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How to Use this Book

Al ntroducti on to GeoGebr ao covers al

software GeoGebra. On the one hand, this book can serve as a basis for
introductory workshops guided by an experienced GeoGebra presenter. On the
other hand, you can use this document to learn the use of the software yourself.

By working through this book you will learn about the use of GeoGebra for
teaching and learning mathematics from middle school (age 10) up to college
level. The provided sequence of activities introduces you to geometry tools,
algebraic input, commands, and a selection of different GeoGebra features.
Thereby, a variety of different mathematical topics is covered in order to
familiarize you with the versatility of the software and to introduce you to some
methods of integrating GeoGebra into your everyday teaching.

We wish you a lot of fun and success working with GeoGebra!
Judith, Markus, and the GeoGebra Team

basi
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1.l ntroduction and I nstall at.

Background information about GeoGebra

GeoGebra is dynamic mathematics software for schools that joins geometry,
algebra and calculus.

On the one hand, GeoGebra is an interactive geometry system. You can do
constructions with points, vectors, segments, lines, polygons and conic sections
as well as functions while changing them dynamically afterwards.

On the other hand, equations and coordinates can be entered directly. Thus,
GeoGebra has the ability to deal with variables for numbers, vectors and points.
It finds derivatives and integrals of functions and offers commands like Root or
Vertex.

Ge o0 Ge b usarGmterface

After starting GeoGebra, the following window appears:

'{'} GeoGebra Toolbar { o & &

File Edit View Options Tools Window Help

Gl oelal lle] .8

» Algebra 3] | » Graphics

¢ Undo/Redo

Graphics View
Perspectives

34 ‘_: Algebra & Graphics
Algebra View , M| Basic Geometry q
[g Geometry ‘
IEEE Spreadsheet & Graphics

) 3 B i 0 o H 3z F CAS & Graphics

Input Help \

Input Input Bar )

Using the provided geometry tools in the Toolbar you can create geometric
constructions on the Graphics View with your mouse. At the same time the
corresponding coordinates and equations are displayed in the Algebra View. On
the other hand, you can directly enter algebraic input, commands, and functions
into the Input Bar by using the keyboard. While the graphical representation of all
objects is displayed in the Graphics View, their algebraic numeric representation
is shown in the Algebra View. In GeoGebra, geometry and algebra work side by
side.

on
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The user interface of GeoGebra is flexible and can be adapted to the needs of
your students. If you want to use GeoGebra in early middle school, you might
want to work with a blank sheet in the Graphics View and geometry tools. Later
on, you might want to introduce the coordinate system using a grid to facilitate
working with integer coordinates. In high school, you might want to use algebraic
input in order to guide your students through algebra on into calculus.

Apart from the Graphics and Algebra View, GeoGebra also offers a Spreadsheet
View, a Computer Algebra (CAS) View, as well as a second Graphics View.
These different views can be shown or hidden using the View menu. For quick
access to several predefined user interface configuration, you may want to try the
Perspectives Sidebar by clicking the bar to the right of the Graphics View.

77 GeoGebra = B =
File Edit View Options Tools Window Help
x] )] = @
7 &) &) ? B
» CAS ] | » Spreadsheet ] | » Graphics B
p A B c | 1
1 & ¥ Graphics 2 (=|=] =
2 4 =1
|2 o]
4|
5 ]
| & |
T
o 3
CAS View - Spreadsheet 2nd Graphics
. . 34
| View View
| 12 | 2
EN
14 T N
| 15 |
16
e 0
17 4 3 5 1 o 1 2
| 18 |
T b 1
Input:
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Installing GeoGebra

Preparations

Create a new folder called GeoGebra_Introduction on your desktop.
Hint: During the workshop, save all files into this folder so they are easy to find
later on.

GeoGebra Installers

9 Download the installer file from www.geogebra.org/download into the
created GeoGebra_Introduction folder on your computer.
Hint: Make sure you have the correct version for your operating system.

9 Double-click the GeoGebra installer file and follow the instructions of the
installer assistant.

10
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2.Basic Use of GeoGebr a

How to operate GeoGebrads geometry t oc

1 Activate a tool by clicking on the button showing the corresponding icon.
1 Open a toolbox by clicking on the lower part of a button and select another
tool from this toolbox.
Hint: You donot have to open the tool box e
tool. If the icon of the desired tool is already shown on the button it can be
activated directly.
Hint: Toolboxes contain similar tools or tools that generate the same type

of new object.
@3\
f Click on the ' icon at the right of the Toolbar to get help on the currently
active tool.

How to save and open GeoGebra files

Saving GeoGebra Files

1 Open the File menu and select Save.

1 Select the folder GeoGebra_Introduction in the appearing dialog window.
1 Type in a name for your GeoGebra file.

1 Click Save in order to finish this process.

Hint: A file with the e xt ensgghdn i & created. Thi s exten
GeoGebra files and indicates that they can only be opened with GeoGebra.

Hint: Name your files properly: Avoid using spaces or special symbols in a file
name since they can cause unnecessary problems when transferred to other
computers. Instead you can use underscores or upper case letters within the file
name (e.g. First_Drawing.ggb).

