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Dual-goal facilitation in Wason’s 2—4-6 task:
What mediates successful rule discovery?
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The standard 2—4-6 task requires discovery of a single rule and produces success rates of about 20%,
whereas the dual-goal (DG) version requests discovery of two complementary rules and elevates
success to over 60%. The experiment examined two explanations of DG superiority: Evans’ (1989)
positivity-bias account, and Wharton, Cheng, and Wickens’ (1993) goal-complementarity theory.
Two DG conditions were employed that varied the linguistic labelling of rules (either positively
labelled Dax vs. Med, or mixed-valence “fits” vs. “does not fit”). Solution-success results supported
the goal-complementarity theory since facilitation arose in both DG conditions relative to single-
goal tasks, irrespective of the linguistic labelling of hypotheses. DG instructions also altered quanti-
tative and qualitative aspects of hypothesis-testing behaviour, and analyses revealed the novel result
that the production of at least a single descending triple mediates between DG instructions and
task success. We propose that the identification of an appropriate contrast class that delimits
the scope of complementary rules may be facilitated through the generation of a descending instance.
Opverall, our findings can best be accommodated by Oaksford and Chater’s (1994) iterative

counterfactual model of hypotheses testing, which can readily subsume key elements of the goal-

Taylor & Francis Group

complementarity theory.

Hypothesis testing is a fundamental mode of
mental functioning that involves a comparison
between internal thoughts and external facts in
order to facilitate interaction with the environ-
ment and other people (e.g., Klahr, 2000;
Poletiek, 2001). One paradigm that has been
used to study hypothesis-testing behaviour is

Wason’s (1960) 2—4—6 task, which is a rule-
discovery problem that Wason devised to investi-
gate people’s conformity to the contemporary
scientific norm of empirical falsification when
testing hypotheses (Popper, 1959). This norm
hinges on the principle that whilst a single discon-
firming instance can reveal that a hypothesis is

Correspondence should be addressed to Linden J. Ball, Psychology Department, Lancaster University, Lancaster, LA1 4YF, UK.

Email: L.Ball@lancaster.ac.uk

A subset of the data reported here formed part of a poster presented at the Twenty-Fourth Annual Conference of the Cognitive
Science Society, Fairfax, Virginia, USA, August 2002. We are grateful to Jeremy Miles for valuable advice on statistical analyses. We
also thank Mike Oaksford, Kevin Paterson, Miles Richardson, and two anonymous reviewers for their helpful comments on previous
versions of this article. We acknowledge the University of Derby for its financial support.

© 2006 The Experimental Psychology Society

http://www.psypress.com/qjep

873

DOI:10.1080/02724980543000051



GALE AND BALL

incorrect, any number of confirming instances can
never prove that the hypothesis is true.

In the standard 2—4-6 task participants have to
discover a rule that generates sequences of three
numbers (zriples). Participants are initially given
an example of a conforming triple (“2-4-6")
and then produce further triples that the experi-
menter classifies as conforming or not conforming
to the rule. Participants generate triples until they
are confident they know the rule, at which point
they announce it. The to-be-discovered rule is
“three ascending numbers”. Despite the apparent
simplicity of task people perform poorly,
with only around 20% announcing the correct
rule at their first attempt (e.g., Tukey, 1986;
Wason, 1960). Many incorrect announcements
are restricted versions of the target rule, such
as  “numbers increasing by two” (Kareev,
Halberstadt, & Shafir, 1993). Wason (1960) also
noted that solvers and nonsolvers could be differ-
entiated in terms of the number of triples pro-
duced, with solvers generating more, and the
type of triples produced, with solvers generating
a higher proportion of triples receiving negative
feedback (cf. Klayman & Ha, 1989). Wason inter-
preted the nonsolvers’ strategy of testing positive
instances of hypotheses as a failure to appreciate
the benefits of falsification, labelling this
deficit confirmation bias. Other hypothesis-testing
paradigms have provided further evidence for
confirmation bias (e.g., Gorman & Gorman,
1984; Mynatt, Doherty, & Tweney, 1977),
although Mynatt et al. note that people seem to
appreciate the value of falsifying information if
they come upon it.

Although first rule-announcement success on
the standard 2—4-6 paradigm is poor, Tweney
et al. (1980) introduced a manipulation that
improved solution rates to over 60%. Tweney
et al. asked participants to discover two rules,
one producing “Dax” triples (“any ascending
number sequence”), the other producing
“Med” triples (“any other number sequence”).
Evidence for superior performance with these
dual-goal (DG) instructions is remarkably robust
(e.g., Farris & Revlin, 1989a, 1989b; Gorman,
Stafford, & Gorman, 1987; Tukey, 1986;
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Wharton et al., 1993), but explanations for the
effect are inconclusive. Two prominent accounts
are Evans’ (1989) positivity-bias theory and
Wharton et al’s (1993) goal-complementarity
theory, and in this paper we report an experiment
that aimed to arbitrate between them.

