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1. Course Information

1.1 Syllabus

UH 8:00-10:05 ADMC GWP 101 Lecturer: Ruth Vanderpool
SLN 19294 C Phone: 253-692-4310
Office Hours: U 10:05-10:35am Office: GWP 430

H 10:05-10:35am
e-mail: rvanderp@u.washington.edu
Webpage: http://faculty.washington.edu/rvanderp/index.html

Core: The Core program consists of a coordinated series of courses that represent the
various disciplines in the university. This course, along with the others in your cohort, fulfills
one of the university’s general education requirements in each of the areas of knowledge plus
composition. The courses are designed to both support and challenge you to develop the
critical thinking, writing, research, and analytical skills you’ll need at UWT while introducing
you to relevant topics in the social sciences, humanities, and sciences.

Course Description & Student Learning Objectives: This course is primar-
ily focused on introducing scientific thinking using geometry, art, and the history of math &
sciences. Content and general skills will be developed.

Students will be able to:

1. define origami & provide some history of its development.
2. solve open-ended geometric problems involving lines, triangles, and circles.
3. express geometric ideas to others through precise writing or speech.

More generally, by the end of this course students will have the skills to:

express ideas clearly in writing and speaking in order to synthesize and evaluate information.
identify, analyze, and summarize/represent the key elements of a text.

self-assess personal strengths and how they help overcome weaknesses.

approach a complex issue by breaking it down into manageable pieces.

make connections among assignments and readings to develop a sense of the “big picture”.

S W=

collect, evaluate, and analyze information to solve problems or answer questions.



Required Items:

e Lang, Robert. Origami Design Secrets: Mathematical Methods for an Ancient Art 2nd Ed.
ISBN: 978-1-56-881436-0
e Wheater, Carolyn. Practice Makes Perfect Geometry ISBN: 978-0-07-163814-2

Important Dates:

4/30  Midterm 4/7  Last day to alter your schedule with no fees
6/11 Final @ 8:00am 5/19 Last day to change your grading option
Journals:

You will keep a journal for this class. Journal assignments and questions will be
assigned during each class and you are expected to complete the journal work by the next
session. You are welcome to put additional thoughts and work in the journal, but keep the
assignments in order and at the start of each new journal assignment write the date it was
assigned. Bring the journals to class everyday so that they can help inform our discussions.

I will regularly collect the journals every Tuesday at the start of class and return
them before class ends. When collected, the entire journal must be turned in and not just
the newest entries. The journal must be kept separate from any course notes in either its
own binder or bound book. The material will never be formally graded, but the entries are
marked for completion.

Homework:

Homework will be assigned everyday and collected regularly. Ten minutes will be set
aside at the start of every class to address homework questions. Assignments are due by
8:00am (the start of class) the day they are due. Once I have started marking an assignment,
I no longer accept late work.

The homework will be largely comprised of worksheets write-ups and origami work.
Given the Student Learning Objectives described above, your work will be largely graded
by the process, explanation, in addition to the correctness. Because of this, you will have
to spend more time on your homework than you would on a more traditional, computation-
based math course.

Quizzes:

A quiz is given every week at the instructor’s discretion. Generally you will be given
30 minutes following the homework question period at the start of class every Tuesday. The
quizzes will focus on the material covered in the previous week. No notes or books may be
used, but calculators and patty paper are allowed. No make up quizzes, unless previously
arranged, will be given, but I drop the lowest scoring quiz to give you some flexibility.



Paper & Projects:

1. One 2-page research paper: Details, including the grading rubric and time table will
be provided by week five.

2. One group origami project: Where you and a partner find, present, and help the class
fold an origami design. The detailed instructions will be handed out by the end of
week two but you may want to start searching for a pattern that you find enjoyable
and can teach others.

Grades: The following weights will be used to calculate your grade.

, 1 Course Grade
4

4
Journals 15% /

@

Homework 20% /

Quizzes 15% = /

Paper & Projects 15% r /

Midterm 15% 4 (63,0.7 /

Final 20% /Percentage in the course

0 10 20 30 40 50 6 70 80 90 100

The above grade assignment is based off the University of Washington, Tacoma’s grading
scale posted at http://www.tacoma.washington.edu/enrollmentservices/grading.cfm.

Outside Resources:

Come visit me if you have questions! If you are unable to attend my posted office
hours but would like to meet, please let me know. I am willing to try and work with your
schedule. Also remember that you are not alone in this class and your peers are a valuable
(and often underutilized) resource.

The Teaching & Learning Center (TLC) is offering a number of additional instruc-
tional services that can help with writing and quantitative material. Complete information
and hours are posted at: http://www.tacoma.washington.edu/tlc/. Also, don’t forget
about all the resources you learned about in the Fall during Core Lab!



Notes:

I do not check my email after 4pm. Any questions sent to my email after 4pm may not
receive a response until the next morning. The University’s e-mail policy is posted at:
http://www.tacoma.washington.edu/policies_procedures/E-mail_Policy.pdf
Electronic devices should not be used during class. Activities that are non-relevant to the
course, such as checking/sending email, playing games, and surfing the web, are considered
disruptive activities when class is in session.

Don’t cheat and don’t plagiarize. To plagiarize is to appropriate and to pass off, as one’s
own ideas, writing or works of another. Ignorance of proper documentation procedures is the
usual cause of plagiarism. This ignorance does not excuse the act. Students are responsible
for learning how and when to document and attribute resources used in preparing a written or
oral presentation. For more information, please refer to the Academic Honesty: Cheating and
Plagiarism document prepared by the Committee on Academic Conduct in the College of Arts
and Sciences, UW Seattle: http://depts.washington.edu/grading/issuel/honesty.htm
The University of Washington Tacoma is committed to making physical facilities and instruc-
tional programs accessible to students with disabilities. Disability Support Services (DSS)
functions as the focal point for coordination of services for students with disabilities. In
compliance with Title IT of the Americans with Disabilities Act, any enrolled student at UW
Tacoma who has an appropriately documented physical, emotional, or mental disability that
“substantially limits one or more major life activities [including walking, seeing, hearing,
speaking, breathing, learning, and working],” is eligible for services from DSS. If you are
wondering if you may be eligible for accommodations on our campus, please contact the DSS
reception desk at 692-4522. A complete description of services provided is posted at:
http://www.tacoma.washington.edu/studentaffairs/SHW/dss_about.cfm

Complete safety information and emergency procedures is available at
http://www.tacoma.washington.edu/security.

The highlights are as follows:

— In case of fire, take your valuables, leave the building, and report to the parking lot
next to the Library and across the street from the Mattress factory. Plan to return to
class once the alarm has stopped.

— In case of an earthquake, DROP, COVER, and HOLD. Once the shaking stops, take
your valuables, leave the building, and report to the parking lot next to the Library
and across the street from the Mattress factory. Do not plan to return for the rest of
the day.

In both of the above cases, do not return until you have received an all clear from somebody
“official,” the web, or email.

The Counseling Center offers short-term, problem-focused counseling to UW Tacoma stu-
dents who may feel overwhelmed by the responsibilities of college, work, family, and relation-
ships. Counselors are available to help students cope with stresses and personal issues that
may interfere with their ability to perform in school. The service is provided confidentially
and without additional charge to currently enrolled undergraduate and graduate students.
To schedule an appointment, please call 692-4522 or stop by the Student Counseling Center
(SCC), located in MAT 253.

While I have attempted to make this syllabus as complete as possible, adjustments will
be made throughout the course. Announcements will be made during class and it is the
responsibility of the student to keep updated if class is missed.



1.2 Schedule (tentative)

Week 1 2:Origami: Butterfly 4: Discussion: What is science?
TED talk & Class Orientation Technical Writing Example
Math: Lines & Angles Math: Logic
Wks: Patty 1 Wks: Patty 2
Due: Patty Wks 1
Week 2 9: Quiz 11:
Discussion: Math anxiety Origami Project Discussion
Math: || & L Lines Math: A Properties
Wks: Patty 3 Wks: Patty 4
Due: Journals & Patty Wks 2 Due: Patty Wks 3
Week 3 16: Quiz 18:
Three Origami Presentations Four Origami Presentations
History: Ancient Mathematicians
Due: Journals, Presentations, & Patty Wks 4 Due: Project 1 Draft
Week 4 23: Quiz 25:
Peer Eval: Directions Origami: identify bases
Origami: Bases History: Origami
Start Fighter jet folding 1/2 of Between the Folds Movie
Due: Journals , Elephant Head Directions Due: Project 1 Due
Week 5 30: Midterm 2: Discuss definition of science
Math: Pythagorean Theorem.
handout: Project 2 Specifications Wks: Patty 5
Due: Journals Due: Fighter jet or snail
Week 6 7:Guest: Librarian 9:Math: trigonometry
Origami: Valentine or Hummingbird Origami: Valentine or Hummingbird
Due: Journals , draft valentine or hummingbird
Week 7 14: Quiz 16:History: Mathematics 1800-1900’s
Project 2 draft exchange Math: Spherical Geometry
Math: Yoshizawa split Wks: Patty 7
Due: Journals, Project 2 draft
Week 8 21: Guest Lecture on Kirigami 23: Guest Lecture on Papercraft
by Daniel Heath by James Moore
from Pacific Lutheran University from UWT
Due: Project 2, 60836 angle-a-tron Due: 60836 angle-a-tron instructions, Wks 7
Week 9 28: 30: Discussion: definition of origami
History: Godel & NPR Story 1/2 of Between the Folds Movie
Week 10 4: 6 Course Evaluations
DAT Answer Questions




2. Review

2.1 Algebra Review

I generally assume proficiency in the skills listed below.

