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are presented in Appendix A. The exposition consisted of an explanation of the equivalence
between a conditional statement and its contrapositive, as well as an explanation of the two
common fallacies of affirming the consequent and denying the antecedent. The contraposi-
tive was explained in part by the use of a truth table, in part by Euler diagrams that used
concentric circles to show the relations between a conditional statement and its contraposi-
tive, and in part by an illustrative conditional statement. The illustrative statement ex-
pressed a realistic causal relation. Similarly, the fallacies were explained in part by diagrams
and in part by alternative possible causes related to the illustrative statement.

At the end of rule training, subjects were given an inference exercise in which they were
to select statement(s) that can be validly inferred from each of three given conditional state-
ments. The statements were all in the form of if p then . The randomly ordered possible
inferences were in the following forms: if not-p then not-q (invalid), if not-q then not-p
(valid), and if ¢ then p (invalid). Subjects were given immediate feedback on correctness,
followed by a brief explanation of the correct answer.

Examples training. Subjects receiving examples training were requested to attempt to
solve two selection problems. They were given immediate feedback about their perfor-
mance. One example was the “*department store’’ problem used by D'Andrade (1982), and
the other was a problem in which a catalog of paintings had to be checked to determine
whether **all the Cubist paintings are by Picasso.”” Neither example bore any obvious simi-
larities to the later test problems. The correct answer to each example was explained in
terms specific to the particular problem.

Rule plus example training consisted of the materials for the rule condition followed by
those for the examples condition. The only further addition was that for these subjects the
explanation of the correct answer for each example was couched in terms of the abstract
rules they had just learned.

Test Problems

Eight selection problems were used, consisting of two of each of three types of problems
involving a conditional rule and two problems involving a biconditional rule. The problems
are presented in Table I. Arbitrary problems (the Wason “*card™” problem and the **bird"
problem) bore little relationship to the prior knowledge subjects were likely to have. Con-
verse-bias problems were more realistic: however, subjects’ prior knowledge was expected
to encourage assumption of the converse (i.e.. if ¢ then p). The “*washing labels™ problem
involved a regulation for which causal knowledge would suggest an “*if and only if"" inter-
pretation, and the “‘electrical charges™ problem involved a causal regularity in which only a
single cause was likely to be considered, also leading to an “'if and only if*" reading. The
permission problems (‘‘cholera’ and ‘‘drinking age’’) are readily interpreted as permis-
sions, which should not encourage assumption of the converse, but instead should yield the
same responses as follow from the conditional of standard logic. Finally, the biconditional
problems stated explicitly that the converse of a conditional rule was also true. The content
of the biconditional problems was relatively arbitrary. The anticipation was that this arbi-
trary content would block application of any pragmatic reasoning schema and that perfor-
mance on these problems would be poor.

Each problem described a brief scenario. Within each scenario was embedded a condi-
tional or biconditional rule, a question asking the subject to determine the correctness of the
rule, and a list of the four possible cases (p, not-p, ¢, and not-q) from which the subject was
to select. These cases were randomly ordered.

In order to provide a second measure of the effectiveness of abstract training, subjects
were asked to judge which of a series of transformations of a conditional rule retained the
basic meaning of the rule itself. The conditional rules in this equivalence judgment task
were directly excerpted from the selection problems that preceded them. The six equiva-

TABLE 1
If-Then Rules of Various Types and Corresponding Choices in the Selection Problems (Experiments 1 and 2)

Choices (p, not-p. g, not-q)

Rule

Problem type

<<~

on one side.
on the other side

If a card has an “*A

Arbitrary

then it has a **4

Bird A has a purple spot underneath each wing
Bird B does not have any purple spots
Bird C builds nests on the ground

Bird D builds nests in trees

Silk

If a bird on this island has a purple spot

underneath each wing, then it builds nests

on the ground

If a washing label has *‘silk™" on one side.

Converse bias
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Cotton

then it has **dry clean only’" on the other side

Dry clean only

Machine wash in warm water

Two objects that carry like electrical charges
Two objects that carry opposite charges

Two repelling objects

If two objects carry like electrical charges.

then they will repel each other

Two objects that do not repel

Entering
Transit

If a passenger wishes to enter the country,

Permission

then he or she must have had an inoculation

against cholera

Inoculated against cholera and hepatitis

Inoculated against typhoid

Customer A is drinking a beer
Customer B is drinking tea

If a customer is drinking an alcoholic beverage,

then he or she must be over twenty-one

Customer C is certainly over 50
Customer D looks less than 18

(Picture of a circle)

If a card has a circle on one side.

Biconditional

(Picture of a triangle)

Red

then it has the word “‘red’’ on the other,
and conversely, if it has the word *‘red

Purple

on one side, then it has a circle on the other
If a turtle crosses a road. then the flag by
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A turtle is crossing a road

No turtle is crossing any road
The flag by the palace is flying

the palace flies, and conversely. if the flag

by the palace flies. then a turtle crosses a road

The flag by the palace is not flying
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[Euler diagram inserted here]

Figure 1 represents the fact that oranges are a subset of citrus fruit, which in turn are a
subset of things containing vitamin C.

