
Rational Thinking and Cognitive Sophistication: Development, Cognitive
Abilities, and Thinking Dispositions

Maggie E. Toplak
York University

Richard F. West
James Madison University

Keith E. Stanovich
University of Toronto

We studied developmental trends in 5 important reasoning tasks that are critical components of the
operational definition of rational thinking. The tasks measured denominator neglect, belief bias, base rate
sensitivity, resistance to framing, and the tendency toward otherside thinking. In addition to age, we
examined 2 other individual difference domains that index cognitive sophistication: cognitive ability
(intelligence and executive functioning) and thinking dispositions (actively open-minded thinking,
superstitious thinking, and need for cognition). All 5 reasoning domains were consistently related to
cognitive sophistication regardless of how it was indexed (age, cognitive ability, thinking dispositions).
The implications of these findings for taxonomies of developmental trends in rational thinking tasks are
discussed.
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Developmental psychologists and cognitive scientists have re-
cently shown an increasing interest in aspects of thinking that go
beyond those assessed by intelligence tests (Blackwell, Trzesni-
ewski, & Dweck, 2007; Duckworth & Seligman, 2005; Reyna,
Chapman, Dougherty, & Confrey, 2012). This interest has been
exemplified in the increasing attention in the developmental liter-
ature to the tasks and effects that have been demonstrated in the
three-decades-long heuristics and biases research tradition (Kah-
neman, 2011). These tasks and effects collectively define rational
thinking in modern cognitive science (Stanovich, 2011). However,

they are not measured on intelligence tests, and performance on
many of them shows strikingly modest correlations with intelli-
gence (Stanovich, 2009; Stanovich & West, 2008b).

During the past decade, several research programs have at-
tempted to map the developmental trajectory of some of these
rational thinking tasks (Chiesi, Primi, & Morsanyi, 2011; De Neys
& Vanderputte, 2011; Klaczynski, 2001; Kokis, Macpherson, To-
plak, West, & Stanovich, 2002; Morsanyi & Handley, 2008; Reyna
& Ellis, 1994; Weller, Levin, & Denberg, 2011). Taken as a whole,
however, the literature has been somewhat confusing. Amalgam-
ating across tasks, there has been no fixed trend at all—no overall
trend for rational thinking to be uniformly increasing or decreasing
with age (Stanovich, Toplak, & West, 2008). Even when focused
on a single effect (framing or base rate sensitivity, for example),
the research is often inconsistent.

Developmental Trends and Stimulus Equivalence

One of the reasons for the lack of convergence across develop-
mental studies of rational thinking is that developmentally appro-
priate stimuli in these domains are difficult to construct. Consider
the example of an experiment by Jacobs and Potenza (1991) on
base rate sensitivity. They found a significant positive develop-
mental trend (more normative responses with age across 1st, 3rd,
6th grade students, and college students) in their so-called object
condition, but in their so-called social condition the developmental
trend was in the opposite direction—more reliance on the vivid
information and less reliance on the more diagnostic statistical
information by the older children. A consideration of the nature of
the social problems reveals why this was the case. Here is an
example of a social problem:
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In Juanita’s class, 10 girls are trying out to be cheerleaders and 20 are
trying out for the band. Juanita is very popular and very pretty. She is
always telling jokes and loves to be around people. Do you think
Juanita is trying out to be a cheerleader or for the band?

Here, the statistical information points in the direction of band, but
the personal information points in the direction of cheerleader. But
to understand the diagnosticity of the indicant information in this
problem, one must have knowledge of a social stereotype: that
popular girls are drawn more to cheerleading than to band. Knowl-
edge of this stereotype might well increase with age and thus be
less available to the younger children. Since being drawn to the
stereotype is an indication of a cognitive bias (base rate neglect) in
this paradigm, younger children are prevented from showing the
bias because they do not know the stereotype. Older children,
however, will be familiar with this stereotype. This will artificially
create a pattern looking like a non-normative bias increasing with
age. In fact, it is not really a processing bias increasing with age,
but the knowledge that makes showing the bias possible that
increases with age.

Davidson (1995) reported an analogous finding of a develop-
mental trend of increasing conjunction errors with age. However,
the stimuli in this study had the same problem as those in the social
condition of Jacobs and Potenza’s (1991) study—they depended
on the knowledge of a stereotype that might increase with age. For
example, one item went as follows:

Mrs. Hill is not in the best health and she has to wear glasses to see.
Her hair is gray and she has wrinkles. She walks kind of hunched
over. Do you think that Mrs. Hill is: a waitress in a local restaurant;
an old person who has grandchildren and a waitress at a local restau-
rant; etc.

Knowledge of the stereotype might lead children to make a con-
junction error, but the knowledge of the stereotype is undoubtedly
more extensive among sixth graders (Davidson’s, 1995, oldest
group) than among second graders (Davidson’s, 1995, youngest
group). Another way to state the problem with Davidson’s stimuli
is to say that the potential of the stimuli to trigger a representa-
tiveness judgment is confounded with age. Studies with less con-
founded stimuli have found base rate neglect and conjunction
errors to decrease with age (De Neys & Vanderputte, 2011; Klac-
zynski, 2001; Kokis et al., 2002).

Such considerations explain some of the U-shaped developmen-
tal functions that have been found for heuristics and biases tasks
(see Reyna & Brainerd, 1994, 1995; Reyna & Ellis, 1994). The
U-shaped pattern can (among other reasons) arise when the re-
sponding of the youngest group is dominated by randomness
because they do not even have the knowledge that is a prerequisite
to the biased response. With age, children acquire the knowledge
that enables a non-normative, biased response. Thus, at the young-
est ages, the developmental trend may well be for normative
responding to decline, because random responding is more likely
to land on the normative response than is a systematically biased
process. Finally, at the oldest ages, normative strategies either
override the bias or are practiced to such automaticity that they are
emitted automatically (Kahneman & Klein, 2009; Stanovich,
West, & Toplak, 2011a).

