
Writing With Mathematics

Part 1: Write everything in complete

sentences.

Cherney

Part of learning mathematics is learning to read and write with mathe-
matics. Aspects of this course will build and exercise high level mathematical
literacy. This handout is intended to convey the importance of practicing
such writing, what writing with mathematics looks like, what it should not
look like, and what common mistakes are made while writing about math.

This handout is the first of a set. The rest of the set will cover 2) gramat-
ical structure, 3) formatting, voice, and mood. It will be helpful to reread
previous handouts and examine their ideas in light of later handouts.

Why write and not just calculate?

A typical high school education in math focused on preparation for stan-
dardized tests such as STAR, CAT, SAT, NAEP etc. These tests tend to be
multiple choice simply because multiple choice exams are easy to grade via
scanning technology. As a result students are not trained to communicate
about mathematics with people, but rather to communicate with Scantron
machines. It has been a matter of considerable debate if this training leads
to any desirable skill set. It is not a matter of debate that practicing com-
munication with humans leads to improved communication with humans.

For Beyond This Class

The ability to calculate using certain algorithms is ephemeral and of little
importance; you will forget how to perform long division just as you will
forget how to ‘sound out’ the words “See Jane Run”. You will almost never
perform long division and you will almost never sound out “See Jane Run”
again. You learned long division as a step toward mathematical literacy, just
as you learned how to ‘sound out’ simple words as a step in your literacy.

Your verbal literacy and mathematical literacy are not independent of
one another; mathematics needs to become a part of your everyday language
if you wish to participate in the world. From pitching a business plan to un-
derstanding a coupon, from learning science to describing the way the world
works to others, mathematics is a tool for communication of precise ideas.
Communication skills, in contrast to calculation skills, develop cumulatively
over the course of a life and are of prime importance. To communicate or



develop precise ideas you must be an effective communicator. If you can cal-
culate and can not communicate then you are not of use; the modern world is
full of things that can compute better than you. They are called computers.
On the other hand, if you can communicate well then you can easily relearn
to any algorithms you have forgotten AND develop new means of calculation
with others. This is what the world wants of you, not a vain attempt to learn
to compute better than a computer.

So, imagine your classwork stapled to your future job applications (or
business plan pitches etc..) as an example to your prospective employers of
your ability to communicate. Ask yourself what would get you hired; would
it be pages of calculations that only you can read (effectively scratch paper)
or would it be well written, well thought out, clearly delineated steps of
deductive logic?

For This Class

As you carefully write about a topic you often discover gaps in your under-
standing, and that you can fill in these gaps on your own. The act of filling in
these gaps will build self-confidence in your understanding. That confidence
will lead to better performance on exams. You should practice the way you
want to perform. This holds for sports, music... and academics.

What should my goals be while writing?

These three imperatives should guide your writing:

1. Communicate while you Calculate;

2. Give sufficient context;

3. Be clear, concise, and accurate.

0.1 Communicate While You Calculate

The phrase to keep in mind while starting the transition from calculating
without communicating to communicating while calculating is
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“Write everything in complete sentences.”

The only exceptions to this rule being pictures and diagrams, which will be
discussed later.

Your primary goal should be to show (via complete sentences) a string of
logic that leads to an answer/response. Simply reporting a numerical result
of a calculation is unacceptable.

An example of an unacceptable writing follows.

f(x) = x2, g(x) = x + 1, f(g(2)) = 9. d

This writing is not in sentences and does not show a chain of logic. Presum-
ably someone who wrote this was attempting communicate the contents of
the following line.

If f(x) = x2 and g(x) = x + 1 then f(g(2)) = f(2 + 1) = f(3) = 32 = 9. u

This writing is in sentences and shows how certain statements imply other
statements. That is, it shows a flow of logic.

