co-ordinates correspond to her location on the grid?
If Lulu travels from the house to the store, what happens to her co-ordinates? [The first co-ordinate
stays the same.]
If Lulu starts at the park and just goes right what happens to her co-ordinates? [The second coordinate stays the same.]
When are Lulu’s co-ordinates the same (the two numbers equal to each other)? [On the diagonal
going up and right from the origin.]
If Lulu tells you that one of her co-ordinates is zero, what can you tell about where she is? [Either
on the bottom horizontal line or on the leftmost vertical line.]

Discussing these questions will help prepare students for the second page of this activity.
Lulu.gsp: Second Page
On this page, the right and left arrows move Lulu three units, while the up and down arrows move Lulu
two units. This means that Lulu can only get to the store. However, the students can edit the location of
the house, the school, and the park. Directions for editing plotted points are given on the sketch.
Encourage students to add another location, such as the library. To do this, choose Plot Points from
the Graph menu. Label the plotted point appropriately using the Text tool (the tool with the ‘A’ icon in
the Toolbox).
A challenge: Try to find locations for each place so that Lulu can visit each, one after the other, with just
one click of an arrow. Are there different solutions?
Another challenge: Is there any way to get the school, the house, the store and the park to form a
square and still make it possible for Lulu to visit each one? [One solution is to use the following coordinates: (0,0), (0, 6), (6, 0), and (6, 6).]
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Similarity

Interactive Sketchpad Exploration

Description

This activity introduces students to the important ideas of similarity and
congruence. Students create their own re-sizeable “logos,” which they then use
to construct similar shapes. Students can continue to use their logos as
“signatures” for further Sketchpad work, as well as other geometry
investigations.

Grade

3, 4, or 5

Total Time

60 minutes

What You Need

The sketch Similarity.gsp

Standards

Geometry
“Explore congruence and similarity; make and test conjectures about geometric
properties and relationships and develop logical arguments to justify
conclusions.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns”
Problem Solving
“Build new mathematical knowledge through problem solving.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Use buttons
• Use and create custom tools
• Construct segments and polygons
• Color segments and polygons
To “press” a button, click it once using the Arrow tool.
To use a custom tool, choose a tool from the Custom Tool menu (under the 'A'
in the Toolbox) and click twice in different places on the sketch. To create a
custom tool, select the geometric objects on the sketch and choose Create New
Tool… from the Custom Tool menu.
To create a segment between two points, use the Segment tool in the toolbox
and click on the two points. To create a polygon interior, use the Arrow tool to
select the points that define the polygon, in order, and choose Polygon Interior
from the Construct menu.
To color an object, select it with the Arrow tool, then choose from the Display |
Color submenu.

Similarity

Teacher Notes

These Teacher Notes describe a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
Similarity.gsp: First Page
This page contains a star that has been constructed to always maintain its shape. Students will
construct their own such shapes, which can be thought of as their personal “logos,” on the following
page. In a whole-classroom context, drag the two points of the star and help students observe that
while the star changes in size, it always preserves its shape (angles between adjacent segments stay
the same, and the segments grow proportionately as either red point is dragged).
Invite students to experiment with the star in pairs, and to create more stars using the Star tool in the
Custom Tools menu of the Toolbox (the bottom tool in the Toolbox). (To use the Star tool, first choose
it from the Custom Tools menu. Then click twice in two different locations in the sketch window.)
Challenge students to make two stars that are exactly the same size. [This can be done by making an
upside-down star using the same two “feet” as the original star, as shown in the middle, below.
Students could also use the Circle tool to create a circle centered on one foot of the star with radius
point on the other foot of the star, and then use the center point and any other point on the
circumference of the circle for the other star, as shown below right.]