In other words, such task situations often spawn the develop-
mental sequence: random responding followed by smart errors (see
Morsanyi & Handley, 2008)—finally followed by normative re-
sponding. Situations like this sometimes occur when the process of

attribute substitution is taking place. According to Kahneman and
Frederick (2002), people engage in attribute substitution when they
substitute an easy-to-evaluate characteristic for a harder one, even
if the easier one is less accurate. For example, people will substi-
tute the less effortful attributes of vividness, stereotype, or affect
for the more effortful retrieval of relevant facts (Kahneman, 2003;
Li & Chapman, 2009; Slovic & Peters, 2006; Wang, 2009). Ste-
reotypes here represent prototypical exemplars or categories that
we hold in memory (Kahneman, 2011). Note, however, that the
presence of knowledge or stereotypes is necessary for attribute
substitution to work properly. Assume a person engages in attri-
bute substitution by replacing a comprehensive analysis of diag-
nostic cues with a stereotype. But to engage in this type of attribute
substitution, one must have stored enough exemplar information to
abstract a stereotype for the situation. A child without the relevant
stereotype knowledge will not be able to engage in this type of
heuristic attribute substitution and would have to respond on some
other basis.1

Convergence Across Different Measures of
Cognitive Sophistication

The problem of stimulus equivalence might be put into context
by realizing that these developmental studies are really trying to
answer a more generic question. That question concerns whether
people who display more complex and sophisticated cognition also
tend to disproportionately give the normative response (i.e., to
think more rationally). If the issue is phrased in this more generic
manner, then development becomes just one of several ways of
indexing cognitive sophistication. Importantly, the issue of stim-
ulus equivalence is much less of a problem in studies that index
cognitive sophistication in a manner other than by age. Thus, other
measures of indexing cognitive sophistication can be used as
converging evidence in triangulating the developmental trends.

We identify three general ways of indexing cognitive sophisti-
cation. The first is developmentally. It is straightforward to assume
that adolescents are more cognitively sophisticated than young
children and that, in turn, adults are more cognitively advanced
than adolescents. The question then becomes whether cognitive
developmental level, as indexed by age, is correlated with perfor-
mance on rational thinking tasks. For a group of subjects of the
same age, however, there are two different indices of cognitive
sophistication: those that measure cognitive abilities and those that
measure thinking dispositions. The natural index of cognitive
ability is intelligence test performance or other highly related
cognitive ability indices such as measures of executive functioning
(Miyake & Friedman, 2012; Reyna, 1995; Salthouse, Atkinson, &
Berish, 2003).

Intelligence, however, is not an exhaustive measure of cognitive
functioning. For one thing, intelligence tests fail to tap important
metacognitive strategies and cognitive styles that are critical com-
ponents of what has been termed the reflective mind (Sinatra &
Pintrich, 2003; Stanovich, 2009, 2011; Sternberg, 2003). These
components of cognition travel under a variety of names in psy-

1 However, Reyna and Brainerd (2011; Brainerd, Reyna, & Zember,
2011) have argued for the existence of several developmental reversals that
are predicted by fuzzy-trace theory that cannot be accounted for by devel-
opmental differences in knowledge or by random responses.
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chology—thinking dispositions or cognitive styles being the two
most popular. Examples of some thinking dispositions that have
been investigated by psychologists are: actively open-minded
thinking, need for cognition, consideration of future consequences,
need for closure, reflectivity, superstitious thinking, and dogma-
tism (Cacioppo, Petty, Feinstein, & Jarvis, 1996; Kruglanski &
Webster, 1996; Liberali, Reyna, Furlan, Stein, & Pardo, 2012;
Stanovich, 2011; Stanovich & West, 2007; Strathman, Gleicher,
Boninger, & Edwards, 1994).

In the present study, we used all three indices of cognitive
sophistication in an attempt to clarify developmental trends. The
data on thinking dispositions and cognitive ability have tended to
converge in empirical investigations. Specifically, the same ratio-
nal thinking tasks that correlate with cognitive ability also corre-
late with thinking dispositions, and those that fail to correlate with
cognitive ability also fail to correlate with thinking dispositions
(Bruine de Bruin, Parker, & Fischhoff, 2007; Chiesi et al., 2011;
Finucane & Gullion, 2010; Kokis et al., 2002; Parker & Fischhoff,
2005; Stanovich & West, 2007; Toplak, West, & Stanovich, 2011;
West, Toplak, & Stanovich, 2008). As we have just argued, de-
velopment is not the only way to measure increases in cognitive
sophistication. And, when looking for trends with cognitive so-
phistication, development might be the most difficult one to study
because of the stimulus equivalence issue discussed above. Thus,
the data from nondevelopmental measures of cognitive sophisti-
cation become especially important as converging evidence.

In the present study, we examined denominator neglect (or ratio
bias; see Reyna & Brainerd, 2008), belief bias in syllogistic
reasoning (Evans, Barston, & Pollard, 1983; Markovits & Nantel,
1989), and base rate sensitivity (Bar-Hillel, 1980, 1990; Kahneman
& Tversky, 1973). All three represent rational thinking paradigms
that have shown relatively consistent associations with cognitive
ability and thinking dispositions (De Neys, 2006; Kokis et al.,
2002; Handley, Capon, Beveridge, Dennis, & Evans, 2004; Simo-
neau & Markovits, 2003; Stanovich & West, 1997, 1998). Thus,
we might expect developmental trends in these tasks (which would
indicate a convergence with the other two indicators of cognitive
sophistication).

