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Appendix C

Deductive Logic

In the days before dynamite, construction workers would 
blast rocks apart by drilling a hole, packing it with gun-
powder, covering it with sand, and lighting a fuse. No 
one illustrates the dangers of this process better than the 
railroad worker Phineas Gage. While tamping down gun-
powder with a heavy iron rod nearly four feet long, Gage 
suffered a devastating accident. The iron rod struck the 
rock, sending a spark into the gunpowder just as Gage 
leaned over it. The explosion sent the rod careening 
straight through Gage’s head, throwing him back onto the 
ground. Anyone witnessing Gage’s accident would have 
justifiably believed him to be dead. After all, the rod had 
left a gaping hole in the top of his skull. 

But after a few minutes, something incredible hap-
pened. Gage spoke. His coworkers loaded him into a 
cart, which he rode to a nearby hotel. There, he walked 
upstairs and awaited the doctor, to whom he said that he 
hoped he “was not much hurt.”1 In fact, Gage survived his 

1. J. M. Harlow, “Passage of an Iron Rod through the Skull,” Boston 
Medical and Surgical Journal 39 (20): 1848.
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injury—though he was forever changed by it—and lived 
another twelve years.

The story of Phineas Gage illustrates an important 
point about the kinds of arguments we have considered 
in most of this book: even cogent arguments can some-
times lead us from true premises to false conclusions. The 
argument that Gage must be dead because an explosion 
blasted a tamping iron clear through his skull is quite 
strong. Nonetheless, its premise does not guarantee the 
truth of its conclusion; it is possible, as Gage proved, for 
the conclusion to be false even though the premise is true.

This appendix considers a special kind of argument: 
deductive arguments. In a valid deductive argument, the 
truth of the premises guarantees the truth of the con-
clusion. Thus, deductive arguments are, in one sense, the 
strongest kind of arguments there are.

Validity and Soundness
The two key notions in deductive reasoning are validity 
and soundness.2 To say that an argument is valid is to 
say that if the premises are true, then the conclusion of 
the argument must be true; it is logically impossible for the 
premises to be true and the conclusion false. Consider, for 
instance, this simple argument about the actress America 
Ferrera:

2. We touched on these concepts briefly in Chapter 4. See p. 39.
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(1) America Ferrera is the youngest of eight 
siblings.

Therefore, (2) all of America Ferrera’s siblings has at least 
one younger sibling.

Even without knowing whether the premise is true, we 
can see that if it is true, then the conclusion would have 
to be true: if Ferrera has eight siblings, all of whom are 
older than her, then each of them must have at least one 
younger sibling—namely, Ferrera herself. Thus, the argu-
ment is deductively valid.

Notice that validity has nothing to do with whether the 
premises actually are true. It is only about the relationship 
between the premises and the conclusion. The argument 
about America Ferrera, for instance, is valid even though 
the premise is false: Ferrera is actually the youngest of 
six siblings, not eight. This shows that its validity doesn’t 
depend on the truth of the premises. It depends on the 
fact that there is no logically possible scenario in which 
Ferrera has eight older siblings, but some of them have 
no younger siblings.

Soundness, on the other hand, is about both the truth 
of the premises and their relationship to the conclusion. 
To say that an argument is sound is to say that it is valid 
and that the premises are true. Our argument about Fer-
rera is therefore unsound. Once you’ve mastered the much 
trickier concept of validity, the concept of soundness is 
straightforward. You can test for soundness with the fol-
lowing flowchart
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Since a valid argument is one in which it is impossible for 
the conclusion to be false if the premises are true, and a 
sound argument is a valid argument with true premises, a 
sound argument always leads to a true conclusion.

Formal Logic
Within deductive logic, there is an even more special set 
of arguments: arguments that are deductively valid simply 
because of the form of the arguments. These are uncre-
atively called formal arguments. To see what this means, 
consider the following argument:

Is the argument valid? The argument 
is not sound.No

No The argument 
is not sound.

Are the premises true?

The argument is sound.

Yes

Yes

Figure 1. A flowchart for determining the soundness of an argument.



5Deductive Logic

(1) All whales are mammals.

(2) No mammals are animals that can breathe 
water.

Therefore, (3) no whales are animals that can breathe 
water.

