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We investigated individuals' ability to use negative evidence in hypothesis testing. We com-

pared performance in two versions of Wason's (1960) rule discovery problem. In the original

version, a triple of numbersÐ{2, 4, 6}Ðwas presented as an example of a rule that the

experimenter had in mind (i.e., ``increasing numbers''). Participants had to discover the rule

by proposing new triples. In the other version, the same triple was presented as a counter-

example to the experimenter's rule (i.e., ``decreasing numbers''). We predicted that, in both

conditions, participants would form hypotheses based on the features of the triple, and test

only instances of the hypothesized rule. However, in the counter-example condition, such

focused testing would invariably produce negative evidence. As a consequence, participants

would be forced to revise their hypotheses. The reported results corroborated our predic-

tions: Participants solved the counter-example version signi®cantly better than the original

problem.

Can naive individuals ef®ciently use negative evidence in testing their hypotheses? Lim-

itations in human hypothesis testing have been consistently found in several laboratory

situations, in particular in ``rule discovery'' tasks, the best known of which is Wason's

(1960) 2±4±6 problem: Participants are given a triple of numbers {2, 4, 6}, which ®ts a

rule that the experimenter has in mind, and they have to discover the rule by proposing

new triples of numbers. For each triple, the experimenter indicates whether or not it ®ts

the correct rule. Participants continue to propose triples and receive the experimenter's
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feedback until they feel ``highly con®dent'' that they have discovered the correct rule.

Typically, participants test rules such as ``increasing even numbers'', and do so by pro-

posing only instances that ®t these rules (e.g., {6, 10, 18}). The point is that the experi-

menter's rule (i.e., ``increasing numbers'') is more general than those hypothesized by

participants. Given that all instances of the hypothesized rules are instances of the correct

one, the testing procedure invariably produces con®rming evidence. Thus, only very few

participants discover the experimenter's rule at their ®rst attempt.

In our view, there are two main sources of error in the 2±4±6 problem. On the one

hand, individuals have a general tendency to focus on what they expect to be true rather

than what they expect to be false (e.g., Evans, 1989; Legrenzi, Girotto, & Johnson-Laird,

1993). On the other hand, there are pragmatic reasons to assume that the salient features

of the {2, 4, 6} sequence (i.e., even numbers increasing by two) are relevant (Girotto &

Politzer, 1990). As a consequence, individuals are likely to form narrow hypotheses based

on these features (e.g., ``increasing even numbers'', ``increasing by two'') and to conduct

focused testing by proposing only instances that ®t the hypothesized rule. In some cases,

focused testing, or a ``positive test strategy'', may be effective (Klayman & Ha, 1987).

However, in the 2±4±6 problem, this testing procedure yields erroneous solutions, given

that it could never produce a conclusive falsi®cation of the hypothesized rule.

The aim of this paper is to establish whether individuals can solve the 2±4±6 problem,

despite their tendency to form narrow hypotheses, and to test them in a focused way. Let

us suppose that the initial triple {2, 4, 6} is presented as a counter-example to, rather than

as an example of, the experimenter's rule. In this case too, participants are likely to form

hypotheses based on the salient features of the initial counter-example, such as ``increas-

ing odd numbers''. Now, if they conduct a focused test of these hypotheses (i.e., if they

test triples such as {3, 5, 7}), and if the experimenter's rule is ``decreasing numbers'',

their procedure will invariably produce negative evidence. Indeed, no instance of the

correct rule is an instance of the hypothesized rule. As a consequence, participants will

subsequently eliminate their hypotheses about increasing triples, enhancing the probabil-

ity of discovering the experimenter's rule. In other words, we predict that individuals may

solve the 2±4±6 problem if they are led to test hypotheses, examples of which are counter-

examples to the correct rule (and vice versa). Our predictions have been tested in the

following experiment.

Method

Participants

Forty-eight undergraduates at the University of Provence participated in the experiment in order

to ful®l a class requirement. They were randomly assigned to one of two equal-sized conditions:

example and counter-example (N 5 24 in each condition).

Procedure

In both conditions, participants were tested individually. The procedure was based on the classical

one (Wason, 1960). Participants were given the triple {2, 4, 6}, presented as an example (``this triple
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follows the rule''), or as a counter-example (``this triple does not follow the rule'') to a rule that they

had to discover (``increasing numbers'' vs. ``decreasing numbers'', respectively). The rest of the

problem was the same in the two conditions. Participants had to generate new triples, receiving the

experimenter's feedback. When con®dent of knowing the rule, they had to announce it. If they

announced the correct rule, the experiment ended. Otherwise, they had to generate more triples

and continue with attempts to discover it. Participants were provided with a lined response sheet,

with three columns, labelled (from left to right): triple (in which participants had to record the

proposed triple), hypothesis (in which they had to record the tested hypothesis), and test result (in

which they had to record the experimenter's response: yes or no).

Results

As predicted (see Table 1), there were more ®rst-attempt solvers in the counter-example

condition than in the example condition, c2(1) 5 14.2, p , .001. Participants in the

former condition tested more triples before announcing their ®rst rule than did partici-

pants in the latter, t(46) 5 3.22, p , .002, and obtained more negative feedback, t(46) 5
7.05, p , .001.

In both conditions, most participants tested an initial rule that concerned the ``increas-

ing numbers'' feature. That is, they focused on the relevant features of the {2, 4, 6} triple.