Positivity-bias and goal-complementarity
theories of DG facilitation

Evans (1983, 1989) proposed that poor perform-
ance on the standard 2—4-6 task can be attributed
to the operation of a general positivity bias, a form
of selective processing whereby people see positive
information as relevant to a task, whereas negative
information is considered to be irrelevant. On
the standard single-goa/ (SG) 2—4-6 task, people
are viewed by Evans as testing positive cases that
“match” their overly restricted hypothesis (e.g.,
“ascending with equal intervals is right”), but not
negative cases (triples such as “2—4-10") that do
not match such hypotheses. As Evans (1983)
puts it, “a ‘wrong’ hypothesis is semantically nega-
tive and thus overlooked” (p. 144).

Evans (1989) argues that when Dax and Med
are exchanged for the terms “right” and “wrong”
on the DG task, people succeed not because they
attempt to disconfirm their Dax hypothesis, but,
instead, because they test the Med hypothesis
(“not ascending with equal intervals”) with positive
triples (e.g., “2—4-10"). Because the structure of
the DG task means that Med is the complement
of Dax, a positive test of Med is effectively a nega-
tive test of Dax, which is precisely what is required
to eliminate the overspecific Dax hypothesis.
Evans’ account, however, still gives rise to the
question of why people in the DG paradigm
should concern themselves with testing the Med
hypothesis. In addressing this, Evans (1989) clari-
fies that it is the creation of a positive label (Med)
for the negative hypothesis (“not ascending with
equal intervals”) that changes people’s conception
of the problem, thereby promoting the testing of
Med hypotheses. As Evans (1989) explains,
“When Dax and Med are substituted for ‘right’
and ‘wrong’, the two hypotheses appear to have
equal standing. ... Creating a positive label for
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the negative hypothesis entirely changes subjects’
representation of the task” (p. 52).

The goal-complementarity theory (Wharton
et al., 1993) emphasizes three factors that
promote DG success: (a) the embedding of initial
hypotheses within the target rule (cf. Wetherick,
1962); (b) the complementarity of the Dax and
Med rules; and (c) the tendency for people to
adopt a positive test strategy (Klayman & Ha,
1987, 1989) involving the generation of triples
that match hypotheses. The positive test strategy
is identical in its functional consequences to
Evans’ (1989) notion of positivity bias: Both
promote the testing of positive exemplars of a
single, overly restricted hypothesis in the SG para-
digm, and of the Dax and Med hypotheses in the
DG paradigm. Where the positivity-bias and
goal-complementarity theories differ is in their
accounts of why people test Med hypotheses at
all. Whilst Evans (1989) argues that it is the posi-
tive labelling of a negated Dax rule that makes
Med hypotheses appear relevant and worth
testing, the goal-complementarity theory holds
that people test Med hypotheses because they are
directly requested to discover the two rules
pertaining to the task.

Information-quantity and triple-
heterogeneity theories of DG facilitation

The information-quantity theory of DG facili-
tation (Wharton et al., 1993) centres around two
pieces of evidence: (a) that prior to initial rule
announcement SG solvers test more triples than
do nonsolvers (Farris & Revlin, 1989a; Wason,
1960); and (b) that DG instructions invoke the
testing of more triples than do SG instructions
(e.g., Gorman et al., 1987). These observations
suggest that the quantity of triples produced, irre-
spective of their characteristics, may mediate
between DG instructions and task success.
However, this theory lacks clarity as to the specific
mechanisms that promote increased triple testing
in DG conditions; it is also questionable why
increased testing should be associated with task
success. T'weney et al. (1980) and Gorman et al.
(1987) have gone some way toward addressing
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these issues, suggesting that switching between
the testing of two different rules in the DG para-
digm may counter the rigid testing of a single
hypothesis, thereby increasing the number of
hypotheses examined, the quantity of triples gene-
rated, and the likelihood of success.

The information-quantity view has some merit,
but seems mostly to be a useful description of one
aspect of the data surrounding DG superiority
(i.e., that DG instructions lead to increased
triple production) and is certainly compatible
with either the goal-complementarity or the
positivity-bias theories. Moreover, these latter
accounts have the advantage of providing a clear
explanation of why people test more triples in
the first place with DG instructions: People do
this because they are explicitly requested to dis-
cover two rules (the goal-complementarity posi-
tion) or because the positive labelling of negated
hypotheses encourages a broader exploration of
the hypothesis space (the positivity-bias position).

Vallée-Tourangeau, Austin, and Rankin (1995,
Exp. 1) explored the link between DG instructions
and information quantity in a study where partici-
pants had to test 15 triples before rule announce-
ment. This led to 44% solvers with SG
instructions and 69% solvers with DG instruc-
tions. The fact that DG solvers outstripped SG
solvers even though the number of tests was stan-
dardized affirms that there is more to the DG
effect that the mere quantity of triples tested.
Vallée-Tourangeau et al. (1995) proposed that
the crucial factor underpinning DG success is
not so much triple quantity as triple heterogeneity
(the extent to which triples discriminate between
multiple hypotheses), with DG requirements fos-
tering a more flexible and creative exploration of
the triple space. This idea provides a valuable
development of the insights concerning multiple-
hypothesis testing and task success presented by
Tweney et al. (1980) and Gorman et al. (1987).
It also links with Oaksford and Chater’s (1994)
argument that, prima facie, the more hypotheses
a person tests the higher will be the probability
of success.

