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Suppose a patch of lily pads has begun to grow at a 
nearby lake. You have noticed that the patch doubles 
in size each day. After 48 days, the entire lake is covered 
in lily pads. How many days did it take for the patch to 
cover half the lake? Your first thought may have been 
24, as the prompt would seem to imply that you need to 
divide 48 by 2. But if the patch doubled each day, then it 
would have covered half the lake 1 day prior to covering 
the entire lake, so the correct answer is 47. This question 
is one of three devised by Frederick (2005) to assess cog-
nitive reflection, or the propensity to reflect on one's own 
cognitive activity. The questions on Frederick's cognitive 
reflection test (CRT) are designed to elicit an erroneous 
intuitive response that can be recognized as incorrect on 
reflection and then corrected.

Cognitive reflection likely entails a variety of skills, 
including error monitoring, response inhibition, cogni-
tive flexibility, and analytic reasoning. To succeed on the 
lily pad question, a person whose first thought is 24 must 
recognize that this answer does not satisfy the ques-
tion's parameters and then search for an alternative. The 

process of searching for alternatives requires not only 
inhibiting the incorrect answer but also reanalyzing the 
problem to find an answer that satisfies its parameters.

While it is debatable whether all such steps are nec-
essary to succeed on the CRT (Bago & De Neys, 2019; 
Raoelison et al.,  2020), the test has proven a powerful 
predictor of cognitive activities that pit intuition against 
analysis. Adults with higher CRT scores have higher 
levels of rational thought (Toplak et al.,  2011) and are 
more likely to endorse normative thinking dispositions, 
like the need for cognition and actively open- minded 
thinking (Stanovich et al., 2016), than adults with lower 
scores. They have a more comprehensive understanding 
of science (Shtulman & McCallum, 2014) and are more 
likely to accept science as true (Gervais, 2015). They use 
superior causal- inference strategies (Don et al.,  2016) 
and social- coordination strategies (Corgnet et al., 2015), 
and they are better at rejecting unsubstantiated claims, 
including fake news (Pennycook & Rand,  2019), para-
normal beliefs (Pennycook et al., 2012), and generic ste-
reotypes (Hammond & Cimpian, 2017).
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Abstract
What do cows drink? The correct answer is water, but many are tempted to say 
milk. The disposition to override an intuitive response (milk) with a more analytic 
response (water) is known as cognitive reflection. Tests of cognitive reflection 
predict a wide range of skills and abilities in adults. In this article, we discuss the 
construction of a developmental version of the cognitive reflection test and explore 
how it predicts rational thinking and normative thinking dispositions in elementary 
school- aged children, independent of age, executive function, and cultural context. 
We also explore how the test predicts children's mastery of counterintuitive concepts 
in science and mathematics. Findings suggest that cognitive reflection may be a 
prerequisite for developing, and improving, analytic thought, thus highlighting the 
value of studying cognitive reflection from a developmental perspective.
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Research using the CRT has tended to treat cognitive 
reflection as a stable individual difference, concluding 
that some adults are just more reflective than others, but 
where do these differences come from? How does the dis-
position to reflect on one's cognition develop? Cognitive 
reflection can and should be studied from a developmen-
tal perspective for several reasons. This type of reflec-
tion is a domain- general capacity that predicts many 
domain- specific competencies, providing a window onto 
the processing demands involved in the development 
of higher- order cognition. Methodologically, cognitive 
reflection simply yet powerfully predicts many differ-
ent cognitive activities, providing an efficient tool for  
assessing domain- general contributions to children's 
task- specific performance. Pedagogically, cognitive 
reflection is associated with rational thought and be-
havior, providing a pathway for improving children's 
analytic reasoning and reducing their susceptibility to 
cognitive biases.

We highlight insights from the developmental study 
of cognitive reflection using a child- friendly version of 
the CRT dubbed the CRT- D, where D stands for devel-
opmental (Young & Shtulman,  2020a). The nine- item 
CRT- D measures children's ability to privilege analysis 
over intuition. We describe the CRT- D's construction and 
validation, as well as its relation to other domain- general 
measures of cognitive ability. The CRT- D's success at pre-
dicting rational thought and conceptual understanding 
across ages and cultures suggests that cognitive reflec-
tion may be an ideal vantage point for studying— and 
improving— children's higher- order cognition.