We examined another rational thinking skill in our study that
has been examined using a variety of different paradigms. When
people evaluate evidence, generate evidence, and test hypotheses
they give inadequate attention to the beliefs, opinions, and evi-
dence on the other side of the issue (Baron, 1995; Klaczynski &
Robinson, 2000; Stanovich & West, 2007, 2008a; Westen, Blagov,
Kilts, & Hamann, 2006). Otherside thinking is a recurrent theme in
the critical thinking literature where the idea is that a critical
thinker should be able to decouple their prior opinions from the
evaluation of evidence and arguments and to consider evidence in
opposition to their own view (e.g., Paul, 1984, 1987; Sá, Kelley,
Ho, & Stanovich, 2005; Sternberg, 1997, 2001). It is what prevents
the myside thinking bias described in the cognitive science liter-
ature (Baron, 2008; Stanovich & West, 2007). We adapted a
paradigm used in several previous studies (Perkins, 1985; Perkins,
Farady, & Bushey, 1991; Toplak & Stanovich, 2003) to examine
the development of otherside thinking.

Finally, we studied a rational thinking task where the develop-
mental results have been particularly confusing. The literature on
framing effects in adults is vast (Kahneman & Tversky, 1984,
2000; Kühberger, 1998; Levin, Gaeth, Schreiber, & Lauriola,

2002; Maule & Villejoubert, 2007). However, the developmental
literature is quite small. Obviously, the complexity of the problems
has to be vastly reduced and made appropriate for children. Out-
comes in developmental studies become small prizes that the
children receive instead of the imaginary deaths or real money that
is used in adult studies. Several investigators have creatively
adapted framing paradigms for children, but the results of these
experiments have been inconsistent. Levin and colleagues (Levin
& Hart, 2003; Levin, Hart, Weller, & Harshman, 2007) found no
developmental trend for framing effects. Children (6- to 8-year-
olds) were more risk averse for gains than for losses in the manner
that prospect theory predicts, but the magnitude of the framing
effects that they displayed was the same as that found for adults.
Framing effects were found for 5-year-olds, 6-year-olds, and 9- to
10-year-olds in three studies by Schlottmann and Tring (2005), and
in 14.8-year-olds in Chien, Lin, and Worthley (1996). In the
former study, the framing effects were roughly similar in magni-
tude.

The results of these studies were not completely convergent
with those in a study by Reyna and Ellis (1994; see also Reyna et
al., 2011; Reyna & Farley, 2006). The data patterns in Reyna and
Ellis’s (1994) study were complex, however, and variable over the
ages studied. Framing interacted with level of risk and magnitude
of reward at certain ages. Briefly though, preschoolers’ responses
were consistent across frames—they displayed no framing effect.
Second graders displayed a small reverse framing effect—they
were more risk averse for losses. Fifth-graders displayed a small
reverse framing effect at the highest reward magnitude. Fifth-
graders also displayed the standard framing effect (more risk
seeking for losses) only for the lowest reward magnitude (see also,
Reyna & Farley, 2006, in which additional replications of these
patterns predicted by fuzzy-trace theory are reported). In the pres-
ent study, we hope to partially resolve the conflicting findings
from these different research groups by examining developmental
trends together with cognitive ability and thinking dispositions in
order to look for patterns of convergence among these various
measures of cognitive sophistication. Our study is rare in looking
at all three and allowing an examination of convergence.

The measures of cognitive ability used in our study encom-
passed intelligence indices, but we also included measures of
executive functioning because the latter are strongly associated
with fluid intelligence (Duncan et al., 2008; Duncan, Schramm,
Thompson, & Dumontheil, 2012; Kane & Engle, 2002, 2003;
Kane, Hambrick, & Conway, 2005; Salthouse et al., 2003). Recent
work on the inhibitory and set-shifting properties of executive
functioning tasks makes this class of processes a potentially the-
oretically interesting correlate of performance on rational thinking
tasks (Aron, 2008; Best, Miller, & Jones, 2009; Friedman et al.,
2007; Hasher, Lustig, & Zacks, 2007; Miyake & Friedman, 2012;
Zelazo, 2004). As Kahneman (2003, 2011) has pointed out, many
heuristics and biases problems require suppressing a prepotent
“natural” response to the task. Such suppression could well be
related to the types of set-shifting and inhibitory processes that are
directly and indirectly assessed on measures of executive function-
ing. We thus, included three executive functioning tasks (a set-
shifting task, an inhibition task, and a working memory task) in our
study to complement the intelligence measures of cognitive ability.
Finally, as measures of thinking dispositions, we sampled dispo-
sitions that were quite varied but that had been examined in
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previous studies of rational thinking: actively open-minded think-
ing, need for cognition, and superstitious thinking (Chatterjee,
Heath, Milberg, & France, 2000; Kokis et al., 2002; Smith &
Levin, 1996). The indicators of cognitive ability and thinking
dispositions were examined as predictors of five rational thinking
tasks (denominator neglect, belief bias syllogisms, base rate sen-
sitivity, resistance to framing, and otherside thinking) in a devel-
opmental sample.

Method

Participants

The participants were 204 students (110 males and 94 females)
in Grades 2, 3, 4, 5, 6, 7, 8, and 9 in regular classes from suburban
and rural schools. The communities from which the participants
were recruited included middle to upper income communities with
families from mainly European descent. Four participants from the
original sample of 208 were eliminated for having pro-rated IQ
scores of less than 80. The participants were divided into three
groups distinguished by grade level: Grades 2–3 (n � 54), Grades
4–5 (n � 82), and Grades 6–9 (n � 68). Table 1 displays the mean
ages of each of the three groups.

Tasks and Variables

All of the tasks are summarized here, but they are described in
more detail in the online supplemental materials. Table 1 displays
mean performance in each group on all of these measures.

Cognitive Ability Measures

Verbal and nonverbal intelligence. The Vocabulary and Ma-
trix Reasoning subtests from the Wechsler Abbreviated Scales of
Intelligence (WASI; Wechsler, 1999) were used as indices of
verbal and nonverbal ability. The raw scores on these subtests were
converted into z-scores and summed to create a composite measure
of intellectual ability for use in the analyses. A higher score
indicated higher intelligence.

