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ABSTRACT
There has been considerable conceptual and empirical progress on the measurement of rational thinking in adult samples. 
Studies in developmental samples have demonstrated that many of these domains and paradigms can also be assessed in chil-
dren and youth, especially in adolescent samples. Here, we present an efficient rationality assessment battery for adolescents 
and youth—the Assessment of Rational Thinking for Youth (ART-Y). The ART-Y consists of five subtests: Probabilistic and 
Statistical Thinking, Scientific Thinking, Avoidance of Framing, Knowledge Calibration, and Rational Temporal Discounting. 
Two supplementary measures of thinking dispositions are included in the ART-Y: Actively Open-Minded Thinking (AOT) and 
Deliberative Thinking. The ART-Y battery was examined in a sample of 143 adolescents (mean age = 15.4 years). The five rational 
thinking subtests displayed intercorrelations largely consistent with those obtained in the adult literature. Age, cognitive ability, 
problem solving, probabilistic numeracy, and thinking dispositions predicted variance differently across the five subtests of the 
ART-Y, but again largely consistent with the adult literature. These measures, along with the ART-Y subtests, were examined as 
predictors of two real-world skills: financial literacy and academic achievement. Scientific thinking, knowledge calibration, and 
rational temporal discounting were significant unique predictors of financial literacy when statistically controlling for cognitive 
ability. Scientific thinking predicted academic achievement when statistically controlling for cognitive ability.

1   |   Introduction

The influential heuristics and biases research program, 
inaugurated by Kahneman and Tversky in the early 
1970s (Kahneman and Tversky  1972, 1973; Tversky and 
Kahneman 1974), has established that people's responses some-
times deviate from the axioms of rational choice on many rea-
soning tasks (Baron 2008, 2014; Evans 2014; Kahneman 2011; 
Stanovich 1999, 2011; Stanovich et al. 2016). These deviations 
vary from individual to individual, and this variance pro-
vides a means of measuring individual differences in rational 
thought. We utilized many of these tasks when constructing 

our Comprehensive Assessment of Rational Thinking (CART; 
Stanovich et  al.  2016)—a very broad-based instrument for 
assessing rational thinking for adults. Here, drawing on 
our past work with the CART and developmental studies of 
younger subjects (Toplak  2022; Toplak et  al.  2014a; Toplak 
and Flora 2021), we present a parallel rational assessment de-
signed for youth called the Assessment of Rational Thinking 
for Youth (ART-Y). Rational thinking includes epistemic and 
instrumental rationality, referring respectively to the de-
termination of what is true and what to do (Stanovich  2009; 
Stanovich et al. 2016). The subtests of the ART-Y tap epistemic 
issues such as the calibration of appropriate confidence in 
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knowledge, and they tap instrumental issues of optimal deci-
sion making such as the framing of decision options and eval-
uating the utility of a delayed reward. Youth are increasingly 
exposed to complex and constantly changing environments 
where both components of rationality are important.

Although the ART-Y is derived from the CART, it is differ-
ent in some ways. The biggest difference is in length. The 
CART was designed to be comprehensive, but that require-
ment results in a very long test for the purposes of research. 
For the ART-Y, we have chosen five subtests that measured 
disparate but absolutely critical aspects of the multifarious 
concept of rationality for a developmental sample. We care-
fully considered issues such as knowledge requirements, 
namely, knowledge that could be presumed to be acquired by 
youth, and considerations of stimulus equivalence (Stanovich 
et al. 2011; Toplak 2022). The five key subtests on the ART-Y 
are Probabilistic and Statistical Thinking, Scientific Thinking, 
Avoidance of Framing, Knowledge Calibration, and Rational 
Temporal Discounting. Like the CART, the ART-Y includes ac-
tively open-minded thinking and deliberative thinking as sup-
plemental thinking dispositions measures. Each of the ART-Y 
subtests has a strong grounding in the literature on rational 
thinking in the adult literature (see Stanovich et al. 2016). The 
design of the ART-Y was based on research using developmen-
tally suitable versions that have been studied in youth (see 
Toplak 2022, for a review).

The Probabilistic and Statistical Thinking and Scientific 
Thinking subtests of the CART are the most varied and 
content-packed of its subtests. They cover the most ground in 
terms of tapping different tasks from the heuristics and biases 
literature. They show the highest correlations with other sub-
tests, and when recommending the shortest of the short-form 
versions of the CART, these are the two subtests that were 
chosen (Stanovich et  al.  2016). Thus, they were the obvious 
places to start when constructing our adolescent version of 
a rational thinking battery. Our third choice for inclusion in 
the ART-Y—the Avoidance of Framing subtest—was driven by 
a generic, overarching fact about many measures of rational 
thinking: They assess whether the individual's choice remains 
the same when irrelevant contextual features are introduced 
(Stanovich  2013). Avoidance of framing effects was chosen 
for the ART-Y because it is one of the most reliable subtests 
tapping this property and has been used in several studies 
of children and adolescents (Reyna and Ellis  1994; Toplak 
et al. 2014a). To assess an important aspect of epistemic ratio-
nality, we included in the ART-Y a knowledge calibration sub-
test. Knowledge calibration errors have been found in a variety 
of real-life domains such as financial decisions and medical 
forecasts (Biais et al. 2005; Groopman 2007; Hilton et al. 2011; 
Tetlock  2005). The fifth subtest on the ART-Y—the Rational 
Temporal Discounting subtest—was designed to tap aspects of 
weakness of the will that lead people to make bad choices. We 
employed a temporal discounting task because it is logistically 
simpler to use in a multiple-task battery such as the ART-Y.

In terms of individual differences in the adult literature, the 
nomological network spanned by these five subtests forms 
a rather wide continuum (Stanovich et  al.  2016). For exam-
ple, whereas the probabilistic reasoning and scientific rea-
soning subtests show correlations with cognitive ability and 

with actively open-minded thinking in the range of 0.45 to 
0.55, these relationships are in the range of 0.20 to 0.35 for 
the framing and knowledge calibration subtests of the CART. 
Correlations are even lower with these two cognitive indica-
tors for the rational temporal discounting subtest (0.05 to 0.15). 
Likewise, the probabilistic reasoning and scientific reasoning 
subtests show a 0.56 correlation with each other in the CART 
but only in the range of 0.30 with framing and knowledge cal-
ibration subtests, which have more modest correlations with 
the 18 other subtests in the CART. Finally, temporal discount-
ing shows low correlations with the other CART subtests—all 
associations lower than 0.20. We will examine below whether 
the landscape of individual differences across the ART-Y tasks 
is similar in adolescents.

In addition to these five subtests, the ART-Y also included mea-
sures of two thinking dispositions related to rationality. Table 1 
includes a summary of the ART-Y subtests and rational think-
ing dispositions. In the next several subsections, we will pro-
vide more detail about the rationale for each of the subtests and 
thinking dispositions.

1.1   |   Probabilistic and Statistical Reasoning

Probabilistic and statistical reasoning is one of the most thor-
oughly investigated areas in the heuristics and biases litera-
ture, especially in adult samples (Baron 2014; Kahneman 2011; 
Pohl  2017). This is not surprising because probability assess-
ment is central to the achievement of both epistemic and instru-
mental rationality (Baron 2008; Stanovich 2010). The expected 
utility of an action involves multiplying the probability of an out-
come by its utility and summing across possible outcomes. Thus, 
determining the best action involves estimating the probabilities 
of various outcomes. These probabilities are not typically con-
scious calculations of course—they are beliefs about states of the 
world and the confidence that a person has in them. To calibrate 
one's probabilistic beliefs rationally, just a few principles must be 
followed (Dawes 1998).

The Probabilistic and Statistical Reasoning subtest taps whether 
young adults tend to violate several of these strictures. On 
this subtest, several items tap the tendency to resist the gam-
bler's fallacy (Ayton and Fischer 2004; Barron and Leider 2010; 
Burns and Corpus 2004; Croson and Sundali 2005; Roney and 
Sansone  2015; Xu and Harvey  2014)—a fallacy that reflects 
misunderstanding of randomness. Other items measure the 
tendency to avoid the conjunction effect (Mellers et  al.  2001; 
Tversky and Kahneman 1983). Several items assess awareness 
of the fact that larger samples provide more accurate estimates 
of a parameter value.

On the ART-Y, four items assessed sensitivity to base rates using 
a paradigm that has been used in several investigations of chil-
dren's reasoning (Davidson 1995; De Neys and Feremans 2013; 
De Neys and Vanderputte 2011; Kokis et al. 2002; Toplak 2022; 
Toplak et  al.  2014a; Toplak and Flora  2021). The problems 
were structured so that the participant had to make an induc-
tive inference in a simulation of a real-life decision. The in-
formation relevant to the decision was conflicting and of two 
different types. One type of evidence was statistical: either 
probabilistic or aggregate base rate information that favors 
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one of the dichotomous decisions. The other type of evidence 
was a concrete case or a personal experience that points in the 
opposite direction (see the classic Volvo vs. Saab item in Fong 
et al.  1986). The problems assessed whether the subject had a 
tendency to rely on large-sample information rather than per-
sonal testimony. This subtest also contained four items tap-
ping the tendency to maximize in probabilistic prediction tasks 
rather than probability match (Stanovich et al. 2016; West and 
Stanovich 2003). Developmentally suitable versions of all these 
problems have been studied in youth samples (Chiesi et al. 2011; 
Klaczynski  2001; Primi et  al.  2017; Toplak  2022; Toplak 
et al. 2014a; Toplak and Flora 2021).