The most frequent initial rule was ``ascending even numbers'' in the example condition

(58%), and ``ascending odd numbers'' in the counter-example condition (30%). This

®nding corroborates our prediction that participants focus on the salient features of the

initial triple, regardless of its logical status.

One might argue that the counter-example condition is easier than the example con-

dition because the ``decreasing numbers'' rule could be more accessible than the usual

``increasing numbers'' rule. In order to rule out this interpretation, a further group of 24

participants (from the same pool as that in the other conditions) was given a {6, 4, 2}

triple presented as an example of the experimenter's rule (i.e., ``decreasing numbers'').

In this condition, the performance turned out to be similar to that produced in the

example condition, and signi®cantly inferior to that produced in the counter-example

condition, c2(1) 5 7.36, p , .01. Compared to the latter condition, participants in the

{6, 4, 2} condition tested fewer triples before announcing their ®rst rule, t(46) 5 3.84,

p , .001, and obtained less negative feedback, t(46) 5 6.66, p , .001.

In sum, the counter-example procedure (rather than the speci®c nature of the experi-

menter's rule) improved performance. Participants in the counter-example condition

TABLE 1
Performance of participants in the three conditions

Conditionsa

Percentage of
®rst-attempt

solvers

Percentage of
initial focused

testing

Mean number
of tested
triplesb

Mean number of
negative feedback

receivedb

{2, 4, 6} counter-example 54 88 8.7 5.5
{2, 4, 6} example 4 92 4.8 0.5
{6, 4, 2} example 16 83 4.9 0.6

aN 5 24 per condition. bBefore announcing the ®rst rule.
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received more negative feedback than those in the other conditions, and they were more

likely to revise their hypotheses and therefore more likely to solve the problem than were

participants in the other conditions.

Discussion

In this paper, we have presented a procedure for improving performance in a rule dis-

covery problem, without instructing individuals to use a discon®rmatory strategy. Unlike

the latter procedure, which elicited rather mixed results (Evans, 1989), our procedure

appears to elicit genuine solutions (Caverni & Rossi, 1997). These results show that

individuals may correctly use falsifying evidence, gathered from experience, in their

inductive hypothesis testing.

In the 2±4±6 problem, participants are likely to focus on the salient features of the {2,

4, 6} triple, both when it represents an example and when it represents a counter-example

of the correct rule (``three numbers in increasing order'' vs. ``three numbers in decreasing

order'', respectively). Participants are likely to form hypotheses based on these features,

and to conduct a focused test on them. However, the {2, 4, 6} triple presented as a

counter-example to the correct rule is likely to elicit hypotheses (e.g., ``three odd numbers

in increasing order''), instances of which are not instances of the correct rule. Hence, if

participants conduct a positive test of these hypotheses, they will invariably obtain nega-

tive evidence. The systematic falsi®cation of their hypotheses leads them to discover the

correct rule.

Klayman and Ha (1987, p. 215) noted that when the hypothesized rule and the correct

one are ``disjunct'' (i.e., no instance of the former is an instance of the latter, and vice

versa), individuals may obtain conclusive falsi®cation by conducting focused testing.

However, they concluded that this situation ``is not likely in the 2±4±6 task, because

you are given one known target instance to begin with''. We concur with these authors.

However, our results show that the 2±4±6 task can also produce such a situation, provided

that the initial triple is presented as a counter-example to the experimenter's rule and, of

course, provided that the rule is ``decreasing numbers''. (Suppose that the experimenter's

rule were ``the sum of the three numbers is an odd number''. In that case, as in the

example condition, focused testing would not provide negative evidence, given that all

instances of the hypothesized rules would be instances of the correct one.)

The counter-example procedure may be related to the most successful manipulation

reported in the literature. Tweney et al. (1980) found that individuals solved a version of

the 2±4±6 problem, in which they had to discover two rules: One was Wason's original

``increasing numbers'' rule. The triples that ®tted it were named DAX. The alternative

rule generated all other triples, named MED. In the dual-task version, as in the original

problem, participants are likely to form hypotheses based on the features of the initial

triple (e.g., ``increasing even numbers'' for the DAX rule vs. ``increasing odd numbers''

for the MED rule), and to conduct focused testing (e.g., proposing triples such as {6, 8,

10} vs. {3, 5, 7}, respectively). Focused testing of the DAX rule will produce the usual

con®rming evidence (all instances of the hypothesized DAX rule are instances of the

correct DAX rule, i.e., ``increasing numbers''). However, given that the instances of the

hypothesized MED rule are actually instances of the correct DAX rule, focused testing of
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the MED rule will falsify participants' hypotheses. That is, they will discover that a

hypothesized MED triple such as {3, 5, 7} is actually a DAX triple. As a consequence,

participants are forced to eliminate their initial hypotheses for both rules, increasing the

probability of discovering the experimenter's one. Unlike the counter-example version,

the dual task has a different structure from the original problem. However, in both cases, a

focused test of incorrect hypotheses leads participants to solve the 2±4±6 problem.

The present ®ndings corroborate some recent results on hypothesis testing, which

showed that naive individuals solve problems requiring them to establish the probability

of a hypothesis, on the basis of a given datum (e.g., Girotto & Gonzalez, 1999). In those

cases, individuals produced the correct solution when they were forced to represent an

alternative hypothesis right from the start. In the present case, despite the initial, incor-

rect representation, individuals produced the correct solution when the negative results

of their testing procedure forced them to eliminate the initial hypothesis and to consider

an alternative one.
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