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: Please work on the problem below while we wa|t to begin:

Do Now

When the midpoint M of one side of a square
paper is folded over to a vertex as shown on
the right, a 37° angle is created. Find the
measures of all the angles in the diagram.
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Today’s goals

e Share my experiences

e Share my students’ work
 Build your experiences

' Q&A (last 5-10 minutes)
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Q: What are the side lengths of the right
triangles?

Solution on the next page

B
e —



Two extension problems:
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Prove
1

All three triangles are
similar.
The triangle side

lengths are multiples
of 3-4-5.
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My origami journey with my students
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Menger Sponge (a 14 fractal cube)
Bard HS Early College (2009)

=

Photo and origami by Joy Hsiao, Menger Sponge, 2009
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Menger Sponge (afractal)
Bard HS Early College (2009)
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Photo and origami by Joy Hsiao, Math Horizons, April 2011
Menger Sponge, 2009
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Bridges Conference Towson University (2012)

Photo by Christopher Bartlett, Bridges Conference Art Exhibition, 2012
http://bridgesmathart.org/bridges-2012/month-long-art-exhibition

12



NATIONAL COUNCIL OF
I TEACHERS OF MATHEMATICS
CELEBRATING 100 YEARS

Brooklyn Tech HS (2012) 90th Any
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Photo by Joy Hsiao, ooklyn féh, 2012

Brooklyn Tech Gala, 2012, https://www.bthsalumni.org/news/event-photos 13
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Math investigations (201s)
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Joy Hsiao

Finding Fifths in Origami

through the blood vessel but
unfolded once in its final destination.
The mathematies belind origami is
very rich and readily sceessible to high
school students. They can oftes: pose
ariginal problems and find creative solu-
tions. The mathematical thinking needed
0 draw an accurate ceease patterst is
also challenging yet aceessible with the
knowledge of high school geometry.
‘This article will examine the mathemat-
ics that arises from three paper folding
madels.

Shadow Puppets: e
Similarityand . .
Dilations

Conceptual

Precalculus:

(VE]
Covarlatlonal Reasoning
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Investigations,

WO, 109, No. 1+ August 2015 | MATHEMATICS TEACHER 71

Hsiao J., Finding Fifths in
Origami, Mathematics
Teacher, Vol. 109, August
2015
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Math investigations (201s)

Instructions:

1. use a square paper

2. fold in half

3. fold along the diagonal of the rectangle
4. open the back flap

5. fold the bottom edge to point P

6. open the right side and fold the bottom
crease all the way through

Photos and origami by Joy Hsiao,
ENa OB Stars and origami diagram, 2020

Prove that this white edge is 1/5 of the

15
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Math investigations (201s)
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Shadow Puppets: e

Similarityand .

e Algebra
* Geometry
e Trigonometry

(b)

Dilations

Conceptual
Precalculus:

Fig. 5 The angle measure of interest is
approximately 70.52°, not the ideal 72°.

LA Hsiao J., Finding Fifths in Origami, Mathematics Teacher,

Covariational Reasoning

Vol. 109, August 2015
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Sample student work 1
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Origami Exercise

» Two-fold angle — conjecture, proof, construction of crease pattern

2. Bring the lower right corner to

1. Pinch a the midline and create a crease
midline that ends at the lower left corner. 3. Find x.
e 7 '
& 3
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2017 Origami USA Annual Convention

Stuyvesant Origami Club
New York, NY

Photos by Joy Hsiao, Origami USA Convention, 2017
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Sample student work 2

Trigonometric Application

After folding the modular
picce, I outlined the crease patterns on
the paper with different colors. It was
helpful to also fold and indicate the 8x8
grid so that I could notice patterns in
the folds. What I noticed was that
vertex A of the triangle was exactly 1
unit away from the edge of the paper
and that vertex C was exactly 2 units
away from the edge of the paper. From
this, I was able to determine that length
AC is exactly 5 units long. I also
noticed that the perpendicular dropped
from vertex B was exactly 2 units long
and the point at which the
perpendicular intersects with side AC
was 1 unit away from vertex A. Using
this information, I used the
Pythagorean theorem to find the lengths
of sides AB and BC:

“After, | used the law of cosines to
find the angles of the triangle.”

AB =/B0? + 402 = /22 + 12 =5 = 2.236 ...
BC =yB0O?+C0%2 = 22 + 42 =20 = 2V5 = 4472...

After, I used the law of cosines to find the angles of
the triangle:

BC? = AB? + AC? — 2(AB - AC - cos A)
VZ20' = V5" +52 —2(V5 -5 cos )
0.4472 ... = cos A
A=634349..
’—— I confirmed these calculations by drawing all the crease patterns on Geogebra:

-n )
0, : Segment [Mz. Ny, poly1] b

0, =224

-

ms : Segment [N,. Oy, poly1]
m;=5

-

ny : Segment [0y, My, polyl]

ny = 4.47

-

v = Angle [my. K]

— @ =26.57"

“l used the Pythagorean theorem to
find the lengths of side AB and BC.”

