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UNIT 1 MODULE 6
THE BICONDITIONAL STATEMENT

Compare the following two statements:

1. If you are a slacker, then you will get fired.

2. If you are a slacker, then you will get fired, and if you aren't a slacker, then you won't
get fired.

Notice that the second statement conveys some crucial information that the first statement
omits; namely, first statement doesn't stipulate what must happenafgo't a slacker,
whereas the second statement does provide such information.

The second statement is an example lmtanditional statement. Biconditional

statements are usually phrased with the connective "if and only if." A more concise way
to formulate statement 2 above is as follows:

2. You will get firedf and only if you are a slacker.

The "if and only if* connective is represented by this symbol:

PROPERTIES OF THE BICONDITIONAL STATEMENT
In general, a statement of the form "A if and only if B" will be TRUE when A has the
same truth value as B, and FALSE when A and B have differing truth values.

EXAMPLE 1.6.1

Determine the truth value of each statement.

1. Atlanta isn't in Georgiaifand only if 1 + 1 = 2.

2. All cats are reptiles if and only if all dogs are fish.
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EXAMPLE 1.6.1 SOLUTIONS

A. Atlanta isn't in Georgiaifandonly if 1 +1 =2

This statement has the form "p if and only if q," where p (Atlanta isn't in Georgia) is a
false statement while g ("1 + 1 = 2") is a true statement. Since the two components of this
biconditional statement have opposite truth values, the statement is FALSE.

B. All cats are reptiles if and only if all dogs are fish.

This statement has the form "p if and only if g," where p ("All cats are reptiles") is a false
statement while q ("All dogs are fish") is also a false statement. Since the two
components of this biconditional statement have the same truth values, the statement is
TRUE.

THE TRUTH TABLE FOR THE BICONDITIONAL STATEMENT
Bearing in mind the truth properties described above, the "if and only if* statement must
have the following truth table:

P|a|p-d
T|T| T
T|F| F
F|T| F
FIF| T

Notice that the statement is true in the first and fourth rows, where the truth value of p is
the same as the truth value of g. On the other hand, the statement is false in the second
and third rows, where p and gq have opposite truth values.

EXAMPLE 1.6.2
Suppose g represents a true statement while p and r represent false statements.
Find the truth value of (4p-q)~ (Q-T)
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EXAMPLE 1.6.2 SOLUTION
We will substitute the given values for their respective variables in the expression

(~pt~q)- (@-1)

Letting q be "T" and letting p and r be "F" we have:[(~F) - (T - F)

Now we simplify the negations within the left-hand parenthesed=)& (T - F)

Next we simplify the expressions within each set of parentheses. The disjunction inside
of the left-hand parentheses is TRUE, while the conditional within the right-hand
parentheses is FALSE.

ToF

Because the statement simplified to a biconditional in which the two components have
opposite truth values, the statement is FALSE.

WORLD WIDE WEB NOTE
For more practice involving symbolic statements, visit the companion website and try
THE LOGICIZER.

EXAMPLE 1.6.3
Use truth tables to verify that the following statements are all equivalent:

1. poq
2. (p~9)a-p)
3. (p~g)(~p-~0a)

WORLD WIDE WEB NOTE
For more practice involving truth tables, visit the companion website and try THE
TRUTH TABLER.
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PRACTICE EXERCISES

1. Suppose p is true, g is false, s is false. Find the truth value-af)(p- (gCXs)
2. Suppose pis true, r is false, s is true. Find the truth valuedb)~=s (r[s)

3. Suppose p is false, g is false, r is false, s is false.
Find the truth value of (p-q) - (p ~ Q)

4-6: Make a truth table for the given statement
4. (~p~0)-q 5.~[(~plq) ~ q]  6.(~p~q)~ (pL+q)

7. True or false: (~p~q) - q= pl~qHint: refer to the answers to #5 and #6 above.

8. Muhammad Ali was a boxer if and only if Michael Jordan was a basketball player.
9.2+2=4ifandonlyif 3+3=8.

10. January is a weekday if and only if February is a month.

11. All letters are vowels if and only if all numbers are even numbers.

ANSWERS TO LINKED EXAMPLES

EXAMPLE 1.6.3

1.
P 4 p-g
T|T| T
T|F| F
F|T| F
FIF| T

p-d ag-p (p-a)Xq-p)
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3.
P 4 ~p -q p-d -~p-—-q (p~9(~p--q)
T|T|F|F| T T T
T|F|F| T| F T F
FIT| T|F| T F F
FIF|l Tl T] T T T

ANSWERS TO PRACTICE EXERCISES
1. Suppose p is true, q is false, s is false. Thenqp- (qls) is T.

2. Suppose pis true, r is false, s is true. Thenlf)ys. (rlIs) is F.
3. Suppose p is false, g is false, r is false, s is false. Themjp-» (p - q)is T.

4. (~p~q)-q

Pal~p ~a ~pv~g [(~Pv~1) &0
T|T/F |F F F
TF/F T T F
FlT/T |F| T T
FFT T | T F

5. ~[(~pq) - q]
Pa~p ~q ~pa~g [(~p A=) =(a) FI(~pa~q) <(q)]

T|T/F |F F F T
TIFIF |T  F [ T [ F
D B a = . -
FE T T T | F [ T

6. (~pl~q)« (pl~0)

PA~P 2 FPaAra Pa~q [(~Pa~D) (P a~d)
F F F F

=SS

Sl
I I T

F T F T
T|F | F | F
T|/T! T | F

7. True 8. True 9. False 10. False 11. True