Similarity.gsp: Second Page
Students begin by creating their own Sketchpad logos using the included 8 unit tool custom tool, as
described in the sketch and on the student worksheet. Encourage students to think of these logos as
ways to “sign” their Sketchpad work. The logos can be used in a variety of different activities, but this
particular activity focuses on the ideas of similarity and congruence.
Students can follow the instructions on the Similarity worksheet. Begin by modeling these instructions,
showing students where to find custom tools and how to use the 8 unit tool to create a grid. Drag the
two white points to show how to resize the grid.
Once students have their grids, they can use the Segment tool to create designs. It is important that
the segments connect grid points, or other points constructed from the grid points (such as the midpoint
between two grid points). Introduce students to the Undo command from the Edit menu for when they
accidentally “miss” connecting to a grid point. If students misconnected points earlier and don’t want to
undo all the back to that point, introduce them to the Merge command: select the grid point and the
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point that ‘missed’ the grid point, then choose Merge Points from the Edit menu. This will join the
points together.
After students have used segments to outline a design, they can add colors. First-time Sketchpad users
can be encouraged to color only the segments. These students can then return and improve their logos
once they learn how to create polygon interiors. (To construct a polygon interior, select all of the vertex
points in order, then choose Polygon Interior from the Construct menu.)
Once students have completed their designs, they should hide all the grid points using the button
provided. Then, they should select the entire logo including the two grid points (the easiest way is by
making a selection rectangle with the Arrow tool), then choose Create New Tool from the Custom
Tools menu in the Toolbox. After students have created their logo tools, they should experiment with
them by creating many versions of their logos, and dragging their control points to make them bigger
and smaller.
Once again, challenge the students to create two logos that are exactly the same size.
Similarity.gsp: Third Page
On this page, students will find instructions that invite them to consider the differences and similarities
between congruent and similar shapes. Guide students to notice and discuss notions such as shape,
size, angle, orientation, and length. In particular, the students should be able to articulate the following
ideas:
•
•
•

•

The logos on the small square are all congruent to each other, and they are similar to the logos on
the big square.
The logos on the big square have different orientations, and are rotations of each other (around a
point at the center of the square).
A logo on the big square will be four times as big, in terms of area, as a logo on the small square
(this can be verified by choosing Measure | Area). However, a particular side of a logo on the big
square will only be twice the length as the corresponding side of a logo on the small square (verify
by choosing Measure | Length). (This discrepancy between yhr length ratio and area ratio of
similar figures can be a tricky one for students to grasp. You might point out that the squares on
which the logos are built have lengths one and two, but that four smaller squares fit inside one
larger one.)
An angle between two segments of a logo on the small square will be the same as the
corresponding angle on the big square (verify by choosing Measure | Angle).

Once the students have discussed these ideas, challenge them to make a sequence of logos that grow
by the same amount. The grid lines will be helpful.
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Creating Your Own Logo
1. Click the Custom Tool icon
in the Toolbox and choose the 8 unit tool. Play the tool
on the sketch by clicking once near the bottom left of the sketch and again near the bottom
right of the sketch. You should see this:

2. With the Segment tool
points.

, create a design by joining grid

This is a sailboat logo.

3. Press the Hide red points button. You’ll see just your logo and two white points.

4. Select your whole logo and the two white points. Then click the Custom Tool icon and
choose Create New Tool. Give your new tool a name and click OK.

5. Click the Custom Tool icon once again, then click in two different locations in your sketch to
create your logo again. Create many copies of your logo, some big and some small. Drag
white control points to change the logo’s size.
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Stretching Ruler
Description

Interactive Sketchpad Exploration

This set of activities introduces students to measurement and the concept of a
unit of measurement as students create their own rulers to measure various
objects.