Basic Simplification
Apply order of operations to numerical and algebraic expressions; recall the rules for exponents.

3
Ex 1. Perform the operations: £ + 2

Solution:
3 2

w

10 13

) + 1 5 +
(Another answer is 2.4.)
Ex 2. Simplify: v/5 -5 + 2
Solution:
V5-V54+2=5+2="T

[ 4
Ex 3. Simplify: %

Solution:

4 V4

25 /25

Ex 4. Simplify: —32 + (%)2 + (=2)3.
Solution:

) 5

=N

5
5

ot

(G20 )

3\° 9 9 68 9 —59
— 2 — — 3 = — — — = — _ = — _ = —
3+<2> +(—2) 9+4+ 8 17—i—4 1 +4 1
(Another answer is -14.75. —14% is also technically correct, but you should avoid mixed fractions

because of potential confusion: Taken out of context, —142 could mean either —(14+3) or (—14)-3.)

Algebraic Manipulation

Add, subtract, multiply, and divide algebraic expressions; combine algebraic terms that are alike;
apply the distributive property to algebraic expressions (the term “FOIL” only refers to distribution
between two binomials; ask me to show you why FOIL works if you don’t remember).

Ex 5 Solve for x: 3 = é
Solution:
. . 3 1 T
Multiply both sides by z: = - — = 6 T=3= 5
x

Multiply both sides by 6: 6 -3 = % -6 =18 ==x.

Both of these steps done at the same time is often called “cross multiplication”.



Ex 6 Simplify by combining like terms: (922 + 4xy — 7y?) — (5zy — 622 — 1).
Solution:
(922 4 4zy — Ty*) — (bzy — 622 — 1) = 922 + 4wy — Ty? — Sey +62° + 1 = 1522 —axy — T2 + 1

Ex 7 Expand and simplify completely: 3(4v — 2a)?.
Solution:
3(4v — 2a)? = 3(4v — 2a) - (4v — 2a) = 3[(4v)(4v) — (4v)(2a) — (2a)(4v) + (2a)(2a)]
= 3[16v? — 16av + 4a*] = 48v* — 48av + 12a*

Rational Expressions
Simplify fractions by finding factors in common; add/subtract fractions by first rewriting with the
least common denominator; multiply/divide rational expressions; simplify complex fractions.

10z — 2
Ex 9 Reduce to lowest terms: M
2¢2 — 8
Solution:
1090—20_10(3:—2)_ 10(z — 2) _2(90—2) 5 5
222 -8 222 —4) 2@+2)(xz—2) 2x-2) z+2 z+2
2 1
Ex 8 Perform the indicated operations and simplify: — .
3r+2 3zr+1
Solution:
2 1 3z +1 2 1 3x+2
34+2 3z+1 3x+1 3242 3z+1 3x+2
6x + 2 3r+ 2 3z

Br+1)Bx+2) Bx+1)Bzx+2) (Bx+1)3x+2)
(There is no further simplification here, 3z has no factors in common with 3z + 1 or 3z + 2.)
2246 | 22 -9
122 7 923 41822
Solution:

2246 22—9 2246 92°41822  2(2+43) 92%(2+2)
122 7 92341822 122 2-9 12z (2+3)(z—23)
2-3-2(2+3) 3z2(2+2)  3z(2+2)

2-3-2(z2+3) 2(2-3)  2(z-3)

Ex 9 Perform the indicated operations and simplify:

Solving Equations
Solve linear equations; or solve for two unknowns when given two equations.

Ex 10 Solve for m: 3(m +4) 4+ 2m =4 — 3m.
Solution
3(m+4)+2m=4-3m=3m+124+2m=4—-3m=8m=—-8=m = —1

Ex 11 Solve for ¢ when ¢ + 7 = 9p and % = 2q.



3. Patty Paper Worksheets

Welcome to geometric investigations with patty paper!

Patty paper is a thin wax paper commonly used between uncooked hamburger patties.
They are conveniently cut into 5.5” or 6” squares which is useful to have during origami practice
or for geometric investigations.

Patty Paper Rules

Just as video games, car drivers, and people in general have rules that must be respected,
our geometric investigations are going to have a set of rules. A few years ago most geometry
classes would only let students use a compass and straightedge (no rulers or protractors!). The
calculus classes on campus will let students use rulers, protractors, and calculators but no graphing
calculators. Every class and in particular, every math class, is usually explicit about what tools
the students are allowed to use in order to solve problems, that is, they lay out the ‘rules’.

In this class we will have the patty paper game rules:
You are allowed to use:

lots of patty paper (notice that they are semi-translucent and stackable!),
the assumption that the patty paper is a square,

a pencil (or pen, colored pencil, crayons, etc),

a calculator (of any kind),

your senses (seeing, hearing, feeling, etc), and

AR e

logic.

Explicitly that means you are not allowed to use: an already made ruler or an already made
protractor.

Despite these restrictions you will be able to complete many tasks. For example, while
distances can’t be measured, we can make a record of it by making marks on the paper. With this
record of distance we can compare distances to each other to determine which is longer or if they
are the same length. As the investigations go on you will discover your own methods and should
build your own ‘tool set’ of techniques.

The worksheets are designed to be started in class and finished as part of your homework.
These problems are intentionally non-standard so that you can practice scientific thinking when
working on them (SLO content #2, skills #4 &6) and then develop technical communication skills
when writing your solutions (SLO content #3, skills #1). Your finished worksheet should be easy
to read with complete sentences, correct grammar, and precise language. You will need to reread,
edit, and rewrite your solutions and should not be turning in a first draft.



3.1 Patty Paper Worksheet 1

Vertical Angles

inspired by Michael Serra’s Patty Paper Geometry.

1. Fold a line on a patty paper. Unfold.
Fold a second line intersecting the first line. Unfold.

. Q “““““““‘“““

2. Notice there are four angles surrounding the
intersection of the two lines. Label them C
a, b, ¢, and d so that you can refer to each by name. :

3. Are any angles the same? Are all the angles different?

4. Explain carefully what steps you took so that you could compare one angle to another.
Consider drawing pictures if that helps clarify your steps.

5. Repeat steps 1 and 2 and see if the observations you made in Step 3 still apply to a
different pair of lines. If your conclusion in Step 3, does not hold in general (that is
for any pair of intersecting lines that make angles
a, b, ¢, and d), correct Step 3 so that it is true in
general.

6. The pairs of opposite angles formed by two
intersecting lines are called vertical angles.
For example, in the diagram to the right,
Za and Zc are a pair of vertical angles.
Restate your conclusions in 3 using this new
terminology.

10



7. Two angles that have a common vertex, share a side, and do not overlap are adjacent
angles. For example, Za and Zb in the diagram on the bottom of the front page,
are adjacent angles. Can you say anything about sum of the pairs of adjacent angles
above?

8. Two angles whose measures add up to 180° are called supplementary angles. Are
all adjacent angles also supplementary? Either justify yourself of provide a counter
example.

Use your conclusions on the front page of this worksheet and any other geometric
knowledge to calculate the measure of each lettered angles in the questiens below.

a 75°

9. Origami directions usually start with a square piece of paper, but 8.5” x11” paper is
more commonly available today. How can you determine what amount to cut off of a
rectangular 8.5” x11” (remember the rules! no rulers!) to make a square? Give the
steps below (you may want another sheet of paper if you need more room) and then
justify that your steps guarantee a square.

11



3.2 Patty Paper Worksheet 2
Folding TUPs

inspired by Kazuo Haga’s “Folding Paper and Enjoy Math: Origamics” in Origami: Third Inter-
national Meeting of Origami Science, Mathematics, and Education.

1. Take a piece of patty paper and label the lower right-hand corner A. Pick a random
point on the paper and label that point B.

2. Fold the paper so that A lies on top of B. This creates a flap of paper, called the
Turned-Up Part (or TUP for short).

A&B

A a triangle

3. [1] How many edges does your TUP have? Three? Four? Five?

For instance, in the example depicted above, the TUP has three sides.

4. [7] Experiment with many TUPs to find an answer to the question, “How can we tell
how many edges a TUP will have before we even fold the paper?”

5. [7] What if we allowed the point B to be outside the square? “How can we tell how
many edges a TUP will have before we even fold the paper?”

12



3.3 Patty Paper Worksheet 3

Angles & Parallel Lines

inspired by Michael Serra’s Patty Paper Geometry.

1.

Trace the pair of parallel lines shown on the right,
onto a patty paper.

Fold or draw a transversal line.
Label the angles as shown in the diagram
so that you can refer to each by name.

[1] Do any angles have the same measure? Which ones?
(Write a complete list.)

[3] Explain carefully what steps you took so that you
could compare one angle to another. Consider
drawing pictures if that helps clarify your steps.