Executive function measures. Three measures of executive
function were selected—a measure of set-shifting, a measure of
inhibition, and a measure of working memory. The Trailmaking
Test (Reitan, 1955, 1958) was used to measure set-shifting. Com-
pletion time is reported in Table 1. However, reaction time was
significantly skewed, so a logarithmic transformation was used in
subsequent analyses. Z-scores were computed from these
logarithmically-transformed scores and the z-scores were then
reflected so that higher scores indicated better set-shifting ability.

The Stroop Task was used to measure inhibition. The interfer-
ence score is reported in Table 1. However, reaction time was
significantly skewed, so a logarithmic transformation was used in
subsequent analyses. Z-scores were computed from these
logarithmically-transformed scores and the z-scores were then
reflected so that higher scores indicated better ability to inhibit.

The working memory task selected was adapted from Gottardo,
Stanovich, and Siegel (1996) and involved a variation of a sen-
tence span task developed by Daneman and Carpenter (1980).
Children listened to sets of two to five statements and indicate

Table 1
Mean Age and Performance on Intellectual Ability, Executive Function, Thinking Disposition Measures, and Rational Thinking Tasks

Measure
Grades 2–3
(n � 54)

Grades 4–5
(n � 82)

Grades 6–9
(n � 68) F(2, 201)

Partial eta
squared

Age (in months) 104.5 (4.9)a 120.5 (8.1)b 152.5 (13.2)c 413.8��� .81
Intelligence measures

WASI Vocabulary raw score 35.2 (5.4)a 41.3 (6.2)b 46.0 (7.5)c 42.0��� .30
WASI Matrix Reasoning raw score 20.1 (5.6)a 22.9 (4.7)b 25.1 (4.3)c 16.1��� .14
WASI composite z-score �1.5 (1.4)a �0.2 (1.5)b 0.9 (1.6)c 38.0��� .27

Executive function measures
Trailmaking Part B time 134.3 (47.5)a 121.0 (52.5)a 85.5 (34.7)b 19.3��� .16
Stroop Interference raw time 43.9 (11.0)a 38.5 (14.4)a 28.7 (11.7)b 23.0��� .19
Sentence Span Accuracy raw score 18.9 (3.5)a 19.6 (3.0)a 21.0 (2.6)b 7.9��� .07
Executive function composite z-score �1.3 (2.1)a �0.4 (2.1)b 1.5 (2.1)c 29.9��� .23

Thinking disposition measures
AOT raw score 44.1 (3.9)a 45.9 (4.1)b 48.1 (4.4)c 13.6��� .12
Need for Cognition raw score 19.9 (3.0) 19.5 (3.0) 20.0 (2.4) 0.6 .01
Superstitious Thinking raw core 14.2 (2.4) 13.9 (2.9) 13.3 (2.9) 1.6 .02
AOT-ST composite z-score �0.6 (1.4)a �0.1 (1.6)a 0.6 (1.7)b 9.0��� .08

Rational thinking tasks
Denominator neglect task 3.3 (2.4)a 4.0 (2.2)ab 4.6 (2.1)b 4.8�� .05
Belief bias syllogisms 2.7 (1.5)a 3.2 (1.6)a 4.2 (1.6)b 15.6��� .13
Resistance to framing �6.0 (6.0)a �3.4 (3.6)b �3.4 (4.6)b 6.2�� .06
Base rate sensitivity 2.4 (1.5)a 3.3 (1.4)b 3.6 (1.3)b 12.3��� .11
Otherside thinking 1.4 (0.8)a 1.6 (1.1)a,b 2.0 (1.0)b 5.9�� .06
Rational thinking composite z-score �1.9 (2.7)a 0.02 (2.7)b 1.5 (2.7)c 24.1��� .19

Parent rating of child’s decision making
Making good choices and decisionsa 4.9 (0.9) 4.8 (1.2) 5.3 (1.2) 2.8 .03

Note. F-ratios refer to analysis of variance test of differences between grade groups; means with different letter subscripts indicate significant differences
in post hoc analyses. WASI � Wechsler Abbreviated Scales of Intelligence; AOT � Actively Open-Minded Thinking scale; AOT-ST � composite of the
AOT and Superstitious Thinking measures.
a Group sample sizes were slightly reduced for this measure/item n � 191 and F(2, 188); Grades 2–3 (n � 53); Grades 4–5 (n � 82); Grades 6–9 (n �
56).
�� p � .01. ��� p � .001.
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whether each statement was true or false. After responding to each
of the sentences in a set, the child was asked to recall the final
word of each sentence in the set. Recall accuracy was the depen-
dent measure. A higher score indicated better working memory
ability.

The three executive function measures displayed moderate cor-
relations: Stroop and Trailmaking (r � .52, p � .001), Stroop and
sentence span (r � .38, p � .001), and Trailmaking and sentence
span (r � .47, p � .001). An executive function composite score
was calculated based on summing the z-scores of the three exec-
utive function measures. A higher score indicated better executive
function performance.

Thinking Dispositions

Participants completed a self-report questionnaire that amal-
gamated items from three different thinking dispositions measures.
They were asked to rate their agreement with each question using
the following 4-point scale: Strongly Agree (1), Agree (2), Dis-
agree (3), and Strongly Disagree (4). Questions from the three
scales were presented in mixed order.

Actively Open-Minded Thinking Scale. A child version of
the Actively Open-Minded Thinking scale (AOT) was used in
this investigation (Kokis et al., 2002). A higher score indicated
more actively open-minded thinking. The split-half reliability
(Spearman–Brown corrected) of the scale was .60, and Cron-
bach’s alpha was .59.

Superstitious Thinking Scale. A child version of the Super-
stitious Thinking Scale adapted from Kokis et al. (2002) was used.
The split-half reliability (Spearman-Brown corrected) of the scale
was .68, and Cronbach’s alpha was .58. A higher score indicated
more superstitious thinking.