M EASU RING CH ILDREN'S 
COGN ITIVE REFLECTION

Frederick's  (2005) original test of cognitive reflection 
is unsuitable for children because the questions involve 
mathematical operations that many children do not 
know. Alternative versions of the CRT have been con-
structed, such as the CRT- ALT (Primi et al., 2016), but 

these tests also tend to involve math. In fact, a com-
mon criticism of cognitive- reflection tests is that they 
test numeracy as much as reflection (Otero et al., 2022; 
Thomson & Oppenheimer, 2016).

A suitable measure for children should elicit the same 
response structure as the CRT but without involving 
math, drawing instead on early- developing semantic 
knowledge, both in terms of the intuitions elicited and 
the analytic considerations needed to override those 
intuitions. With these criteria in mind, we identified 
nine brainteasers that could be posed to children as 
young as age 5 (Young & Shtulman, 2020a). Some were 
taken from a verbal version of the CRT (Thomson & 
Oppenheimer,  2016), but most were culled from the 
Internet. One such brainteaser is “What do cows drink?” 
This question elicits the intuitive response “milk,” given 
the strong semantic association between cows and milk, 
but a moment's reflection reveals that, while cows pro-
duce milk, they actually drink water.

The nine questions on the CRT- D (Young & 
Shtulman, 2020a) are listed in Table 1. When adminis-
tered to 5-  to 12- year- olds, they tend to elicit the associ-
ated intuitive response. The next most common response 
is the correct, analytic response. Rarely do the questions 
elicit random responses, indicating that they tap the 
desired conflict between intuition and analysis and are 
not just confusing or obscure. We have observed this re-
sponse pattern across the age range for which the test 
was developed, though the proportion of correct, ana-
lytic responses to incorrect, intuitive responses increases 
with age (Young & Shtulman, 2020a). This finding, on 
its own, contributes to the study of cognitive reflection 
by showing that cognitive reflection improves with age: 
5- year- olds answer an average of one to three questions 
correctly; 9- year- olds, two to four; 12- year- olds, three to 
five; and adults, seven to nine.

As a construct, cognitive reflection is tradition-
ally measured using items of the same structure— 
brainteasers— but these items can vary widely in content. 
The content covered by the CRT- D ranges from trick as-
sociations (questions 5 and 8) to trick patterns (questions 

TA B L E  1  The nine questions on the CRT- D, along with each question's correct (analytic) response and incorrect (intuitive) response

Question Correct Incorrect

1. If you are running a race and you pass the person in second place, what place are you in? Second First

2. Emily's father has three daughters. The first two are named Monday and Tuesday. What is the third 
daughter's name?

Emily Wednesday

3. A farmer has five sheep, all but three run away. How many are left? Three Two

4. If there are three apples and you take away two, how many do you have? Two One

5. What do cows drink? Water Milk

6. What weighs more, a pound of rocks or a pound of feathers? Same weight Rocks

7. What hatches from a butterfly egg? Caterpillar Baby butterfly

8. Who makes Christmas presents at the North Pole? Elves Santa

9. Anna is playing four square with her three friends: Eeny, Meeny, and Miny. Who is the fourth player? Anna Mo
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2 and 9) to trick operations (questions 3 and 4), and 
spans topics as varied as cows, apples, and races. Yet de-
spite this variation, the items on the CRT- D exhibit high 
internal reliability— as high as that of adult measures, if 
not higher (Gong et al., 2021; Young & Shtulman, 2020a). 
The reasoning processes tapped by the CRT- D appear to 
cohere across distinct facets of semantic knowledge.

COGN ITIVE REFLECTION A N D 
RATIONA L THOUGHT

The CRT was initially validated in the context of heu-
ristics and biases tasks. In several studies, adults' CRT 
scores strongly predicted their adherence to normative 
principles of decision making (Frederick,  2005; Otero 
et al.,  2022; Stanovich et al.,  2016; Toplak et al.,  2011). 
To determine whether the CRT- D functions similarly 
for children, we and our colleagues recruited elementary 
school- aged children from playgrounds in Pasadena, 
CA (Mage = 8 years, 1 month; 49% female) and assessed 
whether their performance on the CRT- D predicted their 
performance on child- friendly versions of heuristics and 
biases tasks (Gong et al., 2021; Young et al., 2018). The 
children in this study, as well as the other studies de-
scribed later (Young & Shtulman, 2020a, 2020b), came 
from a community that is approximately 35% White (ex-
cluding Hispanic/Latino), 35% Hispanic or Latino, 18% 
Asian, and 8% Black; the community is largely middle 
class, with 14% of the population living below the pov-
erty line (U.S. Census Bureau, 2021).