1.2   |   Scientific Reasoning

The Scientific Reasoning subtest assesses key areas from the 
heuristics and biases literature that are of immense importance 
and not included in the Probabilistic and Statistical Reasoning 
subtest (Evans 1989; Manktelow 2012; Pohl 2017). These include 
the evaluation of evidence, hypothesis formation, and theory 
testing.

People tend to seek to confirm theories rather than falsify 
them. Performance on Wason's (Wason  1966) four-card se-
lection task is often interpreted as indicating this tendency. 
Specifically, participants are asked to evaluate the following 

TABLE 1    |    The five subtests and two thinking disposition scales of the Assessment of Rational Thinking for Youth (ART-Y).

ART-Y subtest or thinking 
disposition Description, composition, and scoring
Subtests

Probabilistic and Statistical 
Reasoning

Probabilistic and statistical reasoning is one of the most thoroughly investigated areas in the 
heuristics and biases literature, because probability assessment is central to the achievement 
of both epistemic and instrumental rationality. Several principles of probability assessment are 
assessed across 17 items, distributed as follows: avoiding probability matching tendencies (4 
items), avoiding the gambler's fallacy (3 items), conjunction problems (3 items), sensitivity to 
causal base rates (4 items), and sensitivity to sample size/law of large numbers (3 items). The 
three conjunction problems and one of the sample size problems each have two parts, so the 
maximum score on this subtest is 21, a higher score indicates better performance.

Scientific Reasoning The Scientific Reasoning subtest assesses skills of evidence evaluation, hypothesis formation and 
theory testing. There are 13 items on the subtest, measuring falsification tendencies on the four-
card selection task (4 items); knowledge of the logic of converging evidence (2 items); measuring 
the tendency to avoid drawing causal inferences from correlational evidence (2 items); the 
use of control group reasoning (3 items); and covariation detection (2 items). A higher score 
indicates better performance.

Avoidance of Framing The Avoidance of Framing subtest measures adherence to the principle of descriptive invariance 
that the preference between prospects should not depend on the manner in which they are 
described. Seven pairs of items with alternative frames are presented and the sum of the 
absolute differences in the responses on the different frames is computed. This score is reflected 
so that higher scores represent avoidance of framing and adherence to descriptive invariance.

Knowledge Calibration This subtest assesses how well youth calibrate their degree of certainty about the things they 
think they know. Participants answer 42 true/false questions about general knowledge and, 
for each item, provide a confidence judgment indicating their subjective probability that their 
answer is correct. Mean accuracy is subtracted from mean confidence for each participant. The 
absolute score is used, as both overconfidence and underconfidence are deviations from perfect 
calibration. The absolute deviation score is subtracted from 100 so that higher scores on the 
subtest would indicate better knowledge calibration.

Rational Temporal 
Discounting

This subtest assesses prudent attitudes toward the future by asking participants to choose 
between smaller immediate rewards or much larger delayed rewards. Selection of the larger 
delayed reward is scored as more optimal, yielding a higher score. There are 27 scored items 
and 8 foil items that are not scored.

Rational thinking dispositions
Actively Open-Minded 

Thinking Scale
This questionnaire measure assesses thinking dispositions such as the desire to act for good 

reasons; tolerance for ambiguity combined with a willingness to postpone closure; and the 
seeking and processing of information that disconfirms one's beliefs. Participants respond to 12 
statements on a six-point scale ranging from disagree strongly to agree strongly. Ratings from 
the 12 items are summed for a total score.

Deliberative Thinking 
Scale

This questionnaire measure was designed to capture persistence in thinking, valuing thought, 
and intellectual engagement. Participants respond to 12 statements on a six-point scale ranging 
from disagree strongly to agree strongly. Ratings from the 12 items are summed for a total 
score.
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rule: “If a card has a vowel on its letter side, then it has an 
even number on its number side. Select the cards that prove 
the rule either true or false,” Although there are many alter-
native theories that explain task performance (Evans  2007; 
Johnson-Laird  1999, 2006; Klauer et  al.  2007; Oaksford and 
Chater 1994, 2007; Stanovich 1999), one of the oldest theories 
is that people focus on confirming the rule. Although people 
might perform poorly for many different reasons, regardless 
of which of these descriptive theories explains the error, there 
is no question that a concern for falsifiability would rectify the 
error. This subtest contains several of the types of four-card 
problems that have been studied in youth samples (Girotto 
et  al.  1989), including deontic and nondeontic items (see 
Stanovich and West 1998a).

The principle of converging evidence describes how research re-
sults are synthesized in science: No one experiment is definitive, 
but each helps us to rule out at least some alternative explana-
tions and, thus, aids in the process of homing in on the truth. 
The use of a variety of different methods makes scientists more 
confident that their conclusions rest on a solid empirical foun-
dation. Research is highly convergent when a series of exper-
iments consistently supports a given theory while collectively 
eliminating the most important competing theory. In the CART, 
Stanovich et al. (2016) developed items that measured the ten-
dency to understand such convergence; two of these types of 
items were included in the ART-Y. Finally, two items measured 
the ability to avoid inferring causation from correlational evi-
dence, three items tapped the tendency to use control-group rea-
soning (Lehman et al. 1988), and two items assessed covariation 
detection. Developmentally suitable versions of these tasks have 
been studied in youth samples (Toplak 2022; Toplak et al. 2014a; 
Toplak and Flora 2021).

1.3   |   Avoidance of Framing

Under the standard view of so-called “rational man” in econom-
ics and decision theory, it is traditionally assumed that people 
have stable, underlying preferences for each of the options pre-
sented in a decision situation (Dawes 1998; Fishburn 1981, 1999; 
Resnik 1987; Starmer 2000; Thaler 2015). That is, it is assumed 
that a person's preferences for the options available for choice are 
complete, well-ordered, and well-behaved in terms of the axioms 
of choice. All of the axioms of choice (independence of irrelevant 
alternatives, transitivity, independence, reduction of compound 
lotteries, etc.), in one way or another, ensure that decisions are 
not influenced by irrelevant context (Stanovich  2013). Well-
behaved internal preferences have the implication that a person 
is a utility maximizer—the person acts optimally to get what the 
person most wants.

In contrast to this model of ideal rationality, more than four 
decades of research has shown people's choices—sometimes 
choices about very important things—can be altered by irrel-
evant changes in how the alternatives are presented to them 
(Dawes  1998; Kahneman and Tversky  2000; Lichtenstein 
and Slovic 1971, 2006; Shafir and Tversky 1995; Slovic 1995). 
This problem is illustrated when people violate one of the 
simplest strictures of normative rationality, the principle of 
descriptive invariance: “that the preference order between 
prospects should not depend on the manner in which they are 

described” (Kahneman and Tversky 1984, 343). Such a viola-
tion is illustrated in the well-known “Asian disease problem” 
invented by Tversky and Kahneman (1981) and its analogues 
that have been extensively studied (Levin et  al.  1998; Levin 
et al. 2002). We adapted seven such problems for the ART-Y, 
including both risky choice and attribute framing problems. 
Avoidance of framing has been examined in samples of youth 
(Parker and Weller 2015; Reyna and Ellis 1994; Toplak 2022; 
Toplak et al. 2014a; Toplak and Flora 2021; Weller et al. 2012, 
2015, 2021).

1.4   |   Knowledge Calibration

In this subtest, we assessed how well youth calibrate their 
degree of certainty about the things they think they know. 
Psychologists have done numerous studies using the so-called 
knowledge calibration paradigm (Fischhoff et al. 1977; Griffin 
and Tversky 1992; Hilton et al. 2011; Yates et al. 1997). A large 
set of such judgments can be evaluated for their epistemic ratio-
nality because, collectively, the set must adhere to certain sta-
tistical criteria. For example, if the weather forecaster says that 
there is a 90% chance of rain tomorrow and it is sunny and hot, 
there may be nothing wrong with that particular judgment. It 
just happened to be unexpectedly sunny on that particular day. 
However, if you found out that on half of the days the weather-
person said that there was a 90% chance of rain and it did not 
rain, then you would be justified in seriously questioning the 
accuracy of weather reports from this outlet.

In the most popular method for the assessment of knowledge 
calibration, people answer two-choice true/false questions and, 
for each item, provide a confidence judgment indicating their 
subjective probability that their answer is correct. Epistemic 
rationality is optimized only when one-to-one calibration is 
achieved—that the set of items assigned a subjective probabil-
ity of 0.70 should be answered correctly 70% of the time, for ex-
ample. This is what is meant by good knowledge calibration: A 
person must know what they know but also what they do not 
know. The standard finding across a wide variety of knowledge 
calibration experiments has been one of overconfidence, that 
subjective probability estimates are consistently higher than the 
obtained percentage correct.

