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Abstract

Cognitive reflection is the tendency to override an intuitive response so as to engage in the reflection
necessary to derive a correct response. Here, we examine the emergence of cognitive reflection in a
culture that values nonanalytic thinking styles, Chinese culture. We administered a child-friendly ver-
sion of the cognitive reflection test, the CRT-D, to 130 adults and 111 school-age children in China and
compared performance on the CRT-D to several measures of rational thinking (belief bias syllogisms,
base rate sensitivity, denominator neglect, and other-side thinking) and normative thinking disposi-
tions (actively open-minded thinking and need for cognition). The CRT-D was a significant predictor
of rational thinking and normative thinking dispositions in both children and adults, as previously
found in American samples. Adults’ performance on the CRT-D correlated with their performance on
the original CRT, and children’s performance on the CRT-D predicted rational thinking and normative
thinking dispositions even after adjusting for age. These results demonstrate that cognitive reflection,
rational thinking, and normative thinking dispositions converge even in a culture that emphasizes holis-
tic, nonanalytic reasoning.

Keywords: Cognitive development; Cognitive reflection; Cross-cultural cognition; Rational thought;
Thinking dispositions

Individual differences in rationality are pervasive and robust (Kahneman, 2011; Sloman,
1996; Stanovich & West, 2000). While some people routinely engage in reflective, analytic
thought, others are more likely to rely on immediate intuition. The most widely used measure
of adults’ reliance on analytic versus intuitive thought is the cognitive reflection test (CRT;
Frederick, 2005). This three-item measure probes adults’ tendency to reflect on, and override,
an inaccurate gut response. Consider the well-known bat-and-ball problem: “A bat and a ball
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Highlights

• How does cognitive reflection, or the tendency to privilege analytic responses over
intuitive ones, develop in a culture that values nonanalytic thinking styles?

• A child-friendly version of the cognitive reflection test (the CRT-D) was administered
to Chinese children and adults, along with several heuristics-and-biases tasks.

• The CRT-D was a significant predictor of rational thinking and normative thinking
dispositions in both children and adults, as previously found in American samples.

• Cognitive reflection, rational thinking, and normative thinking dispositions converge
even in a culture that emphasizes holistic reasoning.

cost $1.10 in total. The bat costs $1 more than ball. How much does the ball cost?” If we
subtract the two numbers given, we arrive at an answer of 10 cents, but the correct answer is 5
cents (because a 5-cent ball costs a dollar less than a $1.05 bat, and together they cost $1.10,
as stipulated). Adults who provide the correct answer avoid the error of simple subtraction
and generate a correct response through reflection.

Adults who perform well on the CRT demonstrate superior performance on many other
tasks as well, including logical reasoning, probabilistic reasoning, argumentation, and tem-
poral discounting (Frederick, 2005; Toplak, West, & Stanovich, 2011). Toplak et al. (2011)
administered 15 different heuristics-and-biases tasks to college-educated adults and found that
the CRT was a stronger predictor of performance than either general intelligence or execu-
tive functioning. The CRT also correlates with normative thinking dispositions, including the
need for cognition, open-minded thinking, and lack of superstitious thinking (Toplak, West,
& Stanovich, 2014a), as well as conceptual reasoning (Pennycook, Fugelsang, & Koehler,
2015a), including causal reasoning (Don, Goldwater, Otto, & Livesey, 2016), moral reasoning
(Royzman, Landy, & Leeman, 2015), and science understanding (Gervais, 2015; Shtulman &
McCallum, 2014).

Despite its centrality to rational thought, cognitive reflection has been studied mainly as an
individual difference variable among Western adults. No research has explored its develop-
mental origins or its stability across cultures. Here, we seek to address these gaps by studying
cognitive reflection (a) in children and (b) in a culture that often emphasizes holistic reasoning
over analytic reasoning, Chinese culture (Nisbett, Peng, Choi, & Norenzayan, 2001; Noren-
zayan, Smith, Kim, & Nisbett, 2002). Our approach was to assess whether cognitive reflec-
tion predicts two forms of higher-order cognition: rational thinking and normative thinking
dispositions.

