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INTRODUCT ION

Many children and adults with learning differences,
problems and disabilities have difficulty with math. Scme
of the reasons 1inelude: not thinking 1in quantitative
categories, having difficulties with reversals, sequences
and memory and simply not spending enough time on task.

Severe math problems are particularly evident with
children and adults who still count on their fingersv
They have never learned to add and also have had or
continue to have difficulty remembering the multiplication
tables.

People question why teach basic math facts when
there are «calculators? The answer is twofold. One reason
is to build self-confidence in those who cannot perform as
their peers do. The second reason 1is to provide the
students with a2 better quantitative wunderstanding of the
world. Since much of our perception is based on
categories that have been taught or conceptualized,
students who do not have enough quantitative categories as
part of their experience continue to be plagued with math
problems.

The interplay of these problems often 1is seen in
individuals with learning differences. For example, for
students who have difficulty distinguishing vright and
left, memorizing facts is difficult because they have both
the right answer (right) and the wrong answer (left) in
their memory. Because of a progression of either/or
options, they cannot remember which of the two answers is
correct, Therefore, they guess sometimes correctly and
other times incorrectly, increasing the progression. This
problem is exacerbated under stress and both math tests
and life situations involving math can be stressful.

, The multiplication tables are particularly trouble
some for those students who have the problems described
above. Another reason many students do not learn the
multiplication tables by memorization is insufficient time

on task, They may spend time +trying but wrong answers
limit the value gained from their efforts. Additionally,
avoidance of a difficult and somet imes painful

(embarrassing) task reduces time on task.
These students need alternative means to learn to

add and multiply, such as the innovative, effective sysiem
developed by Dr, Cooper, the Tic Tac Toe method.




CASE STUDIES

Nanette avoided 1learning math by getting angry. She
was a 12 year old girl who still had to count on her
fingers to do even the simplest arithmetic problem. She
tried without success to memorize the multiplication
tables. The harder Nanette tried to learn her number
facts the more frustrated she became because more often
she got the wrong answer than the correct answer. After
learning the Tic Tac Toe system for multiplication, her
attitude about math and her self concept changed. She
spent less time getting angry and more time on task. She
became more open to math concepts and numbers in general.,
To her surprise, after one year using the Tic Tac Toe
system, she has been able to remember many of the times
tables without the grids.

Brad spend his summer trying to learn the times
tables with flash cards, musical tapes and constant
repetition without much success and a lot of frustration.
After one hour of 1learning the Tic Tac Toe Math, he
learned the times tables and proudly explained it to
adults and his peers. His attitude immediately changed as

if the weight of the worléd bhad been 1lifted €rom his
shoulders.




BAS1C CONCEPTS

Some students need to memorize in smaller steps.
The Tie Tac Toe method adds a step in the memory process.
Just like a person does not jump to +the top of a
staircase, but rather gets there by going a step at a
time, sc¢ also some students must have additional steps to
get up to the next level, This system provides them with
this step.. It consists of. memory clues which result in
the student always (once the system 1is learned) getting
the right answer. This lowers the frustration level and
enables the student to complete higher level math with
confidence. Once this confidence is achieved, the student
can concentrate on other operations (e.g. word problems)

which before were never dealt with because they were stuck
on the multiplication tables,

Other

| Division
r__

 Multiplication
]

Subtraction

i Addition

Many students have gups or holes in the material
they have learned which make the students stumble and
fuels the frustration and avoidance. The following system
helps them to relearn basic number facts because they will

develop more confidence and thus be able to put more time
on task,

(NOTE: Remember that years of avoidance and fear of
failure are part of the past experience of students who
have severe math problems. S0 a teacher must be very
patient when teaching this system.)




Tic Tac Toe Math is based on patterns. These
patterns are easily learned and they interrelate so that
there are different ways of remembering them. Like the

game of tie tac toe, this system utilizes the following
grid.

O

<

The positions in the grid are numbered in the
following way:

7] (2 _ 7
EY (3 I
Bl 7

These positions are Jlearned by constant repetition
because they never change. The one position is always the
number of the table and 1 times the number is a reminder
that this is the place to.start. The position numbers are

counted down. Some students, who have directional
problems, may, at first, have difficulty learning to count
down for the positions, However, the consistency of
always counting down for the positions is eventually
learned. ’

The positions are &also learned as the one times
table. The one times table 1is important to learn and
should not be skipped over as too simple because it is

used to create more complicated grids. (These are
explained on page 41.)
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A couple of besic concepts are essential for the
learning of this system, When teaching this system,
always stress whether the number 1is odd or even. Many
individuals who have severe math problems do not have a
solid grasp of +the odd and even numbers, This first
should be checked. 1If the concept of odd and even numbers
is weak, the teacher must teach and then reinforce this.
If the student has a particular problem remembering these
numbers, one way to teach the concept is to teach only theé
even numbers. Then the student 1is instructed that if a
number is not one of the even numbers, it is odd.
Additionally, the teacher must check to determine if the
student understands which multiple digit numbers are odd
or egven. Some students will take the first number rather
than the last (o determine whether the number is odd or
even. TFor example, the number 231 might be called even

because of the two. The concept of odd and even will be

reinforced by this system because the peatterns are based
on the difference between odd and even.

0dd even
[ O

3 o
XS v4
7 6
: g
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Another concept which is important to know is the
number facts which add to ten. Agsain students:  with severe
math problems often do not know their number facts well.
As a result, the numbers which add to ten need to be
taught and reinforced. This system will also reinforce
these basic number facts but the student may need a guide

at the top of the page to facilitate the learning of the
patterns.

5 6 7 8 9
+5 +4 +3 +2 +1
10 10 10 10 10

A good way to teach +these number facts 1is through
this visual pattern:

9
8
7
6
5
+95
10 +4
T0 +3
10 +9,
10 +1
10

Reviewing the number facts that add to ten is a good
beginning exercise for the student who is weak in this
area. For those who do not have a problem with this area,
they can just move on to the next step.

The number faets which are double the number are
also important in this system and should be checked and

reinforced. The student should notice (or be taught) that
all these sums are even.