Repeat steps 1 through 3 with a different pair of
parallel lines (another set is provided on the right if
you are not sure how to manufacture your own) and
see if the observations you make in Step 3 still apply.
If your conclusion in Step 3, does not hold in general
(that is for any set of parallel lines intersected by a
transversal), correct Step 3 so that it is true in general.

13




10.

11.

[2] Recall the definition of corresponding angles provided in class. Restate and, if
necessary, expand your statement in Step 3 so that you use this term.

[2] Assume you are given a set of lines with a transversal. If the corresponding angles
have the same measure, explain why the alternating interior angles must have the same
measure.

[2] Restate and, if necessary, expand your statement in Step 3 that that you use the
terms alternating interior angles and alternating exterior angles.

[1] Your statement in Step 6 should be written as a conditional statement. Identify
the hypothesis and the conclusion.

[1] Write the converse of your statement in Step 6.

[3] Is that statement in Step 10 true? If true, provide some justification, if false, provide
a counterexample.

14



3.4 Patty Paper Worksheet 4

Making Parallel & Perpendicular Lines

inspired by Michael Serra’s Patty Paper Geometry.

1. Fold a line on a patty paper. Unfold. Mark this line /.

2. Discover a method for making a line that is perpendicular to [.
Remember that this is a patty paper investigation so stick to the patty paper rules!

3. Make another line on your patty paper and follow your process developed in Step 2 to
make a perpendicular line to this new one. If the process you developed in Step 2 does
not work, create a new process that will work for any line on the patty paper.

4. [4] Discover a method for making a line that is parallel to . Make sure that your process
works for any line on your patty paper, and then describe your process. Justify why
your method works.

5. Use your pencil to make a point not on the line [.
Discover a method for folding a line through the
point so that it is parallel to the line [. Compare
your method with other groups and, if different,
determine which method you like better.

6. [5] Describe your favorite process of making a line I

parallel to a given line [ that also runs through
a specified point. \

15



Sum of Angles in a Triangle

. Draw a triangle on your patty paper near the Y
center and identify the vertices A, B, and C.

. Use the method described on the front of this
worksheet to make a line parallel to AC' that
also passes through B. Label the points where
this new line intersects with the edges of the X
patty paper as X and Y, as shown.

. [1] There should be at least five angles on your patty paper now. Are any of the angles
on the patty paper are the same? If so, mark them.

. Repeat Steps 1 and 2 with a different triangle to see if the observations you made in
Step 3 still apply. If your statements in Step 3 does not hold in general (for any AABC
and line parallel to AC'), correct Step 3.

. [2] The ZXBY is a straight line and thus measures 180°, but it is also equal to the
sum three other angles. What three angles make up ZXBY?

. [3] Use Step 5 and your observations made in Step 3 to justify that the sum of angles
in a triangle is 180°.

16



3.5 Patty Paper Worksheet 5

Haga’s Theorem

inspired by Kazuo Haga’s “Folding Paper and Enjoy Math: Origamics” in Origami: Third Inter-
national Meeting of Origami Science, Mathematics, and Education.
P P
1. Take a patty paper and mark a ' B A '
point P at random along the top
edge of the paper.

2. Fold the lower right corner to
the point P as depicted.

3. Notice that there are (usually) three triangles that are formed by the fold you made
in step two. Label the triangles A, B, and C as done above.

4. [7] What nice relationship must be true about triangles A, B, and C? Justify your
conclusions.

1/2 1/2

<

5. [8] Suppose that you took the point P to be the
midpoint of the top edge. Use your above
observation (or generate more observations)
to find out what lengths x, y, and z must
be in the figure to the right.

17



3.6 Patty Paper Worksheet 6

The Largest Equilateral Triangle

inspired by Thomas Hull’s “What’s the biggest Equilateral Triangle in a Square” in Project Origams,
activities for exploring mathematics.

1. [3] First fold you square to produce a 30° — 60° — 90° triangle inside it. Explain your

method and justify that you made a 30° — 60° — 90° triangle . Hint: these special
triangles have the property that the hypothenuse is twice as long as one of its sides.

2. [3] Find a way to fold an equilateral triangle inside a patty paper. Explain your method
and justify that you made an equilateral triangle.

3. [1] If the side length of your original square is 1, conjecture if it is possible for you to
make an equilateral triangle who'’s side length is greater than 17

18



4. [3] If an equilateral triangle is maximal (the equilateral triangle is the largest equilateral
triangle that will fit on a patty paper), can we assume that one of its vertices will
coincide with a vertex of the patty paper? Why? Could we say anything about the

other vertices of the equilateral triangle?

5. [1] Draw a picture of the situation in question 4 where the patty paper shares the lower
left vertex with the maximal equilateral triangle.

6. [4] Let 6 denote the angle between the bottom of the square and the bottom of the
triangle. What angle should € be to maximize the size of the equilateral triangle in
the patty paper? Justify your conclusion. Hint: consider symmetry!

19



3.7 Patty Paper Worksheet 7
Spherical Geometry

In addition to the normal patty paper rules, assume that you have a perfect sphere.

1. Explain in your own words what a geodesic is.

2. Answer each of the following:

How many geodesic paths are
between two points in a plane?

How many geodesic paths are
between the ‘north pole’ & ‘south

pole’ on a sphere?

3. [3] You have already come up with methods to make a geodesic perpendicular to a
given one on a plane (think Worksheet 4). Find a (patty paper) technique to make a
geodesic perpendicular a given one on the sphere. Explain your steps and justify how

you know your constructed geodesic is perpendicular.

4. [2] You have already come up with methods to make a geodesic parallel to a given one
on a plane (think Worksheet 4 again). Can you find a technique to make a geodesic
parallel to a given one on the sphere? Justify your answer.

20



5. [2] Answer each of the following:

How many times do two perpendicular How many times to two perpendicular
geodesics intersect in the plane? geodesics intersect on the sphere?

If two geodesics are perpendicular If two geodesics are perpendicular

on a plane, how many 90° angles on a sphere, how many 90° angles

are made? are made?

Recall that 1 defined a triangle in class as figure with three sides. On a plane we
understand ‘side’ to mean line, but really, we should think of ‘side’ as a geodesic.
Thus, a triangle is a figure made from three geodesics.

6. [4] Can you make a right triangle on the sphere? If so, explain how, and if not, explain
why you can’t.

7. [2] Can you make a right triangle on the sphere with more than one 90° angle? If so,
draw a picture of it, and if not, explain why you can’t

8. [2] Can you make a rectangle on the sphere? If so, draw a picture of it, and if not,
explain why you can’t

21
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4. Origami Patterns

D Butterfly

A design that probably started with work by

the Japanese master Akira Yoshizawa, this mod'el"

uses the folding sequence of the multiform base
to form the wings. You can make different-shaped
lower wings by altering the folds made in step 4.

Try to choose paper that looks like a real butterfly
and see if you can fold it smaller and smaller until
it is the same size as a real butterfly.

MULTIFORM BASE REMINDER

1 Start with a square,
white side up. Fold in
half from side to side
and top to bottom,
crease, then unfold.

2 Crease both diagonals.

O* |

\’V/
0

3 Turn the paper over
and fold each corner
to the center. Crease
and unfold. Turn the
paper back over.

4 Fold each edge to

the center. Crease
and unfold.

®

76 SIMPLE DESIGNS

5 Use the creases
indicated to collapse
the paper—no new
creases are needed.

23

6 Collapse the lower
section to match
the top.

7 The completed multiform
base (see page 31).




MAKING THE
BUTTERFLY

1 Start with a
multiform base
(see opposite). ¥ 2 Mountain fold
(see page 15) in half.

¥ 3 Swing the two
flaps downward.

_ BUTTERFLY
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A 4 Shape the wings with two = § This is the result.
new folds starting at the right- Turn the paper over.
angled corners, at a slight angle

to the vertical.

4 6 Make a small crimp (see
page 22) so the wings are at a
slight angle.
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<1 7 Swing the thicker flap at the center
back and forth to the left and right to
establish creases on both sides.

» 8 Open the wings so that
the center is raised for the
finished butterfly.

L vl LR L N

V\II %ofl.{: ..St.."llMartin’s Griffin.

Roi)insdn Nick. 200

8. Picturé—p

erfect lO:rig.ami. Ne
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4.2 Bases (classic)

Kite Base Fish Base

Made available through Wikibooks.org under the wikimedia commons or GNU free documentation.

Frog Base

From: Honda, Isa0.1965. The World of Origami. Tokyo: Japan Publications Trading Company.
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4.3 Bases (other)

Preliminary Fold
Available under the wikimedia commons through Wikibooks.org.
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4.4 Balloon

W .
MO Lobad o Oagounu ©

72. Balloon .

The balloon base is an origami that Japanese
children learn in kindergarten. With it we can
make a number of interesting folds.

Use a six-inch square of paper.

L.

2.

Prepare the paper by book folding it in half.
Valley fold on the dotted line.

Open the square into a triangle by peak and
valley folding as indicated.

. Repeat step 2 on the underside.
- Valley fold the top folds on the dotted lines,

bringing the bottom edges up to the center
line.

29

e

10:
11.

