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Reasoning is the process of making inferences—of drawing conclusions. Students
of reasoning make a variety of distinctions regarding how inferences are made and
conclusions are drawn. Among the oldest and most durable of them is the distinction
between deductive and inductive reasoning, which contrasts conclusions that are
logically implicit in the claims from which they are drawn with those that go beyond what
is given.

Deduction involves reasoning from the general to the particular:

All mammals nurse their young.

Whales are mammals.

Therefore whales nurse their young.

Induction involves reasoning from the particular to the general:

All the crows I have seen are black.

Being black must be a distinguishing feature of crows.

[p. 594 ↓ ]

Implication versus Inference

Fundamental to an understanding of deductive reasoning is a distinction between
implication and inference. Implication is a logical relationship; inference is a cognitive
act. Statements imply; people infer. A implies B if it is impossible for A to be true if B is
false. People are said to make an inference when they justify one claim (conclusion) by
appeal to others (premises). Either implications exist or they do not, independently of
whether inferences are made that relate to them. Inferences either are made or are not
made; they can be valid or invalid, but they are inferences in either case. Failure to keep
the distinction in mind can cause confusion. People are sometimes said to imply when
they make statements with the intention that their hearers will see the implications of
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those statements and make the corresponding inferences, but to be precise in the use
of language one would have to say not that people imply but that they make statements
that imply.

Aristotle and the Syllogism

The preeminent name in the history of deductive reasoning is that of Aristotle, whose
codification of implicative relationships provided the foundation for the work of many
generations of logicians and epistemologists. Aristotle analyzed the various ways in
which valid inferences can be drawn with the structure referred to as a categorical
syllogism, which is a form of argument involving three assertions, the third of which (the
conclusion) follows from the first two (the major and minor premises). A syllogism is
said to be valid if, and only if, the conclusion follows from (is implied by) the premises.
Aristotle identified many valid forms and related them to each other in terms of certain
properties such as figure and mood. Figure relates to the positions of the middle term—
the term that is common to both premises—and mood to the types of premises involved.
An explanation of the system Aristotle used to classify syllogistic forms can be found in
any introductory text on first-order predicate logic.

That deductive reasoning makes explicit only knowledge already contained implicitly
in the premises from which the deductions are made prompts the question: Of what
practical use is deduction? One answer is that what is implicit in premises is not always
apparent until it has been made explicit. It is not the case that deductive reasoning
never produces surprises for those who use it. A mathematical theorem is a conclusion
of a deductive argument. No theorem contains information that is not implicit in the
axioms of the system from which it was derived. For many theorems, the original
derivation (proof) is a cognitively demanding and time-consuming process, but once the
theorem has been derived, it is available for use without further ado. If it were necessary
to derive each theorem from basic principles every time it was used, mathematics would
be a much less productive enterprise.

Another answer is that a conclusion is easier to retain in memory than the premises
from which it was deduced and, therefore, more readily accessible for future reference.
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Retrieval of the conclusion from memory generally requires less cognitive effort than
would the retrieval of the supporting premises and derivation of their implications.

Validity, Plausibility, and Truth

The validity of a logical argument does not guarantee the truth of the argument's
conclusion. If at least one premise of the argument is false, the conclusion also might
be false, although it is not necessarily so. However, if all the argument's premises are
true and its form is valid, the conclusion must be true. A false conclusion cannot follow
from true premises. This is a powerful fact. Truth is consistent: Whatever a collection of
true premises implies must be true. It follows that if one knows the conclusion to a valid
argument to be false, one can be sure that at least one of the argument's premises is
false.

Induction leads to conclusions that state more than is contained implicitly in the claims
on which those conclusions are based. When, on the basis of noticing that all the
members that one has seen of a certain class of things has a particular attribute (“all the
crows I have seen are black”), one concludes that all, or nearly all, the members of that
class (including those not seen) have that attribute, one is generalizing—going beyond
the data in hand—which is one form of induction.

There are many formal constructs and tools to facilitate construction and assessment of
deductive [p. 595 ↓ ] arguments. These tools include syllogistic forms, calculi of classes
and propositions, Boolean algebra, and a variety of diagrammatic aids to analysis such
as truth tables, Euler diagrams, and Venn diagrams. Induction does not lend itself so
readily to formalization; indeed (except in the case of mathematical induction, which is
really a misnamed form of deduction) inductive reasoning is almost synonymous with
informal reasoning. It has to do with weighing evidence, judging plausibility, and arriving
at uncertain conclusions or beliefs that one can hold with varying degrees of confidence.
Deductive arguments can be determined to be valid or invalid. The most one can say
about an inductive argument is that it is more or less convincing.

