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Interactive applets and other materials for this 

talk are posted online: 

• http://www.csun.edu/~kme52026/2013nov1.html

• Dropbox location: http://tinyurl.com/lhyfpsp



• How long (in years) have you been teaching 

math?

• Histogram and analysis

• Describe your experience with GeoGebra:

1) I have never used GeoGebra.

2) I have used GeoGebra a little, but never in my 

teaching.

3) I use GeoGebra in my teaching, but not very often.

4) I am an experienced GeoGebra user, both in and 

outside the classroom.

Pie Chart, GeoGebra survey



Which topics do you teach and/or think about 

most often? Select as many as you’d like:

• Middle school math

• Algebra I

• Algebra II

• Geometry

• Trigonometry

• Calculus

• Probability and Statistics

• Other

Bar Chart Pie Chart



Why                             when other 

software/technology has been around for 

ages? (e.g. Geometer’s Sketchpad, 

graphing calculators, etc.)  

• GeoGebra is free mathematics software for learning and 
teaching

• GeoGebra includes interactive graphics, algebra and 
spreadsheet features

• GeoGebra is for all learners and teachers, from elementary 
school to university level

• GeoGebra creators and users provide free learning and 
teaching materials and tools to create your own

• GeoGebra is open platform (will run on Mac, Windows, 
Unix, online from browser, tablet, iPad (this is new!))





• GeoGebra is fairly user friendly.  Teachers and their 

students can quickly learn how to use it to graph functions, 

represent geometric figures and explore numerous 

secondary mathematics questions (and beyond).

• GeoGebra helps develop Common Core Mathematical 

Practices 5 and 6: Use Appropriate Tools Strategically and

Attend to Precision, respectively. In particular, GeoGebra

allows students (and teachers) to “visualize the results of 

varying assumptions, explore consequences, and compare 

predictions with data” and it forces them to 

“… communicate precisely …”  As the user becomes more 

familiar with GeoGebra, she herself becomes more precise 

and logical.



Mathematical Practice 1: Make sense of 

problems and persevere in solving them. 

Highlights: Mathematically proficient students start by explaining to 

themselves the meaning of a problem and looking for entry points to 

its solution. They analyze givens, constraints, relationships, and goals. 

They make conjectures about the form and meaning of the solution 

and plan a solution pathway … They consider analogous problems, and 

try special cases and simpler forms of the original problem in order to 

gain insight into its solution. … Older students might, depending on the 

context of the problem, transform algebraic expressions or change the 

viewing window on their graphing calculator to get the information 

they need. Mathematically proficient students … search for regularity 

or trends. … Mathematically proficient students check their answers to 

problems using a different method, and they continually ask 

themselves, “Does this make sense?” They can understand the 

approaches of others to solving complex problems and identify 

correspondences between different approaches.



Appendix A: Designing High School 

Mathematics Courses Based on the CCSS

“… Strategic use of technology is expected in all work. 

This may include employing technological tools to 

assist students in forming and testing conjectures, 

creating graphs and data displays and determining 

and assessing lines of fit for data. Geometric 

constructions may also be performed using geometric 

software as well as classical tools and technology may 

aid three-dimensional visualization. Testing with and 

without technological tools is recommended.”



GeoGebra basics
• Drop down menus

• Input bar

• Graphics (and Graphics 2), Axes, Grid

• Rounding (up to 15 decimal places)

• Language (more than 50!)

• Computer Algebra System (CAS -- not as 

powerful YET as, say, Maple or Mathematica)

• Spreadsheet



GeoGebra’s “Move” tool is crucial

(Click on it or use keyboard command “Esc.”)



Crucial GeoGebra Basics You Should 

Know Before You Leave This Session

• How to create a slider

• How to use the input bar for graphing functions, 

entering commands, etc..

• How to use the “trace” feature for points and 

other objects.

• How to use the “Object Properties” menu (for 

example to change color, style, etc. for objects and 

how to show values (or not) etc.).



