Building Truth-Tables and Testing for Validity
*A quick disclaimer: this handout does not discuss the proper symbolization of claims complex enough to require parentheses.  They will be addressed elsewhere.*

Using truth-tables to test an argument for validity is really little more than applying the truth-table definitions of our four connectives over and over again.  So, as a reminder, here they are:
Negation:

	P
	~P

	T
	F

	F
	T


Disjunction:

	P
	Q
	P v Q

	T
	T
	   T

	T
	F
	   T

	F
	T
	   T

	F
	F
	   F


Conjunction:

	P
	Q
	P & Q

	T
	T
	   T

	T
	F
	   F

	F
	T
	   F

	F
	F
	   F


Conditional:

	P
	Q
	P --> Q

	T
	T
	   T

	T
	F
	   F

	F
	T
	   T

	F
	F
	   T


Remember, in these definitions the Ps and Qs in the charts are variables – they stand for any claim whatsoever.
Using Truth Tables to Determine Validity:

There are several steps required in order to test an argument for validity.  With practice, you will probably be able to combine steps, but in what follows I will go through each step carefully.  I’ll describe the steps briefly, then use an example argument and illustrate the steps at length.  There are six steps – the first five are for constructing a truth-table that represents the entire argument, the sixth is the determination of validity. Here are the steps:
Step 1: Reconstruct the argument.
This one is easy, as you’ve done it before.  Put the argument in “standard form,” including any assumed premises or a hidden conclusion.  When you are familiar enough with symbolizing claims, you may skip this step and reconstruct the argument in symbolized form.
Step 2: Determine the atomic claims and symbolize the argument.
Atomic claims are claims that do not have other claims as parts.  These are the claims you will generally be symbolizing with lower-case letters (you may sometimes use a letter to symbolize a complex claim, if the argument you are dealing with warrants it – see below – in which case you will be treating such claims as atomic).  In this step, be sure to provide a key for the letters you are using.  Complex claims are claims that do have other claims as parts.  These are constructed by combining atomics with the appropriate connectives. 

Step 3: Start the truth table based on the atomic claims.
Here you begin the truth-table.  Put the letters in alphabetical order and create the correct number of rows for the table.  The number of rows is determined by the formula: 2n, where n = the number of atomics you are using. So, one letter means two rows, two letters means four rows, etc…
You now want to fill out the table for your atomics before you work on the rest of the argument.  This is so you can cover all the possible combinations of truth-values for the basic structure of the argument.  The convention for covering all possibilities goes as follows: alternate Ts and Fs for the right-most atomic until all rows are filled in; then move to the atomic to the left and double the amount of Ts and Fs before alternating.
Step 4: Columns 

For each more complex piece of the argument, create a new column, until you have the entire argument represented.  You will need to make separate columns for the parts of the complex claims before the columns for the complex claims.  So, the claims will generally get more complex as you move to the right in the table.
5. Fill in the grid, one column at a time, from left to right until all spaces are filled in.

You should now be able to complete each column of the truth-table by looking at the definition of the new connective introduced and one or two of the previous columns of the truth table (the appropriate columns are determined by what is standing in the place of P and Q in the new column).
Step 6: Check for validity.

You will now have a complete truth-table for your argument.  Look for a case in which all the premises are true and the conclusion is false.  If you find such a case, the argument is invalid.  If you get through the entire table and do not find such a case, the argument is valid.

This Time with an Example:

Let’s use a version of a familiar argument to go through these steps:

Either God can create a stone too big for him to lift, or he cannot create such a stone. If he can create such a stone there is something he can’t do.  But if he cannot create such a stone there is again something he cannot do.  So, God is not omnipotent.

Step 1: Reconstruction

1. Either God can create a stone too big for him to lift, or he cannot create such a stone.

2. (Assumed) If God is omnipotent, there is nothing he cannot do.

3. If God can create such a stone, then there is something he cannot do.

4. If God cannot create such a stone, then there is something he cannot do.

5. Therefore, God is not omnipotent.

We could skip the assumed premise if we treated “there is something God cannot do” as “God is not omnipotent.”  Treating the argument as above fits many people’s thinking about the argument and allows me to illustrate an important point about conditional claims, so we’ll stick with it here.  See the “Appendix” for the other version of the argument.

Step 2: Symbolization

g = God can create a stone too big for him to lift.

n = There is nothing God cannot do.

o = God is omnipotent.
1. g v ~g

2. o ( n

3. g ( ~n

4. ~g ( ~n

5. ~o

Step 3: Starting the Truth-Table

3 atomics (g, n and o), so, 8 rows in your table,
Alphabetical order,

Alternate Ts and Fs under the right-most atomic,

Double the amount of Ts and Fs before you alternate for each atomic to the left:

	g
	n
	o
	

	T
	T
	T
	

	T
	T
	F
	

	T
	F
	T
	

	T
	F
	F
	

	F
	T
	T
	

	F
	T
	F
	

	F
	F
	T
	

	F
	F
	F
	


Step 4: Finishing the Columns

The next most complex pieces of the argument are the negations of g, n and o.  So add a column for each of these:

	g
	n
	o
	~g
	~n
	~o
	

	T
	T
	T
	
	
	
