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Chapter 1:
Arithmetic

Our goal in this book is not only to introduce and review fundamental math skills, but also to provide a 
means for you to practice applying these skills. Toward this end, we have included a number of “Check 
Your Skills” questions throughout each chapter. After each topic, do these problems one at a time, 
checking your answers at the back of the chapter as you go. If you find these questions challenging, 
re-read the section you just finished.

In This Chapter:

	 •	Quick	Start	rules	of	numbers
	 •	PEMDAS
	 •	Combining	like	terms	and	pulling	out	common	factors

Quick-Start Definitions
Whether you work with numbers every day or avoid them religiously, give a good read to this first sec-
tion, which gives “quick-start” definitions for core concepts. We’ll come back to many of these concepts 
throughout the book. Moreover, bolded terms in this section can be found in the glossary at the back 
of the book.

Basic Numbers
All the numbers that we care about on the GMAT can be shown as a point somewhere on the number 
line.

−3... ...−2 −1 0 1 2 3

Another word for number is value.
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Counting numbers are 1, 2, 3, and so on. These are the first numbers that you ever learned—the ste-
reotypical numbers that you count separate things with.

...1 2 3

Digits are ten symbols (0, 1, 2, 3, 4, 5, 6, 7, 8, and 9) used to represent numbers. If the GMAT asks 
you specifically for a digit, it wants one of these ten symbols.

Counting numbers above 9 are represented by two or more digits. The number “four hundred twelve” is 
represented by three digits in this order: 412.

Place value tells you how much a digit in a specific position is worth. The 4 in 412 is worth 4 hundreds 
(400), so 4 is the hundreds digit of 412. Meanwhile, 1 is the tens digit and is worth 1 ten (10). Finally, 2 
is the units digit and is worth 2 units, or just plain old 2.

412 = 400 + 10 + 2

Four hundred 
twelve

equals 4  
hundreds

plus 1  
ten

plus 2 units  
(or 2).

The GMAT always separates the thousands digit from the hundreds digit by a comma. For readability, 
big numbers are broken up by commas placed three digits apart.

1,298,023 equals one million two hundred ninety-eight thousand twenty-three.

Addition (+, or “plus”) is the most basic operation in arithmetic. If you add one counting number to 
another, you get a third counting number further out to the right.

7 + 5 = 12 +5

0 7 12

Seven plus five equals twelve.

12 is the sum of 7 and 5.

You can always add in either order and get the same result.

5 + 7 = 12
+7

0 5 12

Five plus seven equals twelve.
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Subtraction (-, or “minus”) is the opposite of addition. Subtraction undoes addition.

7 + 5 - 5 = 7
Seven plus five minus five equals seven.

Order matters in subtraction. 6 - 2 = 4, but 2 - 6 = something else (more on this in a minute). By the 
way, since 6 - 2 = 4, the difference between 6 and 2 is 4.

Zero (0) is any number minus itself.

7 - 7 = 0
−7

0 7
Seven minus seven equals zero.

Any number plus zero is that number. The same is true if you subtract zero. In either case, you’re mov-
ing zero units away from the original number on the number line.

8 + 0 = 8 9 - 0 = 9

Negative counting numbers are -1, -2, -3, and so on. These numbers, which are written with a  
minus sign or negative sign, show up to the left of zero on a number line. 

−3... ...−2 −1 0 1 2 3

You need negative numbers when you subtract a bigger number from a smaller number. Say you sub-
tract 6 from 2:

2 - 6 = -4 −6

−4 20

Two minus six equals negative 
four.

Negative numbers can be used to represent deficits. If you have $2 but you owe $6, your net worth is 
-$4.

If you’re having trouble computing small minus BIG, figure out BIG minus small, then make the result 
negative.

35 - 52 = ?   

  

4 /
−

52
35
17

 So 35 - 52 = -17



ArithmeticChapter 1

16

1
Positive numbers are to the right of zero on a number line. Negative numbers are to the left of zero. 
Zero itself is neither positive nor negative—it’s the only number right in the middle.

PositiveNegative 0

The sign of a number indicates whether the number is positive or negative.

Integers include all the numbers discussed so far.

•	 Counting numbers (1, 2, 3, …), also known as positive integers

•	 Negative counting numbers (-1, -2, -3, …), aka negative integers

•	 Zero (0)

−3... ...−2 −1 0 1 2 3

Check Your Skills
Perform addition & subtraction.

1. 37 + 144 = 
2. 23 - 101 =

Answers can be found on page 47.

Greater Than and Less Than
“Greater than” (>) means “to the right of” on a number line. You can also say “bigger” or “larger.”

7 > 3

0 3 7
Seven is greater

bigger
larger

than three

Careful! This definition of “greater than” means that, for negative numbers, bigger numbers are closer 
to zero. This may be counterintuitive at first.

-3 > -7
−7 −3 0Negative 

three
is greater

bigger
larger

than negative 
seven

Don’t think in terms of “size,” even though “bigger” and “larger” seem to refer to size. Bigger numbers 
are simply to the right of smaller numbers on the number line.
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The left-to-right order of the number line is negatives, then zero, then positives. So any positive number is 
greater than any negative number.

2 > -3

−3 2

0
Two is greater

bigger
larger

than negative 
three.

Likewise, zero is greater than every negative number.

0 > -3
−3 0Zero is greater

bigger
larger

than negative 
three.

“Less than” (<) or “smaller than” means “to the left of” on a number line. You can always re-express a 
“greater than” relationship as a “less than” relationship—just flip it around.

7 > 3
3 70Seven is greater

bigger
larger

than three.

3 < 7
3 70Three is less

smaller
than seven.

If 7 is greater than 3, then 3 is less than 7.