1 2 3 4 5 6 7 8 9
+1 +2 +3 +4 45 +6 +17 +8 +9
2 4 6 ) 10 12 14 16 18



PATTERNS

Pattern 1: The Center Position

The first pattern that one notices in this system is
in the center box. A way to impress the importance of the
center box is to play tic tac toe with the student. This
usually puts the student at ease and helps to establish a

rapport. Even with adults, this techniques works,
Explain that the center box is a key position in the tic
tac toe game and it is also a key position the

multiplication grid. The center position is always & five
Or a zero.
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Pattern 2: Numbers adding to 10

Placing the ¢time tables in the tie tac toe grid
results in a number of patterns which are surprising, The
second pattern which is noted is that the numbers in the
one columns in the time tables (the numbers onrn the right

of a two digit number) always add to ten in the following
pattern:
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This {s easy to learn for the student with a
learning difference, problem or disability because it is
consistent and simple and it works for all the tables.

The more one wuses the system, the more the number facts
adding to ten are reinforced.




Pattern 3: Numbers adding to ten times the table

The next striking pattern is observed in the
complete grid of all the time tables, The opposite
positions (along the X and the +) add to ten times the
first number in the table when the grid is completed.
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This pattern 1is not a necessary part of learning Tice
Tac Toe Math but it provides the student with a way to
cheek the patterns, especially when working with multiple
digit times tables.
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Pattern 4: The Order Of The 0dd numbers

The next pattern which is noticed is in the tables
of the odd numbers: 1, 3, 7 and 9. All the numbers, one
through nine, appear in order. With each table, the
direction of the order shifts =a quarter turn, The number

five is always in the center in each grid as was
previously observed.
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people where they would slot in (to teaching) because I wanted to
see how they would react." But they were not to worry, because he
would allocate people to their duties, tell them what and how to
teach and hand them the materials.

The lack of ongoing application meant that neither we, nor the
participants had a clear indication of how they would use their
new teaching skills. Nebulous references to the 'life skills
programme' were never concretised beyond 'the importance of
personal hygiene' and self-discipline, pertaining particulalrly
to making a mess at meal times. This was one of the greatest
weaknesses of the course.

We failed to convert but I believe we could not have succeeded.

A plea for experiental education: despite it's shortcomings

Set up and managed properly, experiental education can lead

[ cven nunielrd 13 no ad Tasy v
see and is not as important 1o know in learning the
patterns, The rotation can be seen by looking at the
corners.
16 I
12 1'




Pattern 6: The X and the diamond

Another pattern that is observed in these grids is
the X and diamond,

/::><::/ <::>> or combined:

Along the X are the odd numbers
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On the corners of the diamonds are even numbers.
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These are visual patterns which for some students
are easily learned. Another visugl pattern is the cross

and the X. This is the visual clue for the pattern which
adds to ten.

AN
//:><<:j or combined

/

These patterns apply in all the tables for every
number .
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TEACHING THE TIC TAC TOE PATTERNS

Those who do not nhave a severe learning disability,
preblem, or difference often cannot see the advantage to
learning the patterns. 1f you are one such person, please
refer to the introductory materials for an explanation of
the rationale for this system. The patterns are more or
less difficult to learn, depending on the nature of the
person's learning difference and severity. Different
methods or options are presented here, Any person using
this book to teach another should utilize the option which
makes the most sense to the student or the option which
seems to be more easily remembered.

Some students can only learn one table at a time,
while others can learn them all at one sitting. Adjust
the speed of instruction to the individual needs of the
students. It is often gocd to give examples of all the
tables but only require the student to learn as many as he
or she feels comfortable doing. Remember, years of
avoidance may be adding to the probiem in learning.

15




The first step in teaching the pattern is to have
the student understand that the first position is always
the number of the given times table, and that the one
position is the same ag¢ 1 x that number.

210

16




Second Step: The second step is to have the person
decide if the number is odd or even. If it is odd, then a
five is placed in the center position,

If the number is even, then s zero is
center position.

placed in the

2 | | .é’,

i
s 7
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step in the teaching process is to show

the student how to find the second number in the grid.

This
students can easil
with

and 9.

SO | —

simply by doubling the first number. Most

double the numbers up to 6. Some,

problems, often have problems doubling 7, 8

A memory clue for these students is that the sum
of any number that :

is doubled is always even.

, by
S o g -3
7/ [4
&/ A
'“\1; \{‘ | N ZJ
7
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There are now two digits 1in some second and third
positions. The student must be taught to ignore the
number in the tens column (the number on the right) for
the time Dbeing. The numbers in the ones column both add
to 10 and follow the odd and even patterns.

PN
~— .
}u’—
22

The digits in the ten's column will be added after
all the =single 'digits of the pattern are in place. Some
students prefer not to write the ten column digits in the
second or third place until the other positions have been
completed. Others prefer to add these numbers whenever
they are apparent. Either method is acceptable as long as
the students does not become confused. (e.g. trving to
find the number that adds to 14 to equal 10.)

Ly I

e
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number.

fourth

1

baV)

S

step is to find the diagonal to the first
These numbers add to ten.
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The number in the cighth position can now be added
by using the pattern of adding to ten.
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I8 Yt

W
N




When students become more experienced, many have
enough numbers to see the patterns in the grids and can
complete them without further c¢lues. These students now
can see the pattern of the numbers being in order from one
to nine in the odd patterns.

Occasionally the student will forget what number to
place in the fourth and sixth positions. An arrow
indicating which way the order is going will help them io
remember what number goes where. .
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Others need more numbers in place before they can
see the patterns. Those students can obtain the number in

the third position by adding the numbers in the first two
positions.,




The seventh position now can be calculated by  using
the pattern of adding to ten. As noted, some students do
not need this step because they were able to complete the
grid by using the odd number pattern.
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The digits in the one'

s coiumn for the odd tables
nnnnnnn

be finished by ccunting from one to nine in order,

X
r o
ICRN
Q<3
C/\
X

23
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The next step on the even tables is to observe the
fallowing pattern.

ol | 21
c| 1A 74 ¢
Q. 8

¥or some students, it is weasier to learn the odd
tables first, for others they can learn both the odd and
even tables together.

26




The pattern is

numbers twice.

0

completed

:D

by using each of the even

8

7

Some students see this quickly, others do

who do not

see this pattern easily,
the two tables so that they become

familiar

2

not.
try repeating it with
with 1it. 1f

&

For those

this does not work, move to the next optional step.
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The optional step for the even tables is to begin by
placing the number of the table in the first and six
positions in the grid before any other numbers.

L

2

The student then follows the other steps in finding the
numbers in the pattern: doubling the first number, adding
the first and second numbers, adding the «cross and
diagonals to ten.
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Below are all the tables with the single digits
their appropriate positions.

in

)
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Once the nine positions have been filled in with the
numbers in the ones column (the numbers of the right), the
student is ready to <complete the tables, Again, some
students can learn all of the patterns and tables in one
sitting while others will only be able to learn one at a
time. Either way it is good to impress wupon the student
now easlly the patrerns are used tn all the tables.