Warm-up
• Do the lines y = 4x + 1 and y = 5x intersect? If so, 

find the point of intersection. If not, explain why.

• Give an equation of a line that does not pass 

through the point (1,5).  How many such lines are 

there?

• Use GeoGebra to draw a parallelogram that is not a 

square. Which tools did you use? Why? 

(Discuss/illustrate various approaches.)



Warm-up (Alternate)
• Use GeoGebra to draw a triangle and then construct 

its circumscribed circle.

• Use GeoGebra to draw a parallelogram that is not a 

square. Which tools did you use? Why? 

(Discuss/illustrate various approaches.)



GeoGebra Practice (model classroom use)

• How are inscribed angles and central angles of a 

circle related?

• Explore via GeoGebra applet inscribed.ggb.

• Write about what you notice.

• Make a conjecture about the relationship 

between an inscribed angle and its central angle.

• Homework: Prove your conjecture.



G.CO.12 Geometric Constructions 

• How would you use straightedge and compass 

only to:

• construct an angle of measure 60 degrees?

• construct an angle of measure 90 degrees?



UCLA’s Curtis Center

CCSS Math Progressions Map
http://www.curtiscenter.math.ucla.edu/MapApp/prg_map.html



G.C0.13: Construct a regular n-gon

inscribed in a circle (n=3,4 and 6)

• Discuss: which GeoGebra tools are allowed?

• Strategies? What is crucial about all three 

constructions?

• GCO13.ggb

• GCO13 equilateral triangle SOLN.ggb



• That is, give an algorithm using only the GeoGebra tools 

“New Point,” “Angle,” “Angle with Given Size,” “Circle 

with Center through Point,” “Circle with Center and 

Radius,” “Perpendicular Line,” “Parallel Line,” and 

“Segment between Two Points” to rotate, reflect, and 

translate a certain point a given amount. 

• rotate.ggb reflect.ggb translate.ggb

• CHECK YOUR WORK USING GeoGebra!!



Congruence via rigid motions

• Congruence



What happens to a line when it is dilated about a 

point NOT on the line? (G.SRT.1a) dilation.ggb

What happens to a line when it is dilated about a 

point on the line? (use dilation.ggb)

What happens to a line segment under a dilation 

by a given scale factor? (G.SRT.1.b) dilation1.ggb



Making Conjectures

• Make a conjecture about what you observed 

using dilation.ggb and dilation1.ggb. 

• Convince someone sitting near you that your 

conjectures are true. 

• How would you prove your conjectures?



Dilations, Copy Machines and 

Exponential Functions

• Adapted from: Dan Meyer’s dollar bill Three 

Act Math Task 
(http://mrmeyer.com/threeacts/shrinkingdollar/)



CCSS Burnout?

• A certain math teacher is exhausted because (1) this is his first 

year teaching; (2) his school is implementing the Common Core 

State Standards (CCSS); and (3) this is his first year and his school 

is implementing the CCSS. 

• The math teacher described above would like to shrink the CCSS 

logo down so far that you can’t see it. The math teacher has 

access to a broken copy machine that scales every copy 75%. How 

many times will the math teacher need to scale the logo?  Make a 

guess you know is too high.  Make a guess you know is too low. 

Experiment with CCSSlogo.ggb or do the problem any way you 

prefer!



CCSS on Fire!

• The math teacher from the previous problem 

participated in the CMC-South 2013 

Conference and is now so excited about what 

he learned, he wants to paint the CCSS logo 

on his classroom wall, which measures 20 feet 

across. What scale factor must he use and 

what will the height of the scaled logo be?

• CCSSlogo.ggb



Building Functions

• Let c be a real number.

• What happens to the graph of a function f(x) when c is 
added to its input? That is, what does the graph of 
f(x+c) look like?

• What happens to the graph of a function f(x) when c is 
added to its output? That is, what does the graph of 
f(x) + c look like?

• building functions.ggb

• What about the graph of c(f(x))?