Tooes Volho %Ou\\gsn _

. Turn the model over and repeat.
. Valley fold the right and left points into the

center line. Turn the model over and repeat.
Valley fold points A and B down into the
pockets shown.

Repeat with points C and D.

. Peak and valley fold as shown to flatten out

tHe top and bottom of the cube shape..
Blow air into the indicated hole.
The finished balloon.
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4.5 Penguin

. /\\\ L\DO(\& D&OC
18> @ /i

19. Penguin (I)
Use a five-inch sheet of black paper with a white

underside.
1~3. Begin with the s base. Peak fold on the

4,

~J

38

dotted line. .

Valley fold on the dotted line (top two layers
only). Be careful to note that there is a dotted
line extending beneath the first fold. Turn the
model over and repeat.

. Pull the flipper sections out to reveal the pen-

guin’s white belly.

. Valley fold each flipper on the dotted line.
. Peak and valley fold the neck section, and

reverse fold it outside in. Peak and valley the
foot section, and reverse fold it outside in.
Peak and valley fold the fiippers on the dotted
lines,

. Peak and valley fold the neck on the dotted

lines, and reverse fold it outside in to form the
head. Peak and valley fold the feet section, and
reverse fold it outside in.

. Peak and valley fold the head, and reverse fold

it in to form the beak.
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5. Other Worksheets

5.1 Computing Grades

1. Clark Kent goes to college and on the first day of precalculus class he is handed the
following information on the syllabus:

Grades:

The following weights will be used to calculate vour percentage in the course.

Mini-Quizzes (top score)
WeBWork assignments
Handwritten assignments
Cluizzes

2 Midterms

Final

5%

10%
15%
15%
0%
25%

‘4Cpur e Crade

The
function graphed takes yvour percentage in the course and returns your grade on a 4. scale.

-
=)

-~
=

=

Prtage fin coufse
2! o 190

In week 7 Clark begins to get concerned about his grades (beiﬁg a super hero is still
new to him so he has missed a few assignments and a test). He logs onto Catalyst and
finds the following information:

Mini-Quiz: (ea. worth 10pts)
WebWork: (ea. worth 10pts)
Written HW:  (ea. worth 10pts)
Quizzes: (percentage)
2 Exams (percentage)

9.5
10
10

100
92

10

8
0
0

10
0
100

10 10
7 9
80

10
0

10
6

10

(a) Compute Clark’s current averages for each of the categories below:

Mini-Quiz
WeBWork
WrittenHW

Quizzes

2 Exams

10

10

(b) Assuming his performance in each category will not change in the remaining
weeks, what grade must Clark get on his final to get a 2.5 in the class?
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2. Lois Lane goes to college and on the first day of origami math class is handed the
following information on the syllabus:

Grades: The following weights will be used to calculate your grade.

Journals 15% | 4 Colse Grad

Homewaork 15% | l | /

QIIiE—ZES 15% HH

Origami Project  10% [ I I / I

Papers L0% = i ! vé

Midterm 15% 0 I 6307 /

Final 20% 1 1 1 T E.(Pe'cem-cl.?e 'ii'l1.'"EF_' COLTSE
s Y YRR YRR YT T AR CORECIRET T8

The above grade assignment is based off the University of Washington, Tacoma’s grading
scale posted at http: //www.tacoma.washington.edu/enrollmentservices/grading . cfm

In week 7 Lois begins to get concerned about her grades. She logs onto Catalyst and
finds the following information:

Journals: (ea. worth 10pts) 10 10 10 7 10 10 10 10 10 10

Homework: (ea. worth 15pts) 15 11 10 12 10 15 15 11
Quizzes: (ea. worth 20pts) 18 13 17 13

Origami Proj. (ea. worth 40pts) 37

Midterm: (percentage) 82

Recall that the lowest scoring quiz is dropped when computing grades. Assuming her
journal, homework, quiz, and origami project averages do not change much in the
remaining weeks, what scores could Lois Lane get on her papers and final to make sure
she gets a 2.0 in the class?
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6. Readings

6.1 Quotes

Geometry, throughout the 17" and 18" centuries, remained, in the war against empiricism,
an impregnable fortress of the idealists. Those who held ... that certain knowledge, inde-
pendent of experience, was possible about the real world, had only to point to Geometry:
none but a madman, they said would throw doubt on its validity, and none but a fool would
deny its objective reference.

-Bertrand Russell

I have never done anything ‘useful’. No discovery of mine has made, or is likely to make,
directly or indirectly, for good or ill, the least difference to the amenity of the world.
-G.H. Hardy

From this proposition it will follow, when arithmetical addition has been defined, that
1+1=2.

-Principia Mathematica
A N. Whitehead & B. Russell
Euclidean Axioms:

We can draw a straight line from any point to any other point.

We can extend a finite straight line continuously into a straight line.

We can completely describe a circle by specifying the center and distance [radius].
All right angles are equal to one another.

Given a point not on a straight line [, at most one line can be drawn through this point
that never meets [.

SARE O

-Elements
Euclid

[Euclidean geometry] was rigorous and definite. Sure theorems about lines and triangles,
circles and squares, following with unimpeachable logic from clearly stated assumptions ...
[it] remained unchanged for more than a hundred years.
-Pi in the Sky
John Barrow

33



Origami Axioms:

Ll

Given two points p; and ps, there is a unique fold that passes through both p; and p,.
Given two points p; and ps, there is a unique fold that places p; onto ps.

Given two lines [; and [y, there is a fold that places [; onto .

Given a point p; and a line [y, there is a unique fold perpendicular to [; that passes
through point p;.

Given two points p; and py and a line [y, there is a fold that places p; onto [; and
passes through ps.

. Given two points p; and ps and two lines [; and [5, there is a fold that places p; onto

[y and p, onto Is.
Given one point p and two lines [; and [y, there is a fold that places p onto [; and is
perpendicular to [s.
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6.2 Technical Communication

Technical
Communication
Today

THIRD EDITION

Richard Johnson-Sheehan

Purdue University

Longman

NewYork San Francisco Boston
London Toronto Sydney Tokyo Singapore Madrid
Mexico City Munich Paris Cape Town Hong Kong Montreal
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mchnicd Communication: Actions,
Words, Images

3 s . . b abl}?
o p h of your writing experience until now has pro
a college student, muc 3 . ier ntil noy prob:
:iér*u'exu;siwry inR nature. The root word for exposxtox_'y is .expoatmn‘. meamt;lg y t?tu
have been taught to display or exhibit information. an. arily, yop have be'en n_;xcgwb_
how to demonstrate that vou have acquired anddretmrfled knowledge on spec
“ecty. Your readers have mostly been teachers an professors. _
]ul;‘c\c;?xical communication is different from expository writing, bec}zlliusg it put: el;nLgx;e
i i i i It focuses more on achieving a s
-us on taking action with words and images. ; . chievi
h:rui; with lagnguage. It also puts a much heavier emphasis on ant}clpaung the needs
{,)I L’l,le readers and communicating information cl&rl.y and persuasiv e‘ly_- »
Figure 1.2 shows some of the characteristics of technical communication that can se
it apart from expository writing. ) . )
?ortunately. the skills vou learned for expository wr{ung are all aflap}able to tech
nical communication. The main difference is that techmca} commumca@on putsa
much greater emphasis on achieving a specific purpose with words and images.

The Qualities of Technical Communication

Figure 1.2:
Technical
communicatic
puts much mt
emphasis on
managing
information a
taking action
do most othe
forms of writi

TR

: g : N A

At W&a, s
e -'8;':4
botct ethically,

RREEE 6 6
TR e s

Genres do much more than help you organize your ideas. They help you inter-
pret and make sense of what is happening in the technical workplace. For exam-
ple, if you know you need to write an analytical report, the genre will help you
figure out what kind of information you need to collect, how that information

hould be arranged, and how it should be presented. Your readers, meanwhile,
will interpret your ideas through the genre. If you call something a “report,” they
will have specific expectations about the content, organization, style, design, and
medium of the document.

Genres are not formulas or recipes to be followed mechanically. They are not
containers into which we pour some sentences and paragraphs. Instead, genres in
technical communication reflect the activities and practices of scientific and technical

workplaces. Each genre should be adapted to fit the readers and the situations in
which the document will be used.
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Genres and the Technical Writing Process o4 \Q

A consistent writing process is important to using technical communication DC‘A 9
genres effectively. When learning to write for the workplace, you should view (®)
writing as a process that follows a series of stages (Figure 2.2). These stages
include the following: :

Figure 2.2:
The technical

The Technical Writing Process writing process
involves moving

PR R T back and forth
Plannig and Resoarching. - among several
e g N (R stages. Each

\ stage is shaped
IS AR RS I, by the genre of
\ L= FIbA L A

the document.

Two Different Genres

Analytical Report Specification

Genres in Technical Communication

In this book. you will be learning a genre-based approach to the writing process. In
technical communication, genres are relatively stable patterns that reflect the activities
and practices of the workplace. A genre shapes a document's content, organization,
style, design, and the medium in which it is delivered. It also helps you anticipate the
needs of your readers and the situations in which they will use vour text.