Triple-heterogeneity theory also gains support
from Vartanian, Martindale, and Kwiatkowski’s
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(2003) study, which demonstrated that successful
participants on SG 2-4-6 tasks had higher
fluency scores on a measure of creative thinking
than did unsuccessful participants and also gene-
rated more hypotheses. Intriguingly, however,
Vartanian et al. noted that whilst the creativity
factor was predictive of task success in a stepwise
multiple-regression analysis, the number of gene-
rated hypotheses did not prove to be a reliable pre-
dictor. In fact, the most important factor in rule
discovery was the frequency of disconfirming
triples generated (i.e., triples that contradicted a
participant’s working hypothesis such as stating
“6—5—4" to test the hypothesis “numbers ascend-
ing by twos”). The value of testing disconfirming
triples was highlighted in Wason’s (1960) original
analysis of successful 2—4—6 performance, where
people who used disconfirmation as their domi-
nant strategy were more likely to announce
correct rules on their first guess. However, other
data suggest that disconfirmation may not always
be the most efficient strategy, especially in the
initial stages of hypothesis testing (e.g., Tweney
et al., 1980).

Comparing the positivity-bias and
goal-complementary theories

In relation to our experiment we were conscious of
the need to determine whether the number and
characteristics of triples produced mediate success-
ful rule discovery. We anticipated that assessing
such issues in variants of the 2—4—6 task would
facilitate the development of a clearer account of
the links between triple generation and correct
rule announcement. Our primary aim, however,
was to develop a crucial test to arbitrate between
the positivity-bias and goal-complementarity
views of the 2—4—6 task as measured in terms of
successful initial rule announcement.

Despite the conceptual overlap between these
accounts we believed that a crucial test is possible
(cf. Wharton et al., 1993). As noted earlier,
the key difference between these theories is that
whilst for Evans (1989) DG facilitation is tied to
the use of a positive label (Med) to denote a nega-
tive hypothesis (“not ascending with equal intervals
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is wrong”), for Wharton et al. (1993), what is criti-
cal is the explicit instruction for participants to dis-
cover the Med as well as the Dax rule in the DG
paradigm. One consequence of the positivity-bias
theory is that it would predict that participants
given positively labelled DG hypotheses (Dax and
Med) should perform better than participants
given mixed-valence DG hypotheses of the form
“fits” (positively labelled) and “does not fit”
(negatively labelled). In contrast, the goal-comple-
mentarity theory would predict that participants
given the task of discovering two complementary
hypotheses should be more successful than those
seeking a single hypothesis, regardless of the way
in which these rules are labelled.

Our experiment set out to test these alternative
predictions by manipulating the linguistic labelling
of hypotheses in the DG paradigm, such that the
sought-for hypotheses were described as being
either Dax and Med rules (the positive-label con-
dition) or “fits” and “does not fit” rules (the mixed-
label condition). In addition, we included two SG
task variants to provide a baseline measure of rule
discovery success. One SG condition asked partici-
pants to discover a rule labelled Dax, with posi-
tively labelled Dax and Med feedback being
given for generated triples; the other asked
people to discover a rule labelled “fits”, with
mixed-valence “fits” and “does not fit” feedback
being provided. These two forms of SG task there-
fore involved equivalent feedback as arose in the
DG conditions. This linguistic balancing of feed-
back provided a manipulation check to ensure that
any effects associated with the DG conditions
could not be attributed to the nature of the avail-
able feedback per se.

EXPERIMENT

Method

Participants

A total of 60 undergraduates from Derby
University participated in the experiment for
course credit. They had not received any prior
teaching on the psychology of reasoning.

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2006, 59 (5)



Design

The experiment involved random allocation of 15
participants to each of four conditions. Two con-
ditions presented DG instructions and included a
linguistic labelling manipulation whereby partici-
pants were asked to discover either Dax and Med
rules (positive-label condition) or “fits” and “does
not fit” rules (mixed-label condition). The remain-
ing two conditions involved SG instructions and
simply acted as controls for the presented feedback
in the DG conditions (i.e., feedback was either of
the form Dax—Med or of the form fits—does not fit).