Opening GeoGebra Files

1 Open a new GeoGebra window (menu File EI New window).
1 Open a blank GeoGebra interface within the same window (menu File i
New).

1 Open an already existing GeoGebra file (menu File i B Open).
o Navigate through the folder structure in the appearing window.
0 Sel ect a GeoGebr.gghof)i laen Qpecxitiecnksi on 0
Hint: I f you di dn 6 tonssuatoreyettGho&Sebr xvill sk yountg do

so before the blank screen / new file is opened.

11
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3.Creating drawings with GeoGebra

Preparations

1 Click on the arrow at the right side of the Graphics View and select
ﬂ Basic Geometry from the Perspectives Sidebar.

1 Right-click (MacOS: Ctrl-click) on the Graphics View and choose -I— Grid
to show the grid lines

Drawing Pictures with GeoGebra

Use the mouse and the following selection of tools in order to draw figures in the
Graphics View (e.g. square, rectangle,hous e, )tree, é

A Point New!
Hint: Click on the Graphics View or an already existing object to create a new point.

Move New!
Hint: Drag a free object with the mouse.

®
/-’ Line New!
Hint: Click on the Graphics View twice or on two already existing points.

Segment New!
Hint: Click on the Graphics View twice or on two already existing points.
7 Delete New!
) Hint: Click on an object to delete it.
2 Undo / Redo New!
Hint: Undo / redo a construction step by step (on the right side of the Toolbar).
"I" Move Graphics View New!
Hint: Click and drag the Graphics View to change the visible part.
® & Zoom In / Zoom Out New!

Hint: Click on the Graphics View to zoom in / out.

Hint: Move the mouse over a tool to show a tooltip on how to use the tool.

12
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What to practice

1 How to select an already existing object.
Hint: When the pointer hovers above an object it highlights and the pointer
changes its shape from a cross to an arrow. Clicking selects the
corresponding object.

1 How to create a point that lies on an object.
Hint: The point is displayed in a light blue color. Always check if the point
really lies on the object by dragging it with the mouse (Move tool).

1 How to correct mistakes step-by-step using the Undo and Redo buttons.

Note: Several tools allow the creation of p oi nt s i oThis rhelans thdt hoy 0
existing objects are required in order to use the tool.

Example: The tool Segment can be applied to two already existing points or to
the empty Graphics View. By clicking on the Graphics View the corresponding
points are created and a segment is drawn in between them.

4.Dr awings, Constructions, and Dr a
Open the link to the dynamic worksheet i Squar es, §gaaeeseseo S
http://www.geogebratube.org/student/m25902.

€ Drawing Construction_Squares.ggb eSS ==
The dynamic figure shows several squares | e e view optors Toos Window belp
constructed in different ways. ) 2B 1) (o] [5) P N [ 5

1 Examine the squares by dragging ALL
their vertices with the mouse.

1 Find out which of the quadrilaterals are Saares R
real squares and which ones just !
happen to look like squares.

1 Try to come up with a conjecture about
how each square was created.

1 Write down your conjectures on paper.

SquareE SquareF

Input

Discussion
1 What is the difference between a drawing and a construction?
T What is the Adrag testo and why is it i mp
1 Why is it important to construct figures instead of just drawing them in

interactive geometry software?
1 What do we have to know about the geometric figure before we are able
to construct it using dynamic mathematics software?

13
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You
5, Rectangle Construction
Preparations 3 3
1 Summarize the properties of a rectangle --------- 0; R
before you start the construction.
Hint: | f you donot Kr tio
steps necessary for a rectangle you
might want to open the link to the
dynamic worksheet NfRect a A B

Constructiono ; !
http://www.geogebratube.org/student/m | |
25907. Use the buttons of the Navigation Bar in order to replay the
construction steps.

1 Open a new GeoGebra window.

Switch to Perspectives - ﬂ Basic Geometry.
Change the labeling setting to New Points Only (menu Options 1
Labeling).

= =

Introduction of new tools

b Perpendicular Line New!
' —~ Hint: Click on an already existing line and a point in order to create a perpendicular line
through this point.

_Parallel Line New!
~—_— Hint: Click on an already existing line and a point in order to create a parallel line
through this point.

Intersect New!
>'( Hint: Click on the intersection point of two objects to get this one intersection point.
Successively click on both objects to get all intersection points.

Polygon New!
'.'“5. Hints: Click on the Graphics View or already existing points in order to create the
- vertices of a polygon. Connect the last and first vertex to close the polygon! Always

connect vertices counterclockwise!

Hints: Dondét forget to read the Tool bar hel
Try out all new tools before you start the construction.

Construction Steps

1 "  Create segment AB.

2 ’:-.,,d Create a perpendicular line to segment AB through point B.

14
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Right-click (MacOS: Ctrl-click) the Graphics View to show the Navigation Bar to
review your construction step-by-step using its buttons.

Lk s Joro [ ] e )

[(Doray J[ 27s

In addition, you can open the E Construction Protocol (View menu) to get

detailed information about your construction steps.