Need for Cognition Scale. A child version of the Need for
Cognition Scale was adapted from Kokis et al. (2002). The split-
half reliability (Spearman-Brown corrected) of the scale was .63,
and Cronbach’s alpha was .55. A higher score indicated higher
need for cognition.

Only one correlation between these three thinking dispositions
was statistically significant, that between the AOT scale and Su-
perstitious Thinking (r � –.36, p � .001). The Need for Cognition
measure did not correlate with either the AOT or the Superstitious
Thinking measure (.03 and .05, respectively). We formed a com-
posite of the AOT and Superstitious Thinking measures (AOT-
ST). For the purposes of the AOT-ST composite, the score on the
Superstitious Thinking Scale was reflected, so that a higher score
indicated less superstitious thinking. Both of these scores were
converted into z-scores and summed for the composite AOT-ST
scale.

Rational Thinking Tasks

Denominator neglect. This task was adapted from a previous
children’s version of the task (see Kokis et al., 2002). A total score
was derived across six trials. Bowl 1 was the correct choice on
each trial. The mean score across the six trials was 4.01 (SD �
2.29).

Belief bias syllogisms. Eight syllogisms were administered to
participants, in which the content of the premises conflicted with
the believability of the conclusion. Only inconsistent syllogisms

(those where belief and validity were in conflict) were used,
because previous developmental research has found that consistent
syllogisms display ceiling performance (Kokis et al., 2002). The
mean score across the eight items was 3.38 (SD � 1.68).

Resistance to framing. Three attribute framing situations
were designed to be developmentally appropriate alternatives to
tasks used with adult samples to study framing effects (Bruine de
Bruin et al., 2007). In the within-subjects design in this study, each
framing situation had a positive and negative frame that was
presented in separate parts of the battery. Scoring was based on
subtracting the positive frame rating from the corresponding neg-
ative frame rating of a situation. A higher score indicated more
resistance to framing. The mean score across the three items
was �4.10 (SD � 4.75). This mean score was significantly dif-
ferent from zero, t(203) � –12.33, p � .001, suggesting that
participants were displaying a framing effect.

Base rate sensitivity. Five problems from Kokis et al. (2002)
were used in which base rate information conflicted with individ-
uating information. Reliance on probabilistic aggregate informa-
tion was scored as correct, whereas reliance on concrete/personal
information was scored as incorrect. A composite based on these
five problems was generated (mean score � 3.16, SD � 1.44).

Otherside thinking task. A task that assessed the tendency
toward otherside thinking was adapted for children based on the
methods used by Toplak and Stanovich (2003). This task was
administered by the examiner using an interview, and the examiner
recorded responses provided by the participant. An issue about cell
phones was used: “Do you think kids should have cell phones?”
Participants were asked to provide their prior belief on this issue,
followed by providing reasons consistent, then inconsistent, with
their prior belief on this issue. A scoring scheme was developed for
distinguishing between the conceptually unique reasons partici-
pants listed as being consistent with the pro and con sides on the
issue. The mean number of myside reasons on the cell phone issue
was 2.23 (SD � 0.94). The key measure, however, was the mean
number of otherside reasons, which was 1.71 (SD � 0.99).

Parent Rating of Child Decision Making

Parents were asked to rate their children’s decision making
compared to other children of the same age based on observations
over the past month on the following item: “Making good choices
and decisions.” Parents used a seven point scale ranging from: far
below average, below average, slightly below average, average,
slightly above average, above average, to far above average. A
higher score indicated better decision-making performance. The
sample size was 191 for this question. On a 7-point rating scale,
the mean rating was 5.0 (SD � 1.1).

Procedure

Participants were tested individually by trained examiners. Most
participants were able to independently read the rational thinking
and thinking dispositions questionnaires. Some of the younger
participants were slower and their reading was effortful. In these
instances, the examiner orally read the questions to the participant.
Parent consent and child assent were obtained for each participant.
Task order was the same for each participant, and the order was as
follows: demographics form; denominator neglect; belief bias syl-
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logisms; WASI Vocabulary; WASI Matrices; resistance to framing
part 1; otherside thinking task; Stroop; Trailmaking; sentence
span; resistance to framing part 2; base rate sensitivity; and think-
ing dispositions questionnaire. Parents made the rating of their
child’s decision-making performance on the signed consent form.

Results

Table 1 displays the differences between the age groups on all
the variables in the study. There were highly significant develop-
mental differences in the measures of cognitive ability: both in the
intelligence measures and in the executive functioning measures.
The WASI Vocabulary and WASI Matrix measures of intelligence
were highly related to age (p � .001 in both cases and variance
explained .30 and .14, respectively). Likewise, the three measures
of executive functioning were all significantly related to age group
at the .001 level and explained from .07 to .19 of the variance.
Table 1 indicates that the executive functioning composite score
displayed a significant age effect, F(2, 201) � 29.9, p � .001,
partial eta squared � .23. With respect to the thinking dispositions,
the Actively Open-Minded Thinking scale displayed a significant
age effect (p � .001, partial eta squared � .12), but the Need for
Cognition and Superstitious Thinking scales did not. The AOT-ST
composite displayed a significant age effect (p � .001), but age
explained less variance on the composite than on the AOT task
itself (.08 versus .12).

Appearing next in Table 1 are the means across the age groups
for the rational thinking tasks. All five rational thinking tasks
displayed significant age effects: denominator neglect, belief
bias syllogisms, framing effects, base rate sensitivity, and oth-
erside thinking. Performance increased with age in each case—
that is, older children were less likely to display each of the
cognitive biases. Developmental level explained .05, .06, and
.06 of the variance for the first, third, and fifth of these (p �
.01), but it explained substantially more of the variance (.13 and

.11) in belief bias syllogisms and base rate sensitivity (p � .001
in both cases). A rational thinking composite score was formed
by combining the scores on the five tasks. The scores were
converted to z-scores and averaged in order to derive the
composite. Table 1 indicates that this rational thinking compos-
ite score displayed a statistically significant effect of age, F(2,
201) � 24.1, p � .001, partial eta squared � .19. Finally, the
effect of age on parents’ report of their child’s decision making
approached, but did not achieve statistical significance, F(2,
188) � 2.80, p � .062, partial eta squared � .03.