Overconfidence effects have been found in perceptual and 
motor domains as well as in knowledge calibration paradigms 
(Baranski and Petrusic  1994, 1995; Mamassian  2008; West 
and Stanovich  1997). They are not just laboratory phenom-
ena but have been found in a variety of real-life domains such 
as the prediction of sports outcomes (Ronis and Yates  1987), 
prediction of one's own behavior or life outcomes (Hoch 1985; 
Vallone et  al.  1990), and economic and medical forecasts 
(Åstebro et al. 2007; Braun and Yaniv 1992; Groopman 2007; 
Tetlock  2005). Overconfidence is manifest in the so-called 
planning fallacy (see Buehler et  al.  2002)—the fact that we 
often underestimate the time it will take to complete projects 
in the future (e.g., to complete an honors thesis, to complete 
this year's tax forms, and to finish a construction project). 
Overconfidence in knowledge calibration has been related to 
outcome variables such as financial decisions (Biais et al. 2005; 
Camerer and Lovallo  1999; Hilton et  al.  2011; Russo and 
Schoemaker 1992).
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The Knowledge Calibration subtest of the ART-Y employs a typ-
ical two-choice knowledge calibration paradigm. Using a two-
choice format, subjects answer general knowledge questions 
that have been adapted for young adults. They then indicate 
their degree of confidence on a percentage scale that we have pi-
loted for young adult subjects. Knowledge calibration has been 
examined in other youth batteries of decision-making tasks 
(Parker and Weller 2015; Weller et al. 2012, 2015, 2021).

1.5   |   Rational Temporal Discounting

A prudent attitude toward the future that shifts psychological 
focus from the “here-and-now” to consideration of future out-
comes has long been central to conceptions of rationality and wis-
dom (Baltes and Smith 2008; Loewenstein et al. 2003; Staudinger 
et al. 2005; Sternberg 2003; Strathman et al. 1994). The inabil-
ity to properly value immediate versus delayed rewards keeps 
many people from maximizing their goal fulfillment. The logic 
of many addictions, such as alcoholism, overeating, and credit 
card shopping, illustrate this point. From a long-term perspec-
tive, a person definitely prefers sobriety, dieting, and keeping 
credit-card debt low. However, when immediately confronted 
with a stimulus that challenges this preference—a drink, a des-
sert, an item on sale—the long-term preference is trumped by 
the short-term desire.

Longitudinal studies have reported that positive long-term 
cognitive, educational, and career outcomes can be pre-
dicted from an early willingness to delay rewards (Mischel 
et al. 2011; Prencipe et al. 2006; Steinberg et al. 2009). In addi-
tion, temporal discounting performance has been significantly 
associated with excessive gambling (Petry  2001; Petry and 
Casarella  1999), drug addiction and smoking (Ainslie  2001, 
2005; Kirby and Petry  2004), financial behavior (Ashraf 
et  al.  2004; Meier and Sprenger  2012), prudent food-stamp 
usage (Shapiro 2005), educational success (Kirby et al. 2005), 
and a variety of other behaviors (Chabris et al. 2008; Reimers 
et al. 2009). Bartels et al.  (2023) reported the most extensive 
study to date of how well laboratory-derived estimates of time 
preference predicted self-reports of 36 important outcome 
behaviors.

Temporal discounting measures and delay of gratification tasks 
have both been used to measure this attitude toward future re-
wards. In these tasks, participants are asked to choose between 
smaller immediate rewards or substantially larger delayed re-
wards. The selection of the larger delayed rewards is typically 
scored as more optimal (Ainslie 1975; Kirby 1997). Ayduk and 
Mischel (2002), Mischel (2014), Mischel et  al. (1989), Mischel 
and Ebbesen (1970), and Rodriguez et al. (1989) pioneered the 
study of the delay of gratification paradigm with children.

There is a large literature on the extent to which adults discount 
monetary amounts into the future (“would you prefer $34 now 
or $50 in 30 days?”, see Kirby 2009). Many different paradigms 
have been used to assess how people compare a smaller reward 
immediately to a larger reward in the future—and how much 
larger the future reward has to be in order to tip the preference 
(Frederick et al. 2002; Green and Myerson 2004; Loewenstein 
et al. 2003; McClure et al. 2004). Many of these paradigms yield 
a curve with an individual's normalized indifference points 
plotted against time. Parameters are then derived from these 

curves. We use a simpler scoring scheme in the ART-Y, one 
which simply operationalizes certain levels of discounting as 
clearly less than rational. Our index is highly correlated with all 
the other discounting parameters (area under the curve, k-value, 
and indifference point) in the literature (Basile and Toplak 2015; 
Myerson et al. 2014).

1.6   |   The Dispositions of Rationality Measured 
on the ART-Y: Actively Open-Minded Thinking 
and Deliberative Thinking Scales

Thinking disposition measures are not themselves components 
of rationality (Stanovich et al. 2016). Instead, they provide clues 
as to which underlying mechanisms are involved when subopti-
mal thinking is taking place (Baron 1993, 2008; Stanovich 2011). 
The distinction between cognitive capacities and thinking dispo-
sitions is an old one in psychology (Ackerman 1996; Ackerman 
and Heggestad 1997; Cronbach 1949). Cognitive capacities refer 
to the types of abilities underlying performance on IQ tests. They 
index cognitive power. Thinking dispositions, in contrast, are 
better viewed as cognitive styles. Rational thinking dispositions 
are those that relate specifically to the adequacy of belief for-
mation and decision making. There is substantial evidence that 
thinking dispositions can explain variance in components of ra-
tional thinking after the variance due to cognitive ability has 
been controlled in adult samples (Stanovich et al. 2016; Viator 
et  al.  2020) and in developmental samples (Kokis et  al.  2002; 
Toplak 2022; Toplak et al. 2014a).

The thinking dispositions scales contained in the ART-Y are 
supplemental to the five primary subtests. They are not primary 
measures of rationality themselves because optimal functioning 
does not result from maximizing cognitive styles. Instead, ratio-
nality, plotted against most thinking dispositions, is an inverted 
U-shaped function. One does not maximize rationality by max-
imizing the reflectivity/impulsivity dimension, for example, be-
cause a person doing so might get lost in interminable pondering 
and never make a decision. One does not maximize the dimen-
sion of belief flexibility either, because such a person might end 
up with a pathologically unstable personality. Reflectivity and 
belief flexibility are “good” cognitive styles only in the sense that 
most people are too low on both dimensions (Baron 2008). Most 
people would be more rational if they increased their degrees of 
reflectivity and belief flexibility. But this does not mean that ei-
ther of these thinking dispositions should always be maximized.

Not all of the thinking dispositions studied by psychologists re-
late to rationality. We chose two different thinking disposition 
scales for the ART-Y that reflect relatively disparate domains of 
cognitive regulation: the Actively Open-Minded Thinking (AOT) 
scale and the Deliberative Thinking scale. These thinking dis-
positions were also included in the CART. The ART-Y versions 
of these scales have been adapted for youth (Kokis et al. 2002; 
Toplak 2022; Toplak et al. 2014a; Toplak and Flora 2021).

We have been investigating actively open-minded thinking 
skills for almost two decades now. We were inspired to opera-
tionalize this concept by the work of Baron (1985, 1988, 1993), 
and we have refined the scale and examined its correlates in 
several studies (Stanovich and Toplak  2019, 2023; Stanovich 
and West  1997, 1998b, 2007). In Stanovich and West  (1997), 
we conceptualized the AOT scale as a thinking disposition 
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encompassing the cultivation of reflectiveness rather than im-
pulsivity; the desire to act for good reasons; the tolerance for 
ambiguity combined with a willingness to postpone closure; 
and the seeking and processing of information that discon-
firms one's beliefs. The items on the initial version (Stanovich 
and West 1997) of our AOT scale tapped reasoning styles such 
as the disposition toward reflectivity using items like: “If I 
think longer about a problem I will be more likely to solve it” 
and “Intuition is the best guide in making decisions” (the lat-
ter reverse scored). Other items tapped willingness to consider 
evidence contradictory to beliefs (e.g., “People should always 
take into consideration evidence that goes against their be-
liefs”) and the willingness to consider alternative opinions and 
explanations (“A person should always consider new possibil-
ities”). Some items tapped the willingness to postpone closure 
(“There is nothing wrong with being undecided about many 
issues”). Philosophically, the original scale focused strongly 
on issues of epistemic self-regulation raised in philosophi-
cal discussions (Goldman  1986; Harman  1995; Nozick  1993; 
Samuelson and Church 2015). The scale was a marker for the 
avoidance of epistemological absolutism,  the willingness to 
perspective-switch and the tendency to consider alternative 
opinions and evidence.

The scale has gone through a series of refinements (see the dis-
cussion of that history in Stanovich and Toplak  2023). After 
iterating several versions, we currently recommend a 13-item 
version of the AOT for adults (Stanovich and Toplak  2023). 
That scale stresses the willingness to revise opinions and to be 
reflective about alternative theories and evidence. The ART-Y 
version has similar properties and is also based on our previous 
work with youth samples (Kokis et al. 2002; Toplak 2022; Toplak 
et al. 2014a; Toplak and Flora 2021).

