Preface
Philosophy
One of the most important questions we ask ourselves as teachers is “what do we want our
students to remember about this course ten years from now?”
Our answer is sobering. From a ten year perspective most thoughts about the syllabus—
“what should be covered”—seem irrelevant. What matters more is our wish to change the way
our students’ minds work—the way they approach a problem, or, more generally, the way they
approach the world. Most people “skip the numbers” in newspapers, magazines, on the web and
(more importantly) in financial information. We hope that in ten years our students will follow
the news, confident in their ability to make sense of the numbers they find there.
To help them, we built this book around problems suggested by the news of the day as we
were writing. We also consider issues that are common—and important—such as student loans.
Common sense guides the analysis; we introduce new mathematics only when it’s really needed.
In particular, you’ll find here very few problems invented just to teach particular mathematical
techniques.
This preface is meant for students. There’s also an instructor’s manual that offers more
detail about how we carry out our intentions. Students are free to read that too.

Organization
Most quantitative reasoning texts are arranged by topic—the table of contents reads like a list
of mathematics to be mastered. Since the mathematics is only a part of what we hope to teach,
we’ve chosen another strategy. Each chapter starts with a real story that can be best understood
with careful reading and a little mathematics. The stories involve (among other things):

r Back of an envelope estimation.
r Discounts, inflation and compound interest.
r Income distribution in the United States.
r Reading an electricity bill.
r The graduated income tax.
r Reading a credit card bill.
r Paying off a mortgage or a student loan.
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r Lotteries, gambling, insurance and the house advantage.
r False positives and the prosecutor’s fallacy.
The best tool for understanding is common sense. We start there. When more is called for
we practice “just in time” mathematics. The mathematics you need to understand a question
appears when we ask the question. We don’t ask you to learn something now because you’ll
need it later. You always see the mathematics in actual use.
This book differs from many at its level because we focus on how to consume numbers
more than on how to produce them.

Paying attention to the numbers
We hope that when you’ve finished this course you will routinely look critically at the numbers
you encounter every day. Questions like these should occur to you naturally:

r What do the numbers really mean?
r What makes them interesting (or not)?
r Are they consistent? Distorted?
r Do I believe them? Where do they come from?
r How might I check them?
r What conclusions can I draw from them?
To help you answer these kinds of questions we will think about:

r Relative and absolute change.
r Percentages.
r Units: all interesting numbers are numbers of something.
r Estimation skills. Counting zeroes: million, billions, trillions and beyond.
r Significant digits, orders of magnitude, quick and dirty mental arithmetic.
r Using a spreadsheet to ask “what-if ” questions.
r Using a spreadsheet to display data.
r Models: when simple mathematics can clarify how data may be related.
r Probability and randomness.

Common sense and common knowledge
You can understand the numbers in a paragraph from the newspaper only if you understand
something about the subject it addresses. Many of the discussions in the text and the exercises
provide opportunities to explore—to learn things you might not know about economics or history or psychology or sociology or science or literature. When words or concepts are unfamiliar,
or you’re unsure of their meanings, look them up. Explore the ideas before you focus on the
numbers.
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The exercises
In guessing a conundrum, or in catching a flea, we do not expect the breathless victor
to give us afterwards, in cold blood, a history of the mental or muscular efforts by
which he achieved success; but a mathematical calculation is another thing.
Lewis Carroll
A Tangled Tale
Answers to Knot 4[R1]
Many textbooks give you a head start on the problems because they occur at the end of the
section in which the relevant mathematics is taught. You need only look back a few pages to
find a sample problem like the one you’re working on. Often all you have to do is change the
numbers.
There are few like that here. Most of ours call for a more extended solution—at least several
sentences, sometimes several paragraphs. You can’t simply calculate and then circle the answer
on the page. On exams and on homework assignments we frequently remind you of what we
expect with boilerplate like this:
Be sure to write complete sentences. Show how you reached the answer you did.
Identify any sources you used. When you refer to a website you should indicate why
you think it is a reliable source—there’s lots posted online that’s just plain wrong.
Some exercises have hints at the back of the book. Try not to look at them until you’ve thought
about the problem yourself for a while. If you invent or solve a problem and are particularly
pleased with what you’ve done, send it to us and we’ll consider incorporating it in a later edition
of the book, with credit to you, of course. If you find an error, please let us know.
When you think you’ve finished an exercise, read your answer carefully just to see that it
makes sense. If you estimate an average lawyer’s annual income as $10,000 you have probably
made a mistake somewhere. It’s better to write “I know this is wrong, but I can’t figure out
why—please help me” than to submit an answer you know is wrong, hoping no one will notice.
We’ve annotated some of the exercises. Here’s what the tags mean:

r [S]: The solution manual contains an answer.
r [U]: This exercise is untested. We think it might be a good one, but haven’t yet tried it out in
a class.

r [C]: This exercise is complex, or difficult, or ambiguous. Many problems in the real world
are like that, so this book has a few too.

r [W]: This is a worthy exercise. It’s particularly instructive, perhaps worth taking up in class.
r [R]: A routine exercise.
r [A]: An exercise with artificial numbers. Sometimes problems like this are good for emphasizing particular points, but we try to avoid them when we can.

r [N]: The idea for an exercise, with no details yet.
r [Goal x.y]: Contributes to mastery of Goal y of Chapter x.
r [Section x.y]: Depends on or adds to material in Section y of Chapter x.
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The world is a messy place
When you’re reading the newspaper or come across a web page or see an ad on television
you’re not told which chapter of the book will help you understand the numbers there. You’re on
your own.
When we ask open ended questions like those triggered by the news of the day our students
are often uncomfortable. Here are comments expressing that discomfort, from two students,
part way through the course:

r I still don’t understand sometimes how we are given questions that are almost meant to confuse the reader.

r The only improvements I would make would be that we have more structured problems for
homework, occasionally they can be broad.
But at the end of the semester students wrote anonymously in answer to the question “What are
the strong points of this course?”

r In Quantitative Reasoning we are learning how to look into numbers instead of just looking
at them.

r Use math in everyday settings instead of thinking when will I ever use this.
r It covers a real-world perspective of math.
r This course taught material that will be extremely helpful in the future.
r It teaches math that can be used every day, and skills in Excel that are useful and that I will
definitely be using down the line.

r This course is very useful for me in the outside world and I feel that I will benefit from
r
r
r
r
r

the education I received from this class and I will be able to apply my new knowledge to
situations outside of the classroom.
This course has taught me a lot about obtaining information, and using it in ways that I had
not before.
Very applicable subject matter for other areas of academics and professions. The course was
something of a blend of refresher mathematics, and a new ways to apply them to everyday
life.
The math was more interesting, relevant. Good examples, news articles employed.
I think that hardest part about this class was thinking. When you usually enter a math class
the only thinking that you have to do is remember equations but in this math class I had to do
research and find things on my own to help me out to answer a question.
For the love of all that is good, why is an English major/poet/musician forced to take math
all these years? I am not well-rounded or more comfortable with math, it has just drawn out
my college career, costing me time and money that I don’t have. I will never use math in my
life, the types that I will employ I learned in elementary school. This was the best math class
I have ever taken though.

Real and up to date
Our philosophy demands that the examples and exercises in Common Sense Mathematics pose
real questions of genuine interest. Therefore they usually come from the news of the day at the
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time we wrote them. You don’t have to go to the original sources to answer the questions, but if
you’re curious you can. You will find the bibliographic details in the References section at the
end of the book.
One problem with our philosophy is that the text is out of date as soon as it’s printed. Our
remedy is to rewrite the course and add to the exercises on the fly each time we teach it. We
hope other instructors will do that too. That way nothing is ever stale, which is good. What’s
less good is that the discussions here may not correspond to what actually happens in the course
you are taking.

Common Sense Mathematics on the web
The home page for this text is commonsensemathematics.net. There you will find the
spreadsheets we refer to, a link to a teaching blog for the years 2008-2014, errata we find (or
you tell us about) and other information teachers and students of quantitative reasoning might
find useful.