Table 2 presents the zero-order correlations among the major
variables in the study. Because of the fairly large sample size in
the study, all correlations over .137 are significant at the .05
level (two-tailed). The five tasks in the rational thinking com-
posite displayed positive manifold. All 10 correlations among
the tasks were positive and eight were statistically significant.
All of the tasks displayed statistically significant correlations
with age, the WASI composite, the executive functioning com-
posite, and the AOT-ST composite.

The rational thinking composite score was moderately corre-
lated with age (.46) and even more strongly related to the measures
of cognitive ability: WASI composite (.65) and executive func-
tioning composite (.53). The rational thinking composite score
displayed a significant .35 correlation with AOT-ST composite
scale (it correlated with each of the components separately as
well), and it displayed a significant but small correlation with the
Need for Cognition scale (.15). Although the parents’ rating of
child’s decision making was not related to age, it did display
significant correlations with the WASI composite (.18), executive
functioning composite (.23), Need for Cognition (.18), AOT-ST
composite (.26), and the rational thinking composite (.20).

For readers who wish to contextualize these correlations using a
familywise correction, we would suggest that a family of hypoth-
eses in this experiment might be comprised of one rational think-

Table 2
Correlations Among All the Major Variables

Indexes and tasks 1 2 3 4 5 6 7 8 9 10 11 12 13

1. Age —
Cognitive ability measures

2. WASI composite z-score .52 —
3. Executive function composite .47 .63 —

Thinking dispositions
4. Actively Open-Minded Thinking .31 .40 .24 —
5. Need for Cognition .01 .18 .20 .03 —
6. Superstitious Thinking �.16 �.25 �.16 �.36 .05 —
7. AOT-ST composite .28 .40 .24 (.83) �.01 (�.83) —

Rational thinking tasks
8. Denominator neglect task .27 .36 .30 .09 .20 �.16 .15 —
9. Belief bias syllogisms .37 .42 .33 .31 �.04 �.23 .33 .27 —
10. Resistance to framing .22 .40 .30 .19 .10 �.11 .18 .25 .17 —
11. Base rate sensitivity .29 .51 .34 .23 .06 �.21 .27 .26 .30 .23 —
12. Otherside thinking .25 .28 .31 .15 .13 �.07 .14 .12 .23 .07 .16 —
13. Rational thinking composite .46 .65 .53 .32 .15 �.26 .35 (.63) (.65) (.57) (.64) (.52) —

Parent rating
14. Parent rating–decision making .12 .18 .23 .19 .18 �.24 .26 .08 .16 .17 .09 .10 .20

Note. r � .137, p � .05; r � .180, p � .01; r � .229, p � .001, two-tailed (for parent rating: r � .142, p � .05; r � .186, p � .01; r � .236, p � .001).
Correlations in parentheses reflect part-whole relationships. WASI � Wechsler Abbreviated Scales of Intelligence; AOT-ST � composite of the Actively
Open-Minded Thinking scale and Superstitious Thinking measures.
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ing task crossed with each of the measures of cognitive sophisti-
cation (age, WASI composite, executive function composite,
Actively Open-Minded Thinking, Need for Cognition, Supersti-
tious Thinking). The critical value for a significant two-tailed
correlation at the .05 level would be adjusted from .137 to .183.

As Table 2 indicates, the rational thinking composite (and each
of the five tasks in it) was related to age and to the WASI and
executive function composite. However, age had a substantial
correlation with both cognitive ability measures and a somewhat
more modest correlation with some thinking dispositions. It is
important to know whether the individual difference measures
correlate with rational thinking skill separately from age. The
following analyses explore this question.

Table 3 displays the correlations with the rational thinking
composite within each of the age groupings defined previously.
The restriction of range in each of the groups has markedly
reduced the correlation with age (to nonsignificance in two of the
three cases). However, the correlations with the cognitive ability
measures (WASI and executive functioning) remained almost as
large in the age-restricted samples as they were in the entire
sample. The same was true of the AOT-ST composite. Finally the
parent rating of child decision making was positively correlated
with the rational thinking composite in all three cases (and signif-
icantly so in one).

At the top of Table 4 are the results of a simultaneous regression
in which age, the AOT-ST composite, WASI composite, and
executive function composite were used to predict the score on the
rational thinking composite. These four predictors accounted for
substantial variance (multiple R � .69, multiple R2 � .47). The
dominant predictor was the WASI composite, which explained
9.9% unique variance and had a standardized beta weight of .447,
t(199) � 6.10, p � .001. Age and the executive function composite
explained small but statistically significant proportions of unique
variance—age: � � .123, unique variance explained � 1.0%,
t(199) � 1.97, p � .05; executive function composite: � � .162,
unique variance explained � 1.5%, t(199) � 2.38, p � .05.

The WASI composite and executive functioning composite had
a strong association (r � .63 in Table 2). Thus, the WASI com-
posite might be stealing quite a bit of variance from the executive
functioning variable in the regression analysis, likely obscuring the
latter’s separate predictive power. In the next simultaneous regres-
sion in Table 4, the WASI composite was removed. This lowered
the multiple R from .68 to .61 but, as expected, it resulted in a
significant beta weight of .369 for the executive function compos-
ite: t(199) � 5.76, p � .001, 10.4% unique variance explained.

Although the executive functioning composite was the dominant
predictor, both age (.233) and the AOT-ST composite (.197)
displayed significant beta weights (p � .001) in this analysis.