Grade

3, 4, or 5

Total Time

60–75 minutes

What You Need

The sketch StretchingRuler.gsp

Standards

Geometry
“Make and test conjectures about geometric properties and relationships and
develop logical arguments to justify conclusions.”
Measurement
“Understand such attributes as length, area, weight, volume, and size of angle
and select the appropriate type of unit for measuring each attribute; understand
the need for measuring with standard units and become familiar with standard
units in the customary and metric systems; understand that measurements are
approximations and how differences in units affect precision; develop
strategies for estimating the perimeters, areas, and volumes of irregular
shapes.”
Problem Solving
“Build new mathematical knowledge through problem solving.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Move objects
• Undo
• Use the Circle tool
• Use buttons
To move an object, choose the Arrow tool, then click and drag the object.
To undo the previous operation, choose Undo from the Edit menu.
To construct a circle, choose the Circle tool and click once to create the center
of the circle and a second time to create the radius point of the circle.
To “press” a button, click it once using the Arrow tool.

Stretching Ruler

Teacher Notes

These Teacher Notes assume a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
As a warm-up activity, make a drawing on the board with two lines that are not directly comparable in
length (set the lines at different angles). Ask the students to predict which line is longer. Show students
how they can determine which line is longer by comparing a short piece of string or a stick to both of
the longer lines. Ask the students: “How many times longer is each line than the piece of string?” You
may want to ask students to describe the best way to move the string as they move it along each line
so as to minimize overlap or error.
Now the students are ready to begin the activity.
StretchingRuler.gsp: Which is Longer?
Students are asked to find which of two line segments (two tree trunks) is longer by establishing some
way of measuring without reference to standard units. The activity is intended to explore ways of
measuring using only points or line segments to break the two tree trunks up into parts. Students will
likely ask to pull down the measuring window and check length or distance. Help students to find
lengths by comparison instead of by using the internal measuring features of Sketchpad. Ask students
to compare the length of the fallen tree trunk to the length of the standing tree by moving segment FH
or segment DE.
If students drag points D or E, segment DE will change in length. Dragging point F moves the entire
segment, preserving its length, and dragging point H changes the orientation of the segment (rotating it
around F, and preserving length). It is also possible to drag the segments themselves, which will not
affect their lengths, only their locations on the screen. All points leave a trace, which can be used as a
visual marker. In the following screenshot, DE has been dragged along the fallen tree seven times.

Depending on which segments the students use, they will report different lengths. You may want to look
at the overall results as a class. It is helpful to show students how to treat the process of measuring as
an experiment; that is, show them that they may not all have found the same numbers to represent
these lengths, but that most will have found a larger number for the longer tree trunk. In one third-grade
class, many students found lengths ranging between 11 and 14, but one pair of students reported the
longer trunk as being shorter, since they used longer units (a longer DE segment).
Help students understand that it does not matter which segment they use, or how long the segment is
(although it should be no longer than the shortest tree trunk); however, in order to compare the lengths
of the two tree trunks, they should use the same length segment on each. Some students might decide
to make DE as long as the shortest tree (the standing one) and, by dragging it over the longest tree (the
fallen one), show quite convincingly that the fallen one is indeed longer.
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Many students will claim that they are measuring in inches or centimeters, even though there is no
indication of this on the sketch. It can be helpful for students to hear the word “unit” without changing it
to some standard unit like centimeter, so that they learn the idea of unit as a concept of measuring by
establishing a short segment as the unit that is compared to the longer segment.
Students’ concern with unevenness or lack of precision can also provide a good lead-in to introduce the
next page, Using Circles to Measure. This activity helps students see ways of keeping all the units
exactly the same by referring to the same circle with the same radius all along a segment to be
measured.
StretchingRuler.gsp: Using Circles to Measure
The Using Circles to Measure page is intended to expose students to two important ideas: First, circles
can be useful in showing the equivalence of two segments sharing a common endpoint and laying
along the same line; second, if two segments are both radii of the same circle, their lengths are
congruent.
Help students notice that the red and blue circles always stay the same size when D or E are dragged.
This is because they share the same radius (segment DE). Since EF is also a radius of the blue circle,
then segment EF is the same length as segment DE. Before students use circles to measure the fallen
tree, you may want to ask students to practice constructing circles with the same radius on a blank
sketch. As shown in the figure below, the radius point r1 of the first circle C1 should coincide with the
center of the second circle C2, and the radius point r2 of the second circle C2 should coincide the
center of the first circle C1. In the correct figure, dragging either C1 or C2 will change the size of both
circles, so that they are always congruent. However, in the incorrect figure, dragging r2 will change the
size of the second circle, but not the size of the first circle—thus not maintaining congruence.