Visualizing Riemann Integration

• Area under a curve.



Unit Circle

• Review: Angle sum triangle

• Angle sum explanation (visual)

• Review of “special” right triangles.

• Special triangles.ggb

• Unit circle.ggb



Some Trigonometry

• Sketch the graphs of y=cosx and y=sinx

• Explain HOW you got your graphs (for a person 

who has NEVER done this before!)

• GraphsCOsine.ggb

• What about tangent, cotangent, secant and 

cosecant?

• GraphsCOtangent.ggb, GraphsCOsecant.ggb



Identities

• cosinewshift.ggb

• Experiment with graphs of cosine, sine and their 

squares.

• Conjectures: 



Max-Min: A Familiar Problem 

• What rectangle with a perimeter of 12 feet has the largest 

area? Example 3, Section 4-6, Calculus and Analytic Geometry, 3rd Edition, by 

Al Shenk, © 1984.

• A rectangular field is to be fenced in so that the resulting 

perimeter is 250 meters.  Find the dimensions of that field for 

which the area is maximum.  Chapter 3, Applications of 

Differentiation, found on Internet, text unknown.

• A farmer has exactly 1000 feet of fencing and wants to use it 

to fence a rectangular plot of level land. Find the 

dimensions of the rectangular plot of level land which has 

the largest area.  From a problem set found on Internet, author unknown.



Which rectangle with fixed perimeter 

60 units has the largest area? Why?

• Participants: Do the problem!

• Use GeoGebra to explore the problem: 

rectangle fix perim max area.ggb

• Generalizations and related problems.



Generalize Fixed Perimeter/Max Area 

Problem … Questions and Conjectures

• What if the perimeter is P, where P is a positive 

real number? Generalized max area rec with fixed 

perimeter.ggb

• What if the initial shape is an isosceles triangle? 

Max area isosc triangle with fixed perimeter.ggb

• What if the shape is a triangle?

• What if the shape is a pentagon? Hexagon? … N-

gon?

• What if the shape is any 2-dimensional figure?



Writing and Creating Conjectures

• Experiment with the linear applet. Write about your 

observations (at least 3) and what you wonder (at least 3).

• http://www.csun.edu/~kme52026/linear.html

• Experiment with the quadratic applet. Write about your 

observations (at least 3) and what you wonder (at least 3).

• http://www.csun.edu/~kme52026/quadratic.html



Creating GeoGebra Activities

• CCSS MP 8: Look for and express regularity in 
repeated reasoning.

“Mathematically proficient students notice if 
calculations are repeated, and look both for 
general methods and for shortcuts...”

• AREI7.ggb



Area of a circle: formula

• Need: Formula for the area of a circle of radius r. 

• What is it?

• Why is it the formula? 

• How do you usually explain it to your students?

• Visualize why : 

http://www.geogebratube.org/student/m279, 

created by Anthony Or. Article about how Or 

created the applet: http://edblog.hkedcity.net/wp-

content/blogs/6667/uploads/circle-area.pdf



Digits of pi

• digits of pi.ggb

• Experiment with the digits of pi applet.

• Why is the applet called “digits of pi”?



GeoGebra tips from a student

• “If you want GeoGebra to do something in 

particular, but aren’t sure how, you can always 

try typing what you want to do in the input 

bar!” 

– Examples: ApplyMatrix, CompleteSquare, Expand, 

Factor, Simplify … 

ApplyMatrix to circle.ggb



Connecting the Standards for 

Mathematical Practice to the 

Standards for Mathematical Content
• The Standards for Mathematical Practice describe ways in which developing 

student practitioners of the discipline of mathematics increasingly ought to engage 
with the subject matter as they grow in mathematical maturity and expertise 
throughout the elementary, middle and high school years. Designers of curricula, 
assessments, and professional development should all attend to the need to 
connect the mathematical practices to mathematical content in mathematics 
instruction.