What to practice

1 Try to change the order of some construction steps by dragging a line with the

mouse. Why does this NOT always work?

1 Group several constructions steps by setting breakpoints:

o Show the column Breakpoint by

checking Breakpoint in the
Column drop-down menu
Group construction steps by

checking the Breakpoint box of the
last one of the group.
Change setting to Show Only

Breakpoints in the Options
drop-down menu

Use the Navigation Bar to review
the construction step-by-step. Did
you set the breakpoints correctly?

15

3 o Insert a new point C on the perpendicular line.
4 —*_  Construct a parallel line to segment AB through point C.
5 :_',,,ﬂ Create a perpendicular line to segment AB through point A.
6 >'\/ Construct intersection point D.
7[>  Create the polygon ABCD.
Hint: To close the polygon click on the first vertex again.
8 @ Save the construction.
9 Q Apply the drag test to check if the construction is correct.
6.Navigation Bar and Construct

¥ Construction Protocol

[Ef™

H- B~ R & e

Mo |Name \Tnol \Deﬂnmnn

Value Caption

1|Point A Intersection point
of XAXis, yAxiS
A| |Point on xAxis
°

3Segmenta  =.® Segment[A B]
-
4Ling b + | Linethrough B
" perpendicularto a
A | [Pointon b
L]

A=(0,0)

a=4

bix=4

Glinec —s— Linethrough C cy=23

— paralleltoa
7|Line d »  Linethrough A dx=0

—" perpendicularto a
8 PointD Intersection point D =(0,2.3)

ofc, d

9 Quadrilate ‘k:' Polygon A,B,C,D poly1=92

- =

<] K |arg| > e |

on
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7.Equil ateral Triangle Cond@byruct

Preparations

1 Summarize the properties of an equilateral
triangle before you start the construction.
Hint: | f you donodt Kknow
necessary for an equilateral triangle you might /
want to have a look at the following link to the '
dynamic worksheet A Equi | ater a /
Construct i on o A ¥ o
http://www.geogebratube.org/student/m25909. . :
Use the buttons of the Navigation Bar in order to replay the constructlon
steps.

1 Open a new GeoGebra window.

Switch to Perspectives - Geometry.
Change the labeling setting to New Points Only (menu Options 1
Labeling).

= =

Introduction of new tools

@ Circle with Center through Point New!
Hint: First click creates center, second click determines radius of the circle.
Show / Hide Object New!

’ Hints: Highlight all objects that should be hidden, then switch to another tool in order to

apply the visibility changes!

Angle New!
.{; Hint: Click on the points in counterclockwise direction! GeoGebra always creates angles
with mathematically positive orientation.

Hints: Dondét forget to read the Tool bar
Try out all new tools before you start the construction.

Construction Steps

1 " Create segment AB.

2 Construct a circle with center A through B.

Hint: Drag points A and B to check if the circle is connected to
them.

4 Intersect both circles to get point C.

3 @ Construct a circle with center B through A.

16
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5 :“‘*:- Create the polygon ABC in counterclockwise direction.
6 “~  Hide the two circles.
./f' Show the interior angles of the triangle by clicking somewhere

inside the triangle.
Hint: Clockwise creation of the polygon gives you the exterior
angles!

8 @ Save the construction.

9 Q Apply the drag test to check if the construction is correct.

8.GeoGebrads Object Properties

Graphics View Stylebar

You can find a?  button showing a small arrow to toggle the Stylebar in the
upper left corner of the Graphics View. Depending on the currently selected tool
or objects, the Stylebar shows different options to change the color, size, and
style of objects in your construction. In the screenshot below, you see options
to show or hide the axes and the grid, adapt point capturing, set the color, point
style, etc.

v Graphics o %

= _ .
LlE[e~|[[l~| o~ |ra~

Hint: Each view has its own Stylebar. To toggle it, just click on the arrow in the
upper left corner of the view.

Object Preferences Dialog
For more object properties you can use the Preferences dialog. You can access
it in different ways:

1 Click on the symbol on the right side of the Toolbar. Then choose ||
Objects from the appearing menu.

1 Right-click (MacOS: Citrl-click) an object and select Object
Properties...

1 Inthe Edit menu at the top select “©* ObjectPr oper ti esé

Select the K Move tool and double-click on an object in the Graphics
View. In the appearing Redefine dialog, click on the button Object
Properties.

17
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7 GeoGebra Properties - Equilateral_Triangle_Construction.ggh

=]

= Triangle
e poly1

@] B B %

Basic Colorl Stylel Position | Algebra | Advanced | Scripting|

Name: A
Value: (-2.08716, -0.97615)
Caption:

Show Object

Show Label: :Name ':
"] Show Trace

("] Fix Object

[“] Auxiliary Object

What to practice

1 Select different objects from the list on the left hand side and explore the
available properties tabs for different types of objects.
1 Select several objects in order to change a certain property for all of them
at the same time.
Hint: Hold the Ctrl-key (MacOS: Cmd-key) pressed and select all desired

objects.
Select all objects of one type by clicking on the corresponding heading.
Show the value of different objects and try out different label styles.
Change the default propertiesofcer t ai n obj ects (

= =4 =4

18
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9.Chall enge of the Day: | soscel es

Construct an isosceles triangle whose length of the base and height can be
modified by dragging corresponding vertices with the mouse.
You will need the following tools in order to solve this challenge:

e Segment o/ Point
,'. Midpoint or Center New! :“‘:- Polygon
;-,ﬁ Perpendicular Line [t Move

Hints: Donét forget to read the Toolbar help i
Try out all new tools before you start the construction.