C1

r1

C1

C2

C1

C2

r2
incorrect

correct

The number of circles required to measure the fallen tree will depend on the length of DE. In the figure
below, four extra circles were constructed, which means that the fallen trunk is six times longer than
DE. Discuss with students the benefit of setting up a ratio between a unit and an object we measure,
rather than treating the measurement as a sum of the units. This kind of cognitive shift from additive to
multiplicative reasoning is often difficult for children in grades 3 and 4, and even for more advanced
students.

M

D

E

fallen trunk
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After working with Using Circles to Measure, ask students to discuss the following question: How can
we be sure that two segments we build are really the same length so they can be counted as samesized units in our ruler?
StretchingRuler.gsp: Using a Stretch Ruler
This activity challenges students to identify a reasonable size for a unit length, and then to rotate a ruler
so that it aligns with each of two crossing segments. After students have clicked the Show stretch ruler
button, they will be able to move the control point labeled rotate the ray and change the size of the
entire ruler by pulling on the endpoints of the segment named stretchy unit. This activity illustrates that
choosing an arbitrary unit can be effective, although it works best to choose a unit that is smaller than
both segments being measured for comparison.
Many students will be more comfortable reporting the lengths in absolute terms such as: the longer
segment is n and the shorter segment is m. However, you want to encourage the students to use the
ratio way of reporting their results, that is, the longer segment is, say 18 times the stretchy unit and the
shorter segment is 5 times the stretchy unit.
StretchingRuler.gsp: Building a Stretch Ruler
The fourth activity provides a challenge to maintain same-sized units in a proportional way rather than a
static way, as students try to combine a set of units in a connected, yet dynamic arrangement. This is
done as students explore two tools: the double segment tool and the half segment tool. Both of these
tools can be used to set up objects that exemplify proportional relations between smaller segments and
a larger collection of such segments, as related through halving or doubling actions. Using the doubling
tool and the halving tool can provide powerful, multiplicative ways of measuring.
Students should begin by creating a ruler section that has at least four units that all lie on the same ray
or line. They can test one another’s work by seeing if the units stay together when “pulled on” by
dragging their points. Note that both tools (double segment and half segment) were built by reference
to the radii and diameter of circles. The double segment tool is really a set of inter-linking circles in a
line, much like the stretch ruler shown in the previous activity, or the Using Circles activity. You may
want to help your students relate their knowledge of circles to this situation.
StretchingRuler.gsp: Racing from A to B
This activity is the last scheduled activity. Students use the double segment and half segment tools to
gradually set up a pathway of smaller, unit-long segments to span the path from point A to point B
along the ray. Here, students may explore the possibility of building intervals from collections of smaller
intervals (super intervals), demonstrating the mathematical basis for multiplication. They may also use
the half segment tool to gradually partition the entire path, working toward a subdivision the size of the
given unit length. A beginning approach is to double each successive step, showing approximately 20
steps from A to B, at a cost of 20 doubling operations. The challenge is to use doubling to reach B from
A in less than 20 doubling operations.
Alternatively, students may also use the half segment tool to gradually partition the entire path,
working toward a subdivision that is the size of the given unit length (Segment AC in the sketch). This
approach can yield results quite close to doubling approach, but the values may be different, since the
unit will be slightly different in length than AC.
By using the halving and doubling tools in Racing from A to B, or in the ruler building sketch, students
learn about nested collections of units within units of units. This activity can also help students see the
inverse operations of unitizing (iterating a unit item) versus partitioning (tearing down into parts). Finally,
this collection of sketches can be a rich source of questions about ratios, or it can be reduced to
counting and additive comparisons; by focusing your students’ attention to comparisons within the
rulers, you can help them build up proportional reasoning.
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Curved Path
Description

Interactive Sketchpad Exploration
The mathematical ideas developed in this activity consist of the iteration of linear
units to measure a curved path. The process of constructing a path of a given
length can be difficult to perform with accuracy, even for middle-school-aged
students. This environment gives students opportunities to explore the iteration
of units along a curved path in a realistic situation by relating the rotation of a
wheel to the accumulation of distance units (similar to a trundle wheel).