One method for completing the tables s to have the
student increase each number. For example, on the three
table the first row 1lists 3, 6, and 9. The student in
asked to think of a number larger than 9 that ends with a
2 and 12 comes to mind, larger than 12 ending in § is 15;
larger than 15 ending in an 8, 18; larger than 18 ending
with 1, 21; larger than 21 ending in a 4, 24; larger than
24 ending in a 7, 27.

, : larger than 9 larger than 18
é larger than 12 larger than 21
Targer than 15 larger than 24

30




This procedure is

through nine,
tables:

7128 99

] Y135 $¢

used on all of the
ulting in
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J21 18

}20 38
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There is an optional method of instructing the
completion of the tables, If the number in the one's
column in the next position is smaller, then the number in
the ten's <c¢olumn 1is increased by one. If the number in
the one's column in the next position is larger, then the
number in the ten's column stays the same.

smaller than 9
increase by 1 ?ggll:;ethan 8

D3 /

larger than 2
samg larger than 1

same

AR E™Y

1
s;;ger than 5 larger than 4

same

D Q7

32 3
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Another method of instructing the completion of
tables is to demonstrate that by adding ten to a number
a position, you can easily calculate the number in
next position because it must be less then the number
the previous position plus 10,

add 10 = 22 add 10 = 34
must be less must be less

. add 10 = 26 add 10 = 38

must be less must be less

add 10 = 18 add 10 = 26 add 10 = 38
must be less must be less must be less

the
in
the
in




CHECKING THE PATTERNS

The patterns can be checked by making sure that a
five or zero is in the center and that the numbers in the
ones c¢olumn in the X and cross patterns add to ten. The
odd and even patterns are checked with the X and the
diamond. Next, the student <c¢an add the full number in
each position to check if the numbers add to ten times the
first number.

Center is either a five or a zero and numbers in the
one's column add to ten:
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The numbers follow the odd and even patterns on the
X and the diamond
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The numbers in the completed grid add to ten
the first number in the table glong the X and cross.
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USING THE TIC TAC TOE GRIDS

The following is an example of how the grids would
be used on a number of simple multiplication problems.
Although it appears that there s Iittle difference
between having students wuse the multiplication tables
which are printed in sequence and using the Tie Tac Toe
grids, there 1is one large difference. The grids come from
the person's memory not from a pre-printed sheet.

36




The Tic Tac Toe grids provide the student with the
ability to complete multiplication problems with a minimum
of errors. Problems are easier because the students do
not have to be concerned about making a mistake in
remembering the tables, Below are some double digit
multiplication problems using the grids.




The real beauty of the Tic Tac Toe peatterns 1is in
their wuse for division. The following division problems
demonstrate how the patterns remove the step of
multiplication from the division process. The concept of

"closest without going over" should be taught and
reinforced.

S 17103 g
§) /30820 §132$¢
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Time on task is & basic¢ component of learning.

you practice you improve. The patterns need to
practiced. Each time the student: begins working with
math, the grids for the nine times tables should

completed. This will reinforce their retention.

If
be

be
The

optional methods should be practiced also for those

students who have memory problems because this

provides

them with alternative methods for arriving at the answer?

I1f the student refers to previously completed grids, he
she will not obtain sufficient practice and the usefulness

of the patterns 1is reduced. Only through <constant

or

use

will the student be able to learn the grids adequately for

effective use with multiple digit problems,

Another case study about wusing this technigue

an adult with a 1learning difference (disability)
demonstrated this point. Linda

remember the patterns nor the directions in which

with
will
is a 40 year old woman who
had never learned her times tables and she had a lot

difficulty with the patterns initially. She could not

of

the

numbers had to be ordered. After six weeks of work (one

hour each week), 1 pointed out to Linda that she

had

broken a pattern which had prevented her from learning the

times tables for 30 years. As she preacticed the

nine

patterns, she froze on one of them. Her old pattern of

panic, embarrassment and avoidance overtook her and she
said that she could not remember. After a few seconds she
look at the pattern again and said "Wait a minute, let me
look at this again." Eureka! a pattern broken by the
adoption of another, She looked at the patterns and saw
that there was more than one way to see them. She
completed the table and moved on. It took a number of

weeks to overcome her panic, embarrassment and avoidance
but overcoming 30 some years of such feelings in six weeks

is a good investment of time.

A3
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DOUBLE DIGIT GRIDS

The Tic Tac Toe Grids can

digit

60,

completed tables 1 through 9.
reminded

be

70,

multiplication and

demonstrated below: the time tables of 10,

be

used to

division

solve

problems.

20, 30,

40,

double

As
50,

80, and 90 are formed by placing a zero behind the

extra digit.
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The next step in 1learning the double digits is to
add the one tables. The one tables are added behind {or
to the right of) the other numbers.
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33166] 99 L3 |IRE1 /27 93 |Ise| 279

A AP TRy 24357 41 Lyl
IR Q051325 Joq REN708 )22 Pas | 2
/23

[AH)3ET B3l 4T 83 B6L|S77

10 @27\ %77 v/ R7se7 9y 50 637
(RSN 2 S leyp e s
ABPRE63T  ar3laee|29 a3k 5/7




Using Double Digit For Division

Below are examples of double digit division problems

20 9¢2x3
3/) 4699825

421 3/ 1129|317
TRYYP

AT7 £ |5s| 79
// ?2 93 1184|279

A
65
s
3

S50 ray L |
SO) R 5a¥ 5000|350

28 0 _

/ \:§~’2 //C>CD ;&)(? sﬂQCD

WARE: (50 300|450
2% |

The student is taught to search for the closest
number in the grid which does not go over the number in
the problem. The number of the position in which this
number if{ found is placed in the answer of the problem and

the number in the grid is copied under the last number in
the problem.

16

42




Below is an alternative method for solving
multi~digit multiplication problems. Students who have

numbers are encouraged

severe difficulties with ~carrying
to use this method.

