Geometry Technology

A Quick-Start GeoGebra ands-On Digital Discoveries

Geometry concepts stick best in student brains when they are investigated in a hands-on way.
An inquiry structure helps students to understand a concept more deeply, connect ideas, and
remember properties. Instead of being provided with a formula or set of rules to memorize,
students can develop a set of properties by testing and exploring. They willremember and
apply the ideas more easily when they have discovered the geometric principles and
relationships on their own.

To use this structure correctly, you need the right technology and a quick and easy way to
prepare the lesson. A discovery lesson should only replace a typical lecture when it is just as
effective, does not waste extra time, and is just as smoothly implemented. My favorite tool for
teaching with technology is GeoGebra. With the GeoGebra software, you can set up a lesson
for your students in only a minute or two, and they can see relationships in figures that are
impossible to view and manipulate in a typical math lesson or lecture.

This software is free for teachers and students to use. | have put together a quick-start guide
with a few sample lesson ideas. This will show you specifically how you can use the software to
set up a smooth discovery lesson for your Geometry students.

Basics

Getting into the Software & Setting Up:

1. Go to Geogebra.org (link) and click “Start GeoGebra” (There are also materials and lesson
guides available to browse.)

2. Setup a “Geometry” working screen.

3. Inthe menu (three horizontal bars in the top right corner), select “options.” In options,
select "labeling.” choose to “display all new objects.” This helps your students to save time
and communicate in pairs more easily by saying “Move point A”, etc.

So =Y 5o a :
H @ Fie Edit

Edit

Perspectives
View

Qe indir

et >
I“ Labeling »'

Language

- ) Save Settings

PPN

Play around the first time you get in. Practice making a triangle by selecting a “polygon” from
the top menu. Click three times to make the three points, then click again on the first point to
close/finish the figure. Then select the arrow from the top menu to drag a vertex and
manipulate your triangle. Try displaying an angle measure by selecting the angle tool in the
top menu, and then clicking on the two lines/rays that form the angle. Try displaying a side

length as well.
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These are the basic tips you will want to show your students. Before your first investigation
lesson, work together at the front of the room (if possible) on a smartboard or using a
projector. Allow students to practice manipulating a figure, creating new diagrams, and

displaying measures.

Sample: Diagonals in a Parallelogram
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Depending on the level of your students, you can do the “Prep” part ahead of time as
the teacher, or you can have students follow these directions and start from scratch.

Prep:

1. Create aline
segment by
selecting the “line
segment” tool and
placing two points.

2. Create aline L

parallel to the

segment by ﬁ

selecting the AR O © 4 N

“parallel line” tool,
then placing a
point off of the
segment, then
selecting the
current segment.
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3. Create a new /
segment that ’
connects your new ) /
point to a point on / : /"
the original / /
segment. 3 /

4. Construct aline
parallel to the s
segment you just
drew to complete
the parallelogram
(through the other
point on the original
segment).

Lesson:

1. Give students (in pairs) the prepared screen with a parallelogram (or directions to
construct their own) and ask the following essential question: “What properties do
diagonals of a parallelogram always have?” (Explain a “diagonal” if necessary.)

2. Allow students to work in pairs fo add the diagonals, manipulate the diagram, and
make observations. Encourage them to display angle and side measures to fry to
determine relationships. Have them discuss what happens as they drag a vertex.
Which measurements change¢ Which stay the same?

3. Try to avoid giving foo many hints. This learning process is great for their brains!
4. Require students to formally write up their observations.

5. Encourage students to extend the properties to other quadrilaterals. Next, have them
construct a rectangle and its diagonals and observe what properties are maintained as
vertices are dragged. What about a frapezoid?e

6. If your students would benefit from reflection or additional structure, try using the half
sheet (link fo download PDF file) that works for any hands-on digital discovery lesson in
Geometry.
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Digital Discovery Reflection Sheet
For Technology Based Hands-On Geometry Lessons

Draw diagrams to show your screen. Answer all questions using complete sentences.

1. What question were you trying to answer?e

2. What figure(s) did you use to guide you, and how did you
label, manipulate, and explore as you first started frying to
discover the properties at work?