For example, ananalytical report™is a different genre than a*specification™ (F igure 2.1).
Analytical reports and specifications are written for different kinds of readers and situa-
tions. They include different information and follow their own organizational patterns. The
style and design of these two genres are distinctly different. Yet, someone working in a
technical workplace-would need to know how to use both of these genrres.

Figure 2.1:
Each genre has
its own content,
organization,
Style, and design.
Here are the
outlines of two
distinctly different
genres set side
by side.
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)
\ i(')rc than likely. vou have read and used countless sets of instructions in
- vour lifetime. Instructions are packaged with the products we buy, such as
phones. cameras. and lelevisions. in the teehnical workplace. documentation hetps
people complete simple and complex tasks, such as downloading software. building
an airplane engine, drawing blood rom a patient. and assembling a computer
motherbourd.

Instructions and other kinds ol documentation are among the least noticed but
most important documents in the technical workplace. Three Ly pes ol documentation
are commonty wrilten and used in this arena:

Instructions— hnstructions deseribe how to perform a specific task, They

typicatly deseribe how to assemble a product or do something step-by-step.
Specifications — Engineers and technicians write specifications (often cafled

thespees™ Lo deseribe in exact detail how a product is assembled or how a

routine process is completed.

Procedures/Protocols — Procedures and protocols are written to ensure

consistencey and quality in a workplace. In hospitals. for example., - “D‘f)\
doctors and nurses are often asked to write procedures that desceribe 96
how to handle emergency situations or care for a specific injury or illness.

Similarly. scientists will use protocols to ensure consistent methods in

the laboratory.

m fo avoid confusion in this chapter, the word documentation will be used as
for more nfor- general lerm to mean instructions, procedures, and specifications. When the
mation on wrting  ¢hapter discusses issues that are specific to instructions. procedures, or specifica

lescnptions, go tions., those terms will be used.
) 10 Chapter 19,

page 530.
Basic Features of Documentation

Documentation tends Lo follow a consistent step-by-step pattern. whether you are
describing how to make coffee or how Lo assemble an automobile engine (Figure 20.1)
I lere are the basic features of most forms of documentation:

o specific and precise title
¢ introduction with background information

Basic Or izati . . - .
ganization o list of materials, parts, tools, and conditions required

Instructlons and Procedures Specifications

introduction- }
Matedals 208
. Congitinns
~ Graphics and
safety
information
Step Ome. i appear :
’ throughout the S e
document
% where needed.




~equentiafly ordered sleps

gruphics

safely information

measurement. test. and quality control procedures dfor specilications)
conclusion that signals the completion ol the task

The content. style. and design of your documentation will change Lo suit the readers
and the contexts in which the text will e used. For exampie. Figure 20.2 shows survival
inslructions from an entertaining and useful book called Worst-Case Scerartos. These
instructions use simple text and visuals o explain ow Lo jump out of & moving car—in
case vou ever newd Lo,

3 A Set of Instructions
i ) / Figure 20.2:
o it d i Here 15 a rather
peor e —— !:{Q:X)JIC\)'g;Ué?RFkowl ! simple set of
i h % ! instructions.
. : Notice how the
; d | steps make up
ot the bulk of the
o Fhae a0 5t sl e, » 00330 l document.
theeugh 3 saake s j !
[VININ Sine s vy an e mes < v vei ot
T O T F S N ove it che dares
wte thor noving 1 thr car i g x, oy
[PYIER 0wy az e angic thatwni tine you away o i

~ Granhic visually
reinforces
stens.

vz pemmarvad it and i sandps T s

avesaMitwbentor

i
!
i

\(: e e x

Source: From the Worst-Case Scenano Survival Handbook™ by Joshua Piven and David &
Borgenicht. Copyright © 1999 by Quirk Productions. Inc. Used with permission of Chronicle E%
Books LLC. San Francisco. Visit ChronicleBooks.com.

Sequentially Ordered Steps

The steps are the centerpiece of any form of documentation, and they will usually
make up the bulk of the text. These steps need to be presented logically and concisely,
allowing readers to easily understand them and complete the task.

As vou carve Lhe Lask yvou are deseribing into sleps. you might use logical mapping to
<ort ont Lhe major and minor steps (Figure 20.8% Firsk, put the overall Lask you are de
<eribing on e feft-hand side of the sereen or asheet of paper. Then, break the task down
into its major and minor steps, You might abso. as shown in Figure 20.8. make nole olany
necessary hazard statements or additional comments that might be included.

Onee vou have organized the Lask into major and minor sleps, vou are ready Lo
dralt your instruclions.

Use (D(‘\M\IO\LQ.SU';)S should be written in command vorce, or imperative
mood. To use command voice, start cach step with an aclion verb.
1. Place the telescope in an upright position on 2 flat surface.

2. Plug the coil cord for the Electronic Controller into the HBX port ‘see Figure 5°
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Using Logical Mapping to Identify Steps in a Task

S minor steps

40

hazards

hazards

hazards

hazards

Frgure 20.3:
With logical
mapping. the task
1S proken down
into major and
miror steps.
Places where
notes and hazard
statements might
appear are also
roted.



Steps are
b early
mbered.

Graphics are

used to clarify <]

written text.

Notes are
used to
explain steps.

In most steps, the verb should come first in the sentence. This puts the action up
front, while keeping the pattern of the steps consistent. The*you”in these sentences is
not stated, but rather implied (“You place the telescope in an upright position™).

STATE ONE ACTION PER STEP  Each step should express only one action (Figure
20.9).You might be tempted to state two smailer actions in one step, but your readers
will appreciate following each step separately.

Ineffective

2. Place the telescope securely on its side as shown in Figure 4 and open the battery
compartment by simultaneously depressing the two release latches.

Revised
2. Place the telescope securely on its side as shown in Figure 4.
3. Open the battery compartment by simultaneously depressing the two release latches.

However, when two actions must be completed at the same time, you should put
them in the same sentence.

6. Insert a low-power eyepiece (e.g, 26mm) into the eyepiece holder and tighten the
eyepiece thumbscrew.

instructions with Sequentiaily Ordered Steps

T 3

Step 3 Composs the Picture. . _

( Mowe Thut Camerst
After acusSting CEITArS SSRGS, YOU 7 resdy (0 fBME YOUr PCUSS.

mw-aw&hmmmmm
SOMOORTINS CAN b CANING L by oW The CETErS ko s poeson. |
YO fave A, By FITWYG YOUT SUDUCE SO 8 N Of AT 8O -
mewmm-unnnnmn—m
—

Flgure 20.9:
Each step shoulge
express one
action. Putting 8
the steps ina i
makes them

Monior or Viewlinder?

Une 1 monaor 1 confim SsTare SUEVS 8 & G0N whis & $18 s tme

mmml‘mlﬁht—mﬂ“ Tha 8 parscuarly
Wi 20 TROgR ) U vewiral G0N N0l SN ANl wnat wd

000N e M (ERSR, F SITEN W

* macro CoR-up © uaed . &)

*yOur HEICE B Wi 1.5 m 4.5 R) of The camere.

*you e usng ge 200 . 90

-nnﬂmu’i“ml’“cm

ShaoyRty B 148

Uang e wewinder sivs yau T - cower by L] e monks off teee

outow. The viswdralr can s be ueed whgn DA Ao Ighing Conamors

men e dagisy i e morikcr Gt 10 s

Zoomod WAME o when e comas 8 zomed o the wey 0 10 Ve ¥
Tusohom sce of the zoam exiceor, foxing the T

/
el ey
: j *
A Al
TICHRY N morr
smoss ol
o0m 3

Cantroliing e Mewitor
Tre A On e MR 50RCKY CONTOMs T monr duciey I AUTO, SCENE, CSM
a1 (F] moce Praé A 15 CYCis SVOLG FONIDY SITINGS 88 SN0 & Dsow.

vough s

nsung e —-mawy

g
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-t . - oty

Source: Nikon, Cool Pix 885 guide.
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You shoadd slate two actions in one step only when the two actions are dependent on
cich other, 1 other words, completion of one action shoull require the other action to
be handled at the same time.

WEER WE STERS CONGISE * Use concise phrasing o deseribe each step, Short
sentences are preferred <o readers can remember cach step while they work.
7. Adjust tne focus of the telescope with the ‘ocusing krob.

8. Center the observed object in the lens.

I your sentences seem too long. consider moving some information into a follow-
up~Note"orComment™ that elaborates on the step.

NOMRERTRE SEPS 1 most kinds of documentation. steps are presented in
numbered list. Start with the number T and mark cach step sequentially with its own

number. Notes or warnings should not be numbered. hecause they do not state steps to
be followed.

Incorrect
9. Aim the telescope with the electronic controller.

10. Your controller is capable of moving the telescape in several different directions. It will
take practice to properly aim the telescope.

There is no action in step 10 above, so o number should not be used.

Correct

9. Aim the telescope with the electronic controller.

T T P

Your controller is capable of moving the telescape in several different directions. it wilt
take practice to properly aim the telescope.

Animportant exception {o this“number only steps” guideline involves the numbering
ol procedures and specifications. Procedures and specifications often ase an itemized
numbering system in which lists of cautions or notes are “nested™ within lists of steps.

10.2.1 Putting on Clean Room Gloves, Hood, and Coveralls

10.2.17 Put on a pair of clean room gloves so they are fully extended over the arm
and the coverall sleeves. Glove liners aré optional.