/8‘7'"

| 2650

e m ome

/%577

The student needs to be teught to add one
the second 1line before writing numbers and two

zero to

zeros to
the third line, This procedure is continued (adding

another =zero to the line before writing the number form
the grid) for each number being multiplied.
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PRODUCING DOUBLE DIGIT MULTIPLICATION TABLES

The times tablies can be <created for every number.
Making grids for multi-digit numbers reduces the steps in
large multi-digit multiplication and division problems.
Since many students with learning differences have
problems following multiple directions, this system makes
it easier for them. Many students also have problems
tracking and placing digits in the appropriate places. As
a result, carrying numbers multiple times increases
errors. Carrying & number of times to the same number is
eliminated in this system and the steps for doing division
are greatly reduced,

Once the Tiec Tac Toe grids are learned, creating

grids for any number is a simple procedure, It requires
only basic addition. Two digit grids ending in zero or
one have already been discussed, Students should be

encouraged to form their numbers neatly so they can read
the grids., When creating two digit grids, the second one
should be a little larger or the numbers should be smaller.
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Let us start with the number 23, Create two grids:

=i 3

Complete the basic grids for both with the number in
the one's column and the full grid for the grid on the
left. The grid on the right should be completed as
follows with the numbers in the ten's column written small,

2| & /7 S A0

/0] /¢ ARy
AVEIND |

~0
g
~Q

These numbers are written small because they are
eliminated in the grid when the two are combined.
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Next the grids are combined by moving the number in
the left grid to the corresponding position in the right,

N
%***v
~
~LX
S
(v
R
”\

L7 8 7

This results in 1 x 23 = 93
2)(23:4\,
3 x 23 = 69
o0
46




This was a simple step which is easily learned, The
next column in the right grid has small numbers in front
of the large numbers. The number being brought

over s
added to the small number. In the example below the
number eight is being moved over to the fourth position

and it is added *o¢ the small one, resulting in 9. 82

is
now in the fourth place because 4 x 23 = 92, The
procedure is repeated ior the fifth and sixth positions,. -
so 5 x 23 = 115
and 6 x 23 = 138
Yy
— : Jotl

/0| s
/ IAtS
s 138
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The numbers in the last three positions are

brought
over in a similar manner. This time there is a small two
in each position so two is added to each number .

Therefore 14 becomes 16, 16 is moved over and becomes 18
and 18 is moved over and becomes 20.

SO 7 x 23 = 161
8§ x 23 = 184
9 x 23 = 207

<%

/6 | [
/& |
| |AY

o - /¢/

The completed grids look 1ike those shown below,
The small numbers are either erased or written over.

23| 7/

aara
69 /138407




| L0 96243
3/547%’45‘
62 3111291217
LK '
;{/7 ?2:2 R 551379
b/ ; . ! ;i'
) #¢ 73 |2 7
RS T
¢ 2

3

S S0 gay o

SO) 26 5y S0 00|32
28 0 | S

y; f\:l /00 zs’q 700.

/[ SO 50 300| %0

R

The student is taught to search for the closest
number in the grid which does not go over the number in
the problem., The number of the position in which this
number if found is placed in the answer of the problem and

the number in the grid is copied under the last number in
the problem.
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of a double digit problem:

ample

another ex

low is

Ny X
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I OO~ oy O —
O~ > |™ o~ M
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Op | o—
+
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PRODUCING TRIPLE DIGIT MULTIPLICATION TABLES

.Three digit numbers can be formed in & similar

way.
If the number s

230 or 231, simply add zeros or the one
times tables to the numbers in same grid if it is big
enough or create a third grid.

| o
230 920|/Ll0 231 1929) /617

#40 VIO 850 942 Yiss|sp

b

F

70 (/3580|2070 £ 93 /.3% K07 7

(|
Lt

51




If the number does not end in & zero or one, then a
third grid is required. The numbers in the second grid
are combined with the numbers in the third grid, No

number larger than 8 ever appears as a small number. Let
us create a grid for 259,

2] ¢l sy SIZEI

WAV IV 30 VS5 1R 0
¢ 1R 7 1S\ SRS

4

| S

28 G034/ 3

S/ ./?2,,75(207702
77 U53H|233,
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Below is an example of solving triple digit

multiplication and division problems with the triple digit
grids.,

69 R
yRS7
S/ ¢
A0'7 R0
|03 4 o0
1554 000
678 8 3¢
| S 6 & #3
RI)NE 3 g
-7 77V
/ 619 73
~) S Sy 259 |/03¢4|/57.3
\// :2? Zf_ '\gf/lOO‘/;?ijoZ,z
3 7 7.7 WS H|233,
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PRODUCING MULTI-DIGIT TABLES

It should now be apparent that a grid can be created
for any number using the same procedure. This makes
multiple digit multiplicatinn and division simple as is
observed in the following example of 54,038 x 5,493,873 or
987,965,733 divided by 54,038

Sl 0ol 3¢ Sy|RY 3Z&p

& RO IEY 27
[$130| 75 /42534 | 7%

SH | A/60 3700(2 S703 ff?:'/é//o? S22/

/080117004330 [0 60 [R76/S\9 3234

/éXonw?yo TEC0 /6207 0R51f 562
| [

SYo3 /6133 S7REL,

Jo 070779000\ 93 2304

164114 5"?7’?:9%%3@

Heg
RS
0
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£ 493,873
XSy 03¢

1"t 2| |4
376 2 64 0
"élfj.?joyao
VL2 Yoo 0

48 £3 Y9 0000
L/ 6/ &L 0 00 00
270 ) 900 0 6 00 0

294877909,/ 7%

{yojy?/é/\)s:z 3’70902(3_@ -

Jo S0 17700932304

[ER11Y 5»?7,;»:@ 756393
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The more & student wuses the grids the faster he or
she becomes. Large multiplication and long division
problems become simple tasks and the studert who
previously avoided math can develop a new sense of
self-confidence, This new self-confidence can begin a new
pattern of success and achievement. Good luck and
remember "1 MIGHT LEARN DIFFERENTLY BUT I LEARN WELL."
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~ ODD EVEN EXERCISE

Place an E after the even numbers and an O after the odd

numbers.
2 3
7 8
12 13
17 i8
22 23
27 28
32 33
37 38
42 43
47 48

64

14

19

24

29

34

39

44

49

10

15

20

25

30

35

40

45

50
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i
ODD EVEN EXERCISE
i
1. place an E after the even numbers and an O after the odd
numbers. . I
3 9 33 18 5
1
26 48 25 19 11
99 56 73 71 80 I
44 37 97, 89 50 I
73 67 22 77 52 I
162 278 Cars 299 501 I
1005 321 432 989 ; 382 I
760 : 872 583 799 790 I
5471 428 731 444 910
1
363 705 282 _ 397 501
1
|
D
1
_ 1
635
2 1
1
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THE POSITIONS

The positions or boxes of the Tic Tac Toe grids are named
by counting down. Notice the first grid. The names of
the positions are written in the corners. "(You will

notice that the names are the same as the one times
tables.)