Make sure that these “less than” statements make sense:

-7 is less than -3 -7 < -3
-3 is less than 2  -3 < 2
-3 is less than 0  -3 < 0

Inequalities are statements that involve “bigger than” (>) or “smaller than” (<) relationships.

Check Your Skills
3. What is the sum of the largest negative integer and the smallest positive integer?

Quickly	plug	in	> and < symbols and say the resulting statement aloud.

4. 5 __ 16
5. -5 __ -16 

Answers can be found on page 47.
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Adding and Subtracting Positives and Negatives 
Positive plus positive gives you a third positive. 

7 + 5 = 12

7

+5

0 12

Seven plus five equals twelve.

You move even further to the right of zero, so the result is always bigger than either starting number.

Positive minus positive could give you either a positive or a negative.

BIG positive - small positive = positive

8 - 3 = 5

5

−3

80

Eight minus three equals five.

small positive - BIG positive = negative

3 - 8 = -5 −8

3−5 0

Three minus eight equals negative 
five.

Either way, the result is less than where you started, because you move left.

Adding a negative is the same as subtracting a positive—you move left.

8 + -3 = 5 −3

80 5

Eight plus negative 
three

equals five.

Negative plus negative always gives you a negative, because you move even further to the left of zero.

-3 + -5 = -8 −5

0−8 −3

Negative 
three

plus negative 
five

equals negative 
eight.
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Subtracting a negative is the same as adding a positive—you move right. Think two wrongs (subtract-
ing and negative) make a right. Add in parentheses so you keep the two minus signs straight.

7 - (-5) = 7 + 5
Seven minus negative 

five
equals seven plus five,

= 12

0 127

+5
which 
equals

twelve.

In general, any subtraction can be rewritten as an addition. If you’re subtracting a positive, that’s the 
same as adding a negative. If you’re subtracting a negative, that’s the same as adding a positive.

Check Your Skills
6. Which is greater, a positive minus a negative or a negative minus a positive?

Answers can be found on page 47.

Multiplying and Dividing
Multiplication (×, or “times”) is repeated addition.

4 × 3 = 3 + 3 + 3 + 3 = 12
Four times three equals four three’s added up, which 

equals
twelve.

12 is the product of 4 and 3, which are factors of 12.

Parentheses can be used to indicate multiplication. Parentheses are usually written with ( ), but brack-
ets [ ] can be used, especially if you have parentheses within parentheses.

If a set of parentheses bumps up right against something else, multiply that something by whatever is in 
the parentheses.

4(3) = (4)3  = (4)(3) = 4 × 3 = 12

You can use a big dot. Just make the dot big and high, so it doesn’t look like a decimal point.

4	•	3	= 4 × 3 = 12
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You can always multiply in either order and get the same result.

4 × 3 = 3 + 3 + 3 + 3 = 12
Four times three equals four three’s added up, which 

equals
twelve.

3 × 4 = 4 + 4 + 4 = 12
Three times four equals three four’s added up, which 

equals
twelve.

Division (÷, or “divided by”) is the opposite of multiplication. Division undoes multiplication.

2 × 3 ÷ 3 = 2
Two times three divided by three equals two.

Order matters in division. 12 ÷ 3 = 4, but 3 ÷ 12 = something else (more on this soon).

Multiplying any number by one (1) leaves the number the same. One times anything is that thing.

1 × 5 = 5 = 5
One times five equals one five by 

itself,
which 
equals

five.

5 × 1 = 1 + 1 + 1 + 1 + 1 = 5
Five times one equals five one’s added up, which 

equals
five.

Multiplying any number by zero (0) gives you zero. Anything times zero is zero.

5 × 0 = 0 + 0 + 0 + 0 + 0 = 0
Five times zero equals five zero’s added up, which 

equals
zero.

Since order doesn’t matter in multiplication, this means that zero times anything is zero too.

0 × 5 = 5  ×  0 = 0
Zero times five equals five times zero which 

equals
zero.

Multiplying a number by zero destroys it permanently, in a sense. So you’re not allowed to undo that 
destruction by dividing by zero. 

Never divide by zero.  13 ÷ 0 = undefined, stop right there, don’t do this.

You are allowed to divide zero by another number. You get, surprise, zero.
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0 ÷ 13 = 0

Zero divided by thirteen equals zero.

Check Your Skills
Complete the operations.

7. 7 × 6 =
8. 52 ÷ 13 = 

Answers can be found on page 47.

Distributing and Factoring 
What is 4 × (3 + 2)? Here’s one way to solve it.

4 × (3   +   2) = 4  ×  5 = 20
Four times the quantity 

three plus two
equals four times five, which 

equals
twenty.

Here, we turned (3 + 2) into 5, then multiplied 4 by that 5.

The other way to solve this problem is to distribute the 4  to both the 3 and the 2.

4 × (3   +   2) = 4  ×  3 + 4  ×  2

Four times the quantity three 
plus two

equals four times 
three

plus four times 
two,

= 12 + 8
which 
equals

twelve plus eight,

= 20
which 
equals

twenty.

Notice that you multiply the 4 into both the 3 and the 2.

Distributing is extra work in this case, but the technique will come in handy down the road.

Another way to see how distributing works is to put the sum in front.

 



ArithmeticChapter 1

22

1
(3   +   2)

5

× 4 = 3  ×  4 + 2  ×  4

Five times four equals three times 
four

plus two times 
four.

Five fours,
added 

together

equals three fours,
added to-

gether

plus two fours, 
added to-

gether

In a sense, you’re splitting up the sum 3 + 2. Just be sure to multiply both the 3 and the 2 by 4.

Distributing works similarly for subtraction. Just keep track of the minus sign.