Tips and Tricks

Summarize the properties of the geometric figure you want to create.

Try to find out which GeoGebra tools can be used in order to construct the

figure using some of these properties (e.g. right angle i tool Perpendicular

Line).

1 Make sure, you know how to use each tool before you begin the
construction. I f you donodt know how to
and read the Toolbar help.

1 For the activity open a new GeoGebra window and switch to Perspectives

- Geometry.

You might want to save your files before you start a new activity.

Donoét f or g eWndoaahdo Retlo buttors in case you make a

mistake.

1 Frequently use the Move tool in order to check your construction (e.g. are
objects really connected, did you create any unnecessary objects).

1 If you have questions, please ask a colleague before you address the

presenter or assistant(s).

il
T
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Geometric Construction s &
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You
1.Sqgquare Construction

In this section you are going to use the following tools. Make sure you know how
to use each tool before you begin with the actual construction of the square:

o Segment :“‘a Polygon

f:'“f Perpendicular Line “~  Show/ Hide Object
@ Circle with Center through Point Q Move

>i( Intersect

Hint: You might want to have a look at the link to the dynamic worksheeti Squ ar e
Con st r unhttpt//Wwweamgeogebratube.org/student/m25910 if you are not sure
about the construction steps. ! !

'd b
__DI ) :Q-H
Preparations =778
f Open a new GeoGebra window. )
1 Switch to Perspectives i Geometry. ) 5
1 Change the labeling setting to New
Points Only (menu Options i Labeling). ] \
A 5 B

Construction Steps ' )

1 " Drawthe segment a = AB between points A and B.
2 ;.,,, Construct a perpendicular line b to segment AB through point B.
R ]

Construct a circle ¢ with center B through point A.

intersection points C and D.

4 X Intersect the perpendicular line b with the circle ¢ to get the
.

5 .. Construct a perpendicular line d to segment AB through point A.

1

Construct a circle e with center A through point B.

Intersect the perpendicular line d with the circle e to get the
intersection points E and F.

rXG._\

8 [ Create the polygon ABCE.

Hint: Donét forget to cl ose t Aafterg
selecting point E.
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9 o - Hide circles and perpendicular lines.

10 Q Perform the drag test to check if your construction is correct.

11 Enhance your construction using the Stylebar.

Challenge: Can you come up with a different way of constructing a square?

Hint: To rename an object quickly, click on it in Q Move mode and start typing
the new name on the keyboard to open the Rename dialog.

r’{:}‘ Rename I&1

Mew name for Point D

G (i)

[ OK ” Cancel ]

You
22.Regul ar Hexagon ConstrucDon

In this section you are going to use the following tools. Make sure you know how
to use each tool before you begin with the actual construction of the hexagon:

@ Circle with Center through Point d: Angle
>( Intersect “~  Show/ Hide Object
Eﬁ:: Polygon [y Move

Hint: You might want to have a look at the link to the dynamic worksheet
ARegul ar He x a g o mtp:/ownedgebrailie jorg/studlent/m25912 if
you are not sure about the construction steps.

Preparations

1 Open a new GeoGebra window.
Switch to Perspectives 1

Geometry.

1 Change the labeling setting to All New
Objects (menu Options i Labeling).
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Construction Steps

1 @ Draw a circle ¢ with center A through point B.

Construct a new circle d with center B through point A.

O,
3 >-\’ Intersect the circlescanddt o get the hegangb.no
@ Construct a new circle e with center C through point A.

5 >( Intersect the new circle e with circle ¢ in order to get vertex E.

Hint: Selecting circle e and circle c creates both intersection points. If
you just want a single intersection point, click on the intersection of
the two circles directly.

Construct a new circle f with center D through point A.

Intersect the new circle f with circle c in order to get vertex F.

Construct a new circle g with center E through point A.

Intersect the new circle g with circle c in order to get vertex G.

10 Draw hexagon FGECBD.

11 Hide the circles.

12 Display the interior angles of the hexagon.

13

7| C v XX @

Perform the drag test to check if your construction is correct.

Challenge: Try to find an explanation for this construction process.
Hint: Which radius do the circles have and why?

You
3.Circumcle of a Triangle @@nstruc

In this section you are going to use the following tools. Make sure you know how
to use each tool before you begin with the actual construction:

*. —w Circle With Center through
..3‘ Polygon Q/ Point

> Perpendicular Bisector New! % Move

>\/ Intersect
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Hint: If you are not sure about the construction steps, you might want to have a
look at the link to the dynamic worksheet fCircumcircle of a Triangle
Con st r ity Mwovimengebratube.org/student/m25916.