The tasks in our assessment examined four facets of 
rational thought (or lack thereof): belief bias, denomina-
tor neglect, base- rate sensitivity, and other- side thinking. 
Belief bias was measured by asking children to decide 
whether unbelievable conclusions could follow from valid 
arguments and whether believable conclusions could fol-
low from invalid ones (Toplak et al., 2014). Denominator 
neglect was measured by asking children to decide be-
tween bets that pitted frequency against probability (9 
chances to win out of 100 versus 1 chance to win out of 
10; Kokis et al., 2002). Base- rate sensitivity was measured 
by asking children to decide between claims supported 
by statistics and claims supported by anecdotes (Kokis 
et al., 2002). Other- side thinking was measured by seeing 
whether children could generate reasons against a posi-
tion they supported (Toplak et al., 2014).

Children were also queried on whether they endorsed 
two normative thinking dispositions: the need for cog-
nition and actively open- minded thinking. Children 
were asked whether they agreed with statements like 
“Thinking is fun for me” and “I like learning new things” 
as measures of the need for cognition (Keller et al., 2016), 
and whether they agreed with statements like “It is good 
to listen to the other side of an argument” and “Changing 
your mind is a bad thing” as measures of actively open- 
minded thinking (Haran et al., 2013).

As predicted, children's CRT- D scores correlated with 
composite measures of rational thinking and normative 
thinking dispositions, as well as most individual tasks. 
Older children scored higher on these tasks than younger 
children, but the correlations between task performance 
and CRT- D scores held even when controlling for chil-
dren's age (in months). The same correlations were found 
for adults. While adults scored substantially higher on 
the CRT- D than did children, they still exhibited vari-
ability, and this variability tracked individual differences 
in rational thought and normative thinking dispositions, 
similar to scores on the original CRT.

In a follow- up study (Gong et al., 2021), the same tasks 
were administered to Chinese participants to determine 
whether the results from the US study reflected a general 
feature of cognitive reflection or were a byproduct of 
Western culture. Western culture's emphasis on analytic 
reasoning may drive the relation between cognitive re-
flection and rational thought. This relation could emerge 
later, or in a different form, in cultures that emphasize 
holistic reasoning, such as Chinese culture.

The children in the Chinese study were recruited 
from public playgrounds in several regions, includ-
ing Northern China (Hebei, Beijing, and Jilin), North 
Central China (Shanxi), West Central China (Sichuan), 
and Southeastern China (Fujian); they ranged in age from 
5 to 12 years, similar to the US sample (Mage = 9 years, 
5 months). Children from all regions exhibited the same 
developmental patterns observed in children in the US 
study: Their CRT- D scores correlated with composite 
measures of rational thinking and normative thinking 
dispositions, as well as most individual tasks, regardless 
of age. Chinese adults exhibited the same pattern of cor-
relations as US adults, indicating that the relation be-
tween cognitive reflection and rational thought is robust 
across ages and cultures (Gong et al., 2021).

Responses in the Chinese study were so similar to 
those in the US study that culture did not significantly 
predict performance on the heuristics and biases tasks in 
combined analyses. The only significant predictor (aside 
from age) was participants' CRT- D scores. Thus, cogni-
tive reflection appears to predict rational thought early 
in development and across diverse cultural contexts.

COGN ITIVE REFLECTION A N D 
CONCEPTUA L U N DERSTA N DING

Decision making often pits intuition against analysis, 
which is likely why the ability to make rational decisions 
correlates with cognitive reflection. Another form of 
cognition that pits intuition against analysis is scientific 
cognition. Prior to learning scientific theories, we form 
intuitive theories of natural phenomena, which allow us 
to explain and predict everyday experiences like heat, mo-
tion, illness, and growth (Carey, 2009; Shtulman, 2017). 
Intuitive theories are useful in daily life, but they carve 
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the world into categories that are largely incompatible 
with science. Science learning requires grappling with 
these intuitions, as does scientific reasoning (Chi, 1992; 
Shtulman, 2022; Vosniadou, 1994).