3. How did you adjust your approach as you worked? Did you
add or change anything to help you visualize what was
going on¢

4. Clearly state any properties that you discovered.

Digital Discovery Reflection Sheet

For Technology Baosed Hands-On Geomeilry Lessons

Draw diagrams to show your screen. Answer all questions using complete sentences.

1. What question were you trying to answer?

2. What figure(s) did you use to guide you, and how did you
label, manipulate, and explore as you first started frying to
discover the properties at work?

3. How did you adjust your approach as you worked? Did you
add or change anything to help you visualize what was
going on?

4. Clearly state any properties that you discovered.

Name(s):



Sample: Angle Inscribed in a Semi-Circle
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Depending on the level of your students, you can do the “Prep” part ahead of time as
the teacher, or you can have students follow these directions and start from scratch.

Tl

Prep:

1. Create acircle :
with a center point l . |
using the “circle \ /

with center through /
point” tool. \ /

2. Draw aline or
segment through
the center of the
circle. It willbe a
diameter. To do
this, use the “line”
or “segment” tooal,
and select the
center point and
the point on the
circumference.
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. Create a point at the other
end of the diameter as well.

Select the “point” tool, and T

hover over the intersection /
point of the circle and the /
diameter until both become ‘,

bold. Then click to create a L

point at the intersection N
point. Then create another

free point on the 3 \ _

circumference. This point will

be able to move around, but

not off of the circle.

. Construct an inscribed angle

that subtends the diameter. S~

To do this, create two //
segments (one from each [/

endpoint of the diameter to |/

the free point on the
circumference). \\

Lesson:

1. Give students (in pairs) the prepared screen with a circle and an angle inscribed on the
diameter (or directions to construct their own) and ask the following essential question:
“What properties do angles inscribed in a semicircle always have?e”

2. Allow students to work in pairs to manipulate the diagram, test cases, and make
observations. Encourage them to display angle measures and lengths to try to
determine relationships. Have them discuss what happens as they drag the point on
the circumference and when they make the circle larger or smaller. Which

measurements change? Which stay the same?

Require students to formally write up their observations.

oMo

Try to avoid giving too many hints. This learning process is great for their brains!

Encourage students to extend the properties to other inscribed angles. Next, have

them construct different angles in the circle that do not subtend the diameter. What

about angles that are not inscribed?

6. If your students would benefit from reflection or additional structure, try using the half
sheet (link to download PDF file) that works for any hands-on digital discovery lesson in

Geometry.
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Resources, Links, & Tips

« Use digital discoveries only when a physical hands-on idea will not cut it. If's important for
kids to physically touch and move items whenever possible. This just cannot always be
achieved in a tangible format without technology. Try physical activities too, like this hands-
on lesson for discovering Triangle Inequality Theorem with markers with snap-on caps (link to
that blog post)

+ Allow students to spend a little time exploring with the technology at the beginning, or
during the first lesson that you infroduce this type of activity. The more comfortable they
are, the more options they will have for adding to their diagrams, changing things,
manipulating what is there, and exploring new ideas and properties. Your students will likely
catfch on to the software faster than you can, so rather than trying to spend a long time
teaching them the toolbar, just let them have at it

+ Take time to set up your expectations and formal structure for any period that they are
working this way. Decide how you want groupings to work (pairs or teams of three are great
for this) and fry to keep consistent partners throughout at least a quarter. Determine how
much structure you will give, and whether you will kick off each property/lesson with a
question, or only a figure. Explicitly teach students what you want them to turn in at the
end. Do you want only the properties they discovered or a full reflection as they work? It
may be nice to have them submit a diagram or two representing what was on their screen.
They can always use extra practice drawing and labeling diagrams, so this approach can
serve as both purposes.

+ Take alook at some of the buil-in lessons in GeoGebra (link), as well as these in SketchUp
(link). The SketchUp software is another option that allows you to do easy tessellations, let
your students explore pyramids, prisms, and more. It's great with 3d representations. There
are a set of handy videos (link) to get you started.

Subscribe at mathgiraffe.com for more great materials plus email updates.