Preparations

1 Open a new GeoGebra wmdow

Switch to Perspectives 1 Geometry
Change the labeling settlng to New Points
Only (menu Options i Labeling).

= =

Introduction of new tool

~<  Perpendicular Bisector New!

Hints: Dondét forget to yeaddomét Thomdéwamowetd @ u
Try out the new tool before you start the construction.

Construction Steps

1 :“‘a Create an arbitrary triangle ABC.

2 ,/' Construct the perpendicular bisector for each side of the triangle.
Hint: The tool Perpendicular Bisector can be applied to an existing
segment.

3 >( Create intersection point D of two of the line bisectors.

Hint: The tool Intersect c a n 6t be applied to
lines. Either select two of the three line bisectors successively, or
click on the intersection point and select one line at a time from the
appearing list of objects in this position.

4 @ Construct a circle with center D through one of the vertices of triangle
ABC.

5 L\Q Perform the drag test to check if your construction is correct.

Back to school é

Modify your construction to answer the following questions:
1. Can the circumcenter of a triangle lie outside the triangle? If yes, for which
types of triangles is this true?
2. Try to find an explanation for using line bisectors in order to create the
circumcenter of a triangle.
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You
4.Vi sualize the Theorem of WBhal es

Back to school é

Before you begin this construction, check out the link
to the dynamic worksheet calledi Theor em o
http://www.geogebratube.org/student/m25919 in order *
to see how students could rediscover what the Greek philosopher and
mathematician Thales found out about 2600 years ago.

In this activity you are going to use the following tools. Make sure you know how
to use each tool before you begin with the actual construction:

< Segment Ij_:a- Polygon
(™ Semicircle through 2 Points New! «  Angle
o' Point [ Move

Hint: If you are not sure about the construction steps, you might want to have a
look at the link to the dynamic worksheet i Theor em of Thal es Cons
http://www.geogebratube.org/student/m27291.

Preparations

Open a new GeoGebra window.

Switch to Perspectives 1 Geometry.
Change the labeling setting to New Points Only (menu Options i
Labeling).

= =4

Introduction of a new tool

e Semicircle through 2 Points New!
» Hint: The order of clicking points A and B determines the direction of the semicircle.

Hints: Dondét forget to read the Tool bar help i
Try out the new tool before you start the construction.
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Construction Steps

1 . Drawasegment AB.

2 (™ Construct a semicircle through points A and B.

3 A Create a new point C on the semicircle.

MmOouse.

°
% Hint: Check if point C really lies on the arc by dragging it with the
L

I Create the triangle ABC in counterclockwise direction.

5 d' Create the interior angles of triangle ABC.

Hint: Click in the middle of the polygon.

6 Q Drag point C to check if your construction is correct.

Challenge: Try to come up with a graphical proof for this theorem.
Hint: Create midpoint O of segment AB and display the radius OC as a segment.

You
5, Constructing Tangents toUWd Cijrcl

Back to school é

Open the link to dynamic worksheet called Const ructing Tangents t
http://www.geogebra.org/book/intro-en/worksheets/Tangents_Circle.html. Follow

the directions on the worksheet in order to find out how to construct tangents to a

circle.

Constructing Tangents to a Circle

1. Use the arrow buttons in the figure below to
review the construction process of tangents to E‘
acircle.

2. Try to do this construction on your
own using the figure to the right.

3. Write down a construction protocol and
explain every construction step.

Move: Drag or select
objects (Esc)

A
L]

.
.
.

4 Ecl

g

pe

@
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Discussion

Which tools did you use in order to recreate the construction?
Were there any new tools involved in the suggested construction steps? If
yes, how did you find out how to operate the new tool?

il
il

1 Did you notice anything about the Toolbar displayed in the right applet?
1 Do you think your students could work with such a dynamic worksheet and
find out about construction steps on their own?
What i f your mouse andorkkouchpad

Imagine your mouse and / or touchpad stop working while you are preparing

GeoGebra files for tomorrowbds | esson.

GeoGebra offers algebraic input and commands in addition to the geometry
tools. Every tool has a matching command and therefore, could be applied
without even using the mouse.

Note: GeoGebra offers more commands than geometry tools. Therefore, not
every command has a corresponding geometry tool!

Task

Open the EI Input Help dialog next to the Input Bar to get the list of commands
and look for commands whose corresponding tools were already introduced in
this workshop.

As you saw in the last activity, the construction of tangents to a circle can be
done by using geometric construction tools only. You will nhow recreate this
construction by just using keyboard input.

Preparations Qiiiwii 777777 - @;ﬁ
-’/\ ABC
1 Open a new GeoGebra -MuuuMMMMuuu &
W|nd0W. :ﬂm:(x ISJQ(V 2y =10.25 .g :v‘ o 'l :
I Switch to Perspectives 7 L;”};ng ssor- s
Algebra & Graphics. "5

5 C=(54)

o
P -
o
8 \ ¥
s ¢ Lo ’
)
= Segment b )
3 s=64 o ’
& B A & : b7 :
2]

Input: #
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Construction Steps

1 A=(0,0) Create point A.

Hint: The parentheses are closed automatically.