	

	T
	T
	F
	
	
	
	

	T
	F
	T
	
	
	
	

	T
	F
	F
	
	
	
	

	F
	T
	T
	
	
	
	

	F
	T
	F
	
	
	
	

	F
	F
	T
	
	
	
	

	F
	F
	F
	
	
	
	


The next most complex pieces of the argument are the disjunction in the first premise and the three conditional statements:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	
	
	
	
	
	
	

	T
	T
	F
	
	
	
	
	
	
	

	T
	F
	T
	
	
	
	
	
	
	

	T
	F
	F
	
	
	
	
	
	
	

	F
	T
	T
	
	
	
	
	
	
	

	F
	T
	F
	
	
	
	
	
	
	

	F
	F
	T
	
	
	
	
	
	
	

	F
	F
	F
	
	
	
	
	
	
	


You now have columns for all the premises and the conclusion of the argument.

Step 5: Filling in the Table

Here’s where you start using the connective definitions over and over again.  I’ll make a new chart for each point I want to make, but you’ll be doing this all on one chart.  In the fourth column, you have ~g.  In this case, the g in the first column stands in for the P in the definition and the ~g in the fourth column stands in the place of ~P.  Apply the definition:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	
	
	
	
	
	

	T
	T
	F
	F
	
	
	
	
	
	

	T
	F
	T
	F
	
	
	
	
	
	

	T
	F
	F
	F
	
	
	
	
	
	

	F
	T
	T
	T
	
	
	
	
	
	

	F
	T
	F
	T
	
	
	
	
	
	

	F
	F
	T
	T
	
	
	
	
	
	

	F
	F
	F
	T
	
	
	
	
	
	


Do the same thing for the other two negations, using the appropriate claims in the place for the P and ~P in the definition:
	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	
	
	
	

	T
	T
	F
	F
	F
	T
	
	
	
	

	T
	F
	T
	F
	T
	F
	
	
	
	

	T
	F
	F
	F
	T
	T
	
	
	
	

	F
	T
	T
	T
	F
	F
	
	
	
	

	F
	T
	F
	T
	F
	T
	
	
	
	

	F
	F
	T
	T
	T
	F
	
	
	
	

	F
	F
	F
	T
	T
	T
	
	
	
	


The seventh column, the disjunction, is a case of the disjunction definition with g in for P and ~g in for Q.  So, look at the g column, the ~g column and the definition of disjunction to get the Ts and Fs for this column.  Notice, you never run into a case where the claim standing in for P (g) is false while the claim standing in for Q (~g) is also false, so the sentence turns out to be true in all cases:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	
	
	

	T
	T
	F
	F
	F
	T
	T
	
	
	

	T
	F
	T
	F
	T
	F
	T
	
	
	

	T
	F
	F
	F
	T
	T
	T
	
	
	

	F
	T
	T
	T
	F
	F
	T
	
	
	

	F
	T
	F
	T
	F
	T
	T
	
	
	

	F
	F
	T
	T
	T
	F
	T
	
	
	

	F
	F
	F
	T
	T
	T
	T
	
	
	


Now, for the conditionals.  For o ( n, o stands in the P place and n stands in the place of Q. Looking at the definition of the conditional, this means that the conditional claim is true in all cases except when o is true and n is false.  Remember that although the n comes before the o in our chart, the variables they stand for in the definition come in opposite order, so be careful:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	T
	
	

	T
	T
	F
	F
	F
	T
	T
	T
	
	

	T
	F
	T
	F
	T
	F
	T
	F
	
	

	T
	F
	F
	F
	T
	T
	T
	T
	
	

	F
	T
	T
	T
	F
	F
	T
	T
	
	

	F
	T
	F
	T
	F
	T
	T
	T
	
	

	F
	F
	T
	T
	T
	F
	T
	F
	
	

	F
	F
	F
	T
	T
	T
	T
	T
	
	


For g ( ~n, g stands in for P in the definition and ~n stands in for Q.  This one’s a bit easier since g and ~n appear in the same order here as P and Q appear in the definition:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	T
	F
	

	T
	T
	F
	F
	F
	T
	T
	T
	F
	

	T
	F
	T
	F
	T
	F
	T
	F
	T
	

	T
	F
	F
	F
	T
	T
	T
	T
	T
	

	F
	T
	T
	T
	F
	F
	T
	T
	T
	

	F
	T
	F
	T
	F
	T
	T
	T
	T
	

	F
	F
	T
	T
	T
	F
	T
	F
	T
	

	F
	F
	F
	T
	T
	T
	T
	T
	T
	


Last one: ~g ( ~n.  Here, ~g is standing in for P and ~n is in for Q:

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	T
	F
	T

	T
	T
	F
	F
	F
	T
	T
	T
	F
	T

	T
	F
	T
	F
	T
	F
	T
	F
	T
	T

	T
	F
	F
	F
	T
	T
	T
	T
	T
	T

	F
	T
	T
	T
	F
	F
	T
	T
	T
	F

	F
	T
	F
	T
	F
	T
	T
	T
	T
	F

	F
	F
	T
	T
	T
	F
	T
	F
	T
	T

	F
	F
	F
	T
	T
	T
	T
	T
	T
	T


Step 6: Checking for Validity

For an argument to be valid, its conclusion cannot be false were all its premises true.  Each row of a truth table is a possible-world in regards to the claims involved in the argument.  If we’ve set up the table correctly (and we have) we have covered all possibilities.  If we find a row in which the conclusion is false and all the premises are true, we have shown that the argument is invalid.  If we go through every row and that is never the case, the argument is valid because we will have then shown that there is no possibility that the conclusion is false when all the premises are false. Importantly, a false conclusion by itself proves nothing – it must be false on a row in which all the premises are true in order to show that the argument is invalid. So, for the argument we’ve been looking at, you want to go through each row and check the conclusion against the premises (conclusion in purple, premises in yellow):
	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	T
	F
	T

	T
	T
	F
	F
	F
	T
	T
	T
	F
	T

	T
	F
	T
	F
	T
	F
	T
	F
	T
	T

	T
	F
	F
	F
	T
	T
	T
	T
	T
	T

	F
	T
	T
	T
	F
	F
	T
	T
	T
	F

	F
	T
	F
	T
	F
	T
	T
	T
	T
	F

	F
	F
	T
	T
	T
	F
	T
	F
	T
	T

	F
	F
	F
	T
	T
	T
	T
	T
	T
	T


Although the conclusion is false in rows 1, 3, 5 and 7, so is at least one premise in each of those rows.  So, there is no case in which the conclusion is false and all the premises are true.  The argument is valid.
All Together Now:
Putting all that together, if I were to ask you to symbolize and use a truth-table to determine if the following is a valid argument:

Either God can create a stone too big for him to lift, or he cannot create such a stone. If he can create such a stone there is something he can’t do.  But if he cannot create such a stone there is again something he cannot do.  So, God is not omnipotent.

This is what your response should look like:

g = God can create a stone too big for him to lift.

n = There is nothing God cannot do.

o = God is omnipotent.

1. g v ~g

2. o ( n

3. g ( ~n

4. ~g ( ~n

5. ~o

	g
	n
	o
	~g
	~n
	~o
	g v ~g
	o --> n
	g --> ~n
	~g --> ~n

	T
	T
	T
	F
	F
	F
	T
	T
	F
	T

	T
	T
	F
	F
	F
	T
	T
	T
	F
	T

	T
	F
	T
	F
	T
	F
	T
	F
	T
	T

	T
	F
	F
	F
	T
	T
	T
	T
	T
	T

	F
	T
	T
	T
	F
	F
	T
	T
	T
	F

	F
	T
	F
	T
	F
	T
	T
	T
	T
	F

	F
	F
	T
	T
	T
	F
	T
	F
	T
	T

	F
	F
	F
	T
	T
	T
	T
	T
	T
	T


This is a valid argument since there is no case in which the conclusion is false and all the premises are true.

Notice that I skipped step one.  You may want to reconstruct the argument in English before symbolizing it, until you are more comfortable using the symbols.
Appendix 1:

Let’s look at the other version of the omnipotence argument I mentioned:

Either God can create a stone too big for him to lift, or he cannot create such a stone. If he can create such a stone there is something he can’t do.  But if he cannot create such a stone there is again something he cannot do.  So, God is not omnipotent.

This could be symbolized as follows:

g = God can create a stone too big for him to lift.

o = God is omnipotent.

1. g v ~g

2. g ( ~o

3. ~g ( ~o
4. ~o

The truth-table for this argument would be this:

	g
	o
	~g
	~o
	g v ~g
	g --> ~o
	~g --> ~o

	T
	T
	F
	F
	T
	F
	T

	T
	F
	F
	T
	T
	T
	T

	F
	T
	T
	F
	T
	T
	F

	F
	F
	T
	T
	T
	T
	T


This is also a valid argument.

Appendix 2:

How about an invalid argument?  Let’s look at a familiar argument rephrased a bit to be more congenial toward our symbolic system:

If animals have rights, then either their rights are God-given or animals can participate in the democratic process.  But animals cannot participate in the democratic process.  So, animals cannot be said to have rights.

We’d symbolize this argument as follows:

a = Animals have rights.

d = Animals can participate in the democratic process.
g = Animals have God-given rights.

1. a ( (g v d)

2. ~d

3. ~a

The truth-table for this argument would look like this:

	a
	d
	g
	~a
	~d
	g v d
	a --> (g v d)

	T
	T
	T
	F
	F
	T
	T

	T
	T
	F
	F
	F
	T
	T

	T
	F
	T
	F
	T
	T
	T

	T
	F
	F
	F
	T
	F
	F

	F
	T
	T
	T
	F
	T
	T

	F
	T
	F
	T
	F
	T
	T

	F
	F
	T
	T
	T
	T
	T

	F
	F
	F
	T
	T
	F
	T


In the third row, the conclusion is false and all the premises are true.  This is an invalid argument.