Logic is often used to connote deductive reasoning only; however, it can be sufficiently
broadly defined to encompass both deductive and inductive reasoning. Sometimes
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a distinction is made between formal and informal logic, to connote deductive and
inductive reasoning, respectively.

Philosophers and logicians have found it much easier to deal with deductive than with
inductive reasoning, and as a consequence, much more has been written about the
former than about the latter, but the importance of induction is clearly recognized.
Induction has been called the despair of the philosopher, but no one questions the
necessity of using it.

Many distinctions similar to that between deductive and inductive reasoning have
been made. Mention of two of them will suffice to illustrate the point. American
philosopher/mathematician/ logician Charles Sanders Peirce drew a contrast between
a demonstrative argument, in which the conclusion is true whenever the premises are
true, and a probabilistic argument, in which the conclusion is usually true whenever the
premises are true. Hungarian/American mathematician George Polya distinguished
between demonstrative reasoning and plausible reasoning, demonstrative reasoning
being the kind of reasoning by which mathematical knowledge is secured, and plausible
reasoning that which we use to support conjectures. Ironically, although Polya equated
demonstrative reasoning with mathematics and described all reasoning outside of
mathematics as plausible reasoning, he wrote extensively, especially in his 1954
two-volume Mathematics and Plausible Reasoning, about the role of guessing and
conjecturing in mathematics.

The Interplay of Deduction and Induction

Any nontrivial cognitive problem is almost certain to require the use of both deductive
and inductive inferencing, and one might find it difficult to decide, in many instances,
where the dividing line is between the two. In science, for example, the interplay
between deductive and inductive reasoning is continual. Observations of natural
phenomena prompt generalizations that constitute the stuff of hypotheses, models,
and theories. Theories provide the basis for the deduction of predictions regarding
what should be observed under specified conditions. Observations are made under
the conditions specified, and the predictions are either corroborated or falsified. If
falsification is the result, the theories from which the predictions were deduced must be
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modified and this requires inductive reasoning—guesswork and more hypothesizing.
The modified theories provide the basis for deducing new predictions. And the cycle
goes on.

In mathematics, a similar process occurs. A suggestive pattern is observed and the
mathematician induces a conjecture, which, in some cases, becomes a theorem
—which is to say it is proved by rigorous deduction from a specified set of axioms.
Mathematics textbooks spend a lot of time on the proofs of theorems, emphasizing the
deductive side of mathematics. What might be less apparent, but no less crucial to the
doing of mathematics, is the considerable guesswork and induction that goes into the
identification of conjectures that are worth exploring and the construction of proofs that
will be accepted as such by other mathematicians.

Deduction and induction are essential also to meet the challenges of everyday life, and
we all make extensive use of both, which is not to claim that we always use them wisely
and well. The psychological research literature documents numerous ways in which
human reasoning often leads to conclusions that cannot be justified either logically or
empirically. Nevertheless, that the type of reasoning that is required to solve structured
problems for the purposes of experimentation in the psychological laboratory does not
always adequately represent the reasoning that is required to [p. 596 ↓ ] deal with the
problems that present themselves in real life has been noted by many investigators,
and it is reflected in contrasts that are drawn between pure (or theoretical) and practical
thinking, between academic and practical intelligence, between formal and everyday
reasoning, and between other distinctions of a similar nature.

The Study of Inferencing

The study of deductive reasoning is easier than the study of inductive reasoning
because there are widely recognized rules for determining whether a deductive
argument is valid, whereas there are not correspondingly widely recognized rules for
determining whether an inductive argument is sound. Perhaps, as a consequence,
deductive reasoning has received more attention from researchers than has inductive
reasoning.
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Several paradigms for investigating deduction have been used extensively by students
of cognition. None is more prominent than the “selection task” invented by British
psychologist Peter Wason in the 1960s. In its simplest form, a person is shown four
cards, laid out so that only one side of each card is visible, and is told that each card
has either a vowel or a consonant on one side and either an even number or an odd
number on the other side. The visible sides of the cards show a vowel, a consonant,
an even number, and an odd number. The task is to specify which card or cards must
be turned over to determine the truth or falsity of the claim If there is a vowel on one
side, there is an even number on the other. The correct answer, according to conditional
logic, is the card showing a vowel and the one showing an odd number. The original
finding was that only a small minority of people given this task perform it correctly; the
most common selections are either the card showing a vowel and the one showing an
even number, or only the one showing a vowel. The finding has been replicated many
times and with many variations of the original task. Several interpretations of the result
have been proposed. That the task remains a focus of research more than 60 years
after its invention is a testament to the ingenuity of its inventor and to the difficulty of
determining the nature of human reasoning.

Raymond S. Nickerson
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