2 (3,0 Create point B.

Hint: | f you donot speci fy &
alphabetical order.

3 Circle[A,B] Construct a circle ¢ with center A through point B

Hint: This circle is a dependent object.

Note: GeoGebra distinguishes between free and dependent objects. While free
objects can be directly modified either using the mouse or the keyboard,
dependent objects adapt to changes of their parent objects. Thereby, it is
irrelevant in which way (mouse or keyboard) an object was initially created!

Task 1

Activate % Move mode and double-click an object in the Algebra View in order to
change its algebraic representation using the keyboard. Hit the Enter key once
you are done.

Task 2

Use the arrow keys in order to move free objects in a more controlled way.
Activate k& Move mode and select an object (e.g. a free point) in either window.
Press the up / down or left / right arrow keys in order to move the object into the
desired direction.

4 C=(549) Create point C.
5 s =Segment[A, C] Create segment AC.
6 D = Midpoint[s] Create midpoint D of segment AC.

Construct a circle d with center D through point

7 d=Circle[D, C] C

Create intersection points E and F of the two

8 Intersect|c, d] circles ¢ and d.

9 Line[C, E] Create a tangent through points C and E.

10 Line[C, F] Create a tangent through points C and F.
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Checking and enhancing the construction

1 Perform the drag-test in order to check if the construction is correct.

T Change the properties of the objects in c
appearance (e.g. colors, |line thickness,

i Save the construction.

Discussion

1 Did any problems or difficulties occur during the construction steps?

1 Which version of the construction (mouse or keyboard) do you prefer and
why?

1 Why should we use the keyboard for the input if we could also do it using
tools?
Hint: There are commands available that have no equivalent geometric
tool.

1 Does it matter in which way an object was created? Can it be changed in
the Algebra View (using the keyboard) as well as in the Graphics View
(using the mouse)?

6.Expl oring Paramet eResl yforYwQuadr a

Back to schoolé

In this activity you will explore the impact of parameters on a quadratic
polynomial. You will experience how GeoGebra could be integrated into a
6traditional d teaching envir on mecenteredand use

learning.
Follow the construction steps of this activity and write down your results and

observations while working with GeoGebra. Your notes will help you during the
following discussion of this activity.

Preparations

1 Open a new GeoGebra window.
1 Switch to Perspectives i E Algebra & Graphics.

Construction Steps

1 Type f(x) = x"2 into the Input Bar and hit the Enter key.

Task: Which shape does the function graph have?

2 Q Click on the polynomial in the Algebra View.
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3 9 Usethey up and Z down arrow keys.

Task: How does this impact the graph and the equation of the
polynomial?

4 Q Again click on the polynomial in the Algebra View.
Y
Y

UsetheY | efY mingtht arrow keys.

Task: How does this impact the graph and the equation of the
polynomial?

6 % Double-click the equation of the polynomial. Use the keyboard to
change the equation to f(x) = 3 x"2
Task: How does the function graph change?
Repeat changing the equation by typing in different values for the
parameter (e.g. 0.5, -2, -0.8, 3).

Discussion
91 Did any problems or difficulties concerning the use of GeoGebra occur?
1 How can a setting like this (GeoGebra in combination with instructions on

paper) be integrated into a o6traditional 8
1 Do you think it is possible to give such an activity as a homework problem

to your students?
1 In which way could the dynamic exploration of parameters of a polynomial

possibly affect your studentso6é |l earning?
1 Do you have ideas for other mathematical topics that could be taught in

similar learning environment (paper worksheets in combination with

computers)?

You

7.Using Sliders tosModify UBramete

Letds try out a more dynamic way of explori
polynomial f(x) = a * x"2 by using sliders to modify the parameter values.

Preparations

1 Open a new GeoGebra window.
1 Switch to Perspectives 1 E Algebra & Graphics.

Construction Steps

1 Create a variable a=1 .
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¢

Display the variable a as a slider in the Graphics View.

Hint: Click on the symbol © next to number a in the Algebra View.
Change the slider value by dragging the appearing point on the line
with the mouse.

Enter the quadratic polynomial f(x) =a* x"2

Hint: Dondét f or gstetisk*oospaabeteaen aaand x"2 .

Create a slider b using the Slider tool

Hint: Activate the tool and click on the Graphics View. Use the
default settings and click Apply.

Enter the polynomial f(x) = a * x"2 + b.

Hint: GeoGebra will overwrite the old function f with the new
definition.

Tips and Tricks

1 Name a new object by typing in name = into the Input Bar in front of its
algebraic representation.
Example: P = (3, 2) creates point P.

1 Multiplication needs to be entered using an asterisk or space between
the factors.
Example: a*x or a x

1 GeoGebra is case sensitive! Thus, upper and lower case letters must
not be mixed up.

Note:
0

(0]

(0]

o

Points are always named with upper case letters.
Example: A = (1, 2)

Vectors are named with lower case letters.
Example: v = (1, 3)

Segment s, l i nes, circl es, funct.i

case letters.

Example: circlec: (x 1T 2)"2+(y T 1)"2=16

The variable x within a function and the variables x and y in the
equation of a conic section always need to be lower case.