This is a valid argument: the truth of the premises guar-
antees the truth of the conclusion. (Is it also a sound 
argument?) But notice that the validity of the argument 
doesn’t actually depend on the meaning of the expressions 
whales, mammals, or animals that can breathe water. To see 
why, consider this parallel argument:

(1) All borogroves are mimsy creatures.

(2) No mimsy creatures are slithy creatures.

Therefore, (3) no borogroves are slithy creatures.

Each statement in this argument is nonsense: borogrove, 
mimsy, and slithy aren’t real words. (In fact, they come from 
Lewis Carroll’s nonsense poem The Jabberwocky.) And yet, 
even though the statements don’t actually mean anything, 
we can still tell that the argument is valid! Suppose there 
were borogroves, and all of them were mimsy—whatever 
that means. And suppose that no mimsy creatures were 
slithy—whatever that means. Then it would follow that 
no borogroves were slithy creatures, since every single 
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borogrove would be mimsy and no mimsy things would 
be slithy.

Furthermore, the argument about borogroves is valid 
for the same reason that the argument about whales is 
valid: they share a common form. We can see this more 
clearly by using letters to stand for the parts that differ 
between the two arguments:

(1) All X’s are Y’s.

(2) No Y’s are Z’s.

Therefore, (3) no X’s are Z’s.

This shows the form of the argument—the logical struc-
ture of the argument that shows how the premises relate 
to one another and to the conclusion. To better under-
stand the idea of an argument’s form, it will help to con-
sider two different kinds of formal logic, each of which 
uses arguments of different forms. These are categorical 
logic and propositional logic.

Categorical Logic

Categorical logic is a kind of formal logic that deals 
with relationships between different kinds or categories 
of things. Every statement in a categorical arguments says 
something about whether members of one category ever 
or always belong to some other category. The argument 
that no whales are animals that can breathe water is a cat-
egorical argument; it says that members of the category 
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“whales” are never members of the category “animals that 
can breathe water.”

All statements in categorical arguments have one of the 
forms shown in the table below.
 

FORM MEANING

All X’s are Y’s. Every member of cate-
gory X is also a member 
of category Y.

No X’s are Y’s. No member of category 
X is a member of cat-
egory Y.

Some X’s are Y’s. At least one member of 
category X is a member 
of category Y.

Some X’s are not Y’s. At least one member 
of category X is not a 
member of category Y.

As you can see, the form of each statements is defined 
by a few key expressions: all, no, some, are, and are not. 
It doesn’t actually matter what X and Y stand for. That’s 
why categorical logic is a type of formal logic: categorical 



8 Appendix C

arguments are valid (or not) because of the form of the 
statements in them.

Appendix A shows four of the twenty-four valid forms 
of categorical argument. Besides consulting a list of valid 
forms of categorical arguments, there are moderately com-
plicated techniques using Venn diagrams to test any cate-
gorical argument for validity. We don’t have space to cover 
those here, but you can find them online or in some longer 
logic textbooks. 

Propositional Logic

Another kind of formal logic, known as propositional 
logic or sentential logic, deals with the logical relation-
ships between sentences. (Strictly speaking, propositional 
logic deals with logical relationships between proposi-
tions. A proposition is, roughly, the thought expressed by 
a sentence. Logicians prefer to think in terms of propo-
sition because “Chicago pizza is better than New York 
pizza” and “New York pizza is not as good as Chicago 
pizza” are different sentences but they express the same 
thought and so are logically equivalent to each other.) 
Arguments in propositional logic are built up from sen-
tences that relate to one another through special words 
or phrases called logical connectives, which enable us 
to draw conclusions from the argument’s premises even 
without knowing what the basic sentences in the argu-
ment mean.

This is much easier to understand by looking at some 
examples. Consider the following argument:
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(1) Hank Williams was the greatest coun-
try singer of all time or Johnny Cash was the 
greatest country singer of all time.

(2) It’s not true that Johnny Cash was the great-
est country singer of all time.

Therefore, (3) Hank Williams was the greatest country
singer of all time.

This argument is built up from two basic sentences: “Hank 
Williams was the greatest country singer of all time” and 
“Johnny Cash was the greatest country singer of all time.” 
The first premise tells us something about the logical rela-
tionship between those two sentences: it tells us that at 
least one of those sentences is true. The second premise 
tells us that the second of those two sentences is false. 
Taken together, these premises entail that the first of the 
two sentences is true: Hank Williams was the greatest 
country singer of all time.

