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UNDERSTANDING THE CORE RULES: AN
INTRODUCTION TO THE TYPES OF PROPERTIES IN
MATH

Mathematics often feels like a language of its own, complete with
rules, symbols, and structures that govern how numbers interact
with  one  another.  At  the  heart  of  this  language  lie  the
fundamental types of properties in math. These properties are
not arbitrary rules; they are the bedrock principles that allow us
to  simplify  expressions,  solve  equations,  and  understand  the
consistent  behavior  of  numbers.  Whether  you  are  a  student
encountering  algebra  for  the  first  time  or  someone  brushing  up
on foundational concepts, grasping these properties transforms
mathematics from a collection of memorized steps into a logical
and  predictable  system.  These  properties  apply  across  different
number  sets,  including  natural  numbers,  integers,  rational
numbers, and real numbers, making them universally essential.
By understanding these core principles, you unlock the ability to
manipulate  mathematical  statements  with  confidence  and
precision.

THE COMMUTATIVE PROPERTY: THE ORDER DOESN'T
MATTER

One of  the  most  intuitive  types  of  properties  in  math is  the
Commutative  Property.  This  property  states  that  the order  in
which you add or multiply two numbers does not affect the final
result. It comes from the Latin word "commutare," which means
to move or change places. Essentially, you can swap the numbers
around, and the answer remains the same. This property applies
specifically to addition and multiplication, but notably, it does not
apply to subtraction or division.

Commutative Property of
Addition
When adding two numbers, changing the order of the addends
does not change the sum. For example, 3 + 5 equals 8, and 5 + 3
also equals 8. In algebraic terms, we can say: a + b = b + a.
This holds true for all real numbers, fractions, decimals, and even
variables. If you are adding 12 and 7, it does not matter if you
calculate 12 + 7 or 7 + 12; the sum will  always be 19. This
property  simplifies  mental  math  and  allows  flexibility  in
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rearranging  terms  in  larger  expressions.

Commutative Property of
Multiplication
Similarly,  for  multiplication,  the order  of  the factors  does not
affect  the  product.  Consider  4  multiplied  by  6,  which  equals  24.
Reversing the order gives 6 multiplied by 4, which also equals 24.
The  algebraic  representation  is:  a  ×  b  =  b  ×  a.  This  is
particularly useful when working with multiple factors, as you can
group  and  order  numbers  in  the  most  convenient  way  for
calculation. For instance, when multiplying 5, 7, and 2, you might
find it easier to multiply 5 and 2 first to get 10, and then multiply
by 7 to get 70, rather than following a strict sequential order.

Why Subtraction and
Division Are Not
Commutative
It is important to recognize that the Commutative Property does
not hold for subtraction or division. For subtraction, 8 - 3 equals
5, but 3 - 8 equals -5. The results are different, so order matters.
For division, 12 ÷ 4 equals 3, but 4 ÷ 12 equals approximately
0.333.  The  outcomes  are  not  equivalent.  Understanding  this
distinction prevents common calculation errors and deepens your

grasp of how different operations behave.

THE ASSOCIATIVE PROPERTY: GROUPING DOESN'T
CHANGE THE OUTCOME

The Associative Property is another fundamental concept among
the types of properties in math. While the Commutative Property
deals with order, the Associative Property focuses on grouping.
Specifically,  when adding or multiplying three or more numbers,
the  way  you  group  them using  parentheses  does  not  affect  the
final  result.  The  property  gets  its  name  from  the  word
"associate," meaning to join or connect. It allows you to regroup
terms without worrying about changing the answer.

Associative Property of
Addition
When adding three or more numbers, the sum remains the same
regardless  of  how  the  numbers  are  grouped.  For  example,
consider the expression (2 + 3) + 4. Adding 2 and 3 first gives 5,
and then adding 4 results in 9. Now look at 2 + (3 + 4). Adding 3
and  4  first  gives  7,  and  then  adding  2  also  results  in  9.  The
algebraic form is: (a + b) + c = a + (b + c). This property is
extremely helpful when dealing with long strings of numbers, as
you can strategically group numbers that add up to easy totals,
such as 10, 20, or 100.
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Associative Property of
Multiplication
Similarly,  for  multiplication,  the  product  remains  the  same
regardless of how the factors are grouped. Take the expression (3
× 4) × 5. Multiplying 3 and 4 first gives 12, and then multiplying
by 5 gives 60. Now consider 3 × (4 × 5). Multiplying 4 and 5 first
gives  20,  and  then  multiplying  by  3  gives  60.  The  algebraic
representation is: (a × b) × c = a × (b × c). Like with addition,
this  property  allows  you  to  group  numbers  in  a  way  that
simplifies  mental  computation,  especially  when  combined  with
the  Commutative  Property.

Limitations of the
Associative Property
Just as with the Commutative Property, the Associative Property
does not apply to subtraction or division. For subtraction, (10 - 4)
-  2  equals  4,  but  10  -  (4  -  2)  equals  8.  The  results  differ.  For
division, (16 ÷ 4) ÷ 2 equals 2, but 16 ÷ (4 ÷ 2) equals 8. Again,
grouping  matters.  Recognizing  these  limitations  is  crucial  for
correctly simplifying expressions and solving equations.

THE DISTRIBUTIVE PROPERTY: COMBINING ADDITION

AND MULTIPLICATION

The  Distributive  Property  is  one  of  the  most  powerful  and
frequently used types of properties in math because it connects
addition  and  multiplication.  It  describes  how  multiplication
interacts  with  addition  or  subtraction  within  parentheses.
Specifically,  multiplying  a  number  by  a  sum or  difference  is  the
same as multiplying that number by each term individually and
then adding or subtracting the results. This property is the key to
simplifying  algebraic  expressions  and  solving  equations
efficiently.