Example: f(x) = 3*x + 2

1 If you want to use an object within an algebraic expression or
command you need to create the object prior to using its name in the Input

Bar.

Examples:

o

(0]

y=mx+Db creates a line whose parameters are already
existing values m and b (e.g. numbers / sliders).
Line[A, B] creates a line through existing points A and B.

31
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1 Confirm an expression you entered into the Input Bar by pressing the
Enter key.

1 Open the GeoGebra Help dialog for using the Input Bar by clicking on
the Input Bar and pressing F1.

1 Error messages: Always read the messages i they could possibly help to
fix the problem!

1 Commands canbetypedinorselected fromthe list = nexttothe Input Bar.
H|_}\1t If you need further information about a certain command, select
& Help from the Help menu to open the GeoGebra Manual pages. There
you can find detailed descriptions for all commands and tools.

1 Automatic completion of commands: After typing in the first two letters
of a command into the Input Bar, GeoGebra tries to complete the
command and shows you the required parameters within the brackets.

o If GeoGebra suggests the desired command, hit the Enter key in
order to place the cursor within the brackets.

o If the suggested command is not the one you wanted to enter, just
keep typing until the suggestion matches.

8.Challenge of the Day: Parameters

Use the file created in the last activity in order to work on the following tasks:

1 Change the parameter value a by moving the point on the slider with the
mouse. How does this influence the graph of the polynomial? What
happens to the graph when the parameter value is

(a) greater than 1,
(b) between 0 and 1, or
(c) negative?
Write down your observations.
1 Change the parameter value b. How does this influence the graph of the

polynomial?
1 Create a slider for a new parameter c. Enter the quadratic polynomial
fx)=a*x2+bx+c . Change the parameter value ¢ and find

out how this influences the graph of the polynomial.
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You

1.Parameters of a Linear EUDat i

In this activity you are going to use the following tools, algebraic input and
commands. Make sure you know how to use them before you begin with the
actual construction.

_2z¢  Slider X Intersect

asy=mx+b / Slope New!
~  Segment [t Move

Intersect| a, YAXis] 5_ Delete

Hint: You might want to have a look at the link to the dynamic worksheet
fParameters of a linear equationo http://www.geogebratube.org/student/m25968
first.

Preparations

1 Open a new GeoGebra window.

1 Switch to Perspectives - E Algebra & Graphics.
Construction Step 1

Enter:a:y=0.8x+ 3.2

Tasks

1 Move the line in the Algebra View using the arrow keys. Which parameter
are you able to change in this way?

1 Move the line in the Graphics View with the mouse. Which transformation
can you apply to the line in this way?

Introduction of new tool

/ Slope New!

Hints: Donét forget to read the Tool bar
Try out the new tool before you start the construction.

34
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Construction Steps 2

1 5_ Delete the line created in construction step 1.

2 232 Create sliders m and b using the default settings of sliders.

—_—

3 Entera:y=m X+ Db.

4 >( Create the intersection point A between the line a and the y-axis.

Hint: You can use the command Intersect| a, YAXis]

5 A Create a point B at the origin.

6 ~ Create asegment between the points A and B.

Hint: You might want to increase the line thickness make the segment
visible on top of the y-axis.

7 / Create the slope (triangle) of the line.

8 “~ Hide unnecessary objects.

Hint: Instead of using this tool, you can also click on the appropriate
symbols “ in the Algebra View as well.

9 Enhance the appearance of your construction using the Stylebar.
LU
b=1

0.5

Task

Write down instructions for your students that guide them through examining the
influence of the equationds parameters on
instructions could be provided on paper along with the GeoGebra file.
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2.Li brarynofsié&n sualizing Absyg, ute
Apart from polynomials there are different types of functions available in

GeoGebra (e.g. trigonometric functions, absolute value function, exponential

function). Functions are treated as objects and can be used in combination with

geometric constructions.

Note: Some of the functions available can be selected from the menu next to the
Input Bar. Please find a complete list of functions supported by GeoGebra in the
GeoGebra Wiki (http://wiki.geogebra.org/en/).

Preparations f(x) = abs(x) 51
1 Open a new GeoGebra window. 4]
1 Switch to Perspectives i — A=(33) B=(33
g(x) =
Algebra & Graphics. 21
6 4 2 0 2 4 6

Construction Steps

1 Enter the absolute value function f(x) = abs(x).

Enter the constant function g(x) = 3.

2
3 X Intersect both functions.

Hint: You need to intersect the functions twice in order to get both
intersection points.

Hint: You might want to close the Algebra View and show the names and values
as labels of the objects.

7

Back to school é

(a) Move the constant function with the mouse or using the arrow keys. What is

the relation between the y-coordinate and the x-coordinate of each intersection

point?

(b) Move the absolute value function up and down either using the mouse or the

arrowkeys.l n whi ch way does the functionbs equat i
(c) How could this construction be used in order to familiarize students with the

concept of absolute value?

Hint: The symmetry of the function graph indicates that there are usually two

solutions for an absolute value problem.
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.Library ofifFumetponisti on of

You
Excursion into physics Tuhe.