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

The sketch CurvedPath.gsp

Standards

Geometry
“Make and test conjectures about geometric properties and relationships and
develop logical arguments to justify conclusions.”
Measurement
“Understand such attributes as length, area, weight, volume, and size of angle
and select the appropriate type of unit for measuring each attribute; understand
the need for measuring with standard units and become familiar with standard
units in the customary and metric systems; understand that measurements are
approximations and how differences in units affect precision; develop strategies
for estimating the perimeters, areas, and volumes of irregular shapes.”
Problem Solving
“Build new mathematical knowledge through problem solving.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Drag segments
• Use buttons
To drag a segment, choose the Arrow tool.
To “press” a button, click it once using the Arrow tool.

Curved Path

Teacher Notes

These Teacher Notes assume a classroom in which students are at computers in groups of 2–3,
working semi-independently with frequent whole-class discussion and interaction. It is also quite
possible, with little adaptation required, to do the activity as a whole class, with one computer hooked
up to a projector and operated by the teacher or a volunteer.
In this activity, students use a trundle wheel object with eight spokes
and eight corresponding marks distributed evenly along its
circumference to measure a curved path length. The wheel is running
along the surface of a valley between two hills. You may suggest a
scale for students, or ask them to establish a scale that would allow
them to lay out a reasonable 10 km race course (thus, the trundle
wheel may be unrealistically large, but effective nonetheless for
measuring out this race course!).
Question One:
To begin, use the Reset button to initialize the trundle wheel at the Start position on the course (zero on
the curved path). Ask students to predict the length of the entire course in terms of the units of length
around the trundle wheel (it is 8 units around the trundle wheel). Be sure they make a prediction and
record it before they click the Measure Hill button.
By clicking the Show “as the crow flies” button, and using the 1 cm segment provided in the sketch,
students may be able to develop a rough estimate of the length of the course. You may wish to have a
classroom discussion about whether the “as the crow flies” distance will be more, less, or equal to the
length of the course.
Question Two:
Ask the students to find a distance equivalent to one revolution, without starting at the Reset position.
To do so, have students press the Measure Hill button twice in succession, stopping partway along the
path. Then, ask the students to find and mark a location that is exactly 8 km away by using the trundle
wheel.
For example, when one student using this sketch started measuring with the 4 touching the path, he
rolled the wheel all the way around to 4 again. When asked why he would stop at 4 to show a path of
length 8, he said it was because 4 + 4 = 8. The teacher asked where he would stop if he had begun at
3 on the wheel. He predicted he should stop at 5. But when he tried this, going a full rotation around,
until he hit 5 the second time, it was longer than the last path. Other students suggested that it was
because the 4 could “act just like the zero.” This led these students to explain that the numbers split the
wheel up into 8 congruent portions. This part-whole image of the wheel best supports the iteration of a
length unit along a curved path.
Question Three:
Ask students to set up two markers along the hill to indicate a path with a length of 10 km. Challenge
the students to set the path so that it includes the lowest point in the valley between the two hills. This
will require rolling the wheel through 1 and 1/4 rotations by starting and stopping the Measure Hill
button to position the wheel at various measuring points along the path.
This set of sketches presents specific opportunities to ask students directed questions or to model
some critical measurement and geometry concepts. You might ask students to talk about how they
address the mathematical aspects of the sketches:
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1.
2.
3.
4.