The remaining simultaneous regressions displayed in Table 4
look at each of the five rational thinking tasks as criterion variables
in turn. All four of the predictors (age, AOT-ST composite, WASI
composite, executive function composite) were used in the regres-
sion equations. For three of the five tasks (denominator neglect,
base rate sensitivity, framing), the WASI composite was the only
significant unique predictor. The three other variables did not
predict significant unique variance in these three tasks. The results
from the belief bias task were different, however. There, three
variables had significant beta weights (age, AOT-ST, and WASI
composite) and each predicted roughly equal amounts of unique
variance in belief bias syllogisms (2.1%, 2.6%, and 2.1%, respec-
tively). Finally, otherside thinking was predicted uniquely only by
the executive function composite: � � .201, unique variance
explained � 2.3%, t(199) � 2.30, p � .05.

Discussion

The results of this study are, perhaps surprisingly, rather easy to
describe in a global sense. All three measures of cognitive sophis-
tication converged in their relationships (or lack of relationship)
with the rational thinking measures studied here. All of the tasks
were significantly related to age and the other measures of cogni-
tive sophistication. This pattern was indicated in both the discrete
analyses displayed in Table 1 and in the continuous correlational
analyses displayed in Table 2.

In the discrete analyses (see Table 1) the five rational thinking
tasks were each significant at least at the .01 level and age
explained from .05 to .13 percent of the variance in them. Perfor-
mance improved with age. In Table 2, the five rational thinking
tasks displayed correlations with age ranging from .22 to .37 (all
statistically significant). These same tasks displayed similar cor-
relations with the executive function composite (correlations from
.30 to .34) and even higher correlations with the WASI composite
(correlations from .28 to .51). All five correlations with the
AOT-ST composite were statistically significant (correlations
from .14 to .33). In short, these five rational thinking tasks dis-
played similar relationships with age, cognitive ability, and think-
ing dispositions. One additional, but more subtle indicator of
convergence, is parent’s rating of their child’s decision-making

Table 3
Rational Thinking Composite and Individual Difference Correlations by Developmental Level

Grade n Age
WASI

composite
Executive function

composite
AOT-ST

composite
Need for
cognition

Parent-rating
decisiond

Grades 2–3a 54 .03 .35 .45 .17 .09 .15
Grades 4–5b 82 .14 .50 .39 .24 .14 .26
Grades 6–9c 68 .34 .76 .40 .36 .25 .07

Note. WASI � Wechsler Abbreviated Scales of Intelligence; AOT-ST � composite of the Actively Open-Minded Thinking scale and Superstitious
Thinking measures.
a Values greater than .269 are significant at the p � .05 level, one-tailed. b Values greater than .218 are significant at the p � .05 level, one-
tailed. c Values greater than .239 are significant at the p � .05 level, one-tailed. d Parent-rating decisions: Grades 2–3 (n � 53), Grades 4–5 (n � 82),
and Grades 6–9 (n � 56).
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Table 4
Regression Results

Variable Standardized � t(199 or 200)
Unique variance

explained

Criterion variable � Rational Thinking composite z-score
Age .123 1.97� .010
AOT-ST composite z-score .101 1.78 .008
WASI composite z-score .447 6.10��� .099
Executive function composite z-score .162 2.38� .015
Overall regression: F(4, 199) � 43.97���

Multiple R � .69
Multiple R2 � .47

Age .233 3.59��� .041
AOT-ST composite z-score .197 3.33��� .035
Executive function composite z-score .369 5.76��� .104
Overall regression: F(3, 200) � 39.15���

Multiple R � .61
Multiple R2 � .37

Criterion variable � Denominator neglect task
Age .087 1.09 .005
AOT-ST composite z-score .006 0.09 .000
WASI composite z-score .246 2.64�� .030
Executive function composite z-score .103 1.19 .006
Overall regression: F(4, 199) � 8.27���

Multiple R � .38
Multiple R2 � .14

Criterion variable � Belief bias syllogistic reasoning
Age .176 2.36� .021
AOT-ST composite z-score .175 2.58� .026
WASI composite z-score .208 2.36� .021
Executive function composite z-score .075 0.92 .003
Overall regression: F(4, 199) � 15.16���

Multiple R � .48
Multiple R2 � .23

Criterion variable � Base rate sensitivity
Age .018 0.25 .000
AOT-ST composite z-score .073 1.10 .004
WASI composite z-score .458 5.32��� .104
Executive function composite z-score .028 0.35 .000
Overall regression: F(4, 199) � 18.33���

Multiple R � .52
Multiple R2 � .27

Criterion variable � Resistance to framing
Age �.004 �0.05 .000
AOT-ST composite z-score .028 0.39 .001
WASI composite z-score .338 3.67��� .057
Executive function composite z-score .081 0.95 .004
Overall regression: F(4, 199) � 9.66���

Multiple R � .40
Multiple R2 � .16

Criterion variable � Otherside thinking
Age .093 1.16 .006
AOT-ST composite z-score .022 0.30 .0004
WASI composite z-score .100 1.06 .005
Executive function composite z-score .201 2.30� .023
Overall regression: F(4, 199) � 6.61���

Multiple R � .34
Multiple R2 � .12

Note. AOT-ST � composite of the Actively Open-Minded Thinking scale and Superstitious Thinking mea-
sures; WASI � Wechsler Abbreviated Scales of Intelligence.
� p � .05. �� p � .01. ��� p � .001.
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competence which also displayed a positive association with the
rational thinking composite. Looking at cognitive ability and
thinking dispositions within more homogeneous age groups (see
Table 3) produced largely converging conclusions. Measures of
cognitive ability and thinking dispositions were moderately corre-
lated with the rational thinking composite within each of the age
groups.

When all of the measures of cognitive sophistication were used
as predictors of the rational thinking composite, the WASI com-
posite was the dominant predictor. Largely, it appears that age is
just a proxy for cognitive ability, because the former does not
account very much variance (1.0%) once the latter is in the
regression equation (except for the belief bias task). However,
when controlling for age, the WASI composite remains a signifi-
cant predictor (see Tables 3 and 4).