Rational thinking is conforming to normative models of decision making or problem solv-
ing, yielding outcomes that maximize accuracy or utility (Stanovich & West, 2000). Rational
thinking is often identified with “Type 2” or “System 2” reasoning, characterized by slow and
effortful processes (Evans, 2008), and it is traditionally measured with tasks that pit norma-
tively valid solution strategies against information-processing shortcuts, that is, heuristics and
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biases. Consider the task of deciding whether the conclusion of a syllogism follows from its
premises. The normative approach is to focus on the syllogism’s structure independent of its
content, but the heuristic approach is to focus on content, namely, whether the conclusion is
empirically true. Given the premises (a) all birds can fly and (b) penguins are birds, it logi-
cally follows that penguins can fly, but many people maintain that this conclusion does not
follow, privileging content over logic (Ball & Thompson, 2018; Evans, Barston, & Pollard,
1983).

Normative thinking dispositions are cognitive strategies or styles associated with accurate
or well-justified outcomes. They include actively open-minded thinking, or the willingness
to engage with new evidence and alternative viewpoints (Stanovich & West, 1997) and need
for cognition, or the tendency to engage in and enjoy cognitive activities (Cacioppo & Petty,
1982). These dispositions are assessed with self-report scales, in which participants rate their
agreement with statements, such as “People should take into consideration evidence that goes
against their beliefs” (characteristic of actively open-minded thinking) or “I prefer complex
to simple problems” (characteristic of need for cognition).

Cognitive reflection is a distinct yet related disposition. It is the tendency to privilege delib-
eration over intuition, and it is measured with brainteasers that elicit an erroneous “gut”
response that can be corrected upon further reflection. To succeed on these brainteasers, a
person must (a) detect the conflict between their intuitive response and the question it is
meant to answer, (b) inhibit the intuitive response, (c) reanalyze the question, and (d) derive
a more accurate response (Pennycook, Fugelsang, & Koehler, 2015b; Travers, Rolison, &
Feeney, 2016). While it is possible to provide a correct response without first considering and
rejecting an intuitive response (Bago & De Neys, 2019), intuitive responses are the default
response in most populations (Frederick, 2005), rendering the cognitive reflection task a bet-
ter measure of reflective thinking than intuitive thinking (Pennycook, Cheyne, Koehler, &
Fugelsang, 2016).

In short, cognitive reflection is the disposition to suppress intuitive reasoning in favor of
analytic reasoning, and it predicts performance on a wide range of tasks that diagnose ratio-
nal thinking (Frederick, 2005; Pennycook et al., 2015a; Toplak et al., 2011) and reliance on
normative thinking dispositions (Pennycook et al., 2015a; Toplak et al., 2014a, 2014b). Cog-
nitive reflection also actively promotes rational thought; individuals who are primed to think
reflectively, by taking the CRT, provide more analytic responses on subsequent reasoning
tasks (Paxton, Unger, & Greene, 2012; Pinillos, Smith, Nair, Marchetto, & Mun, 2011).

Our motivation for investigating the development of cognitive reflection in China are both
methodological and theoretical. Methodologically, we seek to validate the use of a child-
friendly version of the cognitive reflection test—the CRT-D—beyond Western culture. This
test, developed by Young and colleagues (Young, Powers, Pilgrim, & Shtulman, 2018; Young
& Shtulman, 2020a), consists of brain teasers designed to elicit wrong answers that even
children are able to correct upon further reflection. A sample item is “What do cows drink?”
The intuitive response is milk, but the correct response is water. While several measures of
rational thinking have been shown to operate similarly across cultures, including the orig-
inal CRT (Gervais et al., 2018; Peng et al., 2019), these measures rely heavily on mathe-
matics (Byrd & Conway, 2019; Cokely & Kelley, 2009). The CRT-D draws more on verbal
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knowledge than mathematical knowledge, so cross-cultural samples are required to examine
its validity as a general test of analytic reasoning, preferably samples that vary in age and thus
exposure to non-Western thinking styles.