Explain how to mark off a path that is 8 trundle units long.
Find two other methods to mark off 8 unit long paths. Explain why each method is trustworthy.
Explain what you count when you measure a curved path.
How can we be sure that two curved sub-paths we mark off are really both representing the
same distance, since they involve different portions of the overall curved path?

Hints for developing strategies related to this activity:
Measure how far it would be to fly straight across the two hilltops without descending into the valley on
the way to the next hilltop. Students will likely ask to pull down the measuring window and checking
length or distance. Help students to find lengths by comparison instead of by using the internal
measuring features of Sketchpad.
Students might need to practice moving the “hopper” object (this is the 1cm segment given on the
sketch; see the Stretching Ruler activity for how the hopper can be used to approximate length). Then
they may use the hopper to find the distance straight “as the crow flies” across the valley. They can
either assume this measures the distance through the valley (an over-simplification of the problem of
measuring the curved path), or use it merely as a comparison with the length of the path down through
the valley.
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Color by Numbers

Interactive Sketchpad Exploration

Description

In this activity, students investigate patterns produced on a grid of numbers
generated through addition and multiplication of the whole numbers. The focus
is on elementary number theory concepts such as even/odd, factors, multiples,
divisibility, and the commutativity of addition and multiplication.

Grade

3, 4, or 5

Total Time

45-60 minutes

What You Need

The sketch ColorNumbers.gsp

Standards

Number & Operations
“Describe classes of numbers according to characteristics such as the nature of
their factors; understand the effects of multiplying and dividing.”
Algebra
“Describe, extend, and make generalizations about geometric and numeric
patterns; identify such properties as commutativity, associativity, and
distributivity and use them to compute with whole numbers; investigate how a
change in one variable relates to a change in a second variable.”
Problem Solving
“Build new mathematical knowledge through problem solving.”
Reasoning & Proof
“Make and investigate mathematical conjectures.”

Sketchpad Skills

This activity is suitable for first-time Sketchpad users. Students will be required
to:
• Drag points
• Change the value of a parameter
To change the value of a parameter, select it with the Arrow tool and press
either + or – on the keyboard to increase or decrease. Another way is to doubleclick the parameter with the Arrow tool, then change the value directly in the
dialog box that appears.

Color by Numbers

Teacher Notes

Below, we describe an effective way of working through this activity involving a whole-class discussion.
You can either use just one computer attached to a projector (with either you or a student interacting
with the sketch), or have students interact with sketches on their own computers (perhaps in pairs or
groups of 3) as the discussion proceeds. One advantage of the former method is that it avoids the
problem of students revealing too many squares before making predictions.
ColorNumbers.gsp: First Page
This page is intended to provide an introduction to the grid, which
will be used in subsequent pages. The instructions on the first page
are to drag the black point, which is attached to a square on a grid.
The value of each square is the sum of the row number and column
number of the square.
In a whole-classroom situation, drag the black point to an adjacent
grid square. Challenge the students to predict what the value of the
adjacent grid squares might be. Ask the students which adjacent
square will have the same value. Help students notice that the
diagonals of the grid have the same values.
Draw students’ attention to the sum displayed at the bottom left of the grid.
ColorNumbers.gsp: Second Page
The instructions on the first page are to drag the black point, which is
attached to a square on a grid. The square changes color according
to its value, that is, its position on the 10-by-10 grid. The value of
each square is the sum of the row number and column number of the
square. On the first page, the color of the square depends on
whether the sum of the row and column numbers is even or odd.
Thus, the overall pattern looks somewhat like a checkerboard.
In a whole-classroom situation, drag the black point to an adjacent
grid square. Challenge the students to predict what the color of the
other adjacent grid squares might be. Continue asking for predictions until the students are able to
discern the alternating color. Once the students have predicted the pattern of colors, ask them to
describe how the color of each square depends on the sum. If students are having trouble answering
this question, ask them to focus on the last digit of the sum, which is the digit that determines whether
the number is even or odd. Invite students to work in partners to investigate the following questions:
•
•
•

Describe the patterns in the grid. [The colors alternate like a checkerboard; the colors are evenly
distributed; all the diagonals are the same color; there is a diagonal symmetry since a + b = b +a.]
What color would 15 + 15 be? What about 0 + 23, or 13 + 31?
What can you say about the sum of two even numbers? What about the sum of two odd numbers?