• The Standards for Mathematical Content are a balanced combination of procedure 
and understanding. Expectations that begin with the word “understand” are often 
especially good opportunities to connect the practices to the content. Students 
who lack understanding of a topic may rely on procedures too heavily. Without a 
flexible base from which to work, they may be less likely to consider analogous 
problems, represent problems coherently, justify conclusions, apply the 
mathematics to practical situations, use technology mindfully to work with the 
mathematics, explain the mathematics accurately to other students, step back for 
an overview, or deviate from a known procedure to find a shortcut. In short, a lack 
of understanding effectively prevents a student from engaging in the mathematical 
practices.



Dan Meyer, 2010

“ … And why this is an amazing time to be a math teacher right now is because 

we have the tools to create this high-quality curriculum in our front pocket.  It’s 

ubiquitous and fairly cheap, and the tools to distribute it freely under open 

licenses has also never been cheaper or more ubiquitous …”

- From Meyer’s March 6, 2010 TED talk: Math Curriculum Makeover (aka Math 

class needs a makeover), linked here: 

http://www.ted.com/talks/dan_meyer_math_curriculum_makeover.html



Dan’s list for teachers

1. Use multimedia

2. Encourage student intuition

3. Ask the shortest question you can

4. Let students build the problem

5. Be less helpful

- From Meyer’s March 6, 2010 TED talk: Math Curriculum 
Makeover (aka Math class needs a makeover): 
http://www.ted.com/talks/dan_meyer_math_curriculum
_makeover.html



A Short History 

“GeoGebra was created by Markus Hohenwarter in 2001/2002 as part 

of his master's thesis in mathematics education and computer science 

at the University of Salzburg in Austria. … GeoGebra won several 

international awards, including the European and German educational 

software awards, and was translated by math instructors and teachers 

all over the world to more than 25 languages.” – from the Journal of 

Online Mathematics and Its Applications, Volume 7 (2007).



Markus Hohenwarter talking about GeoGebra

“… we want to make mathematics easy to 

understand …”

“… we want to show them [students] how much we 

think that math is useful and something interesting, exciting; something that you 

can grab; something natural and surrounding us everywhere …”

“ … [GeoGebra] is very visual; they [students] can play with mathematics; they can 

grab things; they can drag a point around; they can just experiment with 

mathematics and in that way hopefully get a better understanding of what it’s all 

about…”

Quotes are from a short interview with Hohenwarter; watch it via the GeoGebra website: 

http://www.geogebra.org/cms/en/organization



Hohenwarter designed GeoGebra to combine features of 

interactive geometry software (e.g. Cabri Geometry and 

Geometer’s Sketchpad) and computer algebra systems (e.g. Derive 

and Maple) into a single, integrated and easy to use system for 

teaching and learning mathematics (Hohenwarter and Preiner

2007b). GeoGebra has since developed into an open-source project 

with developers and translators all over the world.  

Interest in and use of GeoGebra is skyrocketing. For example, in 

2004, the GeoGebra website had  approximately 7,000 visitors per 

month, while in 2010, the number of visits was approximately 

600,000 per month from 190 countries.  (Any guesses about the 

number of visits per month in this year of 2013?)



• Since 2006 GeoGebra has been supported by the Austrian Ministry of Education to 

maintain the free availability of the software for mathematics education at schools 

and universities. In July 2006, GeoGebra found its way to the US, where its 

development continues at Florida Atlantic University in the NSF project Standard 

Mapped Graduate Education and Mentoring.

• The nonprofit organization, the International GeoGebra Institute (IGI) was created 

in late 2007 with a goal of offering support to members of the GeoGebra

community and teachers who are just starting to use the software. IGI also provides 

a forum for continuing and expanding collaboration and communication. There are 

also local GeoGebra Institutes, some in North America and other countries and 

many in Europe.

• GeoGebra is constantly being improved and updated.  A 3D version is currently in 

the works and beta versions are being tested (go to: www.geogebra.org/trac for 

further details).