The Deliberative Thinking scale on the ART-Y was designed to 
capture the type of cognitive variance tapped by need for cog-
nition and typical intellectual engagement measures (Cacioppo 
et al. 1996; Goff and Ackerman 1992). Pilot versions of our scale 
and/or the original need for cognition scale were used in some 
of our earlier studies. Although not as potent a predictor as the 
AOT scale, deliberative thinking sometimes displays associ-
ations with heuristics and biases tasks included on the CART 
(Stanovich et  al.  2016). The version used on the ART-Y was 
adapted for use with young subjects, also based on our stud-
ies with youth samples (Kokis et al. 2002; Toplak 2022; Toplak 
et al. 2014a).

In the remainder of this paper, we present some data on the 
characteristics of the ART-Y in a sample of 13- to 18-year-old 
adolescents. Specifically, we examined intercorrelations and 
predictors of the five key subtests on the ART-Y (Probabilistic 
and Statistical Thinking, Scientific Thinking, Avoidance of 
Framing, Knowledge Calibration, and Rational Temporal 
Discounting). The predictors included chronological age, 
thinking dispositions (AOT and Deliberating Thinking scales), 
a problem-solving task, probabilistic numeracy, and two mea-
sures of cognitive ability. The ART-Y subtests and these vari-
ables were further examined as predictors on two real-world 
skill measures: financial literacy and academic achievement. 
Given that some studies have examined financial literacy and 
economic understanding in children (Bruyneel et  al.  2021; 
Echelbarger et al. 2020), financial literacy was included as a 

real-world skill measure in this study. We have found that ra-
tional thinking performance (resistance to cognitive biases) 
predicted self-reported academic achievement in a longitudi-
nal sample of youth (Toplak and Flora 2021), and the current 
study provided the opportunity to examine whether the ART-Y 
would predict academic achievement based on a standardized 
performance measure.

2   |   Methods

2.1   |   Participants

The participants were 143 students from a high school (all 
males) in a rural area near a metropolitan city in the United 
States. The mean age of the participants was 15.4 years 
(SD = 1.2 years; range 13–18 years of age). There were 42 
participants in grade 9 (29.4%), 39 participants in grade 10 
(27.3%), 42 participants in grade 11 (29.4%), and 20 partici-
pants in grade 12 (14.0%). The sample was composed of dif-
ferent ethnicities, including 65 participants who reported 
Black ethnicity (45.5%), 44 reported Latino-Hispanic (30.8%), 
15 reported Asian (10.5%), 8 reported White (5.6%), 1 reported 
South Asian (0.7%), and 10 reported Other (7.0%). Participants 
were reimbursed $40 for the study. The study was approved 
by the REB at York University. Participants 16 years and older 
signed consent forms, and participants under 16 years of age 
had signed consent provided by the school and signed assent 
forms. Four participants from the original sample were elim-
inated because they only completed one third of the study be-
fore choosing to discontinue.

Participants reported on the educational attainment of their 
parents. Of the 143 mothers, 36 (25.2%) had professional de-
grees, 43 (30.1%) completed college or university, 38 (26.6%) 
had some college or university, 12 (8.4%) completed high 
school and 14 (9.7%) completed less than high school. Of the 
fathers, 28 (19.6%) had professional degrees, 40 (28.0%) com-
pleted college or university, 30 (21.0%) had some college or 
university, 22 (15.4%) completed high school, 16 (11.2%) com-
pleted less than high school and 7 (4.9%) did not report their 
parents educational status.

2.2   |   Tasks and Variables

2.2.1   |   The Five Rational Thinking Subtests 
of the ART-Y

All of the subtest items and scoring criteria for the ART-Y are de-
scribed in Data S1. Many items from our previous developmen-
tal work were included on the ART-Y (Toplak 2022). Other items 
were adapted from the CART and pilot tested to ensure that they 
were developmentally suitable and all had appropriate reading 
levels. The Flesch Reading Ease Score was 87.8 (potential range 
from 1 to 100, with 100 being highest readability score), and the 
Flesch–Kincaid Grade Level was 6.7 for the subtests and think-
ing dispositions included in the ART-Y.

2.2.1.1   |   Probabilistic and Statistical Reasoning 
Subtest.  The Probabilistic and Statistical Reasoning subtest 
was composed of 17 items, many of which were adapted from 
parallel items in the adult CART (Stanovich et al. 2016). The 17 
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items were distributed as follows: Four items assessed the ability 
to avoid probability matching tendencies and instead choose a 
maximizing strategy; three items assessed the ability to avoid 
the gambler's fallacy; three items assessed the ability to properly 
assign probabilities to conjunctions; four items assessed 
sensitivity to causal base rates; and three items assessed 
sensitivity to sample size/law-of-large numbers considerations. 
The items were intermixed with other items in the battery 
of tasks. The three conjunction problems and one of the sample 
size problems each had two parts, so the maximum score on this 
subtest was 21. Actual scores on this subtest ranged from 4 to 21. 
The reliability of this subtest was 0.70 (Cronbach's alpha). The 
mean score on the subtest was 10.71 (SD = 3.62).

2.2.1.2   |   Scientific Reasoning Subtest.  The Scientific 
Reasoning subtest was composed of 13 items, many of which 
were adapted from parallel items in the adult CART (Stanovich 
et al. 2016). The 13 items were distributed as follows: Four items 
measured falsification tendencies in the four-card selection 
task (two deontic and two nondeontic); two items assessed 
knowledge of the logic of converging evidence; two items 
assessed the tendency to avoid drawing causal inferences from 
correlation evidence; three items measured the tendency to use 
control-group reasoning; and two items measured covariation 
detection in a 2 × 2 matrix. The items were intermixed with other 
items in the battery of tasks. The mean score on this subtest was 
8.10 (SD = 2.31), and higher scores indicate better performance 
on the task. The reliability of the Scientific Reasoning subtest 
was 0.56 (Cronbach's alpha). This reliability is somewhat low but 
is related to the number of items on this subtest and similar to 
the CART version. The reliability among adults completing the 17-
item CART version (with an additional three points for a 25-item 
measure of covariation detection) was 0.67 (Stanovich et al. 2016).

2.2.1.3   |   Avoidance of Framing Subtest.  This test 
consisted of seven pairs of items that presented the same 
prospect in alternative frames. The members of each item pair 
were separated by many other tasks in the test battery and were 
presented on separate days. The subtest employed five pairs 
of items employing attribute framing and two pairs employing 
risky choice framing (see Levin et  al.  1998, for a discussion 
of framing types). These items were adapted from studies 
of child and adolescent samples (Kokis et al. 2002; Toplak 2022; 
Toplak et al. 2014a; Toplak and Flora 2021; Weller et al. 2012) 
as well as studies of adult samples (Bruine de Bruin et al. 2007; 
Stanovich et al. 2016).

The items of each pair had the same narrative except for one 
frame that was worded in terms of a gain and the other frame 
was worded in terms of a loss (in the case of a risky choice 
item pair). In the case of the attribute framing item pairs, one 
frame was worded as a positive outcome and the other frame 
was worded as a negative outcome. For example, one attribute 
framing pair had as a positive frame: “The company Intermail.
com ships online orders in the mail, and 95% of their orders 
arrive on time. How would you rate this company's shipping 
speed?” and as a negative frame: “The company Intermail.com 
ships online orders in the mail, and 5% of their orders arrive 
late. How would you rate this company's shipping speed?”. 
Participants rated the shipping company's performance on a 
6-point rating scale ranging from 1 (very good performance) to 
6 (very poor performance).

Each item pair is scored by subtracting the positive (gain) 
frame of the pair from the negative (loss) frame. However, 
because the eventual score is an absolute value, the direction 
of the subtraction actually does not matter. This is because 
a framing effect in either direction represents a violation of 
the principle of descriptive invariance (Stanovich et al. 2016). 
The absolute value of the difference score represents the 
score for each item pair. The sum of the seven absolute differ-
ence scores ranged from 0 to 21 and displayed a mean of 7.19 
(SD = 4.00). The absolute difference score was subtracted from 
100 so that higher scores on the subtest would indicate avoid-
ance of framing on this task, yielding a mean on this subtest 
of 92.81 (SD = 4.00). The reliability of the framing subtest was 
0.48 (Cronbach's alpha). This is somewhat low but probably ex-
pected given that there are only seven scores contributing and 
that each of the scores represents a difference score. The reli-
ability among adults completing the 11-pair CART version was 
only 0.61 (Stanovich et al. 2016). Bruine de Bruin et al. (2007) 
obtained a Cronbach's alpha of 0.62 and a test–retest reliability 
of 0.58 among adults using a 13-pair measure.

2.2.1.4   |   Knowledge Calibration Subtest.  The Knowledge 
Calibration subtest employs the typical two-choice calibration 
paradigm used extensively for many years in the classic literature 
on knowledge calibration (Lichtenstein and Fischhoff  1977, 
1980; Ronis and Yates  1987; Yates et  al.  1989). The subtest 
consisted of 42 items that followed one practice item. The general 
knowledge questions were selected from Tauber et  al.  (2013). 
The items and instructions were adapted based on studies 
with youth samples (e.g., Weller et al. 2012) and adult items in 
the Decision-Making Competence for adults (DMC; Bruine de 
Bruin et al. 2007) and in the CART (Stanovich et al. 2016).