The connection between cognitive reflection and sci-
entific cognition was first demonstrated in adults, whose 
understanding and acceptance of science track their CRT 
scores. That is, adults with higher CRT scores under-
stand astronomy, evolution, geology, mechanics, percep-
tion, and thermodynamics more accurately (Shtulman 
& McCallum, 2014) and are more likely to accept con-
troversial scientific ideas, like evolution (Gervais, 2015) 
and climate change (da Rosa, 2021), than are adults with 
lower CRT scores.

To explore how the connection between cognitive 
reflection and scientific cognition develops, we admin-
istered the CRT- D to elementary school- aged children 
recruited from playgrounds in Pasadena (Mage = 8 years, 
2 months; 56% female); we also tested them on whether 
they understood biology from a vitalist perspective 
(Young & Shtulman, 2020a). Vitalism is the idea that ob-
servable biological activities, like eating and breathing, 
are linked to unobservable organs, like stomachs and 
lungs, which extract energy from the environment and 
use that energy to support and maintain life (Inagaki 
& Hatano,  2004). Vitalism is counterintuitive because 
children initially understand life as the capacity for self- 
directed motion, leading to the misconception that an-
imate phenomena, like the sun and the wind, are alive, 
and that seemingly inanimate organisms, like flowers 
and trees, are not.

To measure vitalism, we asked children to explain the 
functions of vital organs (the body parts task) and clas-
sify various entities as alive or not alive (the living things 
task; Bascandziev et al., 2018). We also administered a 
test of mathematical equivalence to older children (ages 
8 to 12). This test consisted of addition problems with op-
erations on both sides of the equation, like 1 + 5 = __ + 2, 
which assesses whether children understand the equal 
sign as a mathematical relation or as a prompt to “put 
the answer here” (McNeil & Alibali, 2005). Equivalence, 
like vitalism, defies intuition, because it requires chil-
dren to suppress an intuitive conception of arithmetic 
and use a more analytic one.

All three measures of conceptual understanding— the 
body parts task, the living things task, and the mathe-
matical equivalence task— strongly correlated with chil-
dren's cognitive reflection. In fact, children's CRT- D 
scores were generally a stronger predictor of conceptual 
understanding than their age or their performance on 
standard measures of executive function, which we dis-
cuss in the next section. Children's CRT- D scores thus 
predict their understanding of counterintuitive science 
and math concepts, but do they also predict their pro-
pensity to learn such concepts? Might children with 
higher CRT- D scores benefit more from instruction than 
children with lower scores?

We explored this possibility by teaching elementary 
school- aged children about the counterintuitive aspects 
of two domains of science— life and matter— and mea-
suring their learning gains in relation to their cognitive 
reflection (Young & Shtulman, 2020b). The participants 
were again recruited from playgrounds in Pasadena 
(Mage  =  8 years, 5  months; 58% female). In this study, 
we used a pre- post design in which children made true 
or false judgments for scientific statements before and 
after a tutorial on the relevant science. Some statements 
were intuitive and others were counterintuitive. For ex-
ample, the statements “tulips are alive” and “tigers are 
alive” are both scientifically true, but only the second 
statement is intuitively true because only tigers appear to 
move on their own. Likewise, the statements “rivers are 
alive” and “rocks are alive” are both scientifically false, 
but only the second statement is intuitively false because 
only rocks lack motion. This task required children to 
prioritize their scientific understanding of everyday phe-
nomena over their intuitive understanding.

The tutorials were designed to emphasize the scien-
tific properties of life or matter, as well as to refute com-
mon misconceptions. For example, the tutorial about 
life emphasized that all living things need energy and 
nutrients, grow and develop, react to their environment, 
and reproduce. It addressed the misconception that life 
is synonymous with self- directed motion with examples 
of entities that do not move but are alive, like moss, and 
entities that move but are not alive, like comets.