ColorNumbers.gsp: Third Page
This page is similar to the first two, except the color depends on whether the sum of the numbers is
divisible by a certain parameter value (the default value is 3). Once again, challenge the students to
drag the black point to only a few locations, and to predict what the color of adjacent grid squares might
be. Once the students have predicted the pattern of colors, ask them to describe how the color of each
square depends on the sum. Invite students to work in partners to investigate the following questions:
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•

•
•

Describe the patterns in the grid. [Every third square is pink; there are no entire rows or columns
that are the same color; there are less pink squares than purple ones; there are clear diagonals
(going from bottom right to top left).]
How are the patterns you identified related to the numbers on the grid? [For example, there are
more purple squares than pink ones because only every third number is divisible by 3.]
What color would 15 + 15 be? What about 0 + 23, or 13 + 31?

Ask students to change the value of “count by = 3” (select the parameter and use the + or - keys on the
keyboard to increase or decrease the value). Setting the value to 2 will produce a familiar pattern. Invite
students to work in partners to investigate the following questions:
•
•
•

Find a value for the count by parameter that produces a grid with columns (entire columns of pink
and entire columns of purple). Is there another value that will produce columns?
Find a value for the count by parameter that produces a grid with diagonals going in the opposite
direction (from bottom left to top right). Is there another value that will produce such diagonals?
Find a value for the count by parameter that produces a whole row of purple squares. Are there
other values that will do this?

ColorNumbers.gsp: Fourth Page
This page is similar to the first three pages, except the color depends
on whether the product of the numbers is even or odd. Once again, in
a whole-classroom context, challenge the students to predict what
the color of adjacent grid squares might be. Once the students have
predicted the pattern of colors, ask them to describe how the color of
each square depends on the product.
Invite students to work in partners to investigate the following
questions:
•

•
•

Describe the patterns in the grid. [There are entire rows and columns that are the same color; there
are less purple squares than pink ones; each purple square is surrounded by pink squares on all
sides; there is a diagonal symmetry because a ¥ b = b ¥ a.]
How are the patterns you identified related to the numbers on the grid? [For example, the entire
column above the 2 is the same color because any number multiplied by 2 will be even.]
What color would 15 ¥ 15 be? What about 0 ¥ 23, or 13 ¥ 31?

ColorNumbers.gsp: Fifth Page
This page is similar to the third page, except the color depends on whether the product of the numbers
is divisible by a certain parameter value (the default value is 3). Once again, challenge students to drag
the black point to only a few locations, and to predict what the color of adjacent grid squares might be.
Once students have predicted the pattern, ask them to describe how the color of each square depends
on the product. Invite students to work in partners to investigate the following questions:
•
•
•

Describe the patterns in the grid. [There are entire rows and columns that are only pink or only
purple; the pattern has squares in it; there are no diagonals.]
How are the patterns you identified related to the numbers on the grid? [For example, there are
entire rows of pink because any number in the 3, 6, and 9 columns is a multiple of 3.]
What color would 15 ¥ 15 be? What about 0 ¥ 23, or 13 ¥ 31?

Ask students to change the value of count by = 3 (select the parameter and use the + or - keys on the
keyboard to increase or decrease the value). Setting the value to 2 will produce a familiar pattern. Invite
students to work in partners to investigate the following questions:
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•
•

Find a value for the count by parameter that produces a grid where the 5th and 10th columns are
entirely pink.
Find a value for the count by parameter that produces a grid with more purple squares than pink
ones? What other values will have this effect?
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