10.2.1.2 Put a face;beard mask on, completely covering the mouth and nose.

fiut. yhs opd 10.2.1.2.1 Caution: No exposed hair is allowed in the fab.
n < raceive /
" 1215 in

10.2.1.2.2 Caution: Keep your nose covered at all times while in the fab,

dures and\ 10.2.1.2.3 Note: Do not wear the beard cover as a face mask. A beard cover
: fications. should be used with a face mask to cover facial hair.

10.2.1.3 Put on coveralls.
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In specifications. comments and hazard statements receive a number. The purpose
for ttis advanced numbering scheme is to make items in the documentation easier to

reference.

In some cases, you may also want to use paragraph stvle to describe the steps
(Figure 20.10). In these situations. you can use headings or sequential transitions to

Paragraph Style Instructions

Introduction to
instructions ——__|

Checiking the chain

[t the cham snt new, it s geubabhy 4
aasd Jea to nle st vnce cuthing s both
casicr and wafer when the vhatn s sharp
Alsa 2une wire the chain s tenswned
sroperly (11 Dan't furget that a new
chain should dwavs be reteramned atter
erating the ww 10 shont peread (2),

Paragraphs
slow the =
readers down,

Fuel

ih wul The ivertill prtection helps
yes svnd unnecesary spillage (1) And
sanudening the ik o firey, 2y should
st meove the uw

Safe distance

Ity wd 16 wurk toecther with wrneune,
but mabe sure they are a1 keawt nve metres
AWy when viu s to use the um ()
wmnwe. when tethng trees s distance

qubd be increaed condcrably.

highlight
steps.

Headings 4
\

stre
When you're ready’

ww tlat on the grund 4
around the bar.

1 Autivate the chain brake by pushing
the bnhback preses tim horwand, as
«wtherwrse the chain will start 1o roate
when the waw stams.

List style is
used when
appropriate.

- ! Deprens the SmutSun decompresion
vontrol, . the saw hay this reature.
¥ It the engane i cold, pull the choke
ot tully.
A Put vour nght tuar partway through
the rear hundie amd hold the ot handle
armly with your letr hand. Pull the santer
handle with vwr oght hasd uanl the
cngine starts (4)
S Norw push the chake i sgam, with
the thrtrle on halt way Continue 1 pull
the warter handle until the waw sarts
Hut the thnurle emce ws the engine speed
frurps e adle. 1 the engine w already
warm, dun't use the choke, but the other
e are the wme

1t the aw i ditheuh 10 start despite
being wann, sl ot the choie bike you
do dunng cold \asts. but push it back
0 rcht awav. When vou've got the uw
sarted. dun't Jisenesze the vhain brake
antl vou're ready 1o uw,

the chain brake
Nirw chend thot the chain brake works
Plae the wuw on 3 stable surface and
wijueeze the theottle Activate the chasn
hrake by pushing vour kett wna agaimt
the kukbah pmteconn, without
releaung the handle The chain dwsld
stp strarght sway. (8)

Does chain lubrication
work?

Abo check the chain lubeaten
Hold the ww sbunve 3 fight surtace,
suth as 3 vump, and hut the throtie.
A line o il shauld be vivble nn
the wrine +6)

13 vo're e used 50 wving 4 hasnu,
we recommend vou fine get kyusinted
with the uw by pravuung s while in

3 suitabie log. (7)

Operating the saw.

g Starting the saw is casy if you follow the instructions. But make sure you read the user's manual for your saw
finst, 30 you know how it works and arc familiar with all jts parts and controls.

«hain. which means that the chain palls
e vaw sy tom sog | ung the upper
~ge o1 the chain, vou're wwing with

4 pushing cham, w the Jhan pushes the
aw tuwand vou.

Bend your knees

Nave vour bak by pat working with
avent had intead. bemb vour knees
Fyoure warking st 3 ow feved

Moving around

When moving amiund the winkute,
make sure the chain s nat mitaning by
aunvanng the than brake or turming
uit the cagine For hanger dhivtances,

wse the har guard (8) -~ |

e
<

How to operite the saw
There are e hasm ke tor naung 4
chanaw, Hold it srmly by both handles
and hold your thumbs and tingens nght
anurnd the handles. Make sure vou hald
your ken thumb under she tnt handle,

to tedune the farce ot 1 poswible kickhack,

Good bakance

s goud 10 have respext for the aw,
but don® be atraid ot 1t 1 vou hold
shne to your body it wem't ferd ae heavy.
Alsan your'll e more balaneed and 1n
hetter contnid of the ww For the bew
halance, stand with your fect spare (7)

and chain
Yoou can uw with hath the upper and
the lower edze of the bar. When uung the
hower edge, vou're awing with 3 pulling

Figure 20.10:
Paragraph sty'n
often takes up

less space. It

little harder to
read at a glar-
but the style
often be morw
personal. In *

instructions *' o &

pictures show
helpful detail-. ¢

clarify the st

Numbers 1% i
readers tu §
graphics.

s
<€

Source: Husqvarna.
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highlight the steps. Numerical transitions CHirst™second.” third " finally™ are best

inmost cases. In shorter sets of sleps. vou might use transitions like "then.” " next.” 5
minutes ater” and “linally™ to mark the actions. In Figure 20.10. headings are used Lo
mark transitions among the major steps.

~ | Figure 20.10:
continued

9 e Al b

TR e bl D e A TR WA 1

S

D

|
|
|
:“: {:.g, ‘_ 3 : =TT ; I
|
|
i
|
E
|
|

L ORET et
Loseups telp | ~%e s e e
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Readers often find paragraph style harder to follow because they cannot easily find
their place again in the list of instructions. In some cases. though, paragraph style
takes up less space and sounds more friendly and conversational.

ADD COMMENTS. NOTES, OR ENAMPLES  After each step, you can C
include additional comments or examples that will help readers complete
the action. Comments after steps might include additional advice or
definitions for less experienced readers. Or, comments might provide

.

State one action per

I

3 step troubleshooting advice in case the step did not work out.

: . ?g:gstze steps 3. Locate a place to set your telescope.

; + Number the steps. Finding a suitable place to set up your telescope can be tricky. A paved area is opti-

2+ Add comments, notes, mal to keep the telescope steady. If a paved area is not available, find a level place

; or examples. where you can firmly set your telescope’s tripod in the soil.

" - Provide feedback. L . .
L Refer to the graphics. Comments and examples are often written in the "you style to main-

tain a positive tone.
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For more advice
on revision and
editing, see
Chapter 12,
page 306.

PROVIDE FEEDBACK  After a difficult step or group of steps, you might offer a
paragraph of feedback to help readers assess their progress.

When you finish these steps, the barrel of your telescope should be pointed straight up.
The tripad should be stable so that it does not teeter when touched. The legs of the tripod
should be planted firmly on the ground.

REFERTOTIHE GRAPHICS  In the steps, refer readers to any accompanying graphics.
A simple statement like,“See Figure 4" or “(Figure 4)” will notify readers that a
graphic is available that illustrates the step. After reading the step, they can look at
the graphic for help in completing the step properly.

In some cases, graphics are not labeled. In these situations, the graphic should ap-
pear immediately next to the step or below it so readers know which visual goes with
each step.

Revising, Editing, and Proofreading

In many ways, the documentation reflects the quality of the product, service, and
manufacturer. If the documentation looks unprofessional or has errors, readers will
doubt the quality of the company behind it. So, you should leave yourself plenty of
time for revising, editing, and proofreading. Also, leave yourself some time to user-test
your documentation on some real readers.

Revising for Content, Style, and Design

When you are finished drafting, spend time critically studying the document’s content,
style, and design.

e The content needs to be complete and include all the information
readers need to complete the task. Look for places where steps are
missing or unclear. Identify steps that would be clearer with a follow-up
note or comment. tdentify plaees-where-hazard statements-are-needed.

e The style should be concise and clear. Keep sentences, especially
commands, short and to the point. Where possible, replace complex
words with simpler, plainer terms. Meanwhile, use words that reflect
readers’ attitudes or emotions as they will be using your documentation.

e The design should enhance readers’ ability to follow the steps. Make sure you
have used headings, notes, and graphics consistently. The page layout should
also be consistent from the first page to the last.

As you revise, ask yourself whether the content, style, and design are
appropriate for the readers you defined in your reader profile. Your
documentation should be usable by the least experienced, least knowledgeable
person among your readers.

User-Testing with Sample Readers

User-testing your documentation on actual people can be done informally or formally,
as discussed in Chapter 12 of this book.

® Informal user-testing can be used for in-house or less important forms of docu-
mentation. You should ask at least your supervisor or a few co-workers to look
over your documentation before making it available to others. Often, your col-
leagues can help you identify missing content, ambiguous sentences, and inef-
fective graphics.

® Formal user-testing involves finding real users of the documentation and
observing them as they try to follow the steps. Often, formal user-testing
includes videotaping the subjects as they use the documentation.’
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Editing and Proofreading
Finally. vou should carefully edit and proofread your documentation. The text
<hould be clearly written and error free. whether the document is being sent with a
product. included in a book of procedures, or placed in the specifications file.