1 4
2 5
3 6 9




NAME THE POSITIONS

“
¢

Place the number which names the positions on the lines in

each of the grids.

l

65
e




RULE 1

1f the table is odd there is a 5 in the center position or if
the table is even there is a 0 in the center position,

4 S ¢

63




RULE 2

All opposite positions add to 10 (diagonally and across).
five in the center position on the odd table is not counted.

10

1 <

10

10

) I G O N O S D O O .
V4

10

10

3

(




RULE 2

‘Try it again, thi€ time from the second position. ‘The eighth
position will add to 10 with the second position,

S
|

2
&~

71




RULE 2

3t S Y .
Try it again, this time from the third position. The seventh
position will add to 10 with the thirg position,

= 10 6 + 2 = 10 9 ?2 = 10
Mr—— Sr————— 7".‘--—-
= 10 -5 + 2?2 = 10 8 ? = 10
7 > Samog 2.
/7
= 10 4 + 2 = 10 7 ?2 = 10
- p———— 3 ” ﬂ-*_

72
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RULE 2

Let's do it one more time. The fourth position will add to 10
with the sixth position. .




THE NUMBER IN THE S%COND POSITICN

The number in the second position is obtained by doubling the
number -in the first position., (For example: 1 +1 or 8 + 8.)

7.+ 7 = 2 8 + 8 = 2 9 + =
I
4




STARTING THE GRIDS

Now it is time to £ill in the positions using rules one and
two. Start by placing the correct number in the center
position. Next fill in the second, eighth and ninth positions.

/ 2| 3

/L

-~z
ot

|
|
| |
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THE ODD PATTERN

The times tables of the odd numbers 1, 3, 7 and 9 have a very
noticeable pattern —- each number from 1 to 9 is in order in these  ~
grids. You will see that the direction is different for each grid. ' To
fill in the missing numbers of the grid you need oniy count, Lotk at the

1 time tables. You bedin counting 1, 2 and £il}l in 3-and 4'in the third: " °

and fourth positions. The 5 is already there. You place @ 6 and 7 in
the sixth and seventh positons. The 8 and 9 are already there.

Now try the 3 times tables. Begin counting with the 4. You are
counting from right to left 4, 5, 6, and 7. .Place an 8 and 9 in the
sixth and third position. 1In the seventh position, diagonally from the
third, you place a 1 {Rule 2) and a 2 in the fourth position,

Look at the 7 times tables. You see that there is a 14 in the
second position. 1Ignore the 1 and only consider the 4, Some students
cover the one with their finger so they do not get confused. Begin
counting left to right, 4, 5, 6 and 7. Place an 8 and 9 in the fourth
and seventh positions. Again use Rule 2 to place a 1 in the third
position {opposite positions add to 10) and place a 2 in the fourth
position,

The 9 times tables can be either counted backwards 9, 8, placing a
7 in the third position, etc. or by counting 1, 2, placing a 3 in the
seventh position.




THE EVEN PATTERN

The even pattern  is also very noticeable. There are no odd numbers
in the even tables. ' Each even number. 2, 4, 6 and 8 are in the grid
twice., To complete the even grid repeat: the numbers that are already in
the grid. For example 2, 4, 6, 8., Now repeat this pattern twice filling
in the positions as required. Another way to complete the even grids is
to begin by placing the number of the times table in both the first and
sixth position. Then use Rule 2 (all opposite positions add to 10) to
complete the grid. If you have difficulty with the even pattern, ask
your instructor for further explanation,

/4
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THE X AND DIAMOND PATTERN

The X and diamond pattern is used to create 5 times table and to
check the odd times tables. In the 5 times tables, there is a 5 in each

position along the X and a 0 in the positions touched by the diamond.

You can check the odd time table grids the same way. There are odd
numbers in each positions along the X and even numbers in the positions
touched ‘by the diamond. ) '

A S| —
O< O
TN

Now draw an X and a diamond over your grids to check to see if
there are odd numbers on the X and even nurbers on the diamond,

1S
(3




COMPLETING THE TABLES

Before we move on, let us practice completing the grids.

After you finish  filling in the positions in all of the grids,
you can complete the times table by placing a number in the ten column
{(in front of the number in th~ grid). The 1 time table is complete. The
2 times table is completed by placing a 1 in front of the 0 in the fifth
position, a 1 in front of the 2 in the cixth position etc. Try it; if
you have difficulty, concult with your snstructor,

)6 78
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MORE PRACTICE

.. Complete the grids each day for a couple of days until you can do
them easily. If you need more practice draw the grids on scrap paper.

-
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MORE PRACTICE

Complei:e Ehe' 'Qrids each day for a couple of days until you can do
them easily. If you need more practice draw the grids on scrap paper.

81
/&




1

F

Now that you can produce the multiplication tables, you can solve
Refer to the grids when solving the
If you become confused when doing & problem simply

problems easier than ever before,

following problems.

USING THE GRIDS

MULTIPLICATON

refer back to the grid to check your answers.

24
x5

57

x4

375
X9

410
X1

101

63
L.2)

98
%3

489
X2

607
x5

855
X8

6,404
X6

6,534

42
x2

16
X1

127
X4

315

)
°1RG

74
X6

28
X9

543
x5

683
X6

246
X9

5,200

7,310

x5

81
X9

33
x8

933
X7

744
x4

979
%5

3,301
X5

1,979




MORE PRACTICE

Complete the grids each day for a couple of days until you can do
them easily: If you need more practice draw the grids on scrap paper.

e




[

MORE PRACTICE

Complete the grids each éfay for a couple of days until you can do
them easily. If you need more practice draw the grids on scrap paper.

/ 2 | 03

0
n




" USING THE GRIDS

DIVISION

You can also use the multiplication grids to solve long
division problems easietr than ever before, Refer to the grids when
solving the following problems. Find the number in the grid that comes
closest without going over., Place the number of the position on top of
the division problem. Copy the number that is in that position in the
grid under the number in your division problem. Now substract and bring
down the next number and repeat the procedure. If you have any
difficulty consult with your instructor.

6) 545 3) 189 7) 497 4) 524

5) 255 2) 864 9) 729 3) 1596

8) 2554 6) 8642 5) 3195 7) 3543

9) 1064 2) 7348 _4) 7264 3) 4472
\4’5

2

.
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MCORE PRACTICE

Complete the grids each day for a couple of &ayé until you can do
them easily. If you need more practice draw the grids on scrap paper. .