As with the categorical arguments above, however, it 
doesn’t actually matter what the two basic sentences are. 
We can replace them with symbols—or even nonsense 
sentences—and the argument will still work, as long as we 
retain the form of the argument. In this case, the form of 
the argument depends on the logical connectives or and 
it’s not true that. To see this more clearly, let’s use H to 
stand for “Hank Williams was the greatest country singer 
of all time” and J to stand for “Johnny Cash was the great-
est country singer of all time.”
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(1) H or J.

(2) It’s not true that J.

Therefore, (3) H.

To see that this is a valid argument, we need to under-
stand that, in propositional logic, saying “H or J” has a 
very strict meaning. It rules out the possibility that both H 
and J are false; it says that at least one is true, and maybe 
both are true. Saying “H or J” is a bit like making a prom-
ise: it’s promising that if H isn’t true, then J will be true; 
and that if J isn’t true, then H will be true. So, when the 
second premise in this argument tells us that J isn’t true, 
the first premise promises us that H will be true—and 
that’s exactly what we inferred as the conclusion of the 
argument.

Consider another example:

(1) If Pluto has not cleared all objects from its 
orbit, then Pluto is not a planet.

(2)Pluto has not cleared all objects from its 
orbit.

Therefore, (3) Pluto is not a planet.

The only logical connective in this argument is if . . . then. 
Using C to stand for “Pluto has not cleared all objects 
from its orbit” and P to stand for “Pluto is not a planet,” 
we can symbolize this argument as follows:
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(1) If C, then P.

(2) C.

Therefore, (3) P.

Once again, it’s important to understand that in propo-
sitional logic “if . . . then” statements have a very strict 
meaning. These statements, which are called condition-
als, link two basic sentences, saying that there is a specific 
logical relationship between those sentences. The first sen-
tence—the one that comes after if—is called the ante-
cedent. The second sentence—the one that comes after 
then—is called the consequent. A conditional says that if 
the antecedent is true, then the consequent must be true. 
Saying “If C then P” is like making a promise: it’s a prom-
ise that as long as C is true, P will be true, too. But notice 
that the promise is only “broken” if C is true while P is 
false; if C isn’t true, the promise can’t be broken. (To see 
why, suppose I promise that if you help me move, I’ll buy 
you pizza. If you don’t help me move, and I don’t buy you 
pizza, I haven’t broken my promise. If you don’t help me 
move, and I buy you pizza anyway, I still haven’t broken 
my promise. Thus, the only way for me to break my prom-
ise is if you do help me move but I don’t buy you pizza.) 
So, when the second premise of this argument tells us 
that C is true, the first premise promises us that P is true, 
also—and that’s exactly what we inferred as the conclu-
sion of the argument.

Simple versions of propositional logic involve just four 
logical connectives, which are described in the table below.



12 Appendix C

CONNECTIVE MEANING

Not-P It’s not true that P.

P and Q Both P and Q are true.

P or Q At least one of P and Q 
is true; it’s not the case 
that both P and Q are 
false.

If P, then Q. If P is true, then so is Q; 
it’s not the case that P is 
true but Q is false.

Statements built from these connectives can be combined 
to form several different kinds of short arguments. These 
argument forms are presented in Appendix A. Arguments 
that fit these forms can be combined into very long chains 
of reasoning to construct complex but deductively valid 
arguments.3 Besides consulting a list of valid argument 
forms in propositional logic, there are moderately compli-
cated techniques using truth tables or argument trees to 
test any argument in propositional logic for validity. We 
don’t have space to cover those here, but you can find them 
online or in almost any formal logic textbook.

3. We discuss the idea of multistep arguments in Chapter 3. See pp. 
23–25.
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As you can see, deductive logic—and especially formal 
logic—provides a very powerful tool for careful reason-
ing. It provides a degree of certainty that is lacking in 
other forms of reasoning, for as long as the premises of a 
valid deductive argument are true, the conclusion is guar-
anteed to be true. In return, deductive logic demands a 
greater degree of precision and rigor than other forms of 
reasoning.

This appendix is a supplement to Giving Reasons,
by David R. Morrow (© Hackett 2017).