Procedure

Participants were tested in groups of up to fourin a
quiet laboratory. The following safeguards avoided
social contamination of individual results: (a)
participants sat well apart in screened cubicles;
(b) participants wrote down triples and rules and
were provided with written feedback; (c) no
spoken communication was permitted during the
experiment (see Gorman & Gorman, 1984;
Gorman et al.,, 1987, for effective use of group
testing with the 2—4-6 task). The SG instructions
referred to a unique rule that needed to be discov-
ered and stated, “I have in mind a rule that speci-
fies how to make up sequences of three numbers
(triples), and your task is to discover this rule”.
In what we subsequently refer to as the SG—fits
condition, participants were asked to discover the
target rule by generating triples that they would
then be told either fitted or did not fit the rule
that the experimenter had in mind. In the SG—
Dax condition, participants were told that triples
that fitted the rule were called Dax triples, and
those that did not fit the rule were called Med
triples. It was explained to participants that on
generating a triple they would be informed as to
whether it was a Dax or a Med type.

The DG instructions emphasized that there
were two rules to be discovered, “Your task is dis-
cover this rule, and also a second rule for catego-
rizing the triples that do not fit my rule”. In the
DG-fits condition participants were asked to
generate triples that would be classified in terms
of whether they fitted or did not fit the rule. In
the standard DG task (DG-Dax) participants
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were informed that triples that fitted the rule
were called Dax, and those that did not fit the
rule were called Med. They were instructed to
produce further triples that the experimenter
would classify as being Dax or Med.

Participants in all conditions were given “2—4-6"
as the example triple. All participants were also pro-
vided with an answer sheet and were asked to write
“2—4-6" on the first row and either “fits” or “Dax” in
the feedback column, as appropriate. They were
instructed that they could produce as many triples
as they wished, and that when they were sure of
the rule(s) they should write it/them on the
answer sheet. In line with Gorman (1992) parti-
cipants were allowed only one guess at the rule or
rules.

Results and discussion

Solution success across conditions

An alpha level of .05 was set for all statistical tests.
In scoring participants’ success we were interested
only in whether initial rule announcement cor-
rectly mapped onto the Dax or “fits” rules, and
not whether announcements for the Med or
“does not fit” rules were also correct in the DG
conditions. This scoring procedure is standard
practice in research with DG task variants (e.g.,
Vallée-Tourangeau et al., 1995; Wharton et al.,
1993). Table 1 shows the frequency of correct
and incorrect initial rule announcements in each
of the experimental conditions. A number of find-
ings are apparent. First, nearly four times the
number of participants in the DG conditions
announced the correct rule when compared with
the SG baseline conditions. Second, the linguistic-
labelling manipulation associated with the DG
rules had little impact on rule discovery, with
nearly equal numbers of participants finding the
sought-for rule in the positive-label and mixed-
label conditions. Third, the distribution of initial
solvers and nonsolvers was identical across the
SG conditions, indicating that the labelling of
feedback (Dax—Med vs. fits—does not fit) had
no effect on the likelihood of successful rule
announcement.

877



GALE AND BALL

Table 1. Frequency of correct initial rule announcements, mean numbers of total triples produced, types of triples produced, and triples

receiving negative feedback, by condition

Variable Negative

Total triples positives Negative types Sfeedback
Condition n Solvers Nonsolvers M SD M SD M SD M SD
SG—Dax 15 3 12 7.60 6.25 0.33 0.62 0.33 0.62 0.73 1.28
SG—fits 15 3 12 5.87 2.75 0.53 1.36 0.80 1.42 0.93 1.58
DG—Dax 15 12 3 10.27 6.30 1.13 1.06 1.20 0.86 2.67 1.95
DG—fits 15 11 4 8.33 3.22 1.07 1.10 0.93 0.80 1.40 1.24

Note: SG = single goal; DG = dual goal.

A contingency table chi-square analysis was
performed on the frequencies of correct and incor-
rect announcements, collapsing across the two SG
conditions and the two DG conditions. This
revealed a highly reliable effect of goal requirement
(SG vs. DG), x¥*(1, N=60) = 19.29, p < .001.
In terms of correct rule announcements, then,
the results arbitrate in favour of the predictions
of the goal-complementarity account of DG facili-
tation (e.g., Wharton et al., 1993) and against the
predictions of the positivity-bias account (e.g.,

Evans, 1989).

Quantity and variety of triples generated across
conditions

It is straightforward to obtain measures of zoza/
triple quantity (i.e., the cumulative count of a par-
ticipant’s generated triples), and of fofal friples
receiving negative feedback (i.e., the cumulative
count of a participant’s generated triples receiving
“Med” or “does not fit” responses from the experi-
menter). Such measures were computed from the
dataset on a by-condition basis. Obtaining a
measure of the variety of triples generated by parti-
cipants is more complex and involved recourse to
techniques pioneered by Vallée-Tourangeau
et al. (1995), which focus on two main classes of
triple referred to as wariable positives and negative
types.

Variable positives are triples such as 2—-8-20
that receive positive feedback (Dax or fits)
but that do not increase by a constant number as
in the 2-4-6 exemplar (described as having a
“constant positive” form). Thus, if the numbers
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that make up a triple are denoted by the letters a,
b, and ¢, then a variable positive is any triple in
which (b — a) # (c — b), whereas a constant posi-
tive is any triple where (b —a) = (c —b). We
computed a variable positives score for each parti-
cipant, which was simply a cumulative count of the
number of such triples produced.