The Basic Form of the
Distributive Property
The standard form is: a × (b + c) = (a × b) + (a × c). For
example, 3 × (4 + 5) can be simplified in two ways. Following the
order of operations, 4 + 5 equals 9, and 3 × 9 equals 27. Using
the Distributive Property, 3 × 4 equals 12, 3 × 5 equals 15, and
12 + 15 equals 27. Both methods yield the same result. This
property also works with subtraction: a × (b - c) = (a × b) - (a
× c).

Real-World Applications of
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the Distributive Property
The Distributive Property is not just a theoretical concept; it has
practical applications. For instance, if you are buying 3 items that
cost $4 each and 3 items that cost $5 each, you could calculate
the total as 3 times (4 + 5), or as (3 times 4) plus (3 times 5).
Both  approaches  give  you  $27.  In  algebra,  this  property  is
essential for expanding expressions like 2(x + 3) into 2x + 6, and
for factoring expressions like 6x + 9 into 3(2x + 3). Mastering the
Distributive  Property  is  a  significant  step  toward  algebraic
fluency.

Using the Distributive
Property in Reverse:
Factoring
The  Distributive  Property  can  also  be  applied  in  reverse,  a
process known as factoring. If you have an expression like 4x +
8, you can identify a common factor of 4 and rewrite it as 4(x +
2).  This  reverse  application  is  critical  for  solving  quadratic
equations,  simplifying  rational  expressions,  and understanding
number relationships. It transforms complicated expressions into
more manageable forms.

THE IDENTITY PROPERTY: KEEPING THE NUMBER THE
SAME

The Identity Property is among the simplest yet most essential
types  of  properties  in  math.  It  defines  the  existence  of  special
numbers  that,  when  used  in  an  operation,  leave  the  other
number unchanged. These numbers are called identity elements.
For addition, the identity element is zero, and for multiplication, it
is  one.  Understanding  this  property  clarifies  why  adding  zero  or
multiplying by one does not change a value.

Identity Property of
Addition
The Identity  Property  of  Addition  states  that  the sum of  any
number  and  zero  is  that  number  itself.  Zero  is  the  additive
identity. For example, 7 + 0 equals 7, and 0 + 15 equals 15. In
algebraic terms: a + 0 = a  and 0 + a = a. This property is
fundamental  when solving  equations,  as  adding  zero  to  both
sides of an equation does not alter the balance. It also plays a
role in understanding place value and the number system.

Identity Property of
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Multiplication
The Identity Property of Multiplication states that the product of
any  number  and  one  is  that  number  itself.  One  is  the
multiplicative identity. For example, 9 × 1 equals 9, and 1 × 23
equals 23. The algebraic representation is: a × 1 = a and 1 × a
= a.  This  property is  crucial  when working with fractions,  as
multiplying by a fractional form of 1 (such as 5/5) allows you to
create equivalent fractions without changing the actual value. It
is a cornerstone of ratio and proportion concepts.

THE INVERSE PROPERTY: CANCELING TO GET BACK
TO THE IDENTITY

The  Inverse  Property  works  hand-in-hand  with  the  Identity
Property  and  is  another  critical  concept  among  the  types  of
properties in math. This property states that for every number,
there exists another number (its inverse) that, when combined
through  a  specific  operation,  results  in  the  identity  element.
There are two main types: additive inverses and multiplicative
inverses. This property is the foundation for solving equations by
isolating variables.

Additive Inverse (Opposite)
For any real number a, there exists an additive inverse, denoted
as -a,  such that  a  + (-a)  equals  0,  the additive identity.  For
example, the additive inverse of 5 is -5, because 5 + (-5) equals
0. Similarly, the additive inverse of -8 is 8, because -8 + 8 equals

0.  Every  number  has  a  unique opposite  on the number  line,
equally distant from zero. This property allows us to cancel terms
when solving equations. If you have x + 3 = 7, you can add the
additive inverse of 3, which is -3, to both sides to isolate x.

Multiplicative Inverse
(Reciprocal)
For  any  nonzero  real  number  a,  there  exists  a  multiplicative
inverse, denoted as 1/a or a⁻¹, such that a × (1/a) equals 1, the
multiplicative identity. For example, the multiplicative inverse of
4 is 1/4, because 4 × (1/4) equals 1. The multiplicative inverse of
2/3  is  3/2,  because  (2/3)  ×  (3/2)  equals  1.  This  property  is
essential for solving equations where a variable is multiplied by a
coefficient.  If  you have 5x = 20,  you can multiply  both sides by
the multiplicative inverse of 5, which is 1/5, to solve for x. Note
that zero does not have a multiplicative inverse, as division by
zero is undefined.

PROPERTIES OF EQUALITY: THE RULES OF BALANCE

While not always grouped with the basic arithmetic properties,
the Properties of Equality are fundamental types of properties in
math that govern how equations are manipulated. They ensure
that whatever operation you perform on one side of an equation,
you must perform on the other side to maintain balance. These
properties  are  the  logical  backbone of  algebra  and equation-
solving.
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Addition Property of Equality: If a = b, then a + c = b +
c. Adding the same number to both sides preserves
equality.
Subtraction Property of Equality: If a = b, then a - c =
b - c. Subtracting the same number from both sides
preserves equality.
Multiplication Property of Equality: If a = b, then a × c

= b × c. Multiplying both sides by the same nonzero
number preserves equality.
Division Property of Equality: If a = b, then a ÷ c = b ÷
c (where c ≠ 0). Dividing both sides by the same nonzero
number preserves equality.
Reflexive Property: a = a. Any number is equal to itself.
Symmetric Property