Sound waves can be mathematically represented as a combination of sine
waves. Every musical tone is composed of several sine waves of form

y(t) = asingut+/).
The amplitude a influences the volume of the tone while the angular frequency ¥

determines the pitch of the tone. The parameter (i is called phase and indicates if
the sound wave is shifted in time.

If two sine waves interfere, superposition occurs. This means that the sine waves

amplify or diminish each other. We can simulate this phenomenon with
GeoGebra in order to examine special cases that also occur in nature.

Preparations

1 Open a new GeoGebra window.
1 Switch to Perspectives i E Algebra & Graphics.

Construction Steps

1 a=2  Createthreeslidersa 1,y hBnd (G 1.

Hints: a_1 produces an index. You can select the Greek letters from

the menu &/ next to the text field Name in the Slider dialog window.

4

2 Enter the sine functiong(X)= a 1 sin( ¥_1 x + (_1).

Hint: Again, you can select the Greek letters from a menu next to the
text field Name.

3 a2 Create three slidersa_2,¥ _andd _ 2 .

Hint: Sliders can be moved when the Slider tool is activated.

4 Enter another sine function h(x)= a_2 sin (¥_2 x + 0_2).
5 Create the sum of both functions sum(x) = g(x) + h(x).
6 Change the color of the three functions so they are easier to identify.

37
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Back to school é

@) Examine the impact of
the parameters on the graph
of the sine functions by 9=0 =0
changing the values of the

sliders. sum |
(b) Seta;=1,¥,:=1and = ' Z \ ‘ DZ & , Z §
(i; = 0. For which values of %2 -7° * \ TR N 5

a,, ¥, and (i, does the sum /2]

have maximal amplitude?

Note: In this case the 4]
resulting tone has the maximal volume.

(c) For which values of a,, ¥ », and U, do the two functions cancel each other?
Note: In this case no tone can be heard any more.

You
41 ntroducing iODédrei Bd toipeeFulDt | on

In this activity you are going to use the following tools, algebraic input, and
commands. Make sure you know how to use them before you begin with the
actual construction.

f(x) =x"2/2 +1 S=XA),m )
o’ Point <  Segment
"O Tangents % Move
m = Slopelt]

Hint: You might want to have a look at the link to the dynamic worksheet
fintroducing Derivatives - The Slope Functiono
http://www.geogebratube.org/student/m25969 first.

Preparations

1 Open a new GeoGebra window.
1 Switch to Perspectives - IE‘ Algebra & Graphics.
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Introduction of new tool

O Tangents New!
+—" Hint: Click on a point on a function and then on the function itself.

Hints: Donét forget to read the Tool bar help i
Try out the new tool before you start the construction.

Construction Steps

1 Enter the polynomial f(x) = xX"2/2 + 1.

2 @™ Create a new point A on function f.
Hint: Move point A to check if it is really restricted to the function

graph.
3 ’O Create tangent t to function f through point A.
4 Create the slope of tangent t using: m = Slopelt].
5 Define point S: S = (x(A), m.

Hint: x(A) gives you the x-coordinate of point A.

6 .~  Connectpoints A and S using a segment.

Back to school é

€) Move point A along the function
graph and make a conjecture
about the shape of the path of
point S, which corresponds to
the slope function.

m= 1.4
(b)  Turn on the trace of point S.
Move point A to check your sl
conjecture. >
Hint:  Right-click point S 0
(MacOS: Ctrl-click) and select = # =% = -t /0 1 2 3 4
# Trace on. -1

(c) Find the equation of the
resulting slope function. Enter the function and move point A. If it is correct
the trace of point S will match the graph.

(d) Change the equation of the initial polynomial f to produce a new problem.
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You

5 Expl oring Polynomial s

Preparations

1 Open a new GeoGebra window.
1 Switch to Perspectives i

Algebra & Graphics.

Construction Steps

1 Enter the cubic polynomial f(x) =0.5x ®+2x?+0.2x i 1.

2 Create the roots of polynomial f: R = Root[f]

Hint: If there are more than one root GeoGebra will produce indices
for their names if you type in R = (e.g. R1, Ry, R3).

3 Create the extrema of polynomial f: E = Extremum([f].

English UK: Create the turning points of polynomial f:
E = TurningPoint|[f]

4 {}‘ Create tangents to fin E; and E,.

Create the inflection point of polynomial f:
| = InflectionPoint[f].

Hint: You might want to change properties of objects (e.g. color of points, style of
the tangents, show name and value of the function).

You

6.Exporting a Picture to t4D Cliphb

Ge o Ge b Graphiss Viewcan be exported as a picture
clipboard. Thus, they can be easily inserted into text processing or presentation

documents allowing you to create appealing sketches for tests, quizzes, notes or
mathematical games.

GeoGebra will export the whole Graphics View into the clipboard. Thus, you
need to make the GeoGebra window smaller in order to reduce unnecessary
space on the drawing pad:

1 Move your figure (or the relevant section) to the upper left corner of the

Graphics View using the Move Graphics View tool (see left figure
below).
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