Negative types reflects a measure of the hetero-
geneity of negative triples. There are eight possible
types of triple that could receive negative feedback,
such as descending triples and identical-number
triples. The possible set of negative types is cap-
tured by the following rules: (a) a >b > ¢; (b)
a=b=c (c) a>b<c (d) a<b>c (e
a=b<g¢g (f) a=b>¢ (g a>b=c¢ (h)
a<b=c. To obtain a negative types score for
each participant we counted the number of distinct
types of negative triple that they produced. Thus,
if a participant generated five negative triples
of the same kind (say the decreasing triples of
the a>b > ¢ form), then their negative types
score equalled one. If the participant generated
three negatives—two decreasing and one
a <b > c¢ “hill” kind—then their negative types
score would be two. Using these indices of triple
heterogeneity, Vallée-Tourangeau et al. (1995)
demonstrated that the DG manipulation leads to
increased production of both variable positives
and negative types compared to SG instruc-
tions—a finding they interpret as indicating that
people consider a wider range of hypotheses with
DG instructions.

Table 1 presents mean scores by condition for
the number of variable positives and negative
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types generated in the present study, as well as
means for the total quantity of triples generated
and the number of triples receiving negative feed-
back. To examine whether our experimental
manipulations had an effect on any of these
indices we undertook a series of two-way analysis
of variance (ANOVA) tests where the factors
were goal requirement (SG vs. DG) and linguistic
labelling of feedback (i.e., our experimental con-
trols involving the linguistic balancing of feedback
across the SG and DG tasks allowed for a
comparison between conditions where Dax—Med
feedback had been given vs. conditions where
fits—does not fit feedback had been presented).
Consistent with the task-success analyses
already reported, linguistic labelling of feedback
produced no reliable differences on any of our
measures of triple quantity or type. With regard
to goal requirement, however, there were signifi-
cant main effects on total number of triples pro-
duced, F(1, 56) = 4.09, p < .05, number of
triples receiving negative feedback, F(1, 56) =
9.10, p < .01, and number of variable positives,
F(1, 56) = 5.86, p < .05. The difference in the
number of negative types produced across SG
and DG conditions also approached significance,
F(1,56) = 3.96, p = .052. There were no signifi-
cant interactions between factors for any of the
measures (all Fs < 1). These results underline
the importance of DG instructions as a determin-
ing factor in engendering quantitative and
qualitative changes in triple generation on the
2-4-6 task. As such, the findings again favour
the goal-complementarity view of DG facilitation.

Presence of triple types and solution success

Although the previous analyses indicate an effect
of DG instructions on measures of triple quantity
and type, they do not reveal the importance of
generating specific types of triple for actual task
success. We therefore pursued further analyses in
which the production of either at least one variable
positive or at least one negative type was crossed
with success. Such analyses are important for a
simple but critical reason. The point is, both the
goal-complementarity and the positivity-bias
accounts place a central emphasis on the role of
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variable positives in engendering successful rule
announcement—that is, both accounts claim that
once people generate a variable positive (e.g.,
“2—4-10") that receives Dax or fits feedback
they should be able to ascertain immediately that
the Dax or fits rule is broader than the initially
hypothesized form. On the other hand, both theo-
ries are silent as to the value of negative testing in
facilitating task success.

To examine the association between generation
of variable positives and success a contingency
table was produced (see Table 2) in which the pro-
duction by a participant of at least one variable
positive was crossed with successful rule discovery.
Table 2 reveals that such an association is indeed
evident, with substantially more participants who
produced a variable positive making a correct
rule announcement than those who did not
produce a variable positive. A chi-square analysis
confirmed the reliability of this observation,
x*(1, N=60) = 13.14, p < .001.

Table 2 also shows a contingency table in which
production of at least one negative triple was
crossed with success. Here the association is even
more striking than in the case of variable positive
production, with there being only one instance of
a participant correctly announcing the rule but
not producing a negative triple. In contrast, of
the 34 participants who did produce a negative
triple, 28 solved the task. A chi-square analysis
indicated that these differences were highly sig-
nificant, x*(1, N = 60) = 36.36, p < .001. These
latter findings—that production of at least a
single triple receiving negative feedback is more
closely associated with success than production of

Table 2. Frequency of correct rule announcements by presence versus
absence of variable positives and negative triples

Solvers Nonsolvers Total
Variable positive present 19 6 25
Variable positive absent 10 25 35
Total 29 31 60
Negative triple present 28 6 34
Negative triple absent 1 25 26
Total 29 31 60
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a single variable positive—seem paradoxical. Since
most incorrect rule announcements are of the
“numbers ascending by equal intervals” type it
would appear that only production of variable
positives could lead to the falsification of overly
restricted hypotheses, whereas production of nega-
tive triples would seem of little obvious value for
rule discovery.