An example of a typical item (for which the correct answer is A) 
is: What is the longest river in South America?

A	 Amazon*

B	 Nile

After answering each question, subjects indicated their degree 
of confidence in their answer on the following scale:

1.	 100% chance that I answered correctly

2.	 90% chance that I answered correctly

3.	 80% chance that I answered correctly

4.	 70% chance that I answered correctly

5.	 60% chance that I answered correctly

6.	 50% chance that I answered correctly

The mean confidence rating for these 42 items was 81.8% 
(SD = 7.9), and the mean percentage correct was 69.2% 
(SD = 10.2), yielding a substantial difference score of 12.6 
(SD = 10.4), significantly different from zero, t(142) = 14.52, 
p < 0.001. The positive sign of the mean score indicates that 
the sample as a whole displayed overconfidence, the stan-
dard finding with items of this type (Stanovich et  al.  2016). 
An overconfidence bias was displayed by 127 (88.8%) of the 
143 subjects completing this task. However, because under-
confidence is a failure of rational knowledge calibration just 
as much as is overconfidence, the score on the subtest is the 
absolute deviation from perfect calibration. Thus, the absolute 
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value of the difference scores was calculated, turning the neg-
ative difference scores into positive deviations. The mean ab-
solute accuracy/confidence deviation in the sample was 13.6 
(SD = 9.2), significantly different from zero, t(142) = 17.69, 
p < 0.001. The absolute deviation score was subtracted from 
100 so that higher scores on the subtest would indicate better 
knowledge calibration on this task, yielding a mean knowl-
edge calibration score on this subtest of 86.4 (SD = 9.2). The 
split-half reliability (odd-even; Spearman–Brown corrected) 
of the absolute deviation score was 0.55. This is similar to the 
36 item version of the subtest on the CART, which also had a 
reliability of 0.55 (Stanovich et al. 2016).

2.2.1.5   |   Rational Temporal Discounting Subtest.  The 
Rational Temporal Discounting subtest had 35 items. Participants 
were asked to make a choice between receiving a smaller amount 
of money now or a larger amount of money at a later time. An 
example item involved choosing between “$5 now or $10 in 2 
days.” There were four delay periods which corresponded with 
four delayed amounts ($10 in 2 days [5 items]; $25 in 1 month 
[9 items]; $100 in 3 months [9 items]; and $2000 in 365 days [12 
items]). The items were presented in a fixed order. Two delay 
period/amounts ($10 in 2 days and $100 in 3 months) were 
presented with the immediate reward amounts in ascending 
order and two delay period/amounts ($25 in 1 month and $2000 
in 365 days) were presented with the immediate reward amounts 
in descending order. The immediate amounts in the $10 in 2 days 
ascending condition were $1, $2.50, $5, $7.50, and $9.99*. The 
immediate amounts in the $25 in 1 month descending condition 
were $24.99*, $24.50*, $15, $12.50, $10, $7.50, $5, $2.50, and $1. 
The immediate amounts in the $100 in 3 months ascending 
condition were $1, $2.50, $5, $10, $25, $50, $75, $97.50*, 
and $99*. The immediate amounts in the $2000 in 365 days month 
descending condition were $1980*, $1950*, $1900*, $1500, $1250, 
$1000, $750, $500, $250, $100, $50, and $20.

Of these 35 items, 27 items were scored and eight were filler 
items not scored (noted by an asterisk above). The filler items all 
represented choices between an immediate amount and delayed 
amounts representing yearly interest rates of 24% or less. The 
scored items employed yearly interest rates of at least 33% and 
often vastly more. The median yearly interest rate of the scored 
items was 2800% and 24 of the 27 scored items had yearly inter-
est rates of over 100%.

There were four response options for each item: (1) Strongly pre-
fer $1 now, (2) Slightly prefer $1 now, (3) Slightly prefer $10 in 
2 days, and (4) Strongly prefer $10 in 2 days. Strongly preferring 
the delayed reward was scored as 2 points, a slight preference 
for the delayed reward was scored as 1 point, and a score of 0 
was given for the immediate/now choices. A total score was cal-
culated for the 27 items, with a potential range of 0 to 54 points. 
The mean score on this subtest was 38.94 (SD = 11.08) and the 
observed range was 10–54 points. The reliability of this subtest 
was 0.94 (Cronbach's alpha). A higher score indicates more pru-
dent temporal discounting.

2.2.2   |   The Two Rational Thinking Dispositions in 
the ART-Y

Participants completed a self-report questionnaire that inter-
mixed items from different thinking dispositions measures. 

They were asked to rate their agreement with each question 
using the following 6-point scale: Disagree Strongly (1), Disagree 
Moderately (2), Disagree Slightly (3), Agree Slightly (4), Agree 
Moderately (5), and Agree Strongly (6).

2.2.2.1   |   Actively Open-Minded Thinking (AOT) 
Scale. ​ The 12 items used in this scale were adapted from 
our previous studies of AOT utilizing child and adolescent 
samples (Kokis et  al.  2002; Toplak  2022; Toplak et  al.  2014a; 
Toplak and Flora 2021) as well as studies utilizing adult versions 
of the scale (Stanovich et  al.  2016; Stanovich and West  2007). 
The version used here contained none of the problematic “belief 
items” discussed by Stanovich and Toplak  (2019). The mean 
score on this subtest was 53.5 (SD = 5.9), and the observed 
range was 38 to 69. A higher score indicated more actively 
open-minded thinking. Cronbach's alpha was 0.62.

2.2.2.2   |   Deliberative Thinking Scale.  This scale was 
designed to tap variance similar to that captured by need 
for cognition and typical intellectual engagement measures 
(Cacioppo et al. 1996; Goff and Ackerman 1992). The 12 items 
used in this scale were adapted from our previous studies 
of need for cognition and related concepts that utilized child 
and adolescent samples (Kokis et al. 2002; Toplak 2022; Toplak 
et al. 2014a) and adult versions of the scale (Stanovich et al. 2016; 
Stanovich and Toplak 2019). The mean score on this subtest was 
47.8 (SD = 8.6), and the observed range was 26 to 72. Cronbach's 
alpha was 0.84.

2.2.3   |   Additional tasks

2.2.3.1   |   Impression Management.  In order to assess 
socially desirable responding, a 7-item impression management 
scale (Paulhus 1991) was administered as part of the thinking 
dispositions questionnaire. Examples of items are “I sometimes 
tell lies if I have to” (reverse scored) and “I never cover up my 
mistakes.” The Cronbach's alpha was 0.60. A higher score 
indicated more socially desirable responding. The impression 
management scale did not correlate significantly with any 
of the five subtests of the ART-Y (correlations ranging from −0.12 
to 0.06). The impression management scale did not correlate 
significantly with the AOT scale (0.12) but did show a significant 
correlation with performance on the Deliberative Thinking 
scale (0.27, p < 0.001).

2.2.3.2   |   Problem-Solving Task.  In a previous study, 
Frederick  (2005) introduced a task that became widely used 
because of its posited ability to tap the cognitive reflection needed 
to inhibit intuitive responses. The task became so popular that we 
constructed our own version and incorporated it into the CART. 
Our 11-item measure was termed the Reflection versus 
Intuition Subtest (Stanovich et al. 2016). Since the publication 
of the CART, such tasks have been reconceptualized, based on 
new research. Although such tasks have often been treated as 
purely thinking dispositions or cognitive style measures, this 
is an inappropriate characterization, given what is now known 
about their properties. Such measures are psychometrically 
complex. They carry substantial variance that overlaps with 
intelligence, and they are strongly correlated with measures 
of numeracy (see Attali and Bar-Hillel 2020; Liberali et al. 2012; 
Otero et  al.  2022; Patel et  al.  2019; Sinayev and Peters  2015; 
Stanovich et al. 2016; Toplak et al. 2011, 2014b). To the extent 
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that they assess a cognitive style of miserly processing (see 
Stanovich  2018), such variance can only be isolated after 
partialing out intelligence and numeracy (Otero et  al.  2022). 
Because the task is a complex mixture of cognitive abilities, 
skills, knowledge, and dispositions, we have given the task 
the theoretical neutral label “problem solving task” in order to 
signal that it is not just an indicator of cognitive style.

There was a total of 11 items on the task used in this study. 
These items were adapted based on studies with child and ad-
olescent samples (Toplak  2022) and on the Reflection versus 
Intuition Subtest of the adult CART (Stanovich et al. 2016). The 
mean score on this subtest was 3.64 (SD = 3.23). The reliability 
of this task (Cronbach's alpha) was 0.79. A higher score indicates 
better performance on this task.