Now. let p stand for the statement **x is an element in the set P,"" and let g stand for the
statement “"x is an element in the set Q. That is, “'If p, then ¢’* means **If x is an element in
the set P, then x is also an element in the set Q.”" For what set relation would this statement
be true? If p is a subset of Q, as illustrated in Fig. 2a. then every element in P would be an
element in Q.

[Euler diagrams inserted here.]

From the same inclusion relation, we can see that if an element x is not in the set Q, it
cannot be in the set P (see Fig. 2b). Thus, again we see that (a) is equivalent to (b) (i.e., If
p. then ¢ is equivalent to ““If q. then p’’).

To check your understanding of the conditional statement, please answer the question
below.

Statement (a), “'If p, then g, can be rephrased without changing its basic meaning.
Which of the following is a correct rephrasing of (a)? Put a check next to the correct
rephrasing(s) before checking the answer on the next page.

( ) 1. Ifq, then p.
( )2 Ifp, then q.
( )3.Ifq, then p.

N

Only 3 is a correct rephrasing. You should note that statement (a) **If p, then q,"" does not
imply

If q, then p. (c)

It is a common error to assume that (a) implies (¢). Rephrasing the example on Page | into
form (c) gives “'If the pavement is wet. then it is raining.”” which does not logically follow
from “If it is raining, then the pavement is wet.”” The pavement may get wet from lawn
sprinklers nearby, for instance. In terms of set relations, statement (c¢) would be true only if
the set P includes the set Q, as in Fig. 3:

[Euler diagram inserted here.]

So it should be clear that **If p, then ¢ does not imply ““If q, then p.”
It is also a common error to assume that “‘If p, then ¢"* implies

If p, then q. (d)

Rephrasing the example on Page 1 into form (d) gives *‘If it is not raining, then the pavement
is not wet,”” which again does not follow from *If it is raining, then the pavement is wet,”
for the same reason we mentioned earlier (e.g.. a lawn sprinkler might have made the pave-
ment wet even though it isn’t raining).

To sum up. these are the most important facts you need to know about the conditional
statement. First, statement (a) is equivalent to statement (b): “*If p, then ¢ implies “If g,
thenp.”” Second, statement (a) is not equivalent to either statement (c) or statement (d): **If
p, then g** does not imply either ““If g, then p™ or “'If p, then §.”

Rephrasing Exercise

This exercise will check your understanding of the conditional statement. Which of the
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statement(s) below follow logically from the statement, **If the tablecloth is brown, then the
wall is white?"” Please put a check next to the correct statement(s) below before checking
the answer on the next page.

() 1. If the tablecloth is nor brown, then the wall is not white.

() 2. If the wall is nor white, then the tablecloth is nor brown.

() 3. If the wall is white, then the tablecloth is brown.

Only 2 is correct. To see this, we can reformulate the statement into the form “If p, then
q"" by substituting p for *"the tablecloth is brown™ and ¢ for *‘the wall is white.”" Then we
see that 2 is in the form “If'g, then p,”” which we saw earlier is equivalent to “lfp, then .
But 1'is in the form “If p, then g, which does not follow from ““If p, then ¢."" And 3 is in
the form **If g, then p,”" which likewise does not follow from **If p, then q."

Below are two more rephrasing problems. When you are done, check the answer on the
next page. Statement: If the cube is plastic. then the sphere is metallic. Rephrasings:

() 1. If the sphere is metallic, then the cube is plastic.
() 2. If the cube is not plastic, then the sphere is nor metallic.
() 3. If the sphere is nor metallic, then the cube is nor plastic.

Statement: If the beach is white, then the music is slow. Rephrasings:

() 1. If the beach is not white, then the music is not slow.
() 2. If the music is slow, then the beach is white.
() 3. If the music is not slow, then the beach is nor white.
Answer to rephrasing problems: Only 3 is correct in the above two problems.

Examples and Abstract plus Examples Conditions

The two examples below illustrate how the conditional statement is used to solve
problems.

Example 1

As part of your job as an assistant at Sears. you have the task of going through customers’
checks to make sure that any check $30 or over has been approved by the section manager.
The amount is written on the front of the check, while the section manager’s approval is
initialed on the back of the check. Which of the checks below would you have to turn over
to make sure that the sales clerk has followed the rule? Turn over only those which you
need to check the rule. Mark an x below the check(s) you would have to turn over.

[Alternatives listed here.]?
Please think carefully and solve the problem before checking the answer on the next page.

Answer to Example 1

Conditional statement: If the check is $30 or over, then it has to be approved by the
section manager. The correct answer is (a) and (¢). Check (a) obviously needs to be turned
over. Check (¢) also needs to be turned over, because the rule would be violated if the
check is over $30. If the check is less than $30. as in (b) and (e), we do not care whether or
not it is approved. And if the check is already approved, as in (d), it doesn’t matter whether
or not it’s over $30.

Next Paragraph, Abstract Plus Examples Condition

To reformulate the rule into the form **If p, then g, we substitute p for **the check is $30
or over,” and ¢ for “it has to be approved by the section manager.”” Since alternative (a)
corresponds to p, we clearly have to check whether ¢ follows. Since (¢) corresponds to g,