You should challenge the content. organization. style. and design. Be your own
harshest critie. Then. while proofreading. pay close attention to grammar and
<pelling. Flawless documentation will strengthen your readers’ faith in you and your

company.
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Documentation describes step-by-step how to complete a task.

Basic features of documentation include a specific and precise title: an introduction:
a list of parts, tools. and conditions required: sequentiatly ordered steps: graphics:
~safely information: a conclusion: and troubleshooting information.

Determine the rhetorical situation by asking the Five-\W and [ low Questions and
analyzing the document’s subject. purpose. readers. and context of use,

Organize and draft vour documentation step-by-step. breaking tasks down into
their major and minor actions,

Safety information should (1) identify the hazard. (2) state the level of risk (Danger.
Warmning. or Caution). and (3) offer suggestions for avoiding injury or damage.

The style of your documentation does not need to be dry and boring. Try to use a
style that rellects or counters readers” attitudes as they follow the steps.

Graphics offer important support for the written text. They should be properly labeled
by number and inserted on the page where they are referenced.

While revising. user-testing yvour documentation with sample readers is an effective
way to work out any bugs and locate places for improvement. Your observations of
these sample readers should help you revise the document.

Individual or Team Projects

Find an example of documentation in your home or workplace. Using concepts
discussed in this chapter. develop a set ol criteria to evaluate its content, organi-
zation, styvle, and design. Then, write a two-page memo to your instructor in
which you analyze the documentation. [ighlight any strengths and make sug-
gestions for improvements.

In vour home or workplace. find an inelfective set of instructions. First. identify its
weaknesses in content, organization. style, and design. Then, revise the instructions
to make them easier to use. Write a cover memo to yvour instructor in which you
discuss the ways you revised and improved the set of instructions.

. Turn the instructions for plaving Klondike at the end of this chapter into a numbered

list and use graphics to support the text.You can make minor changes to the wording
of the text; however. try to keep the written text intact as much as possible.

On the Internet or in vour home. find information on first aid thandling choking,
treating injuries, using CPR. handling drowning. treating shock. dealing with alco-
hol or drug overdoses). Then. turn this information into a text that is specifically
aimed at college students living on campus. You should keep in mind that these
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6.3 A Mathematician’s Lament

A Mathematician’s Lament
by Paul Lockhart

musician wakes from a terrible nightmare. In his dream he finds himself in a society where

music education has been made mandatory. “We are helping our students become more
competitive in an increasingly sound-filled world.” Educators, school systems, and the state are
put in charge of this vital project. Studies are commissioned, committees are formed, and
decisions are made— all without the advice or participation of a single working musician or
composer.

_Since musicians are known to set down their ideas in the form of sheet music, these curious
black dots and lines must constitute the “language of music.” It is imperative that students
become fluent in this language if they are to attain any degree of musical competence; indeed, it
would be ludicrous to expect a child to sing a song or play an instrument without having a
thorough grounding in music notation and theory. Playing and listening to music, let alone
composing an original piece, are considered very advanced topics and are generally put off untii
college, and more often graduate school.

As for the primary and secondary schools, their mission is to train students to uvse this
language— to jiggle symbols around according to a fixed set of rules: “Music class is where we
take out our staff paper, our teacher puts some notes on the board, and we copy them or
transpose them into a different key. We have to make sure to get the clefs and key signatures
right, and our teacher is very picky about making sure we fill in our quarter-notes completely.
One time we had a chromatic scale problem and I did it right, but the teacher gave me no credit
because I had the stems pointing the wrong way.”

In their wisdom, educators soon realize that even very young children can be given this kind
of musical instruction. In fact it is considered quite shameful if one’s third-grader hasn’t
completely memorized his circle of fifths. “I’ll have to get my son a music tutor. He simply
won’t apply himself to his music homework. He says it’s boring. He just sits there staring out
the window, humming tunes to himself and making up silly songs.”

In the higher grades the pressure is really on. After all, the students must be prepared for the
standardized tests and college admissions exams. Students must take courses in Scales and
Modes, Meter, Harmony, and Counterpoint. “It’s a lot for them to learn, but later in college
when they finally get to hear all this stuff, they’ll really appreciate all the work they did in high
school.” Of course, not many students actually go on to concentrate in music, so only a few will
ever get to hear the sounds that the black dots represent. Nevertheless, it is important that every
member of society be able to recognize a modulation or a fugal passage, regardless of the fact
that they will never hear one. “To tell you the truth, most students just aren’t very good at music.
They are bored in class, their skills are terrible, and their homework is barely legible. Most of
them couldn’t care less about how important music is in today’s world; they just want to take the
minimum nwmber of music courses and be done with it. I guess there are just music people and
non-music people. I had this one kid, though, man was she sensational! Her sheets were
impeccable— every note in the right place, perfect calligraphy, sharps, flats, just beautiful.
She’s going to make one hell of a musician someday.”
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Waking up in a cold sweat, the musician realizes, gratefully, that it was all just a crazy
dream. “Of course!” he reassures himself, “No society would ever reduce such a beautiful and
meaningful art form to something so mindless and trivial; no culture could be so cruel to its
children as to deprive them of such a natural, satisfying means of human expression. How
absurd!”

Meanwhile, on the other side of town, a painter has just awakened from a similar
nightmare. ..

I was surprised to find myself in a regular school classroom— no easels, no tubes of paint.
“Oh we don’t actually apply paint until high school,” I was told by the students. “In seventh
grade we mostly study colors and applicators.” They showed me a worksheet. On one side were
swatches of color with blank spaces next to them. They were told to wrife in the names. “I like
painting,” one of them remarked, “they tell me what to do and I do it. It’s easy!”

After class I spoke with the teacher. “So your students don’t actually do any painting?” I
asked. “Well, next year they take Pre-Paint-by-Numbers. That prepares them for the main
Paint-by-Numbers sequence in high school. So they’ll get to use what they’ve learned here and
apply it to real-life painting situations— dipping the brush into paint, wiping it off, stuff like that.
Of course we track our students by ability. The really excellent painters— the ones who know
their colors and brushes backwards and forwards— they get to the actual painting a little sooner,
and some of them even take the Advanced Placement classes for college credit. But mostly
we’re just trying to give these kids a good foundation in what painting is all about, so when they
get out there in the real world and paint their kitchen they don’t make a total mess of it.”

“Um, these high school classes you mentioned..

“You mean Paint-by-Numbers? We’re seeing much higher enrollments lately. I think it’s
mostly coming from parents wanting to make sure their kid gets into a good college. Nothing
looks better than Advanced Paint-by-Numbers on a high school transcript.”

“Why do colleges care if you can fill in numbered regions with the corresponding color?”

“Oh, well, you know, it shows clear-headed logical thinking. And of course if a student is
planning to major in one of the visual sciences, like fashion or interior decorating, then it’s really
a good idea to get your painting requirements out of the way in high school.”

“I see. And when do students get to paint freely, on a blank canvas?”

“You sound like one of my professors! They were always going on about expressing
yourself and your feelings and things like that—really way-out-there abstract stuff. I’ve got a
degree in Painting myself, but I’ve never really worked much with blank canvasses. I just use
the Paint-by-Numbers kits supplied by the school board.”

Sadly, our present system of mathematics education is precisely this kind of nightmare. In
fact, if I had to design a mechanism for the express purpose of destroying a child’s natural
curiosity and love of pattern-making, I couldn’t possibly do as good a job as is currently being
done— I simply- wouldn’t have the imagination to come up with the kind of senseless, soul-
crushing ideas that constitute contemporary mathematics education.

Everyone knows that something is wrong. The politicians say, “we need higher standards.”
The schools say, “we need more money and equipment.” Educators say one thing, and teachers
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say another. They are all wrong. The only people who understand what is going on are the ones
most often blamed and least often heard: the students. They say, “math class is stupid and
boring,” and they are right.

Mathematics and Culture

he first thing to understand is that mathematics is an art. The difference between math and

the other arts, such as music and painting, is that our culture does not recognize it as such.
Everyone understands that poets, painters, and musicians create works of art, and are expressing
themselves in word, image, and sound. In fact, our society is rather generous when it comes to
creative expression; architects, chefs, and even television directors are considered to be working
artists. So why not mathematicians?

Part of the problem is that nobody has the faintest idea what it is that mathematicians do.
The common perception seems to be that mathematicians are somehow connected with
science— perhaps they help the scientists with their formulas, or feed big numbers into
computers for some reason or other. There is no question that if the world had to be divided into
the “poetic dreamers” and the “rational thinkers” most people would place mathematicians in the
latter category. :

Nevertheless, the fact is that there is nothing as dreamy and poetic, nothing as radical,
subversive, and psychedelic, as mathematics. It is every bit as mind blowing as cosmology or
physics (mathematicians conceived of black holes long before astronomers actually found any),
and allows more freedom of expression than poetry, art, or music (which depend heavily on
properties of the physical universe). Mathematics is the purest of the arts, as well as the most
misunderstood.

So let me try to explain what mathematics is, and what mathematicians do. I can hardly do
better than to begin with G.H. Hardy’s excellent description:

A mathematician, like a painter or poet, is a maker
of patterns. If his patterns are more permanent than
theirs, it is because they are made with ideas.