History References

• GeoGebra, by Markus Hohenwarter and Judith Preiner,  
The Journal of Online Mathematics and Its Applications, 
Volume 7 (2007)

• GeoGebra, its community and future, by Markus 
Hohenwarter and Zsolt Lavicza, 
http://www.unsam.edu.ar/escuelas/humanidades/centro
s/c_didacticas/Hohenwarter-Lavicza-GeoGebra-ATCM-
Final.pdf

• GeoGebra Organization website: 
http://www.geogebra.org/cms/en/organization



15 Reasons GeoGebra is so Successful 

(according to Guillermo Bautista)
1. It is FREE.

2. It is open source – meaning, it is developed collaboratively by us: programmers, teachers, 
mathematicians, and users. Not just a few people.

3. It runs in multiple operating systems (Windows, Mac, Linux, etc.).

4. It runs in different devices (computers, mobile phones, tablets).

5. It promotes mathematical connections (algebra, geometry, calculus, statistics, etc.).

6. It highlights multiple representations (equations, graphs, tables).

7. It is intuitive, user-friendly, and easy to use.

8. Its files can be easily uploaded to the web as applets.

9. It can be exported to different file formats (png, pdf, eps, etc.).

10. It supports Latex typesetting.

11. It supports spreadsheet, CAS, and 3D (GeoGebra 5.0).

12. It has elegant appearance and dynamic colors.

13. It has excellent support community.

14. It can be used by elementary school students up to graduate school students.

15. It is updated frequently — actually, almost everyday.

• Guillermo Bautista summarized GeoGebra forum users’ responses to Michael Borcherds’ question, 
“Why is GeoGebra is successful?” (Borcherds is lead developer of GeoGebra.)



www.geogebra.org

• Dynamic Worksheets – Additional Examples

• Circumcenter of a triangle 
http://geogebracentral.blogspot.com/2011/04/circumce
nter-of-circle.html

• Exploring Eigenvectors and Eigenvalues Visually, by 
David Arnold 
http://www.geogebra.org/en/upload/files/DavidArnold/
Eigenvalues.html

• Right-endpoint Riemann Sum, by Marc Renault
http://webspace.ship.edu/msrenault/tutorial/exported/T
utorial_7.html



GeoGebra Resources

• GeoGebra Tube – geogebratube.org

• Have fun – use GeoGebra to convert your favorite 

activities to a digital format.  OR, create new favorites 

with a little help from your students (some students like 

art more than math, take advantage of this!) …

• Ex: Halloween Math.ggb



http://www.mathwire.com/seasonal/jackolantern.pdf

Jack-O-Lantern.ggb



Show and Tell – Anyone??



Lagniappe

GeoGebra may also be used for seemingly non-

math activities … e.g. writing worksheets, quizzes 

and exams, attempting to answer questions posed 

by a 5 year old, thank you notes, holiday 

greetings…



Sample Homework Assignment (created with GeoGebra)







Scale Cinderella's Cake.ggb







Crucial GeoGebra Basics We Hope You 

Learned During This Session

• How to create a slider

• How to use the input bar for graphing functions, 

entering commands, etc..

• How to use the “trace” feature for points and 

other objects.

• How to use the “Object Properties” menu (for 

example to change color, style, etc. for objects and 

how to show values (or not) etc.).



GeoGebra Resources

Highly recommended tutorial series, by Guillermo Bautista, 
host of Mathematics & Multimedia: 
http://mathandmultimedia.com/geogebra/

GeoGebra Essentials Series (10 tutorials)

GeoGebra Basic Geometric Construction Series (10 tutorials)

GeoGebra Intermediate Series (33 tutorials for beginners and 
intermediate users)

GeoGebra Advanced (10 tutorials for advanced users)

GeoGebra 4.2 Sneak Peek Series

http://wiki.geogebra.org/en/Tutorial:Main_Page

A GeoGebra Tutorial, by Marc Renault, Shippensburg 
University: http://webspace.ship.edu/msrenault/tutorial/