6 × (5   -   2) = 6  ×  5 - 6  ×  2

Six times the quantity 
five minus two

equals six times 
five

minus six times 
two,

= 30 - 12
which 
equals

thirty minus twelve,

= 18
which 
equals

eighteen.

You can also go in reverse. You can factor the sum of two products if the products contain the same 
factor.

4  ×  3 + 4  ×  2 = 4 × (3   +   2)

Four times 
three

plus four times two equals four times the quantity three 
plus two.

Here, we’ve pulled out the common factor of 4 from each of the products 4 × 3 and 4 × 2. Then we put 
the sum of 3 and 2 into parentheses. By the way, “common” here doesn’t mean “frequent” or “typical.” 
Rather, it means “belonging to both products.” A common factor is just a factor in common (like a 
friend in common).

You can also put the common factor in the back of each product, if you like.
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3  ×  4 + 2  ×  4 = (3   +   2) × 4

Three times 
four

plus two times four equals the quantity three 
plus two, 
or five,

times four.

Like distributing, factoring as a technique isn’t that interesting with pure arithmetic. We’ll encounter 
them both in a more useful way later. However, make sure you understand them with simple numbers 
first.

Check Your Skills
9. Use distribution. 5 × (3 + 4) = 
10. Factor a 6 out of the following expression: 36 - 12 = 

Answers can be found on page 47.

Multiplying Positives and Negatives
Positive times positive is always positive. 

3 × 4 = 4 + 4 + 4 = 12
Three times four equals three four’s added up, which 

equals
twelve.

Positive times negative is always negative. 

3 × -4 = -4 + (-4) + (-4) = -12
Three times negative

four
equals three negative four’s,

all added up,
which 
equals

negative
twelve.

Since order doesn’t matter in multiplication, the same outcome happens when you have negative times 
positive. You again get a negative.

-4 × 3 = 3  ×  (-4) = -12
Negative 

four
times three equals three times 

negative four
which 
equals

negative 
twelve.

What is negative times negative? Positive. This fact may seem weird, but it’s consistent with the rules 
developed so far. If you want to see the logic, read the next little bit. Otherwise, skip ahead to “In prac-
tice…”

Anything times zero  
equals zero.

-2 × 0 = 0
Negative 

two
times zero equals zero.
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0 = 3 + (-3)

Substitute this in for the 
zero on the right.

-2 × [ 3 + (-3) ] = 0

Negative 
two

times the quantity three 
plus minus three

equals zero.

Now distribute the -2 
across the sum.

-2 × 3 + -2 × (-3) = 0

Negative 
two

times three

plus negative two times 
negative three

equals zero.

-6 + something = 0

That “something” must be positive 6. So -2 × (-3) = 6. 

In practice, just remember that Negative × Negative = Positive as another version of “two wrongs 
make a right.”

All the same rules hold true for dividing.

Positive ÷ Positive = Positive
Positive ÷ Negative = Negative
Negative ÷ Positive = Negative
Negative ÷ Negative = Positive

Check Your Skills
11. (3)(-4) = 
12. -6 × (-3 + (-5)) = 

Answers can be found on page 47.

Fractions and Decimals
Adding, subtracting, and multiplying integers always gives you an integer, whether positive or negative.

Int + Int =  Int
Int - Int = Int
Int × Int = Int

(Int is a handy abbreviation for a random integer, by the way, although the GMAT won’t demand that 
you use it.)

However, dividing an integer by another integer does not always give you an integer.



Chapter 1Arithmetic

25

1
Int     ÷ Int = sometimes an integer,
    sometimes not!

When you don’t get an integer, you get a fraction or a decimal—a number between the integers on the 
number line.

7 ÷ 2 =
7
2

= 3.5

0 1 2 3 4

3.5

Seven 
divided by 

two

equals seven 
halves,

which 
equals

three point 
five.

Fraction Decimal

A horizontal fraction line or bar expresses the division of the numerator (above the fraction line) by 
the denominator (below the fraction line).

Numerator

Denominator

Fraction line
7         7 2
2

= ÷

In fact, the division symbol ÷ is just a miniature fraction. People often say things such as “seven over 
two” rather than “seven halves” to express a fraction.

You can express division in three ways: with a fraction line, with the division symbol ÷, or with a slash 
(/). 

7         7 2         7 / 2
2

= ÷ =

A decimal point is used to extend place value to the right for decimals. Each place to the right of the 

decimal point is worth a tenth ( 1
10

), a hundredth ( 1
100

), etc.

3.5 = 3 +
5

10
Three point 

five
equals three plus five 

tenths.

1.25 = 1 +
2

10
+

5
100

One point 
two five

equals one plus two 
tenths

plus five  
hundredths.
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A decimal such as 3.5 has an integer part (3) and a fractional part or decimal part (0.5). In fact, an 
integer is just a number with no fractional or decimal part.

Every fraction can be written as a decimal, although you might need an unending string of digits in the 
decimal to properly express the fraction.

4 ÷ 3 =
4
3

= 1.333… = 1 3.

Four divided by 
three

equals four thirds  
(or four over three), 

which 
equals

one point three 
three three dot dot 

dot, forever and 
ever, 

which 
equals

one point three 
repeating.

Fractions and decimals obey all the rules we’ve seen so far about how to add, subtract, multiply and di-
vide. Everything you’ve learned for integers applies to fractions and decimals as well: how positives and 
negatives work, how to distribute, etc.

Check Your Skills
13. Which arithmetic operation involving integers does NOT always result in an integer?
14. Rewrite 2 ÷ 7 as a product.

Answers can be found on page 47.

Divisibility and Even and Odd Integers
Sometimes you do get an integer out of integer division.