To clarify the association between the triple-
type variables and task success we modelled the
dataset using logistic regression. An initial model
using negative triple (present vs. absent) as the
predictor variable, and success (solver vs. nonsol-
ver) as the outcome variable, revealed that negative
triple was a highly reliable predictor of task
success, B = 4.76, Wald = 18.23, p < .001. A
second model using variable positive (present vs.
absent) as the predictor, and success (solver vs.
nonsolver) as the outcome variable again revealed
this predictor to be reliable, B = 2.07,
Wald = 11.91, p <.001. A final model was
assessed in which negative triple and variable posi-
tive were regressed onto success in a hierarchical
manner to examine whether the variable positive
predictor had an effect additional to the negative
triple predictor. Negative triple was selected as
the first predictor due to the considerably higher
overall chi-square value obtained for Model 1,
x> =42.95, p<<.001, than for Model 2,
x> =13.68, 2 < .001. This third model showed
that negative triple continued to be a highly
reliable predictor of task success, B = 4.58,
Wald = 15.71, p < .001, but with negative triple
controlled for the variable positive predictor
failed to achieve significance, B=1.72,
Wald = 3.55, p >.05. This finding suggests that
the production of variable positive triples may
have a limited association with successful rule
discovery on the 2—4-6 task in comparison to
the more striking influence that the generation
of negative triples seems to have.

Since production of negative triples appeared to
have such a strong association with task success we
examined what specific property of negative triples
might underpin this phenomenon. It was
clear upon scrutinizing the negative triples that
participants generated that the majority were
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“descending” in nature, and that most other
types of negative triple were produced infrequently
(only 10 participants produced a negative type dis-
tinct from the descending a > b > ¢ form). For
this reason we collapsed all negative triples apart
from those of the a>b > ¢ type into a single
pool. We then pursued separate analyses compar-
ing (a) the effect of producing versus not produ-
cing at least one descending triple on task
success, and (b) the effect of producing versus
not producing at least one other type of negative
triple on task success. Logistic regression revealed
that participants generating a descending triple
were 142 times more likely to solve the task than
those not producing a descending triple,
B =498, Wald =19.47, p <.001. Production
versus nonproduction of at least one other type
of negative triple was also predictive of success,
B=2.60, Wald=5.67, p =.017, although
clearly not to such a marked degree as production
versus nonproduction of descending triples.

Path analysis of mediator effect

The results of our logistic-regression analyses are
instructive, but the role of production of a des-
cending triple in mediating between goal require-
ment (SG vs. DG) and task success could better be
illustrated using path analysis (Baron & Kenny,
1986). However, because the quantitative logic
of path analysis does not work effectively with
logistic regression, it was necessary to use linear
regression for this mediation analysis. This is not
ideal given the dichotomous nature of the relevant
variables, but we present comparisons of obtained
p values for logistic and linear regressions (Table 3)
to illustrate the high degree of similarity in the
statistical outcomes of these two approaches and
thereby to validate the use of the linear-regression
procedure with the present dataset. Table 3 also
summarizes the results of this path analysis of
the relationship between goal requirement (SG
vs. DG), descending triple (present vs. absent),
and success (solver vs. nonsolver) in the 2—4-6
task. The amount of mediation relating to the pro-
duction of a descending triple was large (0.352). A
Sobel test revealed that this mediating effect was
highly reliable, Goodman (I) = 3.87, p < .001.
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Table 3. Summary of mediation analysis of the relationship between goal, production of at least one descending triple, and success, using linear

regression

p values obtained

B Beta SE(B) Linear regression Logistic regression
Goal onto solver 567 567 .108 <.001 <.001
Goal onto descending triple .500 .503 113 <.001 <.001
Goal and descending triple onto solver Goal 215 215 .086 .015 .030
Descending .703 .700 .086 <.001 <.001

Note: Includes a comparison of the p values obtained using linear and logistic regression.

GENERAL DISCUSSION

This study’s task-success findings indicate that the
DG superiority effect in the 2—4-6 task cannot be
attributed to labelling a negatively-valenced “does
not fit” hypothesis as a positively-valenced “Med”
hypothesis: Participants instructed to discover
two rules performed significantly better than
those in SG conditions, regardless of whether the
two rules were defined as Dax—Med or as fits—
does not fit. Such findings support key elements
of Wharton et al’s (1993) goal-complementarity
account of the facilitatory effect of DG instructions
and run counter to Evans’ (e.g., Evans, 1989) posi-
tivity-bias account, which proposes that people
selectively attend to positively labelled information
at the expense of attending to potentially useful
information that is negatively labelled. Although
we find the idea of positivity bias affecting hypoth-
esis testing appealing (cf. Ball, Lucas, Miles, &
Gale, 2003), it seems that the concept of a genera-
lized positivity bias cannot easily extend to an
explanation of behaviour on Wason’s 2—4-6 task.