MCRE PRACTICE

Complete the grids each day for a couple of days until you can do
them easily. If you need more practice draw the grids on scrap paper.
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MORE PRACTICE

Complete the grids each day for a couple of days until you can do

them easily.

If you need more practice draw the grids on scrap paper.

28




DOUBLE DIGIT GRIDS

Now that you have mastered the grids for the tables 1 through 9, it
is time to begin double digit times tables. Below you have the example
of the 10 times tables. It is formed simply by placing a 0 behind each
number in the grid. Complete the rest of the grids and place a 0 behind
each number.

/OVO 70A920 jo

20 |50 |§0
30 oo 90

76 50 50

et




DOUBLE DIGIT GRIDS
NUMBERS ENDING IN 1

The double digit grids which end with a 0 are very easy to form.
So are those numbers which end with a 1, e.g, 21, 31, 41, etc. These
grids are formed by placing the 1 times tables behind the completed
grid. The first two are completed for you, Complete the rest,

[ 1199117 R4 (#4947 S

225 lge 4 alios ey

53 L6 |99 €3 iaelng

71 S [

y0
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DOUBLE DIGIT GRIDS
MORE PRACTICE

Complete the grids for the following numbers. If you need more
practice, draw grids on scrap paper and complete the grids.

[ 20 3/
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APPENDIX B

The grids with the numbers in both the ten's and one's colums
completed.

Lyl 7 20 gl 3R R/
20 8518 Yo/t ¢|/5| Ry
31 L0 9 Ll 91/8\27

Y1/6|zp 5|03 Llaz] sz
Plaol32 /ol|as| % /2|30|%F

J2 24136 /S|30\ %5 /P36 sY

7\ VT 135 G136 43
[T 3s1sd Jel%o by /8195 )2

KR 63 x| gL\ TR AT || 8
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The ansvers to the multiwiicstion wroblens

24
X5

FT)

375
_x9
3375

410
1

410

101
_x3
303

3,021
x7

21147

3,927

1S708

489
_x2
918

607
x5
3035

855
_x8
8§40

S

6,404

127
_xt
s08

315
X7
2265

931
X2
1862

9,005

18,010

LS

2,395

74
X6

iy

28
%9
252

543
X5

235

683
X6

4098

246
_X3
2214

5,200

7,310
%5
3@550

81
X9

%29

33
X8
28y

933
X7
Y

744
x4

23

3,301
X5
(6,505

1,979

3811
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The answers to the division problems

1 b3
6) 546 3) 189
£/ _734
5) 255 2) 864
3,9 AL 19y A
8) 2554 6) 8642
(L&~ 3¢y
9) 1064 2) 7348

N

4
7) 497

9) 729

tF/E
4) 7264

RN
Y

n-

495

4) 524

_ $32
3) 1596

S‘O [y

7) 3543
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Introduction

Workbook II is designed to develop the student’s ability to
create and use multiple digit Tic Tac Toe grids. The student
should have already completed Work Book I which helps the
students learn to make the single digit grids.

Workbook I taught the student of Tic Tac Toe how to
identify the positions 1 to 9 in the grids and how to use the
patiern on the following page to create the grids 1 through 9.
Workbook I also introduced the student to the double diget grids
ending in 0 and 1 (10-11 - 20-21, etc.).

Workbook IT will take the student through the process of
creating and using double digit grids (other than those ending in
0 and 1) and multiple digit grids. This workbook shows how to
use the grids to make long division a breeze.

G,




Tic Tac Toe Pattemns

Patiern 1 There is always a five or a zero in the center position.

Pattern 2

Pattern 3

Pattern 4

Pattern 5

Pattern 6

All opposite positions on the x and the cross must

" add to ten.

The second position is obtained by doubling the
number in the first position.

Opposite positions on the X and the cross add up to
ten times the first number when the grids are
completed.

Grids of odd numbers always have odd numbers on
the X and even numbers on the diamond.

There are no odd numbers in the even grids.

Visual Pattern

/

v

v

4

23




Tic Tac Toe Math Review
Compiete the following grids: (If you do not know how or have

forgotten any part of them, consult the Tic Tac Toe Math Instructional Guide or

Workbook I to learn the system or refresh your memory.)

1ul)

.3

w

; o - -
s




i T

S

20|

Review Double Digit Grids Ending with 0.

In Workbook I, you leamed to create the grids for 10, 20, 30, 40, 50, 60, 70,
80, and 90. Take & moment and review the grids. (Remember, first complete the
single digit grids and then add the zeroes.) Note: So that you will not have to

squeeze in your numbers, be sure you place the numbets for the grids (1 t0 9) in
the middle of each position.

30

Y0

i

et

S0

60

70

£0

0

g
R Y

Ny




Review: Double Digit Tic Tac Toe Grids Ending in 1.

In Workbook I, you also learned how to complete the grids for 11, 21, 31, 41,
51,61, 71,81, and 91. Complete the following grids. (Remember to do the single’

digi- grid first, placing the number in the middle of the grid and then add the one-
times table behind the completed single digit grids.)

[ 2 3]

el S 6l
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Review: Using the Single digit Grids

Complete the following exercisc.

8 s 9 7 3
x3 x2 x4 xé6 x7  x8
é 2 g 7 3
xS x? x7 x8 xé x7
] 2 25 ¥ 7 38
x 8 x S x G x 4
7)81 5)38 L2y 318
8)ey @ QY2968 H4)9Y91Y

103
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Review: Using Double Digits Ending With 0.

Complete the following exercise.

b
X/0

/] ©
A/0

75) S60

30) 240

Y0) 2 £0

9 7 kY
x L0 x 40 X S0
S0 $o Po
Y60 ¥ 90 X 20
20) /120 $0) 350
Jo) 800 90) 270
60) 300 §0) ¢ <o
104
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Review: Using Double Digits Ending in 1.

Complete the following exercise.

/A
x 3/

§
X 7/

$1) 357

Y1) 123

¢l) 599

Y 9
x &/ ]/ x S/
3 £ 4
X9/ x 6/ x 1)
81) Yo s 1) 168
1) 7777 N)22%
91) 36¢ )Y

113

g




Double Digit Numbers Ending With 2, 3,4, 5,6, 7, 8, and 9

Once you can createt single digit ¢-wis with ease and can complete double digit
numbers with 0 and 1, you are ready for the rest of the double digits. These are

very easy to create and make solving double digit long division more like a game
than a problem.

The double digit grids used in numbers 2, 3, 4, 5, 6, 7, 8 and 9 need 2 grids,
one of regular size and a second which is a bit larger.