2.2.3.3   |   Probabilistic Numeracy.  Levels of numeracy 
have been linked to several components of rational thinking 
(Cokely et al. 2012; Cokely and Kelley 2009; Jasper et al. 2013; 
Klaczynski  2014; Liberali et  al.  2012; Peters  2020; Peters 
et  al.  2006) and have also been found to be related to actual 
consumer, economic, and health decisions (Banks et  al.  2010; 
Banks and Oldfield  2007; Låg et  al.  2014; Peters  2012, 2020; 
Reyna et  al.  2009; Reyna and Brainerd  2007). Probabilistic 
numeracy skills have also been examined in developmental 
samples in studies of judgment and decision-making (Donati 
et al. 2014; Fishbein and Schnarch 1997; Girotto 2014; Girotto 
and Gonzalez 2008; Primi et al. 2017; Reyna and Brainerd 2007; 
Schlottman and Wilkening 2012).

The items on many scales focus on what might be called proba-
bilistic numeracy or statistical numeracy as they contain many 
items related to percentages and probabilities. The items cho-
sen for this task were items of this type. The items from the 
Probabilistic Numeracy subtest of the adult CART (Stanovich 
et al. 2016) were adapted for younger subjects. There was a total 
of 15 items on the task. The mean score was 7.70 (SD = 2.96), 
and the reliability (Cronbach's alpha) was 0.73. A higher score 
indicated better performance on the task.

2.2.4   |   Real-World Skill Measures

2.2.4.1   |   Financial Literacy.  The financial literacy task 
was an assessment of knowledge of financial tools for managing 
money and was used as a real-world skill correlate in the current 
study. These items were adapted from the Financial Literacy 
subtest of the CART used with adults (Stanovich et al. 2016). This 
task was composed of eight multiple choice questions. Examples 
of areas covered were understanding the difference between 
simple and compound interest, implications of early versus 
delayed retirement savings, defining important financial concepts 
(inflation, budgets, and income tax), prudent use of credit cards, 
and the purpose of car insurance. The observed range of scores 
was 0 to 8. The mean was 4.35 (SD = 1.84), and Cronbach's alpha 
was 0.56. A higher score indicated better financial literacy.

2.2.4.2   |   Academic Achievement.  Academic achievement 
scores were not part of the current research battery but 
were provided by the school for use as a real-world skill 
correlate for the current study. RIT scores from the Measures 
of Academic Progress (MAP) Growth achievement battery 
(NWEA  2019) were available for Language (N = 122), Math 

(N = 120), and Reading (N = 121). The Reading, Language 
Usage, and Mathematics tests were administered by the school 
in the fall of 2019, prior to the current study. The reliabilities 
across the content areas and grades (K to 12) are reported to be 
above 0.90 (NWEA 2019). In the current sample, the observed 
range of scores was 203 to 250, and the mean was 229.7 (SD = 9.3) 
for Language; the observed range was 214 to 294 and mean 
was 250.3 (SD = 14.2) for Math; and the observed range was 
203 to 262 and mean was 231.1 (SD = 10.6) for Reading. The 
RIT scores on the three content areas were highly correlated 
(r's = 0.514 to 0.707). Each RIT score was standardized, 
and the three standardized scores were summed to create a 
composite academic achievement variable. A higher score 
indicated better academic achievement.

2.2.5   |   Cognitive Ability Measures

2.2.5.1   |   Shipley-2.  The Shipley-2 is a standardized 
measure of crystallized and fluid cognitive abilities (Shipley 
et  al.  2009). The Vocabulary and the Block Patterns scales 
were selected to assess verbal and nonverbal cognitive abilities 
in this study. Each of these scales had a 10-min  time limit 
for administration. Both scales were group administered. The 
reliability estimates for the Vocabulary Scale ranged from 0.82 
to 0.89; for the Block Patterns Scale, the reliabilities ranged from 
0.88 to 0.94; and for the composite of Vocabulary and Block 
Patterns, the reliabilities ranged from 0.90 to 0.92 based on a 
sample of 13- to 19-year-olds (Shipley et  al.  2009). The mean 
raw score for the Vocabulary scale was 26.80 (SD = 3.95) 
and for Block Patterns was 15.98 (SD = 4.66). The raw scores from 
the two scales were combined by standardizing and summing to 
generate a composite score.

2.2.5.2   |   Verbal-Numerical Reasoning. A verbal-​numerical 
reasoning measure of fluid intelligence measure from the UK 
Biobank (see Lyall et  al.  2016) was also used as to assess fluid 
intelligence. These 12 items had verbal descriptions of problems 
followed by 4 to 6 multiple choice response options. Five 
of these items required knowledge of vocabulary, antonyms, 
and analogies of verbal concepts, and seven of the items required 
numerical calculations and sequences. Lyall et  al.  (2016) 
administered these verbal-numerical reasoning questions under 
a 2-min  time limit in an online sample of adults between 40 
and 69 years of age. However, no time limit was used in the current 
study. In our adolescent sample, the observed range was 2 to 12, 
and the mean was 8.24 (SD = 2.16). Cronbach's alpha was 0.62.

A Cognitive Ability Composite was used for some of the anal-
yses. This composite included the sum of the Shipley-2 and 
Verbal-Numerical Reasoning standardized scores, which had a 
correlation of r = 0.51, p < 0.001. A higher score indicated better 
cognitive abilities.

2.3   |   Procedure

The research study was conducted in-person on two consecu-
tive days each lasting 1.5 h. Participants were tested in groups 
supervised by examiners and educators in each room. The fol-
lowing tasks were administered on the first day: probabilistic 
and statistical thinking, scientific thinking, problem solving, 
framing (part 1), knowledge calibration, temporal discounting, 
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probabilistic numeracy, and demographic questions. The fol-
lowing tasks were administered on the second day: Shipley 
Vocabulary and Block Patterns, framing (part 2), verbal numer-
ical reasoning, thinking dispositions, and financial literacy. All 
participants received the tasks in the same order.

3   |   Results

The correlations among the five subtests of the ART-Y 
are presented in Table  2. The Probabilistic and Statistical 
Reasoning subtest displayed a significant 0.43 correlation 
with the Scientific Reasoning subtest. This correlation is 
consistent with that obtained with adult samples, although 
it is slightly lower than is typical. In adult samples, the cor-
relation is typically in the range of 0.45 to 0.55 (Stanovich 
et al. 2016). The Avoidance of Framing subtest displayed sig-
nificant correlations of 0.30 and 0.36 with the Probabilistic 
Reasoning and Scientific Reasoning subtests. These correla-
tions are in the range of those obtained with adult subjects 
(Stanovich et  al.  2016). The Knowledge Calibration subtest 
was significantly correlated with the Scientific Reasoning 
subtest (0.27), but not with the Probabilistic Reasoning or 
Avoidance of Framing subtests. The former result is in line 
with adult work. The 0.16 correlation between the Knowledge 
Calibration and Avoidance of Framing subtests, although not 
quite significant, is actually close to the 0.19 correlation that 
is obtained with adults on the CART (Stanovich et al. 2016). 
However, the nonsignificant 0.11 correlation between the 
Knowledge Calibration and Probabilistic Reasoning sub-
tests is inconsistent with adult work, where a significant 
correlation is usually found. Finally, the Rational Temporal 
Discounting subtest shows no significant correlations with 
any of the other four subtests. This is largely consistent with 
adult work on temporal discounting measures, which usu-
ally finds correlations between 0.10 and 0.19 with other sub-
tests on the CART (Stanovich et al. 2016). The final four rows 
of Table 2 display the means, standard deviations, range of 
scores, and Cronbach's alpha for each ART-Y subtest.

Table  3 presents correlations indicating how well other vari-
ables and tasks included in the study predicted each of the five 
subtests of the ART-Y. In this adolescent sample, age was a very 
modest predictor of subtest performance. It displayed significant 
correlations with the Probabilistic Reasoning subtest (0.17) and 

the Rational Temporal Discounting subtest (0.20), but had non-
significant correlations with the remaining three subtests. The 
next two lines in the table examine how well the two thinking 
dispositions measured in the ART-Y—the AOT and Deliberative 
Thinking scales—predict performance on the five subtests. The 
two thinking disposition measures displayed similar patterns, 
showing modest correlations in the 0.21 to 0.34 range with the 
Probabilistic Reasoning and Scientific Reasoning subtests, but 
nonsignificant correlations with the other three subtests. These 
results contrast somewhat with what is obtained in adult subjects. 
In the CART, the AOT scale is a much more potent predictor than 
deliberative thinking. Additionally, it correlates significantly 
with the avoidance of framing effects and knowledge calibration 
in adult subjects, a finding we did not replicate with this adoles-
cent version of the AOT scale. AOT correlations with probabilistic 
and scientific reasoning in adult samples are in the range of 0.40 
to 0.50, higher than we obtained in the present study. Overall, our 
adolescent version of the AOT was not as strong a predictor of ra-
tional thinking performance as it has proven to be in adult studies 
(Stanovich et al. 2016; Stanovich and Toplak 2023).

The next two lines in the table indicate that performance on 
our problem-solving task and our probabilistic numeracy task 
showed moderately strong correlations with probabilistic and 
scientific reasoning (in the 0.44 to 0.61 range) and smaller but 
largely significant correlations with the other three subtests (in 
the 0.15 to 0.30 range). A parallel pattern was obtained with the 
two measures of cognitive ability (Shipley-2 and verbal numerical 
reasoning). Focusing on the composite cognitive ability measure, 
we see that the correlations with probabilistic reasoning and sci-
entific reasoning were in the 0.51 to 0.61 range, and the correla-
tions with the other three subtests in the range of 0.17 to 0.35. The 
correlations between the financial literacy measure and ART-Y 
subtests ranged from 0.24 to 0.41, and the correlations with ac-
ademic achievement ranged from 0.15 to 0.66. Correlations be-
tween all of the other variables are shown in Data S2.