15 ÷ 3 =
15
3

= 5 = int

Fifteen divided by 
three

equals fifteen thirds  
(or fifteen over three), 

which 
equals

five which is an integer.

In this case, 15 and 3 have a special relationship. You can express this relationship in several equivalent 
ways.

15 is divisible by 3.
 15 divided by 3 equals an integer 15 ÷ 3 = int
15 is a multiple of 3.
 15 equals 3 times an integer 15 = 3 × int
3 is a factor of 15.
3 goes into 15.
3 divides 15.

Even integers are divisible by 2.
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14 is even because 14 ÷ 2 = 7 = an integer.
All even integers have 0, 2, 4, 6, or 8 as their units digit.

Odd integers are not divisible by 2.

15 is odd because 15 ÷ 2 = 7.5 = not an integer.
All odd integers have 1, 3, 5, 7, or 9 as their units digit.

Even and odd integers alternate on the number line.

−3... ...−2 −1 0 1 2 3

odd odd odd odd
even even even

Zero is even because it is divisible by 2.

0 ÷ 2 = 0 = an integer.

Only integers can be said to be even or odd.

Check Your Skills
15. Fill in the blank. If 7 is a factor of 21, then 21 is a _____ of 7.
16. Is 2,284,623 divisible by 2?

Answers can be found on page 47.

Exponents and Roots (and Pi)
Exponents represent repeated multiplication. (Remember, multiplication was repeated addition, so this 
is just the next step up the food chain.)

In 52, the exponent is 2, and the base is 5. The exponent tells you how many bases you put together in 
the product. When the exponent is 2, you usually say “squared.”

52 = 5 × 5 = 25

Five 
squared

equals two fives multiplied 
together, or five times 

itself,

which 
equals

twenty-five.

When the exponent is 3, you usually say “cubed.”
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43 = 4 × 4 × 4 = 64

Four 
cubed

equals three fours multiplied 
together, or four times 

four times four

which 
equals

sixty-four.

For other exponents, you say “to the ___ power” or “raised to the ___ power.”

25 = 2 × 2 × 2 × 2 × 2 = 32
Two to the 
fifth power

equals five two’s multiplied 
together,

which 
equals

thirty-two.

When you write exponents on your own paper, be sure to make them much tinier than regular num-
bers, and put them clearly up to the right. You don’t want to mistake 52 for 52 or vice versa.

By the way, a number raised to the first power is just that number.

71 =  7 = 7
Seven to the 
first power

equals just one seven in 
the product,

which 
equals

seven.

A perfect square is the square of an integer.

25 is a perfect square because 25 = 52 = int2.

A perfect cube is the cube of an integer.

64 is a perfect cube because 64 = 43 = int3.

Roots undo exponents. The simplest and most common root is the square root, which undoes squar-
ing. The square root is written with the radical sign ( ). 

52 = 5 × 5 = 25, so 25 = 5
Five squared equals five times 

five,
which 
equals

twenty-five so the square root of 
twenty-five

equals five.

As a shortcut, “the square root of twenty-five” can just be called “root twenty-five.”

Asking for the square root of 49 is the same as asking what number, times itself, gives you 49.

49 = 7 because 7 × 7 = 72 = 49

Root forty-nine equals seven, because seven 
times 
seven,

which 
equals

seven 
squared,

equals forty-nine.

The square root of a perfect square is an integer, because a perfect square is an integer squared.
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36 = int because 36 = int2

The square root of 
thirty-six

is an integer, because thirty-six equals an integer 
squared.

The square root of any non-perfect square is a crazy unending decimal that never even repeats, as it 
turns out.

2 ≈ 1.414213562… because (1.414213562…)2 ≈ 2

Root two is 
about

one point four one four 
two blah blah,

because that thing squared is 
about

two.

The square root of 2 can’t be expressed as a simple fraction, either. So usually we leave it as is ( 2 ), or 
we approximate it ( 2  ≈ 1.4).

While we’re on the subject of crazy unending decimals, you’ll encounter one other number with a crazy 
decimal in geometry: pi (π).

Pi is the ratio of a circle’s circumference to its diameter. It’s about 3.14159265… without ever repeating.

Since pi can’t be expressed as a simple fraction, we usually just represent it with the Greek letter for p 
(π), or we can approximate it (π ≈ 3.14, or a little more than 3).

Cube roots undo cubing. The cube root has a little 3 tucked into its notch ( 3 ).

83 = 2 because 23 = 8

The cube root of eight equals two, because two cubed equals eight.

Other roots occasionally show up. The fourth root undoes the process of taking a base to the fourth 
power.

814 = 3 because 34 = 81

The fourth root of 
eighty-one

equals three, because three to the 
fourth power

equals eighty-one.

Check Your Skills
17. 26 = 
18. 273 =

Answers can be found on page 47.
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Variable Expressions and Equations
Up to now, we have known every number we’ve dealt with. Algebra is the art of dealing with unknown 
numbers.

A variable is an unknown number, also known simply as an unknown. You represent a variable with a 
single letter, such as x or y. 

When you see x, imagine that it represents a number that you don’t happen to know. At the start of a 
problem, the value of x is hidden from you. It could be anywhere on the number line, in theory, unless 
you’re told something about x.

The letter x is the stereotypical letter used for an unknown. Since x looks so much like the multiplica-
tion symbol ×, you generally stop using × in algebra to prevent confusion. To represent multiplication, 
you do other things. 

To multiply variables, just put them next to each other.

What you see What you say What it means
xy “x y” x times y
abc “a b c” The product of a, b, and c

To multiply a known number by a variable, just write the known number in front of the variable.

What you see What you say What it means
3x “three x” 3 times x 

Here, 3 is called the coefficient of x. If you want to multiply x by 3, write 3x, not x3, which could look 
too much like x3 (“x cubed”).