Despite our solution-success evidence for goal-
complementarity theory we are aware that a strong
version of this theory is undermined by evidence
that strict rule complementarity is unnecessary
for rule discovery. For example, Vallée-
Tourangeau et al. (1995) ran DG conditions that
explicitly suggested a noncomplementary rep-
resentation of the Dax and Med rules. In one con-
dition participants were told that triples could be
Dax, Med, or neither, and in another they were
told that triples could be Dax, Med, or both.
With these manipulations 80% of people still
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discovered the Dax rule on initial announcement.
One weakness of Vallée-Tourangeau et al’s
(1995) study was that although the apparent
relationship between the Dax and Med rules was
manipulated such that they were not represented
as complementary, the reality was that (unbe-
knownst to participants) the two rules actually
remained logically complementary, and feedback
other than Dax or Med was never given.
Recently, however, Gale and Ball (2003) have
replicated Vallée-Tourangeau et al.’s (1995) find-
ings when genuinely noncomplementary rules
were used in conjunction with appropriate
feedback.

As for information-quantity theory (Wharton
et al., 1993) our results support the view that
DG instructions promote increased test gene-
ration when compared with SG instructions.
Likewise, in relation to triple-heterogeneity theory
(Vallée-Tourangeau et al., 1995), we observed
increased generation of triples receiving negative
teedback and increased variable positive triples in
DG conditions relative to SG ones. It thus seems
that DG facilitation is mediated by both quanti-
tative and qualitative changes in triple-testing
behaviour. As we noted previously, however,
information-quantity and triple-heterogeneity
theories are perhaps more descriptive than expla-
natory in emphasis, and they may be better sub-
sumed within the process-oriented perspective
afforded by other contemporary accounts of the
2—4-6 task discussed below.

Our final set of analyses revealed a hitherto
unnoticed phenomenon: It is the production of
at least a single descending triple that is most

881



GALE AND BALL

closely associated with task success, rather than
other factors linked to triple-generation behaviour.
The observation that negative-triple testing in
general and descending-triple testing in particular
are so closely linked to success appears to challenge
a central assumption of the goal-complementarity
theory of DG facilitation. This is because accord-
ing to this theory it is the production of discrimi-
natory variable positives that should determine
rule discovery as it is only variable positives that
can falsify overly restricted hypotheses. How,
then, might we explain the importance of descend-
ing-triple production as a predictor of task success
and, in particular, its central role as a mediator
between DG instructions and rule discovery? To
progress toward an account of these findings we
turn to what we believe is the most psychologically
plausible contemporary account of behaviour on
the standard SG 2—4-6 task—that is, Oaksford
and Chater’s (1994) iterative counterfactual
model, a development of Farris and Revlin’s
(1989a, 1989b) counterfactual strategy.

The iterative counterfactual model (ICM)
emphasizes how hypotheses are created by partici-
pants in the first place (the “context of discovery”),
and not just on how such hypotheses are tested
(the “context of justification”). One particularly
important aspect of the ICM concerns how
hypotheses are revised in the light of falsifying evi-
dence. The operation of the ICM can best be illus-
trated with reference to an example. Imagine that a
participant’s working hypotheses, H, based on the
initial 2—4-6 triple, is “even numbers ascending
by two”. According to the ICM, the participant
generates an alternative hypothesis, H’', that is
complementary to H for one property. For
example, with the triple 2-4-6 and an H of
“even numbers ascending by two”, H' could be
“odd numbers ascending by two”. H' is then
tested using a positive test strategy; in the present
example a positive test triple for H' is 3-5-7. If
this test obtains confirmation then both H' and
H must be false and can be rejected. A common
property of the triples conforming to H and H’
(i.e., 2=4—6 and 3—-5-7) is now selected, and a
new H is generated. This H might be “numbers
ascending by two”. The whole process is then
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iterated with the testing of a new H' complemen-
tary to H (e.g., “numbers descending by two”),
with the accumulation of new test triples, and
with the production of revised hypotheses that
are closely informed by the identification of percei-
vable common properties that hold across all triples
that have received positive feedback so far.

Oaksford and Chater (1994) acknowledge that
the ICM generates inputs to the hypothesis gene-
ration process but does not explain why one
common property shared by a set of triples
is selected over another common property.
For example, given 2-4-6 and 3-5-7, why
should “numbers ascending by two” rather than
“ascending numbers” be selected? Cherubini,
Castelvecchio, and Cherubini (2005) have pro-
posed that the former hypothesis is preferred
because it conveys more information—that is,
people are sensitive to perceiving “regularities” in
triples that have maximal information relevance
and then generate hypotheses by abstracting
those regularities. Support for these ideas is pro-
vided by a series of experiments presented by
Cherubini et al. that varied the type and number
of perceivable relationships in example triples,
with the dependent measure being the informa-
tional structure of the first hypothesis participants
generated. For example, one experiment used two
example triples and revealed that the presence of
“high-information” regularities in these triples
affected the information in the initial hypothesis
more than did the presence of “low-information”
regularities.