3.1   |   Stepwise Regressions Predicting 
ART-Y Subtests

In Table  4, we examine which variables can uniquely explain 
performance on each of the five rational thinking subtests of 
the ART-Y. In a stepwise regression, we employed as predictors 
the cognitive ability composite score, the problem-solving task, 

TABLE 2    |    Means (SDs), reliability, and correlations between the five subtests of the ART-Y (N = 143).

1. 2. 3. 4. 5.
1. Probabilistic and Statistical Reasoning —
2. Scientific Reasoning 0.43 —
3. Avoidance of Framing 0.30 0.36 —
4. Knowledge Calibration 0.11 0.27 0.16 —
5. Rational Temporal Discounting 0.10 0.11 −0.01 0.06 —
Mean (SD) and reliability of each ART-Y subtest

Mean 10.71 8.10 92.81 86.40 38.94
SD 3.62 2.31 4.00 9.20 11.08
Range of scores 4–21 2–13 55.95–100 79–100 10–54
Reliability 0.70 0.56 0.48 0.55 0.94

Note: Correlations >0.16 are significant at the 0.05 level. Correlations >0.21 are significant at the 0.01 level. Correlations >0.27 are significant at the 0.001 level.
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probabilistic numeracy, and the AOT scale. Age and deliberative 
thinking were consistently the weakest predictors and thus were 
not entered. When the criterion variable was the Probabilistic 
and Statistical Reasoning subtest, the problem-solving task en-
tered first into the regression equation, followed by probabilistic 
numeracy, and finally by the AOT scale. As Table 4 indicates, in 
the final regression equation, the problem-solving task was the 
dominant predictor.

When the criterion variable was the Scientific Reasoning subtest, 
the cognitive ability composite entered first into the regression 
equation followed by the problem-solving task. No other variables 
entered after that, and as Table 4 indicates, in the final equation, 
the cognitive ability composite was the dominant predictor.

When the Avoidance of Framing subtest was the criterion vari-
able, only the cognitive ability composite entered the regression 
equation. No other variable explained significant variance after 
the first step. Regarding the Knowledge Calibration subtest, 

only the problem-solving task entered the regression equation. 
Finally, with regard to the Rational Temporal Discounting sub-
test, only the practical numeracy measure entered the regres-
sion equation.

The variance explained across the five subtests was 0.419, 0.413, 
0.121, 0.055, and 0.059, respectively. Consistent with work on adult 
samples, performance on the Probabilistic Reasoning and Scientific 
Reasoning subtests was much more predictable from other vari-
ables than was performance on the other three subtests, which 
were quite independent of well-established cognitive indicators.

3.2   |   Stepwise Regressions Predicting Real-World 
Skill Measures

In Table 5, we examine how the ART-Y subtests and the other 
variables performed as predictors of performance on one of our 
real-world skill measures, financial literacy. In the first stepwise 

TABLE 3    |    Predictors of performance on the five rational thinking subtests on the ART-Y (N = 143).

Variables

Probabilistic 
and Statistical 
Reasoning

Scientific 
Reasoning

Avoidance 
of Framing

Knowledge 
Calibration

Rational Temporal 
Discounting

Chronological Age 0.17 0.08 0.02 0.15 0.20
ART-Y thinking dispositions

Actively Open-Minded 
Thinking Scale

0.34 0.23 0.07 0.03 0.16

Deliberative Thinking 
Scale

0.29 0.21 0.10 0.02 0.13

Other predictor variables
Problem Solving 0.61 0.55 0.30 0.23 0.15
Probabilistic Numeracy 0.49 0.44 0.30 0.22 0.24
Shipley-2 0.41 0.47 0.25 0.18 0.26
Verbal-Numerical 

Reasoning
0.48 0.60 0.36 0.15 0.03

Cognitive Ability 
Composite

0.51 0.61 0.35 0.19 0.17

Real-world skill variables
Financial Literacy 0.30 0.41 0.28 0.30 0.24
Academic Achievement 0.47 0.66 0.39 0.15 0.17

Note: Correlations >0.16 are significant at the 0.05 level. Correlations >0.21 are significant at the 0.01 level. Correlations >0.27 are significant at the 0.001 level.

TABLE 4    |    Beta weight in the final equation for a stepwise regression predicting each of the five ART-Y subtests by employing as predictors 
cognitive ability, problem solving, probabilistic numeracy, and actively open-minded thinking (N = 143).

Predictors

Probabilistic 
and Statistical 
Reasoning

Scientific 
Reasoning

Avoidance of 
Framing

Knowledge 
Calibration

Rational Temporal 
Discounting

Cognitive Ability 
Composite

— 0.449 0.348 — —

Problem Solving 0.473 0.251 0.234 —
Probabilistic 

Numeracy
0.169 — — — 0.243

Actively Open-Minded 
Thinking Scale

0.138 — — — —
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analysis, all five subtests of the CART were entered as predictors 
along with the cognitive ability composite, problem-solving task, 
probabilistic numeracy, and the AOT scale. The first variable to 
enter the regression equation was the probabilistic numeracy 
measure, followed by the Scientific Reasoning subtest and then 
the Knowledge Calibration subtest. No other variables entered 
the equation at that point. Those three variables predicted finan-
cial literacy with a multiple R2 of 0.280. The beta weights of those 
three variables in the final equation are presented in Table 5.

The second stepwise regression analysis, presented to the right, 
entered just the five ART-Y subtests along with cognitive abil-
ity and the AOT scale. The first variable to enter the regres-
sion equation was cognitive ability, followed by the Knowledge 
Calibration subtest, then by the Temporal Discounting subtest, 
and then the Scientific Reasoning subtest. No other variable en-
tered after that point. Those four variables predicted financial 
literacy with a multiple R2 of 0.279—virtually the same as in the 
previous analysis. The beta weights of the four variables in the 
final equation are presented in Table 5.

In Table 6, we examine how the ART-Y subtests and the other 
variables performed as predictors of performance on the aca-
demic achievement composite measure. In a stepwise regression 
analysis, all five subtests of the ART-Y were entered as predic-
tors along with the cognitive ability composite, problem-solving 
task, probabilistic numeracy, and the AOT scale. The first vari-
able to enter the regression equation was cognitive ability, fol-
lowed by the Scientific Reasoning subtest. The problem-solving 

task entered third and then probabilistic numeracy. No other 
variables entered the equation at that point. Those four variables 
predicted academic achievement with the multiple R2 of 0.645. 
The beta weights of those four variables in the final equation are 
presented in Table 6.

4   |   Discussion

The ART-Y was derived from and adapted from our adult 
measure, the CART (Stanovich et  al.  2016). The five subtests 
that comprise the ART-Y are shown here to display relation-
ships similar to their counterparts in the CART. Most notably, 
there is a relatively strong connection between the Probabilistic 
Reasoning subtest and the Scientific Reasoning subtest that 
mirrors the association observed in the CART. The Avoidance 
of Framing subtest also has moderate correlations with probabi-
listic and scientific reasoning. Performance on the Knowledge 
Calibration subtest, and even moreso the Rational Temporal 
Discounting subtest, is relatively unconnected to performance 
on the other subtests. This is consistent with results from the 
CART, where the Rational Temporal Discounting subtest dis-
played very modest correlations with the other subtests (range 
of r = 0.10 to 0.19, in a sample of 747 adults). However, the 
slightly higher correlations in the CART may be partly attrib-
utable to the number of items scored (the ART-Y had 27 scored 
items and the CART had 38 items). Age was a modest predictor 
of ART-Y performance, consistent with other studies of rational 
thinking tasks in adolescent samples (Toplak 2022).

As Tables 3 and 4 demonstrate, the Probabilistic Reasoning and 
Scientific Reasoning subtests are predicted moderately well 
by other variables, such as cognitive ability and the problem-
solving task. On the other hand, performance on the Knowledge 
Calibration and Rational Temporal Discounting subtests are not 
associated or display very weak associations, with many of the 
other predictor variables.

The ART-Y showed a modest ability to predict performance 
on two real-world skill measures— financial literacy and 
the academic achievement composite (see Tables  5 and 6). 
In terms of zero order correlations, the Scientific Reasoning 
subtest displayed a correlation of 0.41 with the former and 
0.66 with the latter. As independent predictors, both the 
Scientific Reasoning and Knowledge Calibration subtests 
explained some unique variance in financial literacy when 

TABLE 5    |    Beta weights in the final equation for a stepwise regression predicting financial literacy (N = 143).