The tutorials were effective at improving children's 
scientific reasoning. While children were consistently 
accurate at verifying intuitive statements, their accuracy 
at verifying counterintuitive statements increased sub-
stantially from pretest to posttest. In addition, children's 
CRT- D scores predicted their accuracy. At pretest, chil-
dren with higher CRT- D scores verified counterintuitive 
statements more accurately than those with lower scores, 
replicating the earlier finding that CRT- D scores predict 
science understanding (independent of age). Extending 
these findings, children with higher CRT- D scores also 
showed greater improvements from pretest to posttest, 
indicating that they profited more from instruction 
(Young & Shtulman, 2020b).

Thus, cognitive reflection may be a prerequisite for 
achieving conceptual change. Cognitively reflective in-
dividuals may have more success at  identifying gaps in 
their understanding or filling those gaps with new in-
formation. They may be more receptive to instruction 
or they may be better at monitoring and resolving con-
flicts in online reasoning. That said, the primary benefit 
of cognitive reflection may be fostering metaconceptual 
awareness. While children routinely reason with their 
concepts, they do not necessarily reason about their con-
cepts, and the latter may be required for changing these 
concepts. Children who are disposed to reason about 
their concepts may have more opportunities to discover 
inconsistencies between their intuitive theories and the 
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expert theories modeled by parents and teachers. They 
may also be better positioned to resolve those incon-
sistencies by actively comparing the two theories and 
weighing their inferential value.

COGN ITIVE REFLECTION A N D 
EXECUTIVE FU NCTION

The finding that cognitive reflection predicts science 
learning parallels findings from studies showing that ex-
ecutive function predicts science learning (Bascandziev 
et al., 2018; Tardiff et al., 2020; Vosniadou et al., 2018). 
How might cognitive reflection and executive function 
be related?

Executive function has three main components: 
working memory, inhibitory control, and set shifting. 
Working memory is the capacity to maintain and ma-
nipulate task- relevant information; a common measure 
is backward digit recall, where children hear multidigit 
numbers of increasing length and repeat them back in 
reverse order (Alloway et al.,  2009). Inhibitory control 
is the ability to suppress an undesired response in favor 
of a desired one; a common measure is the flanker task, 
where children indicate which direction an arrow is 
pointing when arrows on either side are pointing in the 
opposite direction (Rueda et al.,  2004). Set shifting is 
moving adaptively between distinct sets of information; 
a common measure is verbal fluency, where children are 
asked to name as many examples of a category as they 
can. This task requires children to move adaptively be-
tween subcategories, such as “zoo animals” and “farm 
animals” when naming animals (Munakata et al., 2012).

All three executive function skills predict children's 
understanding of counterintuitive concepts, especially 
inhibitory control and set shifting (Tardiff et al., 2020; 
Vosniadou et al., 2018), but cognitive reflection is a stron-
ger predictor. CRT- D scores predicted children's under-
standing of vitalism and mathematical equivalence more 
strongly than— and independently of— their perfor-
mance on the three executive- function tasks noted ear-
lier (Young & Shtulman, 2020a). Similarly, adults' CRT 
scores predicted their performance on heuristics and bi-
ases tasks independent of their executive function skills 
(Toplak et al., 2011).

Still, cognitive reflection and executive function 
are not entirely distinct. CRT- D scores correlate with 
performance on executive function tasks (Young & 
Shtulman,  2020a), possibly because cognitive reflec-
tion draws on executive function skills. To answer a 
brainteaser like “What do cows drink?” children must 
inhibit the gut response “milk.” They must also hold this 
gut response in working memory as they reanalyze the 
question— a process that requires shifting from an intui-
tive approach to an analytic one. Yet cognitive reflection 
is not wholly redundant with executive functions because 
it requires something more: the ability to recruit and 

coordinate those functions. Inhibition alone will not suf-
fice to answer a brainteaser correctly, nor will working 
memory or set shifting. All three skills must be used and 
their implementation must be initiated by the reasoner. 
Metaconceptual awareness may mediate this process; ex-
ecutive function skills likely support and are supported 
by an awareness of one's thinking and decision making.