Technology
We wrote this text to help students understand questions where quantitative reasoning plays a
part. To that end, we take advantage of any tools that will reduce drudgery and prevent careless
errors.
For most applications, an ordinary four function calculator will do—and these are ubiquitous. You probably have one on your cell phone. When more advanced arithmetic is called for
you can use a spreadsheet or the calculator on your computer or the internet.
You’ll find references to websites in the exercises and elsewhere throughout the book. The
references were accurate when we wrote the book, but we know that the web changes. If a link
doesn’t work, don’t give up. Most likely it’s moved somewhere else. A broken link isn’t an
excuse to skip a homework problem. Instead, be resourceful. Look around on the web or email
us or your instructor.
We think an educated citizen these days should be able to refer to the internet wisely and
effectively and be comfortable using a spreadsheet. In Common Sense Mathematics we use
Excel, not because we are particularly fond of Microsoft, but because it is the most common
spreadsheet in use today. But almost all our spreadsheets can be recreated in any spreadsheet
program now or (we imagine) in the near future.
A spreadsheet program is good for data analysis, for asking “what if ” questions and for
drawing graphs. It also helps make mathematical abstractions like “function” real, rather than
formal. We introduce Excel in Chapters 6 and 7. From then on we ask you to create spreadsheets, and to use simple ones we’ve built for you—more complex than ones you could write,
but not too hard to read and understand as well as use.
We regularly refer to searching with Google, because it is the most commonly used search
engine. But any other should do; use your favorite.
One search feature turns out to be particularly useful. Both Google and Bing will do arithmetic for you when you type a numerical calculation in the search field.
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Old vs. new
If you know one way to do a problem should you learn another? That depends. (“That depends”
is the answer to most interesting questions. If the question calls for a straightforward “yes” or
“no” or just a number or something you can discover in one step with a web search the question
is probably not very interesting.)
If you rarely encounter similar problems it’s not worth the effort needed to understand and
remember a new way to do them. But if you expect to see many, then it may pay to learn that
new method.
For example, if you plan to spend just a day or so in a foreign country, get a phrase book
with the common words you’ll need to communicate. But if you plan to live there half the year,
learn the language.
Here’s a second example. When using a computer, there are many things you can do with
either the mouse or the keyboard. The mouse is intuitive. You can see just what’s happening,
and there’s nothing to remember. Just pull down the menu and click. But the keyboard is faster.
So if you’re going to do something just once or twice, use the mouse, but if you’re going to
do it a lot, learn the keyboard shortcut. In particular, in computer applications these days you
often copy text from one place to paste it in another, whether that’s from a web page, or in your
word processor or spreadsheet. You can do that from the edit menu, or you can use the keyboard
shortcuts control-C and control-V. Learn the shortcuts!
We have tried in this book to teach you new ways to do things when we think those new
ways will serve you well in the future. We’ve resisted the temptation when those new ways are
just clever tricks mathematicians are fond of that don’t really help you in the long run.

Truth and beauty
We’ve worked to limit the mathematics we cover to just what you need, along with common
sense and common knowledge, to help you deal with the quantitative parts of a complex world.
But there is another important reason to study mathematics.
You read not only because it’s useful, but because reading can give you access to poetry.
You cook not only because you must eat to live, but because there can be pleasure in preparing
tasty meals and sitting down in good company to enjoy them. We became mathematicians not
only because mathematics is useful, but because (for us and some other people like us) it’s
beautiful, too.
This passage from Henry Wadsworth Longfellow’s 1849 novel Kavanagh captures both the
truth and the beauty of mathematics (as we hope we have).
“For my part,” [says Mary Churchill] “I do not see how you can make mathematics
poetical. There is no poetry in them.”
“Ah, that is a very great mistake! There is something divine in the science
of numbers. Like God, it holds the sea in the hollow of its hand. It measures the
earth; it weighs the stars; it illumines the universe; it is law, it is order, it is beauty.
And yet we imagine—that is, most of us—that its highest end and culminating
point is book-keeping by double entry. It is our way of teaching it that makes it so
prosaic.” [R2]
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Contact us
We welcome questions, feedback, suggested problems (and solutions) and notes about errors.
You may contact us by email at eb@cs.umb.edu (Ethan Bolker) or mmast@fordham.edu
(Maura Mast).
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