190




Creating Double Digit Grids

In each of the grids you will comlplete a Tic Tac Toe for one of the two
numbers, For example, to form the Tic Tae Toe grid for 23:

First: Make two grids

Second: Place the 2 in the regular grid and the 3 in the
second grid. Your grids will look like this.

Turn the page for the next step.

107
/0




The third step is to complete the grid (2) on the left.

10| |b

The fourth step is to complete the pattern (single digits, one’s

column only) in the grid (3) on the left. Your grids now look
like this. :

o[ 16 Ll ST Y
12| 18 |

o~ R o




Now bring the number in the fourth position to the fourth
position in the right grid and add it to the small number which
you find there. The 1 is added to the 8, and you write a 9. Erase
or scratch out the little number so that you don't get confused

lateys.

Y

74

SN

B BN

IRy

z
2] 19 '
~_ [2 9 __ r?/ 3‘8 &7
Repeat this process for the rest of the grid.
B /,———f-—ﬂ“—"“"ﬂ\

20

7.2

IO

SR

[ L

g A3 TG
L 61151199
9 :
S 690138207
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The fifth step is to use small numers to.complete the grid on
the right (3). Your grids will now look like this.

2 817 3| A

y| 10 I¢ AR
i 1218 |
N .8 7

The sixth step in the process is to combine the grids to
produce the 23 times table. Bring the number (2) in the first

position to the first position in the grid on the right (A), giving
you 23,

B) Place the number in the second position (4) in the second
position in the grid on the right. (C) Move the number from the
third position (6) to the third position in the grid on the right.
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When you haye completed the process, you will have the 23-
times table, which will look like this.

721 1¢.1

23
44

1131187
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/138|207

To check your grid, you can add opposite positions. The
sum will be 10 times the first number (230). Each of the

opposite positions in the grids always add up to 230. The
number in the fifth position will always be 1/2 ten times the first

number (115).
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Let's try another, using the six steps for the 54 times table.
1) The first step is providing two grids.
2) Place the § in the left grid, the 4 in the right
3) Complete the 5 times table.
4) Complete the single digits of the 4 times table.
5) Complete the 4 times table with small numbers.

6) Combine the two grids.

Check all opposite posidions to see if they add to ten times the
first number. 115

- 18




|

Now do the following double digit grids.

32

76 |

Check all opposite positions to see if they add to ten times the
first number.

1



Complete the following grids, and do the problems.

29) 76 & 29) 1924 8

114
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As you see, double digit grids are most useful for solving long division. When
you make the grids, you will be able to solve long division problems as fast or
faster than others who do them in traditional ways. You can use double digit for
multiplication or the single digits and multiply as others would.

To solve multiplicaton problems with the double digit grids, you copy the
number that is in the appropriate positions and add zeros to hold the place value as
you would when multiplying the traditional way. Study the following problem.

1. Find the number in the 9th position
of the 76 grid

2. Add a zero to hold the place value and place the number from the first
position in front of it.

3. Add two zeros to hold the place values and place the number from the
second position on the third line in front of the zeros.

If you have difficulty with the zeros which hold the place values, set up the
ptoblem in the following way:




Do the following grids and solve the problems,
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Complete the following grids and solve the problems.
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Complete the following grids and solve the problems.
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Triple Digit Numbers Ending in 0
You will remember how easy it was to create the grids for 10,

11, 20, 21, and so on. Now you will see that it is as easy to
create the grids for 320, 321, 450, 451, 840, 841, and so on.

Here is a completed grid for the 23 times table. To obtain
the 230 table, simply place a 0 behind each number.

30(9a_|/el_
Ye_|lls_|189_

69 _13g_|a07_

To obtain the 231 table, simply place the 1 times table
behind each number.
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Now let's use these gnds on a few problems.

230) J65¢ 23) 936 7

231) 136982 M) S4€93 7
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Try some yourself. Remember to leave room for the zeroes
and the small number in each position.
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To form multi-digit grids which do not contain zeros or
ones, you need the same number of grids as there are digits.
Each additional grid needs to be large enough to accommodate

the larger numbers. Here is an example of a 3-digit grid.

When you move 23 to position one to form 234, 46 goes to
position 2 to form 468. 69 moves to position 3, and you add the
small number to 69 resulting in 702 in third position and so on.

23|

A ¥ /Y
q)/0] /6
AVFENT

A3Y

23] 1R

A,

YLl 118

/84

(9|/3¢

Y6 8

638
[&7 ~

704

207

}----—----—



A
3

1

6as
a6

Your turn
b




Complete the grids, and use it to solve this problem.
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Here is a sample of a four-digit table. 3, 67 2
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Try the grids on this page, then make a problem and solve it.
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Tic Tac Toe Math Used with Fractions

Tic Tac Toe Math can help students improve their abilitiy to do fractions.
Many students have not bzen able to learn how to do calculations with fractions
because manyof the procedures require knowledge of the times tables. Students
who did not know the times tables had great difficulty reducing fractions, finding
common denominators and changing mixed and improper fractions. Tic Tac Toe
Math provides the students with the opportunity to learn the procedures and
become more proficient with fractions.

Avoidance, whether caused by lack of knowledge or dislike for a subject,
results in limited time on task. And time on task without understanding is the same
as no time on task. The only way to learn how to do calculations with fractions is
to doit. This workbook enables the student to do fractions. The student should

already knmow how to make the Tic Tac Toe Math grids and use them for
multiplication and division.




Tic Tac Toe Pattemns

Pattern 1 There is always a five or a zero in the center position.

Pattern 2  All opposite positions on tne x and the cross must
add to ten.

Pattern 3 The second position is obtained by doubling the
humber in the first position. '

Pattern 4  Opposite positions on the X and the cross add up to

ten times the first number when the grids are
completed.

Pattern 5 Grids of odd numbers always have odd numbers on

the X and even numbers on the diamond.

Pattern 6 There are no odd numbers in the even grids.

Visual Pattemn

4

v

150




Review of Tic Tac Toe Math

Complete the following grids. K vou do not know how to complete these grids,

consult the Tic Tac Toe Math Instructional Guide, Tic Tac Toe Math Workbook I
or ask your teacher.

181




Reducing Fractions to the Lowest Terms

- Some fractions can be reduced to simapler forms. This means that a fraction
written one way may be written in a number of different ways and have the same
value. You can learn to write fractions in different ways by simply matching the
numbers in the fraction with the positions in a grid. For example:

To change this fraction, look through these grids.