All the operations besides multiplication look the same for variables as they do for known numbers.

What you see What you say What it means

x + y “x plus y”
x plus y, 

or the sum of x and y
x - y “x minus y” x minus y

x
y

“x over y” or  
“x divided by y”

x divided by y

x2 “x squared”
x squared, which is just 

x times x

x “the square root of x” the square root of x

By the way, be careful when you have variables in exponents.
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What you see What you say What it means

3x “three x” 3 times x 

3x “three to the x” 3 raised to the xth power, or 
3 multiplied by itself x times

Never call 3x “three x.” It’s “three to the x.” If you don’t call 3x by its correct name, then you’ll never 
keep it straight.

An expression is anything that ultimately represents a number somehow. You might not know that 
number, but you express it using variables, numbers you know, and operations such as adding, subtract-
ing, etc. 

You can think of an expression like a recipe. The result of the recipe is the number that the expression is 
supposed to represent.

Expression What you say The number represented by the expression
x + y “x plus y” The sum of x and y. In other words, the recipe 

is “add x and y.” The result is the number.

3xz - y2 “3 x z minus y 
squared”

First, multiply 3, x, and z, then subtract the 
square of y. The result is the number.

2
3
w “The square root of 2 

w, all over 3”
First, multiply 2 and w together. Then take 
the square root. Finally, divide by 3. The 

result is the number.

Within an expression, you have one or more terms. A term involves no addition or subtraction (typi-
cally). Often, a term is just a product of variables and known numbers.

It’s useful to notice terms so that you can simplify expressions, or reduce the number of terms in those 
expressions. Here are the terms in the previous expressions.

Expression Terms Number of Terms

x + y x, y Two

3xz – y2 3xz, y2 Two

2
3
w 2

3
w One

If the last step in the expression recipe is adding or subtracting, then you can split the expression up into 
more than one term. Plenty of expressions contain just one term, though (just as that last one did).

An equation sets one expression equal to another using the equals sign (=), which you’ve seen plenty of 
times in your life—and in this book already.
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What you might not have thought about, though, is that the equals sign is a verb. In other words, an 
equation is a complete, grammatical sentence or statement:

Something    equals    something else.

Some expression    equals    some other expression.

Here’s an example:

3 + 2x = 11

Three plus two x equals eleven.

Each equation has a left side (the subject of the sentence) and a right side (the object of the verb equals). 
You can say “is equal to” instead of “equals” if you want:

3 + 2x = 11
Three plus two x is equal to eleven.

Solving an equation is solving this mystery:

What is x?

or, more precisely,

What is the value (or values) of x that make the equation true?

Since an equation is a sentence, it can be true or false, at least in theory. You always want to focus on 
how to make the equation true, or keep it so, by finding the right values of any variables in that equa-
tion.

The process of solving an equation usually involves rearranging the equation, performing identical op-
erations on each side until the equation tells you what the variable equals.

3 + 2x = 11 Three plus two x equals eleven.
 -3     -3 Subtract 3 Subtract 3

2x = 8 Two x equals eight.
÷2 ÷2 Divide by 2 Divide by 2
x = 4 x equals four.

The solution to the original equation is x = 4. If you replace x with 4 in the equation “3 + 2x = 11,” then 
you get “11 = 11,” which is always true. Any other value of x would make the equation false.

If the GMAT gives you the equation “3 + 2x = 11,” it’s telling you something very specific about x. For 
this particular equation, in fact, just one value of x makes the equation work (namely, 4).
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Check Your Skills
19. What is the value of the expression 2x - 3y if x = 4 and y = -1 ?

Answers can be found on page 48.

PEMDAS
Consider the expression 3 + 2 × 4.

Should you add 3 and 2 first, then multiply by 4? If so, you get 20.
Or should you multiply 2 and 4 first, then add 3? If so, you get 11.

There’s no ambiguity—mathematicians have decided on the second option. PEMDAS is an acronym to 
help you remember the proper order of operations.

PEMDAS Overview
When you simplify an expression, don’t automatically perform operations from left to right, even 
though that’s how you read English. Instead, follow PEMDAS:

Parentheses   Do P first
Exponents  Then E
Multiplication  Then either M or D
Division
Addition  Then either A or S
Subtraction

For 3 + 2 × 4, you do the M first (multiply 2 and 4), then the A (add 3 to the result).

3 + 2 × 4  = 3 + 8  = 11

If you want to force the addition to go first, add parentheses. P always goes first:

(3 + 2) × 4  = 5 × 4   = 20

Multiplication and Division are at the same level of importance in PEMDAS, because any Multiplica-
tion can be expressed as a Division, and vice versa.

7 ÷ 2 = 7 × 
1
2

In a sense, Multiplication and Division are two sides of the same coin.

Likewise, Addition and Subtraction are at the same level of importance. Any Addition can be expressed 
as a Subtraction, and vice versa.
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3 - 4 = 3 + (-4)

So you can think of PEMDAS this way:

PEM/D
A/S

If you have two operations of equal importance, do them left to right.

3 - 2 + 3  = 1 + 3   = 4

Of course, override this order if you have parentheses:

3 - (2 + 3)  = 3 - 5   = -2

Now let’s consider a more complicated expression:

3 + 4(5 - 1) - 32 × 2 = ?