If one is new to writing about mathematics one may uncertain about
which details to explicitly state. For example, a student might worry that
the above is insufficient because it does not include the line “since 2+1 = 3”.
This uncertainty can be alleviated by practice and by knowing your audience;
some readers would be annoyed at the inclusion of the arithmetic statement,
others might need the reminder. For the sake of classwork, pretend your
audience is another student that knows as much as you did a few weeks ago.

To reiterate, when you answer a question or implement instructions your
goal is not to obtain a number and put it in a box. Your goal is to put
together a string of deductive logic that leads from from some conditions to
some conclusions.

A good saying is

“The answer is the whole argument.” u
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0.2 Give sufficient context

Your secondary goal should be to give your reader enough information to un-
derstand what you are saying without needing to look up the question/instructions
you are responding to. You should not even implant the idea of looking at
another source.

An example of writing with insufficient context is the following line.

The number of wolves after 3 years is 1,000
3+2

= 200 so there aren’t
enough to go hunting. d

It is not clear why we are reading the words “1,000
3+2

=” nor in what sense there
are not enough wolves to go hunting. An improvement upon this writing is
the following.

If in order for wolf hunting licenses to be issued for a certain forest
the pollution of wolves must exceed 250, and the number of wolves
N as a function of time t in years since the licensing began is given
by N(t) = 1000

t+2
, then after 3 years the number of wolves N(3) =

1,000
3+2

= 200 is below the threshold for issuing licenses. u

Even when responding to questions/problems that are not “word problems”
you should give sufficient context, as the following line fails to do.

If you multiply f and g then you get x + 1. d

No one besides the writer of this sentence knows why it might be true. Con-
trast this with the following sentence.

The product of the functions x + 2 and x−1
x+2

is the function x− 1. u

Part of establishing context is introducing any relevant data, symbols,
and formulas, etc. You need to do so without explicit or implicit mention of
the question/instructions you are responding to. Students tend to use the
phrase “the given” to establish context in terms of a question or instructions
they are given.
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Using the given f(x) = x2 we can find f(2) = 22. d

A conditional statement can remove the necessity of informing your reader
that you have been given some information.

If f(x) = x2 then f(2) = 22 = 4. u

For a more in depth example, lets say you are given the following instruc-
tions.

Calculate the quantities of vanilla ice cream and mocha ice cream
you can make if each gallon of vanilla ice cream requires 2 cups of
sugar and 2 cups of milk, each pint of mocha ice cream requires 3
cups of sugar and 2 cups of milk, and you have 60 cups of sugar
and 45 cups of milk.

Statements like “Let x be vanilla and y be mocha” are insufficient to give
context of an answer to a question or implementation of instructions. Giving
sufficient context means writing as though your audience has not seen the
question or instructions you are responding to.
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If each gallon of vanilla ice cream requires 2 cups of sugar and
each gallon of mocha ice cream requires 3 cups of sugar and all of a
60 cup sugar supply is to be used to make ice cream, then

2x + 3y = 60

where x and y are the numbers of gallons of vanilla and mocha ice
cream made, respectively. If further each gallon of vanilla ice cream
requires 2 cups of milk and each gallon of mocha ice cream require 2
cups of milk and all of a 30 cup sugar supply is to be used to make
ice cream, then

2x + 2y = 45.

Subtracting the second of these equations from the first yields

y = 15.

Substituting 15 for y in the second equation yields

2x + 2(15) = 45

or
x = 15/2.

Thus, 7.5 and 15 gallons of vanila and mocha ice cream, respectively,
can be made with 30 cups of sugar and 35 cups of milk. u

0.3 Be clear, concise, and accurate.

Your tertiary goal should be to choose words carefully to construct a small
number of sentences, each of reasonable length, with no mistakes in logic or
calculation.

The following is not clear.
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The amount of money.

F = P (1 + rt)

Its .05 and P is 500 so when t is 2 it is

500(1 + (.05)2) = 550.
d

The first line is not a sentence; if your writing is to be readable put ev-
erything in sentences. The meaning of the symbols F,P,R, and t are not
specified, nor is any context given. A vast improvement on the above pre-
sentation is given below.