-15%- 3112020 sTad3s ¢34 (3
clis)ay _1o2sTgo )& 5T 73

N1 30| 45 20) 59 &

You find 15 in the 3 and 5 grids. You find 27 in the 3 and 9 grids. But you

find both numbers in only the 3 grid. Identify the position for each to reduce the
fraction. 15 isin the fifth position and 27 is in the ninth position.

1S S

7 7

24 Scanning the gride vou find that 24 is in the 3, 6, and € grids,

while 48 is the 6 ard & grids. Since 48 is notin the 3 grid, you
use either the 6 or 8 grid.

3lu2ar @@ ya sl3dst
A / 14| 40| é¥
912|127 18365y RA98 712

Using the 6 grid, identify the position for each number. 24 is in the fourth
position, while 48 is in the eighth position. Since 4 and 8 are in the 2 and 4 grid,
you can use the 2 or 4 grid. ¥ you use the 2 grid, you find that the numbers are in

the second and fourth positions. And again these numbers are in the 2 grid, in the
first and second positions or one half.

Another Example:
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Using the 8§ grid, identify the positicn for each number, This time 24 is in the
thrid position and 48 is in the sixth position. These numbers are common to the 3
grid. The 3 is in the first position and the 6 is in the second position. Again
providing you with the reduced fraction one half.

A third example:
14 First you find that 14 is in the 2 and 7 grids and 49 is found in
49 the 7 and 9 grids. Both of these numbers are found only in the 7

grid. 14 isin second position and 49 is in the seventh position.

Since 2 and 7 do not appear together in any grid, the fraction is
reduced to it lowest terms.
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Use the grids to reduce these fractions.
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Changing Mixed Numbers and Improper Fractions

The Tic Tac Toe grids can be used for changing mixed numbers into improper
fractions and vice versa. A mixed number is one which has a whole number and &
fraction. Animproper fraction is one which has a larger number (numerator) on
top.

The following are mixed numbers
2 1 3 3
L5 ST 3% |
These are improper fractions:

15 2 12 17 5
6 8 Z 5 3

[S=Y

Some procedures require improper fractions so you should practice changing them
in both directions. To change a mixed number into an improper fraction you need
to find or make the grid of the bottom number. For example with the mixed
number 3 1/2, you need the 2 grid. Nextyou look for the position which
corresponds to the number in front, (the whole number 3). In the third position
there is a 6, you add this number to the number on top (the numerator) 6 + 1 = 7.
You rewrite the fraction as 7/2.
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To change an improper fraction into a mixed number, you again find the grid
which matches the bottom number. For example, to change 25/5, you use the 5
grid. Look for the top number in the grid, if it is there, as 25 is in the 5 grid, count
the position and vou have a whole nuraber withou* a fraction left over.

$12 o|_3 S

’gé‘ | AR ? :\5—

< 15130| 45

A way to remember how to do improper fraction is to see the fraction as top
heavy. The top number falls into a division problem.

S)as

If the improper fraction was 28/5, vou find the two numbers it is between and
take the smaller number. 25 is smaller than 30, it is in the fifth position. This

provides you will a whele number of 5 with 3 left over. You write the mixed
number as 5 3/5.

| Slad 35 3
18 g = 28 ;j;
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Change the following mixed numbers into improper fractions.
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Change the following improper fractions into mixed numbers.
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Now it is time te use fractions to solve problems. First
multiplication of fractions.

To multipy fractions you simply use the grids to multiply across. Let us look at the
following example:

x 4 = §
5 15

yl 16|18 s12d 35
JOETEE EGEZ

1af3e (73] so]#s

Another Example involves a whole number.

__1_x3
3

(Note: Yeu need to write the whole number as a fraction. Draw a line under it

and place a 1 undemeath. Any fraction with the same number on the top and
bottom always equals one.)

L 2.3
3 X =5
[2la/
AT PY
917 81a7?

To understand what happens when you multiply fractions,think of having a quarter
(25 cents) and multiplying it by three, giving you three quarters ar 75 cents.
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Here is another example:

S x 1 = 5
o ) )
il ¢
/
X 2 2 — =
y *73
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Dividing Fractions

Dividing fractions is simple because itis just like multiplying fractions. There
is only one additional step, that is to turn the second fraction upside down.

1 = 3 chamesto 1 x 4 = 4 = 2
2 4 2 3 6 3

2 o1y 3|12 Ariag
Y 10l/¢ Ll15]2r 80|32

6| 1218 18|27 12]a%) 3¢

S+ 3
1 . 3 1x1 1
=T T T°F = 12
3 1 4
or
- 2 Loyl _ L1
2 T y] 2 = 4
2

To see this concretely, imagine that you have 50 cents and you want to divide it
in half (by 2) you then have 1 quarter.

- 3- 141




Adding Fractions:

When both fractions have the same number on the bottom, add the top numbers
and keep the bottom number. Reduce the fraction if necessary.
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Subtracting Fractions

When both fractions have the same number on the bottom, subtract the top
numbers and keep the bottom number. Reduce the fraction if necessary.
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Common Denominators

If you know the times tables, the common denominator of 1/3 and 1/9 is easy.
Finding common denominators is difficult if you do not know the time tables, but,

with the grids of Tic Tac Toe Math, it is not only possible but easy.

iy

Since bot:h. 3 and 9 are in the 3 grid, 9 is the common dencminator. Since you
move 3 positions to get to 9, you multiply both the top and bottom number (1/3)

by 3. 1/9 remains the same, 1/3 becomes 3/9.

KINEAP Y -
ANGEY; --—/—-.73:}——3?—
918|127 37 7

To find the common denominator of 1/5 and 2{25, we see the common
demoninator is in the 5 grid. The 2/25 stays the same, while you move 5 positions
to getto 25. 5x 5 = 25 (clearly seen in the grid).
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Practice Page: Find The Common Denominator.
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Adding Fractions with Mixed Denominators: -
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Subtracting Fractions with Mixed Denominators:
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Practice Page: Find The Common Denominator and Add.
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Practice Page: Find The Common Denominator and Subtract.
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Finding Common Denominators Using Two Grids

When the denominators (the bottom number of a fraction) are not in the same
grid, you need to use two grids. Let's look at the following example.

/ /

3 2

Since 4 and 3 are not in the same grid, you need to find 2 number which is

' common to both grids. In this case, 12 and 24 are in both grids. Both are common

denominators, but usually you will use the smallest one.
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To change these two fractions to have common denominators, multiply each

fraction by the number of the position from the grid of the denominator. One thrid
uses the three grid and one fourth uses the four grid.
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