Cherubini et al.’s research goes far in clarifying
the process of common-feature extraction that
drives the formulation of hypotheses in the
ICM. Although these proposals are currently
restricted to the first hypothesis generated in SG
versions of the 2—4—6 task, similar mechanisms
may well underpin hypothesis revision in the SG
paradigm and hypothesis generation processes in
DG task variants. This brings us back to some
final reflections on how the ICM and the notion
of common-feature extraction may link with our
observation of the importance of descending
triples in mediating DG facilitation effects. First,
we need to reconsider the illustrative example of
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the ICM described above and imagine what might
transpire in the SG paradigm at the second
iteration where the participant’s working hypoth-
esis, H, is “numbers ascending by two”, and the
complementary H’ is “numbers descending by
two”. According to the ICM a triple congruent
with H' would now be proposed (e.g., 6—4-2)
that would receive “no” feedback, indicating that
this triple is not an instance of the target rule
(T). Oaksford and Chater (1994) propose that if
“no” feedback is obtained then H’ is rejected,
and H is a possible candidate for T. Before
announcing H as T, however, people may generate
a few positive exemplars of H to test whether they
are instances of T, entering a so-called “positive
subloop” of the ICM.

We note, however, that the ICM as it is cur-
rently formulated does not deal with the DG para-
digm where two complementary rules (e.g., Dax
and Med) are being sought. Our proposal is that
in the DG task people are sensitive not only to
the regularities in triples that are categorized as
Dax and Med but also to the contrast class that
such regularities invoke. Thus, at this second itera-
tion outlined above, the participant in the DG
paradigm would be given the feedback that 6—
4-2 is an example of the to-be-discovered Med
hypothesis. H and H' are, of course, complemen-
tary for the properties ascending versus descending;
indeed it was the ascending versus descending
dimension that was being varied by our imaginary
participant at the second iteration of the ICM,
with all other triple features being kept constant.
We claim that the fact that H and H’ are
complementary for the properties ascending and
descending serves to establish a salient contrast
class that promotes a participant’s insight into
the potential scope of the Dax rule as reflecting
“ascending” numbers and the Med rule as reflect-
ing “descending” numbers (thereby facilitating
effective rule discovery).

Our ideas concerning the role of contrast-class
identification within the ICM and its link to
DG facilitation are clearly speculative, and closer
investigation of the role of descending triples in
facilitating task success would seem an important
line for future research. To achieve this a finer
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grained system of codifying triples may be required
as well as closer assessment of the links between
generated triples and working hypotheses. It is
encouraging, however, that Oaksford (2002)
views the contrast class concept as fundamental
to understanding behaviour in Wason’s other
famous hypothesis-testing task (i.e., the four-
card selection task), and it may likewise be relevant
to explaining behaviour in Wason’s 2—4—6 para-
digm. Oaksford (2002) argues that a contrast
class is best viewed as a psychological rather than
a logical concept in that it does not simply refer
to the complement of a set, but is instead “made
up of the most likely or relevant members of
the complement set” (p. 140). Oaksford and
Stenning (1992) also emphasize that computing
the most relevant contrast class can exploit many
sources of information, including semantic, syn-
tactic, and pragmatic cues. We similarly suggest
that the properties “descending” and “ascending”
when identified as capturing salient features of
Med and Dax triples establish a powerful contrast
class that may promote insightful rule discovery in
DG variants of the 2—4—6 task.

Overall, we believe that our study has pro-
gressed an understanding of DG facilitation
effects in the 2—4—6 task. Our basic task-success
measures provide little support for a positivity-
bias view of the DG effect (e.g., Evans, 1989), as
increased levels of task success can arise even
with negatively labelled rules, so long as partici-
pants are still instructed to discover two rules.
Although this latter result provides support for
the goal-complementarity view that direct requests
to discover two rules are central to DG facilitation
(Wharton et al., 1993), we have also argued that
there is other evidence that calls into question
the necessity of having logically complementary
rules within DG manipulations. Indeed, the idea
that DG instructions may promote identification
of psychologically salient contrast sets seems to
be more pivotal to explaining the enhanced per-
formance on DG variants of the 2—4—6 task,
and it may also pave the way toward linking
Oaksford and Chater’s (1994) iterative counter-
factual model of the standard task to our novel
observation that the production of descending
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triples mediates between DG instructions and rule
discovery. In addition, the iterative counterfactual
model can neatly capture the importance of
multiple-hypothesis testing and creative search of
the hypothesis space described by Vallée-
Tourangeau et al. (1995) as being associated with
task success, which is also supported in our
present dataset in relation to the basic heterogen-
eity of triple generation that was observed with
DG instructions. Further development of the
iterative counterfactual model in terms of its
capacity to explicate DG effects is clearly necessary
(cf. Oaksford & Chater, 1994), and we view our
present work as a first step in this direction.
Direct recording and analysis of the actual hypoth-
eses that people are testing with each generated
triple is likely to be needed in future research
in order to advance an understanding of the
complex route that people traverse between
hypotheses, triple instances, and rule discovery.
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