To understand the connection between performance on these
rational thinking tasks and cognitive sophistication, we will build
here on a general framework for understanding individual differ-
ences in heuristics and biases task performance introduced by
Stanovich and West (2008b). That framework posits that perfor-
mance on rational thinking tasks correlates with cognitive ability
under two different circumstances. Both circumstances follow
from the fact that dual process models (Evans, 2008; Evans &
Stanovich, 2013; Kahneman, 2011; Stanovich, 2004, 2011) posit
that an important function of Type 2 processes is to take early
representations triggered by Type 1 processing offline and to
substitute better responses. This is because most of the tasks in the
heuristics and biases literature were deliberately designed to pit an
automatically-triggered, natural response against a normative re-
sponse generated by Type 2 processing (Kahneman, 2011). To
successfully complete the task, a person must inhibit the natural
response by decoupling it and then must substitute an alternative
response based on stored mindware. Mindware is a term coined by
Perkins (1995) to refer to the rules, knowledge, procedures, and
strategies that a person can retrieve from memory in order to aid
decision making. Decoupling occurs when the automatic input-
output connections of the brain are suspended while cognitive
simulations of hypotheticals are carried out (Stanovich, 2009,
2011).

Correlations of performance on these tasks and cognitive so-
phistication thus arise for two reasons. First, for successful Type 2
override to occur, a person must have the mindware available. That
is, more normative declarative knowledge must be available to
substitute for an automatic response that happens to be non-
normative. If the task requires specific mindware (probabilistic
thinking skills, falsifiability tendencies, sensitivity to contradic-
tion, etc.) that is not present, then people will rely on the Type 1
response. Mindware is acquired with development, acquired more
rapidly by those higher in cognitive ability, and acquired more
flexibly and efficiently by those high in dispositions such as
actively open-minded thinking. Thus, all the forms of cognitive
sophistication result in more relevant mindware being available
and less chance of a biased response.

The second way in which cognitive sophistication (particularly
cognitive ability) comes to be correlated with performance on
rational thinking tasks concerns the situation where the necessity
for override has been detected and the relevant mindware is
available. The conflict still must be resolved, and this may require
cognitive capacity, especially if cognitive decoupling must take

place for a considerable period of time. Recent work on inhibition
and executive functioning has indicated that such cognitive decou-
pling is very capacity demanding and that it is strongly related to
individual differences in fluid intelligence (Duncan et al., 2012;
Kane et al., 2005; Salthouse et al., 2003; Unsworth & Engle,
2007).

In this respect, our framework converges with that of fuzzy trace
theory, which has long emphasized inhibition of task interference
as an account of associations between development and task per-
formance (see Reyna, 1995; Reyna & Brainerd, 1995). Interfer-
ence is present in all of the tasks showing associations with
cognitive sophistication in our study. The development of the
monitoring/inhibition component of fuzzy trace theory would limit
the impact of the interference and hence enhance performance
according to that theory (Reyna, 1995), thus creating associations
with development in all of the tasks. This inhibition of interference
would be dependent upon the decoupling mechanism in our the-
oretical framework.

Several of our tasks seem to necessitate the interference/inhibi-
tion of fuzzy trace theory (Reyna, 1995) or the decoupling oper-
ation in our version of dual process theory (Stanovich, 2011).
Within-subjects framing paradigms like that used in the present
study exemplify this logic of inhibition/decoupling. The appear-
ance of the second problem provides a strong signal that an issue
of consistency is at stake. The tendency to provide responses
triggered by the positive or negative frame must be suppressed (by
capacity demanding decoupling operations) in order to respond
more in line with the formal equivalence of the two versions. This
is what probably accounts for the linkage between performance
and cognitive ability observed on this task.

It is likewise with the denominator neglect task. It is a within-
subjects paradigm in which the two conditions are directly com-
pared by the participant. The visual attractiveness of the more
numerous (but lower probability) bowl must be suppressed for the
small (but higher probability) bowl to be chosen. The decoupling
involved in this inhibitory operation probably accounts for the
linkage between performance and cognitive ability observed on
this task.

It may well be that a parallel explanation is also what accounts
for the correlation observed on the base rate sensitivity task. The
two conflicting pieces of information—the aggregate base rate
information and the personal experience—are presented, within-
subjects, right in front of the participant. However, in this task the
other class of factor creating correlations with cognitive ability
might be in play. Specifically, there may be a mindware gap (see
Stanovich, West, & Toplak, 2011b) that is negatively correlated
with age. Children need to learn the importance of aggregate
information. Participants higher in cognitive ability might be more
apt to learn this information. Thus, there may be two reasons for a
cognitive ability correlation with base rate sensitivity: a decou-
pling requirement and a mindware acquisition requirement. It is
perhaps because of these dual reasons that base rate sensitivity
shows a higher correlation with the WASI composite than the
other tasks in the rationality composite.

In summary, with respect to five important tasks and effects in
the rational thinking literature—denominator neglect, belief bias
syllogisms, base rate sensitivity, resistance to framing, and other-
side thinking—we have observed convergent results. All three
measures of cognitive sophistication (age, cognitive ability, and
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thinking dispositions) correlated with these tasks and effects. The
trends we have observed here are consistent with some earlier
attempts at taxonomies of rational thought (Reyna, Lloyd, &
Brainerd, 2003; Stanovich, 2009, 2011; Stanovich et al., 2008).
Nevertheless, tracing all of the important developmental trends
will be a lengthy task because rational thought spans many do-
mains. Understanding the development of rationality will clearly
be a tall order. It will be worth the effort, and not just for scientific
reasons. Assumptions about the nature and development of ratio-
nality are implicated in judgments of legal responsibility. Reyna
and Farley (2006) have emphasized how background assumptions
about adolescent rationality frame efforts to change adolescent risk
behavior.
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