Here is the correct order of steps to simplify:

     3 + 4(5 - 1) - 32 × 2

Parentheses    3 + 4(4) - 32 × 2

Exponents    3 + 4(4) - 9 × 2

Multiplication or Division  3 + 16 - 18

Addition or Subtraction   3 + 16 - 18 = 19 - 18 = 1

Let’s do two problems together. Try it first on your own, then we’ll go through it together:

5 - 3 × 43 ÷ (7 - 1)

P

E

M/D

A/S
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Your work should have looked something like this:

5 3 4 7 1

5 3 4 6

5 3 64 6

5 192 6

5 32

3

3

− × ÷ −

− × ÷

− × ÷

− ÷

−

( )  

  

  

�

�

���

���

��� ��

−−27

2
16

4
641

×
1
64

3
192
×

)6 192
32

18
12
12

0

0−

−

43 = 4 × 4 × 4 = 64  

Let’s try one more: 

32 ÷ 24 × (5 - 32)

P

E

M/D

A/S
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Here’s the work you should have done:

32 2 5 3

32 2 5 9

32 2 4

32 16 4

2 4

8

4 2

4

4

÷ × −

÷ × −

÷ × −

÷ × −

× −

−

( )

( )

( )

( )

( )

Check Your Skills
Evaluate the following expressions.

20  -4 + 12/3 = 
21. (5 - 8) × 10 - 7 =
22. -3 × 12 ÷ 4 × 8 + (4 - 6) = 
23. 24 × (8  ÷ 2 - 1)/(9 - 3) = 

Answers can be found on page 48.

Combining Like Terms
How can you simplify this expression?

3x2 + 7x + 2x2 - x

Remember, an expression is a recipe. Here’s the recipe in words:

“Square x, then multiply that by 3, then separately multiply x by 7 and add that product in, 
then square x again, multiply that by 2 and add that product into the whole thing, and then 
finally subtract x.”

Is there a simpler recipe that’s always equivalent? Sure.

Here’s how to simplify. First, focus on like terms, which contain very similar “stuff.”

Again,	a	term	is	an	expression	that	doesn’t	contain	addition	or	subtraction.	Quite	often,	a	term	is	just	a	
bunch of things multiplied together.

“Like terms” are very similar to each other. They only differ by a numerical coefficient. Everything else 
in them is the same. 

The expression above contains four terms, separated by + and - operations:
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3x2 + 7x + 2x2 - x

Three x squared plus seven x plus two x squared minus x

There are two pairs of like terms:

Pair one: 3x2  and  2x2 

Pair two: 7x  and -x

Make sure that everything about the variables is identical, including exponents. Otherwise, the terms 
aren’t “like.”

What can you do with two or more like terms? Combine them into one term. Just add or subtract the 
coefficients. Keep track of + and - signs.

3x2 + 2x2 = 5x2

Three x squared plus two x squared equals five x squared.

7x - x = 6x
Seven x minus x equals six x.

Whenever a term does not have a coefficient, act as if the coefficient is 1. In the example above, “x” can 
be rewritten as “1x”:

7x - 1x = 6x
Seven x minus one x equals six x.

Or you could say that you’re adding -1x.

7x + -1x = 6x
Seven x plus negative one x equals six x.

Either way is fine. A negative sign in front of a term on its own can be seen as a -1 coefficient. For 
instance, -xy2 has a coefficient of -1. 

Combining like terms works because for like terms, everything but the coefficient is a common factor. 
So we can “pull out” that common factor and group the coefficients into a sum (or difference). This is 
when factoring starts to become really useful. 

For a review of factoring, see pages 21 through 23.

In the first case, the common factor is x2.
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3x2 + 2x2 =  (3 + 2)x2

Three x squared plus two x squared equals the quantity three plus two, times 
x squared.

The right side then reduces by PEMDAS to 5x2. Of course, once you can go straight from 3x2 + 2x2 to 
5x2, you’ll save a step.

By the way, when you pronounce (3 + 2)x2, you should technically say “the quantity three plus two…” 
The word “quantity” indicates parentheses. If you just say “three plus two x squared,” someone could 
(and should) interpret what you said as 3 + 2x2, with no parentheses.

In the case of 7x - x, the common factor is x. Remember that “x” should be thought of as “1x.”

7x - 1x =  (7 - 1)x

Seven x minus one x equals the quantity seven minus one, 
times x.

Again, the right side reduces by PEMDAS to 6x.

So, if you combine like terms, you can simplify the original expression this way:

  3x2 + 7x + 2x2 - x  = (3x2 + 2x2) + (7x - x)

   = 5x2 + 6x

The common factor in like terms does not have to be a simple variable expression such as x2 or x. It 
could involve more than one variable:

 -xy2 + 4xy2 = (-1 + 4)xy2 = 3xy2  Common factor: xy2

Remember that the coefficient on the first term should be treated as -1.

Be careful when you see multiple variables in a single term. For two terms to be like, the exponents have 
to match for every variable.

In -xy2 + 4xy2, each term contains a plain x (which is technically x raised to the first power) and y2 
(which is y raised to the second power, or y squared). All the exponents match. So the two terms are 
like, and we can combine them to 3xy2.

Now suppose we had the following series of terms:

2xy + xy2 - 4x2y + x2y2

Two x y plus x y squared minus four x squared y plus x squared y squared
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None of the terms above can combine to a single term. They all have different combinations of variables 
and exponents. For now, we’re stuck. (In the next section, we’ll see that there’s something you can do 
with that expression, but you can’t combine terms.)

The two terms in the following expression are like:

xy2 + 3y2x
x y squared plus three y squared x

The order of the variables does not matter, since you can multiply in any order. All that matters is that 
the variables and exponents all match. If you need to, flip around 3y2x to 3xy2. So we can combine:

xy2 + 3y2x = 4xy2 = 4y2x
x y 

squared
plus three y squared x equals four x y squared, which also 

equals
four y 

squared x.

In general, be ready to flip around products as you deal with numbers times variables. The order of 
multiplication does not matter.

x(-3) = -x(3) = -3x
x times  

negative three
equals negative x times 

three,
equals negative three x.