Theoretically, we seek to determine whether cognitive reflection emerges in tandem with
the capacities and dispositions it predicts in adulthood. Cognitively reflective adults are less
likely to rely on heuristics and biases and more likely to endorse normative thinking disposi-
tions, as noted above (Stanovich, West, & Toplak, 2016; Toplak et al., 2014b). These relations
have not been studied in non-Western samples, let alone from a developmental perspective.
China, as an Eastern culture, embraces a holistic style of thinking and knowing. While West-
erners tend to decompose objects and events into discrete attributes, organizing the world by
categories and rules, Easterners pay more attention to the surrounding context, organizing the
world by relationships and similarities (Nisbett et al., 2001). The apparent conflict between
holistic and analytic reasoning implies that individuals who value holistic reasoning may not
perform as well, or as consistently, on the kinds of analytic tasks traditionally associated
with rational thought. Likewise, individuals who excel at holistic reasoning may draw upon
different competencies than those that tapped by the CRT—competencies like conflict detec-
tion, response inhibition, and systematic deliberation. On the other hand, holistic reasoning
may require as much cognitive reflection as analytic reasoning. Tracking relationships, com-
paring and contrasting objects, and attending to the global context are resource-demanding
tasks (Gentner, 2010; Richland & Simms, 2015), which may require the same reflective
capacities as required by heuristics-and-biases tasks and measured by thinking disposition
scales.

Consistent with the idea that Chinese culture emphasizes holistic reasoning over analytic
reasoning, Chinese teachers have been observed to emphasize concrete, knowledge-based
forms of reasoning over abstract, logical reasoning (Tweed & Lehman, 2002), and Chinese
students report an inclination toward intuition rather than analysis (Buchtel & Norenzayan,
2008). Chinese adults are also particularly susceptible to several cognitive biases, including
belief bias (Norenzayan et al., 2002), my-side thinking (Choi, Choi, & Norenzayan, 2004),
hindsight (Pohl, Bender, & Lachmann, 2002), and overconfidence (Yates, Lee, Sieck, Choi, &
Price, 2002). On the other hand, Chinese children outperform American children on tests of
mathematical reasoning (Siegler & Mu, 2008; Wang & Lin, 2009), scientific reasoning (Bao
et al., 2009), and analogical reasoning (Carstensen et al., 2019), which implies that their early
analytic abilities are comparable to those of American children, if not superior. This mixed set
of results leaves open the possibility that cognitive reflection develops similarly in Chinese
and American cultures and exerts the same predictive power, even if cultural norms support
some forms of reasoning more than others.

In the present study, we assessed the coherence of cognitive reflection, rational think-
ing, and normative thinking dispositions across cultures. We modeled our study on previ-
ous research by Kokis, Macpherson, Toplak, West, and Stanovich (2002) and Toplak et al.
(2014b), who took tasks and scales from the adult literature on rational thought and adapted
them for use with children. The rational thinking tasks include denominator neglect, which
measures the ability to compare desired outcomes to total possible outcomes; belief bias syl-
logisms, which measures the prioritization of logic over prior beliefs; base rate sensitivity,
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which measures a preference for statistical trends over anecdotes; and other-side thinking,
which measures the ability to reason from another person’s perspective. The normative think-
ing dispositions included child-friendly versions of the two scales mentioned previously, Need
for Cognition and Actively Open-minded Thinking. Details on all tasks and scales are pro-
vided below.

These measures span a variety of reasoning contexts, from logical reasoning to probabilis-
tic reasoning to argumentation, and cognitive reflection has been shown to predict success
on all such measures in U.S. adults (Pennycook et al., 2016; Toplak et al., 2011). Here, we
test whether the predictive power of cognitive reflection extends beyond the cultural context
in which these measure were originally developed. Precedent for this approach comes from
the cross-cultural study of executive function. Researchers have found that Chinese children
surpass American children on tests of inhibition, working memory, and attentional control,
but these skills predict social reasoning (Sabbagh, Xu, Carlson, Moses, & Lee, 2006) and
academic achievement (Lan, Legare, Ponitz, Li, & Morrison, 2011) to similar extents in both
cultures, suggesting that executive function skills facilitate conceptual development regard-
less of overall levels of executive functioning.