So mathematicians sit around making patterns of ideas. What sort of patterns? What sort of
ideas? Ideas about the rhinoceros? No, those we leave to the biologists. Ideas about language
and culture? No, not usually. These things are all far too complicated for most mathematicians’
taste. If there is anything like a unifying aesthetic principle in mathematics, it is this: simple is
beautiful. Mathematicians enjoy thinking about the simplest possible things, and the simplest
possible things are imaginary.

For example, if I'm in the mood to think about shapes— and I often am— I might imagine a
triangle inside a rectangular box:
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I wonder how much of the box the triangle takes up? Two-thirds maybe? The important
thing to understand is that I'm not talking about this drawing of a triangle in a box. Nor am I
talking about some metal triangle forming part of a girder system for a bridge. There’s no
ulterior practical purpose here. I'm just playing. That’s what math is— wondering, playing,
amusing yourself with your imagination. For one thing, the question of how much of the box the
triangle takes up doesn’t even make any sense for real, physical objects. Even the most carefully
made physical triangle is still a hopelessly complicated collection of jiggling atoms; it changes
its size from one minute to the next. That is, unless you want to talk about some sort of
approximate measurements. Well, that’s where the aesthetic comes in. That’s just not simple,
and consequently it is an ugly question which depends on all sorts of real-world details. Let’s
leave that to the scientists. The mathematical question is about an imaginary triangle inside an
imaginary box. The edges are perfect because I want them to be— that is the sort of object I
prefer to think about. This is a major theme in mathematics: things are what you want them to
be. You have endless choices; there is no reality to get in your way.

On the other hand, once you have made your choices (for example I might choose to make
my triangle symmetrical, or not) then your new creations do what they do, whether you like it or
not. This is the amazing thing about making imaginary patterns: they talk back! The triangle
takes up a certain amount of its box, and I don’t have any control over what that amount is.
There is a number out there, maybe it’s two-thirds, maybe it isn’t, but [ don’t get to say what it
is. L have to find out what it is.

So we get to play and imagine whatever we want and make patterns and ask questions about
them. But how do we answer these questions? It’s not at all like science. There’s no
experiment | can do with test tubes and equipment and whatnot that will tell me the truth about a
figment of my imagination. The only way to get at the truth about our imaginations is to use our
imaginations, and that is hard work.

In the case of the triangle in its box, I do see something simple and pretty:

If I chop the rectangle into two pieces like this, I can see that each piece is cut diagonally in
half by the sides of the triangle. So there is just as much space inside the triangle as outside.
That means that the triangle must take up exactly half the box!

This is what a piece of mathematics looks and feels like. That little narrative is an example
of the mathematician’s art: asking simple and elegant questions about our imaginary creations,
and crafting satisfying and beautiful explanations. There is really nothing else quite like this
realm of pure idea; it’s fascinating, it’s fun, and it’s free!

Now where did this idea of mine come from? How did [ know to draw that line? How does
a painter know where to put his brush? Inspiration, experience, trial and error, dumb luck.
That’s the art of it, creating these beautiful little poems of thought, these sonnets of pure reason.
There is something so wonderfully transformational about this art form. The relationship
between the triangle and the rectangle was a mystery, and then that one little line made it
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obvious. I couldn’t see, and then all of a sudden I could. Somehow, I was able to create a
profound simple beauty out of nothing, and change myself in the process. Isn’t that what art is
all about?

This is why it is so heartbreaking to see what is being done to mathematics in school. This
rich and fascinating adventure of the imagination has been reduced to a sterile set of “facts™ to be
memorized and procedures to be followed. In place of a simple and natural question about
shapes, and a creative and rewarding process of invention and discovery, students are treated to
this:

Triangle Area Formula:

A=172bh h

b

“The area of a triangle is equal to one-half its base times its height.” Students are asked to
memorize this formula and then “apply” it over and over in the “exercises.” Gone is the thrill,
the joy, even the pain and frustration of the creative act. There is not even a problem anymore.
The question has been asked and answered at the same time— there is nothing left for the
student to do.

Now let me be clear about what I'm objecting to. It’s not about formulas, or memorizing
interesting facts. That’s fine in context, and has its place just as learning a vocabulary does— it
helps you to create richer, more nuanced works of art. But it’s not the facr that triangles take up
half their box that matters. What matters is the beautiful idea of chopping it with the line, and
how that might inspire other beautiful ideas and lead to creative breakthroughs in other
problems— something a mere statement of fact can never give you.

By removing the creative process and leaving only the results of that process, you virtually
guarantee that no one will have any real engagement with the subject. It is like saying that
Michelangelo created a beautiful sculpture, without letting me see it. How am I supposed to be
inspired by that? (And of course it’s actually much worse than this-- at least it’s understood that
there is an art of sculpture that I am being prevented from appreciating).

By concentrating on what, and leaving out why, mathematics is reduced to an empty shell.
The art is not in the “truth” but in the explanation, the argument. It is the argument itself which
gives the truth its context, and determines what is really being said and meant. Mathematics is
the art of explanation. If you deny students the opportunity to engage in this activity — to pose
their own problems, make their own comnjectures and discoveries, to be wrong, to be creatively
frustrated, to have an inspiration, and to cobble together their own explanations and proofs— you
deny them mathematics itself. So no, I'm not complaining about the presence of facts and
formulas in our mathematics classes, I'm complaining about the lack of mathemarics in our
mathematics classes.

f your art teacher were to tell you that painting is all about filling in numbered regions, you

would know that something was wrong. The culture informs you— there are museums and
galleries, as well as the art in your own home. Painting is well understood by society as a
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medium of human expression. Likewise, if your science teacher fried to convince you that
astronomy is about predicting a person’s future based on their date of birth, you would know she
was crazy— science has seeped into the culture to such an extent that almost everyone knows
about atoms and galaxies and laws of nature. But if your math teacher gives you the impression,
either expressly or by default, that mathematics is about formulas and definitions and
memorizing algorithms, who will set you straight? '

The cultural problem is a self-perpetuating monster: students learn about math from their
teachers, and teachers learn about it from their teachers, so this lack of understanding and
appreciation for mathematics in our culture replicates itself indefinitely. Worse, the perpetuation
of this “pseudo-mathematics,” this emphasis on the accurate yet mindless manipulation of
symbols, creates its own culture and its own set of values. Those who have become adept at it
derive a great deal of self-esteem from their success. The last thing they want to hear is that
math is really about raw creativity and aesthetic sensitivity. Many a graduate student has come
to grief when they discover, after a decade of being told they were “good at math,” that in fact
they have no real mathematical talent and are just very good at following directions. Math is not
about following directions, it’s about making new directions.

And I haven’t even mentioned the lack of mathematical criticism in school. At no time are
students let in on the secret that mathematics, like any literature, is created by human beings for
their own amusement; that works of mathematics are subject to critical appraisal; that one can
have and develop mathematical taste. A piece of mathematics is like a poem, and we can ask if
it satisfies our aesthetic criteria: Is this argument sound? Does it make sense? Is it simple and
elegant? Does it get me closer to the heart of the matter? Of course there’s no criticism going on
in school— there’s no art being done to criticize!

Why don’t we want our children to learn to do mathematics? Is it that we don’t trust them,
that we think it’s too hard? We seem to feel that they are capable of making arguments and
coming to their own conclusions about Napoleon, why not about triangles? I think it’s simply
that we as a culture don’t know what mathematics is. The impression we are given is of
something very cold and highly technical, that no one could possibly understand— a self-
fulfilling prophesy if there ever was one.

It would be bad enough if the culiure were merely ignorant of mathematics, but what is far
worse is that people actually think they do know what math is about— and are apparently under
the gross misconception that mathematics is somehow useful to society! This is already a huge
difference between mathematics and the other arts. Mathematics is viewed by the culture as
some sort of tool for science and technology. Everyone knows that poetry and music are for pure
enjoyment and for uplifting and ennobling the human spirit (hence their virtual elimination from
the public school curriculum) but no, math is impoitant.

SIMPLICIO: Are you really trying to claim that mathematics offers no useful or
practical applications to society?

SALVIATL:  Of course not. I'm merely suggesting that just because something
happens to have practical consequences, doesn’t mean that’s what it is
about. Music can lead armies into battle, but that’s not why people
write symphonies. Michelangelo decorated a ceiling, but I'm sure he
had loftier things on his mind.
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7. Practice Problems

7.1 Spherical Geometry Problems

Spherical Geometry Practice Probems

TRUE/FALSE

1. The shortest point between two points on a sphere is on the arc of a great circle.

2. If two great circles intersect to form a right angle, they are perpendicular.

3. On a sphere there is only one distance that can be measured between two points.

4. A great circle is infinite.

5. Every two unique geodesics on a sphere must cross at two points

6. Two perpendicular ‘lines’ on a sphere create four right angles.

7. A triangle on a sphere may have three right angles.

8. On a sphere if two ’lines’ are perpendicular to a given line, the two lines are parallel.

9. Rectangles can be drawn on a sphere.
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. true

. true

. false (the great circle connects the points in two ways)

. false

. true

. false (there is another set of 4 at the other point the two great circles intersect)

. true

. false

. false
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