The last form, -3x, is the standard form. You can encounter the others as you rearrange terms.

The common factor in the like terms could be the square root of a number:

2 3 2 1 2 3 2 1 3 2 4 2+ = + = + =( )  Common factor: 2

Or the common factor could include π:

 2πr + 9πr = (2 + 9)πr = 11πr   Common factor: πr

When terms are not like, tread carefully. Don’t automatically combine them. You may still be able to 
pull out a common factor, but it won’t be everything but the coefficients.

As you practice simplifying expressions, keep in mind that your main goal is to reduce the overall num-
ber of terms by combining like terms.

PEMDAS becomes more complicated when an expression contains terms that are not like and so 
cannot be combined. You especially need to be careful when you see terms “buried” within part of an 
expression, as in the following cases that we’ll come back to:
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Terms inside parentheses

-3(x - 2)   x and 2 are not like

Terms in the numerator or denominator of a fraction

1
1

2
−

=
x  

x and 1 are not like

Terms involving exponents

x x

x

− + ( )3 2 4

5

 

x-3 and (x2)4 are not like

Terms under a root sign

x y2 2+
  

x2 and y2 are not like

Terms in parentheses, with the parentheses raised to 
an exponent

(x + y)2 x and y are not like

Check Your Skills
Combine as many like terms as possible in each of the following expressions:

24. -3 + 4 2  + 6.3 
25. 4πr2 - 3πr + 2πr 
26. 8ba + ab2 - 5ab + ab2 - 2ba2

Answers can be found on page 48.

Distribution
As we mentioned at the end of the last section, things become more complicated when multiple terms 
are found within a set of parentheses. 

For a quick review of distribution, go to page 21.

We’ll start by distributing the example from the previous section: -3(x - 2). Remember that you’re mul-
tiplying -3 by (x - 2). To keep track of minus signs as you distribute, you can think of (x - 2) as  
(x + (-2)). We’ll put in the multiplication sign (×) to make it clear that we’re multiplying. 
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-3 × (x - 2) = -3 × x + -3 × -2 = -3x + 6

Negative 
three

times the quantity x 
minus two

equals negative three 
times x

plus negative three 
times negative 

two,

which 
equals

negative 
three x 
plus six

Remember that the negative sign (on -3) distributes. 

When you do all this on your paper, you shouldn’t use × to show multiplication, because you could 
confuse it with x. Use a big dot or nothing at all. You might also put parentheses around the second 
product, to help keep track of sign.

-3 (x - 2) = -3 x + (-3 ∙ -2) = -3x + 6
Negative 

three
times the quantity x 

minus two
equals negative 

three 
times x

plus negative three 
times  negative 

two,

which 
equals

negative three x 
plus six

How can you simplify this expression?

4y2 - y(5 - 2y)

First, distribute negative y (-y) to both terms in the parentheses:

4y2 - y(5 - 2y) = 4y2 - 5y + 2y2

Notice that -y times -2y becomes +2y2. 

Then combine 4y2 and 2y2 because they are like terms:

4y2 - y(5 - 2y) = 4y2 - 5y + 2y2 = 6y2 - 5y

Sometimes the term being distributed involves a root or pi. Consider this tougher example:

2 (1 - x 2 )

The principle is the same. Distribute the first root two to both terms in the parentheses.

2 × (1 - x 2 ) = 2  × 1 + 2  × - x 2 = 2  - 2x

Root 
two

times the quantity 
one minus x 

root two

equals root two 
times one

plus root two times 
negative x root 

two,

which 
equals

root two 
minus 
two x

Remember, root two times root two is two. 2  × 2  = 2.

For a more in-depth look at multiplying roots, go to page 125. 
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Here’s an example with pi:

π(1 + r)

Distribute the pi:

π × (1 + r) = π × 1 + π × r = π + πr
pi times the quantity 

one plus r
equals pi times 

one
plus pi times 

r,
which 
equals

pi plus 
pi r

Check Your Skills
27. x(3 + x)
28. 4 + 2 1 2( )-

Answers can be found on page 48.

Pulling Out a Common Factor
Let’s go back to the long expression on page 36:

3x2 + 7x + 2x2 - x

This expression has four terms. By combining two pairs of like terms, we simplified this expression to 
5x2 + 6x, which only has two terms.

We can’t go below two terms. However, we can do one more useful thing. The two terms left (5x2 and 
6x) aren’t “like,” because the variable parts aren’t identical. However, these two terms do still have a 
common factor—namely, x. Each term is x times something.

x is a factor of 6x, because 6x = 6 times x.

x is also a factor of 5x2, maybe a little less obviously. 

x2 = x times x
So 5x2 = 5x times x

Since x is a factor of both 5x2 and 6x, we can factor it out and group what’s left as a sum within paren-
theses.
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5x2 + 6x = (5x + 6)x

Five x squared plus six x equals the quantity five x 
plus six, times x.

If in doubt, distribute the x back through and verify that you’re back where you started.

(5x + 6)x = 5x2 + 6x

The quantity five x plus six, 
times x.

equals five x squared plus six x

(5x + 6)x can also be written as x(5x + 6). Either way, it may or may not be “simpler” than 5x2 + 6x. 
However, pulling out a common factor can be the key move when you solve a GMAT problem. 

Sometimes the common factor is hidden among more complicated variable expressions.

x2y - xy2 = xy(x - y)

x squared y minus x y squared equals x y times the quantity x minus y.

Here, the common factor is xy.

Sometimes the common factor involves a root or pi.

2 + 2 π = 2 (1 + π)

Root two plus root two times pi equals root two times the quantity one plus pi.

Here, the common factor is 2 . Notice that the first term ( 2 ) is the same as the common factor. 
Whenever the factor you are pulling out is the same as the term, leave a 1 in its place (in the parenthe-
ses).