Predictors Financial literacy Predictors Financial literacy
Cognitive Ability Composite — Cognitive Ability Composite 0.242
Problem Solving —
Probabilistic Numeracy 0.306
Probabilistic and Statistical Reasoning — Probabilistic and Statistical Reasoning —
Scientific Reasoning 0.224 Scientific Reasoning 0.187
Avoidance of Framing — Avoidance of Framing —
Knowledge Calibration 0.175 Knowledge Calibration 0.197
Rational Temporal Discounting — Rational Temporal Discounting 0.169
Actively Open-Minded Thinking Scale — Actively Open-Minded Thinking Scale —

TABLE 6    |    Beta weights in the final equation for a stepwise 
regression predicting academic achievement composite (N = 120).

Predictors Beta weight
Cognitive Ability Composite 0.356
Problem Solving 0.181
Probabilistic Numeracy 0.169
Probabilistic and Statistical Reasoning —
Scientific Reasoning 0.259
Avoidance of Framing Effects —
Knowledge Calibration —
Rational Temporal Discounting —
Actively Open-Minded Thinking Scale —
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probabilistic numeracy was partialed out. Once probabilistic 
numeracy was removed as a predictor, three variables from 
the ART-Y were retained as unique predictors after cognitive 
ability entered the regression equation: the Scientific Reasoning 
subtest, the Knowledge Calibration subtest, and the Rational 
Temporal Discounting subtest. These findings are consistent 
with other studies that have shown that overconfidence in 
knowledge calibration has been related to financial decisions 
(Biais et al.  2005). Rational thinking (using subtests from the 
CART) has also been shown to predict financial behavior in 
adults (Toplak et  al.  2017). Young adults have been shown to 
demonstrate particular risk for certain financial behaviors, 
including managing credit card debt and checks, especially if 
they also display low decision-making skills (Parker, Bruine de 
Bruin and Fischhoff 2015). Finally, results with the academic 
achievement measure converge with our previous findings that 
have shown that a battery of rational thinking tasks can predict, 
longitudinally, self and parent-reported academic achievement 
(Toplak and Flora 2021). Overall, these findings contribute to a 
growing body of research connecting rational thinking perfor-
mance to real-world outcomes (Drummond and Fischhoff 2017; 
Sternberg and Sternberg 2017; Toplak et al. 2017).

The ART-Y does have some overlap with the Decision-Making 
Competence index for youths (Y-DMC) developed by Parker and 
Fischhoff (Parker and Fischhoff 2005; Parker et al. 2018; see also, 
Bruine de Bruin et  al.  2007 for an adult version, the A-DMC, 
and Weller et al. 2012 for a preadolescent version, the PA-DMC). 
Two of the seven subtests of the Y-DMC—resistance to overcon-
fidence bias and resistance to framing effects—are measured 
in a very similar manner in the ART-Y. One component of the 
Y-DMC, consistency in risk perception is measured exclusively 
with conjunction effect problems. Conjunction effect problems 
are part of the ART-Y, as they are included in the Probabilistic 
Reasoning subtest. But on that subtest, the ART-Y taps many 
more probabilistic reasoning effects that are not tapped on the 
DMC (e.g., avoiding the gambler's fallacy, sample size problems, 
and base rate problems). Conversely, although resistance to 
sunk costs is measured on the DMC but not the ART-Y, many 
aspects of the scientific reasoning subtest of the ART-Y are not 
covered by the DMC (e.g., falsifiability, converging evidence, 
and control group reasoning). Three of the subscales on the Y-
DMC, applying decision rules, path independence, and recog-
nizing social norms, have no direct counterpart in the ART-Y 
(or in the CART). However, the social norms subtest (testing the 
accuracy with which people perceive the social norms of their 
peers) does involve the metacognitive awareness of declarative 
knowledge in a manner that could be viewed as a form of knowl-
edge calibration. Finally, the Y-DMC does not measure thinking 
dispositions as supplementary information, as does the ART-Y.

The work with DMC batteries converges with that from the 
ART-Y in showing that these tasks have associations with real-
world skill and outcome variables, including risk behaviors 
and a broad range of self-reported outcomes (Bruine de Bruin 
et al. 2007; Parker and Fischhoff 2005; Weller et al. 2012, 2015). 
As in the current study, these correlations often remained sig-
nificant even after statistically controlling for cognitive ability 
and numeracy skills. These findings reinforce the importance 
of examining reasoning skills beyond those typically assessed 
on intelligence tests—specifically, reasoning skills of the type 
assessed on the DMC batteries and ART-Y.

The ART-Y provides a reasonably wide sampling of rational 
thinking domains to assess in adolescents and young adults. 
The Probabilistic Reasoning and Scientific Reasoning subtests 
assess many of the well-studied effects in the heuristics and 
biases literature that serve to define rational thinking under 
some conceptualizations (Stanovich  2004, 2011, 2012). The 
Avoidance of Framing subtest assesses a foundational aspect 
of instrumental rationality–descriptive invariance in choice 
situations. The Rational Temporal Discounting subtest taps 
aspects of rational goal prioritization over time that are often 
studied in a literature quite separate from heuristics and bi-
ases work. The Knowledge Calibration subtest directly as-
sesses an aspect of epistemic rationality, whereas many of the 
other subtests are concerned with making decisions and in-
strumental rationality.

The ART-Y is a promising battery to assess rational thinking in 
youth. It is based on extensive theoretical and empirical studies, 
including the CART in adults (Stanovich et al. 2016) and devel-
opmental research (Toplak 2022). The reliabilities of the rational 
thinking subtests were largely similar to the CART for adults, ex-
cept for the Avoidance of Framing subtest. The framing subtest 
had a reliability of 0.48 on the ART-Y and 0.64 on the CART, but 
the CART also had 11 pairs of items (compared with 7 pairs on 
the ART-Y). Given that the framing items each have two parts, 
the addition of extra items is not optimal for an assessment in-
tended to be shorter and more efficient for youth. The AOT scale 
in the ART-Y had a reliability of 0.62, but the AOT scale on the 
CART had a reliability of 0.85. The CART version of the AOT 
scale had 30 items, relative to 12 items on the ART-Y. This may 
partly explain why the adolescent version of the AOT was not as 
strong a predictor of rational thinking performance as in adult 
studies (Stanovich et al. 2016; Stanovich and Toplak 2023).

We have refrained from constructing a composite score of the 
five subtests from the ART-Y because, based on experience with 
the CART, we are concerned that such a score would be misin-
terpreted by some as indicating that there is a psychometric g of 
rationality. Nevertheless, it would be unobjectionable if investi-
gators calculated a composite as long as they did not interpret it 
as a latent g-factor. Any composite construct computed from the 
ART-Y should be viewed as a formative construct, rather than a 
reflective one (Bollen and Lennox  1991; Diamantopoulos and 
Winklhofer  2001; Jarvis et  al.  2003; Kovacs and Conway  2016, 
2019). As Bollen and Lennox (1991) discuss, in the case of forma-
tive measurement models, indicators are defining characteristics 
of constructs and changes in indicators cause changes in the con-
struct. In the contrasting case of reflective models, indicators are 
manifestations of the construct and changes in an indicator do not 
cause changes in the construct. A formative measurement model 
is more appropriate for a multidimensional construct like rational 
thinking. Any global notion of rational thinking that is defined 
by a composite ART-Y score would have to be understood in the 
manner of a formative concept—where the causal direction is 
from indicator to construct rather than from construct to indicator. 
Rational thinking is not a unified core ability defined by many dif-
ferent interchangeable indicators. It is disparate set of skills across 
broad domains such as those tapped by the ART-Y.

The strengths of the ART-Y are that it is based on a conceptual 
and theoretical framework deriving from models of rational 
thinking originating in the adult cognitive science literature 
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(Stanovich 2009; Stanovich et al. 2016). It is informed by exten-
sive research on the study of these constructs and paradigms 
in developmental samples (Toplak  2022; Toplak et  al.  2014a; 
Toplak and Flora 2021). Nevertheless, this particular study of 
the instrument had several limitations. First, the sample size in 
the current study was modest. Secondly, the schools participat-
ing educated only males, leaving investigation of performance 
on the ART-Y in female samples for future investigation. Our 
outcome variables were determined by availability and con-
venience and certainly could be improved upon. For example, 
while the finding of a unique contribution of the ART-Y subtests 
to predicting financial literacy is an important result, using a 
measure of real-life financial decisions would have been pref-
erable. We did not use such a measure given the limited experi-
ence and lack of financial independence of youth at this period 
of development. However, given the significance of manag-
ing finances as a life domain and the findings in the current 
study, further examination of financial literacy should be con-
ducted, with special consideration given to measurement issues 
(Hung et  al.  2009). Future studies should also consider vari-
ables such as SES and neighborhood disadvantage, given the 
growing literature in developmental samples that have shown 
these variables are significant predictors of financial literacy 
(Lusardi et al. 2010) and decision-making competence (Weller 
et al. 2021, 2024).

By providing the full ART-Y in the supporting materials, our 
intention is to stimulate the use of this tool in a variety of stud-
ies of adolescent reasoning and decision-making. All studies 
attempting to link real-world skills and outcomes to thinking 
variation in children would be aided, we argue, by examining 
the subskills of rational thinking measured on the ART-Y. The 
Probabilistic Reasoning and Scientific Reasoning subtests them-
selves are important enough to serve as target indicators of the 
efficacy of educational interventions.
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