The value F of an investment earning simple interest at an annual
interest rate r after t years in terms of its initial P when t is zero is
given by

F = P (1 + rt).

If the interest rate is .05 and initial value is 500 then after 2 years
the value of the investment is

500(1 + (.05)2) = 550.
u

For clarity, it pays to proof read. But proof reading one’s own writing is
next to impossible just after writing. Put some time in between your writing
and your proof reading.

The following is not concise.
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Since the janitorial costs in 2011 were $106 and the janitorial costs
in 2012 were $3× 106 and since a linear is to be used to extrapolate
the janitorial costs in 2014, and since the point-point form for a
linear function whose graph includes the points (x1, y1) and (x1, y1)
is y2−y1

x2−x1
(x−x1)+y1 we can calculate the extrapolation. To calculate

the extrapolation we calculate

(3 − 1)/(2012 − 2011)(x− 2011) + 1.

This calculation gives

2(x− 2011) + 1.

The calculation of the extrapolation then looks like

2(2014 − 2011) + 1 = 5.

The janitorial costs will be approximately 5 × 106 in 2014. d

Repetition of various phrases rendered that example difficult to read.
Also, the phrase ‘looks like’ is noncommittal and inappropriate for a calcu-
lation. The following is an improved version.

If the janitorial costs of a business in the years 2011 and 2012 were
$106 and $3×106 in 2011 and 2012, respectively, then a linear model
L based on this information may be used to extrapolate the costs in
2014. The point-point form of a linear function whose graph includes
the points (x1, y1) and (x1, y1) is y2−y1

x2−x1
(x−x1)+y1, so identifying the

years and costs (in millions of dollars) as x and y values, respectively,
yields the linear model

L(x) = (3 − 1)/(2012 − 2011)(x− 2011) + 1 = 2(x− 2011) + 1.

Since L(2014) = 2(2014− 2011) + 1 = 5 the model predicts that the
janitorial costs for 2014 will be $5 × 106. u

In homework, as in the rest of life, work may be repetitive. When this is
the case a writer need not pass on that repetition to his reader. The following
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is not concise.

13) If f(x) = x2 then f(1) = 12 = 1.
14) If f(x) = x + 2 then f(1) = 1 + 2 = 3.
15) If f(x) = x/2 then f(1) = 1/2. d

Compare this collection of three sentences to the following single sentence.

13-15)

If f(x) = x2, g(x) = x + 2 and h(x) = x/2
then f(1) = 12 = 1, g(1) = 1 + 2 = 3 and h(1) = 1/2. u

The following is not accurate.

If the the function x+ 1 is composed with the function x2 the result
derived the result is

d
dx

(x2 + 1)2 = 2(x2 + 1) d
dx

(x2 + 1) = 2(x2 + 1)2x. d

Not only is the composition of the functions supposed to be (x + 1)2,
the verb “derived” is in error; the word “differentiated” would have been
accurate. Accurate use of technical terms is necessary to communicate in
technical fields. Inaccurate use of these terms leads to distraction of the
reader at minimum, and insurmountable confusion for your reader at worst.

Whose example do I follow?

Examples in textbooks usually follow the three imperatives above very well.
However, textbooks often additionally give diagrammatic presentations. You
should be aware of the distinction between diagrammatic and verbal com-
munication.

Lecture examples are, unfortunately, highly constrained by time and
space (available on the blackboard or projector) and so are usually very poor
examples of writing with the three imperatives above in mind. Keep in mind
that examples in lecture are supplemented by vocalizations, gesticulations,
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and emotions which allow for an important kind of communication that is
not possible in writing.

Lastly, be aware that heavy reliance on examples will not lead to skill.
Think of learning to play an instrument or play a sport. There is no re-
placement for practice in developing skill. The best way to bring about
improvement in your writing is to stay humble, realize that all writing can
be improved upon (including mine and yours), and reflect often on others’
feedback and on how you can improve.

Do not fear productive struggle!
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