πr2 - π = π(r2 - 1)

pi r squared minus pi equals pi times the quantity r squared minus one.

Here, the common factor is π. Again, when you pull π out of the second term (which is π), leave a 1 
behind in its place. You can check that this works by distributing π back through.

You might only factor out an integer, or even a negative sign.

2 + 4x = 2(1 + 2x)
Two plus four x equals two times the quantity one plus two x.
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3 - x = - (x - 3)

Three minus x equals the negative of quantity x minus three.

Remember this monster from a couple of sections ago?

2xy + xy2 - 4x2y + x2y2

Two x y plus x y squared minus four x squared y plus x squared y squared

What is the common factor that you can pull out?

Answer: xy

2xy + xy2 - 4x2y + x2y2 = xy(2 + y - 4x + xy)

Check Your Skills

29. Factor a negative x out of the expression -2x3 + 5x2 + 3x
30. Factor the following expression: 4x2 + 3xy - yx + 6x

Answers can be found on page 48.

Long Multiplication
Let’s review the basics of long multiplication.

When multiplying two numbers, always put the smaller number in the bottom row. You would write  
8 × 57 as 

   
   
57
8×

 7 × 8 = 56
 Put the 6 underneath, then carry the 5.

5   57
    8

      6

×

 5 × 8 = 40, + the 5 we carried = 45. Because we’re at the end, put   
 the 45 underneath.

   
   

456

57
8×

You should also be comfortable multiplying two two-digit numbers. 36 × 85 = 

   85
 36 

      

3

×

0
 Start with the 6. 5 × 6 = 30
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 Put the 0 underneath, then carry the 3.

3   85
 36 

      0

×
 8 × 6 = 48, + the 3 we carried = 51. Because we are done with the 6,  

 place the 51 underneath.

 Now deal with the 3. Remember that the 3 actually represents 30.     85
 36 

  51

3

×

0

 Place a 0 underneath the right most column, then multiply.
 Don’t forget to cross out the 3 you carried last time!

   85
 36 

  51
      0

3/

×

0

 5 × 3 = 15. Place the 5 underneath then carry the 1.

1 3   85
 36 

  510
    50

/

×
 8 × 3 = 24 + the 1 we carried = 25. Place the 25 underneath.

     85
   

   
× 36

510
2550

 Now add the rows underneath.

     510

3060
+12550

85 × 36 = 3,060

Don’t let multiplication slow you down on the GMAT. Do multiplication drills to become quick and 
accurate.



ArithmeticChapter 1

46

1
Long Division

)13 234  13 goes into 23 one time.

)13 234
1

13
104

    
     

−
 Place a 1 on top of the digit farthest to the right in 23.

 1 × 13 is 13, so subtract 13 from 23, and bring down the next digit  
 (4).

 What is the largest multiple of 13 less than or equal to 104?

)13 234
18

13
104
104

0

    
     
  
          

−

−

 If necessary, list multiples of 13 or try cases until you find 13 × 8 =  
 104. 

 The number may not always divide evenly, in which case you will be  
 left with a remainder. E.g. 25 ÷ 2 = 12 with a remainder of 1.

 

In the previous example, the answer was an integer (234 ÷ 13 = 18). However, the answer will not 
always be an integer.

Let’s try dividing 123 by 6.

)6 123  6 doesn’t go into 1, but it does go into 12 two times.

)6 123
2

12
03

−     
 Place a 2 on top of the digit farthest to the right in 12.

 2 × 6 = 12, so subtract 12 from 12, and bring down the next digit  
 (3).

)6 123 0
20

12
.

−     
03.0

 6 doesn’t go into 3, so place a 0 on top of the 3.

 We’re not done dividing. 123 is equal to 123.0. Add the decimal   
 point and a 0 in the tenths column. Bring down the 0.

)6 123 0
20 5

12
.
.

−

−

       
030

    30  
          0

 6 goes into 30 5 times. Place a 5 on top of the 0. Don’t forget to put  
 a decimal between the 0 and the 5. 
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Check Your Skills Answer Key

1. 181: 

1  
144

37
181
+

2. –78: 

9   

1 01
 23
   78
-

, so 23 - 101 = -78

3. 0: The largest negative integer is -1 and the smallest positive integer is 1. -1 + 1 = 0

4. 5  <  16 Five is less than sixteen.

5.  -5 > -16 Negative five is greater than negative sixteen.

6.  A positive minus a negative: (+) - (-) will always be positive, whereas (-) - (+) will always be 
negative. Any positive number is greater than any negative number.

7.  42: 7 × 6 = 42

8.  4: 52 ÷ 13 = 4

9.  35: 5 × (3 + 4) = 5 × 3 + 5 × 4 = 15 + 20 = 35

10.  6(6 – 2): 36 - 12 = 6 × 6 - 6 × 2 = 6(6 - 2) = 24

11.  –12: (3)(-4) = -12

12. 48: -6 × (-3 + (-5)) = (-6 × -3) + (-6 × -5) = 18 + 30 = 48

13.  Division: Sometimes an integer divided by an integer equals an integer (ex. 6 ÷ 2 = 3) and 
sometimes it does not (ex. 8 ÷ 5 = 1.6)

14. ×
1

2
7

: 2 12 7 2
7 7

÷ = = ×

15. Multiple: If 7 is a factor of 21, then 21 is a multiple of 7.

16. No: 2,284,623 ends in 3, which means that it is an odd number, and is not divisible by 2.

17. 64: 26 = (2 × 2) × (2 × 2) × (2 × 2) = 4 × 4 × 4 = 64 

18. 3: 3 27 = 3 because 33 = 27.