“I confirmed the calculations by drawing
all the crease patterns on GeoGebra.”

Pre-calculus student, Stuyvesant High School, 2017
21
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Question:
If the square paper used

to fold this model is 1x1,

what is the edge length
of the finished cube?

Photos by Joy Hsiao, Linked Cubes, 2017
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Hidden B t

the folding process, logic, and changing patterns

7

Photos and origami by Joy Hsiao, Polyhedron, 2017
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Four Fish (2017

A 3 cm x 30 cm tessellati

N ¥ 5
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™

Photos and origami by Joy Hsiao, Four Fish, 2017
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Bridges Conference
University of Waterloo (2017)

Photo by Joy Hsiao, Bridges Conference, 2017
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Bridges Conference
University of Waterloo (2017)
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TIDSKRIFT FOR MATEMATIKUNDERVISNING
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Namnaren. Tidskrift for  § ANASANATANA !Q ,
Matematikundervisning, / APAVAZATR Vé

January 2018 ; i 2018]

Photo by Joy Hsiao, Bridges Conference, 2017
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Queens Metropolitan High School
(Arts and Mathematics 2018)
Mini books (one sheet) Boxes with lids

Photos by Joy Hsiao, Mini books and boxes with Lids, 2018 27
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Brooklyn Technical HS (valentine’s Day 2020)

Students’ observations:
* Perpendicular and parallel lines
* Angle bisectors

Diagonals of a square are congruent and
perpendicular

8 congruent isosceles right triangles
Rotational symmetry of 90°
* Line symmetries

* Dilation of a square with a constant of

dllatlgg equal to 3 (estlmated)

* Similar triangles

"' L
————— Valley fold —:=:=.=-= Mountain fold

e 45-45-90 tnangles and so on... Photos and origami by Joy Hsiao, Hearts and crease pattern, 2020
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Sample student work 3'»}"('grigami heart crease patte
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This is my inte

pretation of the heart crease pattern, with all the

creases ma

ked in red.
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“First attempt
by Lang Ni
%, Brooklyn Tech 2019

A



NATIONAL COUNCIL OF
l TEACHERS OF MATHEMATICS
CELEBRATING 100 YEARS




NATIONAL COUNCIL OF
I TEACHERS OF MATHEMATICS
CELEBRATING 100 YEARS

Polyhed I'a — regular, semi-regular, truncated, stellated
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Photos and origami by Joy Hsiao, Modular Origami Solids, 2012-2019
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Polyhed I'a — regular, semi-regular, truncated, stellated

PIatonlc SOIIdS # vertlces

Tetrahedron 4
Cube 8 12 6
Octahedron 6 12 8
Dodecahedron 20 30 12
Icosahedron 12 30 20

Photos and origami by Joy Hsiao, Modular Origami Solids, 2012-2019
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Tessellations (made with one plece of paper) |

Photos and origami by Joy Hsiao, Tessellations, 2016-2019 34
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Fractals (self-similar property)

| SOl | 3 !

Menger Sponge (Karl Menger)

Photos and origami by Joy Hsiao, Flowers and Menger sponges, 2009-2020
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Recycled Materials

Photos and origami by Joy Hsiao, Origami made with recycled materials, 2009-2020 36
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Interactive origam

Magic ball

Clic-clac Double flexicubes

Photos and origami by Joy Hsiao, Interactive origami, 2009-2020 37
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Interactive origami Frireworks

Photos and origami by Joy Hsiao, Fireworks, 2020 38
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Origami Exercise

» Two-fold angle — conjecture, proof, construction of crease pattern

2. Bring the lower right corner to
1. Pinch a the midline and create a crease
midline that ends at the lower left corner. 3. Find x.
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Proof without words

40
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Crease pattern constructions

B'g

square intersection
midpoint  auxiliary line
circle angle bisector

perpendicular bisector
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When | fold origami, |

1. Try to understand the logic

2. Pose questions

3. Think about extensions (variations)
4. Prove observations mathematically
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When | solve math problems, |

1. Try to understand the logic

2. Pose questions

3. Think about extensions (variations)
4. Prove observations mathematically
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Origami as a research topic

« Easy to pose original questions

« Hands-on, multidimensional

« High school math, applications of prior
knowledge in new situations
Accessible to students on all levels
Rich in math connections

DT e

T S ———————




NATIONAL COUNCIL OF
TEACHERS OF MATHEMATICS

WA vv A7\
5 ;»gw
)U

Photos and origami by Joy Hsiao
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Photo and diagram by Joy Hsiao, Dog, 2020 0
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