LOOK ING AH EA D

Researchers need to determine which aspects of cogni-
tive reflection are most critical to facilitating rational 
thought and conceptual understanding, in children 
as well as adults. Increasingly, evidence suggests that 
traditional math- based CRTs largely measure numer-
acy skills and general intelligence rather than reflec-
tion, calling into question the validity of math- based 
CRTs (Erceg et al.,  2020; Otero et al.,  2022). However, 
verbal- based CRTs more clearly tap reflective compo-
nents beyond cognitive ability and numeracy (Sobkow 
et al.,  2022). Cognitive reflection may also tap other 
distinct resources, such as the disposition to stop and 
think before responding (Wilkinson et al.,  2020), iden-
tify alternative responses (Walker & Nyhout,  2020), or 
be vigilant against tricks (Bialek & Pennycook,  2018). 
Psychometrically focused studies might incorporate a 
range of cognitive abilities (e.g., IQ, executive function), 
thinking dispositions, and personality traits to under-
stand more fully how the CRT- D relates to established 
individual differences.

Progress in understanding the development of cogni-
tive reflection and its consequences will also require lon-
gitudinal studies. Only one study has used longitudinal 
data, finding that performance on a traditional math- 
based CRT increased from early to middle adolescence, 
but not from middle adolescence to early adulthood 
(Toplak, 2021). A few cross- sectional studies have found 
similar developmental differences from adolescence to 
adulthood using traditional math- based CRTs (Carriedo 
et al., 2020; Primi et al., 2016; Suzuki et al., 2021). While 
current research using the verbal- based CRT- D clearly 
suggests an overall improvement in cognitive reflection 
during the elementary school years, we know little about 
developmental trajectories beginning in early childhood.

More broadly, we suggest three directions for future 
research on children's cognitive reflection. First, a con-
siderable portion of research on adult cognitive reflec-
tion is focused on outcomes of societal importance, such 
as rejecting stereotypes (Blanchar & Sparkman,  2020), 
rejecting conspiratorial beliefs (Stanley et al.,  2021), 
and improving information literacy (Pennycook & 
Rand, 2019). Researchers might use the CRT- D to gain 
a deeper understanding of these critical behaviors across 
development.

Second, training studies could help establish the 
malleability of cognitive reflection and further reveal 
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which aspects of cognitive reflection are most criti-
cal. Training domain- general capacities are admit-
tedly difficult, but researchers have had success with 
executive function (Diamond & Lee, 2011). Moreover, 
interventions with adults, such as debiasing training 
and decision justification, have improved CRT per-
formance for up to 2 months (Boissin et al., 2021; Isler 
& Yilmaz, 2022). If children's cognitive reflection im-
proves with age, it might also improve with targeted 
instruction.

Finally, research on children's cognitive reflection 
should interface with recent results and proposals re-
garding dual process theory (De Neys,  2022). In par-
ticular, recent evidence suggests that many individuals 
who provide correct answers on CRT problems do so 
without need for reflection; their intuitive response is 
the correct response (Bago & De Neys, 2019; Raoelison 
et al.,  2020). Accurate performance on the CRT may 
arise from a history of reflective thinking, during 
which certain counterintuitive responses are increas-
ingly activated and automatized. Researchers might 
examine whether developmental differences on the 
CRT- D correspond to individual differences in ma-
ture dual- process reasoning. They should also examine 
whether the developmental correspondences between 
cognitive reflection and rational thought documented 
thus far hold in a broader range of populations, includ-
ing countries beyond the United States and China, par-
ticularly non- Western ones, and in communities with 
different racial, ethnic, and socioeconomic character-
istics. Cognitive reflection could develop at different 
rates in different populations or predict different fac-
ets of higher- order cognition.

CONCLUSIONS

The studies we have reviewed demonstrate that elemen-
tary school- aged children vary in their propensity to 
reflect on their cognition and that this variation, as meas-
ured by the CRT- D, predicts rational judgment, norma-
tive thinking dispositions, conceptual understanding of 
math and science, and the ability to learn counterintuitive 
concepts. The relation between cognitive reflection and 
these facets of higher- order cognition emerges early in 
development and remains consistent across the lifespan. 
Cognitive reflection tests, like the CRT- D, provide an 
efficient way to assess the domain- general prerequisites 
for many aspects of domain- specific cognition. Studies 
of this nature promise to improve our understanding of 
how we achieve rational thought and conceptual change, 
as well as our ability to facilitate those achievements.
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