In sum, we investigated the development of cognitive reflection in China, from children to
adults, by assessing whether a child-friendly test of cognitive reflection (the CRT-D) predicts
rational thinking and normative thinking dispositions as it does in U.S. samples. Our cross-
sectional design provides a particularly strong test of the relation between cognitive reflection
and rational thought because it allows us to determine whether this relation emerges early in
development or is forged later, through culturally prescribed habits of mind.

1. Method

1.1. Participants

One-hundred and thirty adults were recruited from an open online participant pool estab-
lished by researchers from the Chinese Academy of Sciences (M age = 20.78 years, SD =
3.49 years, 89 females). Nineteen additional adults were excluded because they responded
incorrectly to at least one of two attention checks.

One-hundred and eleven 5- to 12-year-old children were recruited from public playgrounds
and completed the study onsite (M age = 9 years, 5 months, SD = 1 year, 11 months, 57
females). The playgrounds were located in several regions across China: North (Hebei, Bei-
jing, and Jilin, n = 35), North Central (Shanxi, n = 29), Southeastern (Fujian, n = 26), and
West Central (Sichuan, n = 21). Nine additional children were tested but removed from the
dataset due to inattention (four), experimenter error (one), or parent coaching (four). The
age distribution for the final sample of children is shown in Fig. 1. Regional differences in
task performance are presented in the Supplementary Materials. While overall performance
did vary, there were no interactions between region and age for any task (all F < 2.45, p >

.05), indicating that the developmental patterns observed for the sample as a whole were also
observed in each region.
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Fig. 1. Distribution of CRT-D scores by age (in years). Bubble size is proportional to the number of participants.
Red dots represent means. Error bars indicate standard deviations.

The focus of the current paper is on the developmental relations between cognitive reflec-
tion, rational thinking, and normative thinking dispositions in a Chinese sample. These rela-
tions have been observed in a U.S. sample (Young et al., 2018), and we use the data from
that study to determine whether the findings from the present study are comparable. The U.S.
sample (n = 96) was recruited from public parks, similar to the Chinese sample, and was
administered the same tasks using the same protocol. They ranged in age from 5 to 12, with a
mean age of 8 years, 1 month (SD = 2 years, 2 months; 49% female). Task performance for
the U.S. sample is summarized in the Supplementary Materials.

1.2. Materials

The original CRT (Frederick, 2005) has been translated into Chinese by Gervais et al.
(2018), and we borrowed their translation. All other materials were translated into Chinese
and then back-translated into English by two Chinese natives proficient in both Chinese and
English. To ensure translation accuracy, the final Chinese version was improved by comparing
the original materials to the back-translated materials.

Children and adults completed the same measures of rational thinking but slightly different
measures of cognitive reflection and normative thinking dispositions. Adults completed three
measures of cognitive reflection (CRT, CRT-ALT, and CRT-D), whereas children completed
only the CRT-D, and adults completed the original versions of the Need for Cognition Scale
and the Actively Open-Minded Thinking Scale, whereas children completed child-friendly
versions. The exact tasks are described below.

For our scales, we report Cronbach’s alpha and McDonald’s ωTotal separately for each age
group. McDonald’s ωTotal is a less biased estimate of reliability than Cronbach’s alpha in most
circumstances, and equivalent to Cronbach’s alpha when the latter’s often unrealistic assump-
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tions about unidimensionality are met (Zinbarg, Revelle, Yovel, & Li, 2005). Some scales
exhibited a low Cronbach’s alpha but a satisfactory McDonald’s ωTotal. We retained these
scales in their original form, without dropping items, to facilitate comparison with Western
samples, though the lower-than-ideal reliabilities suggest that these scales may need adjust-
ment in future research with Chinese samples.

1.3. Cognitive reflection measures

1.3.1. Cognitive reflection test
The original CRT consists of three questions: the bat-and-ball question mentioned above,

the lily pad question (“In a lake, there is a patch of lily pads. Every day, the patch doubles
in size. If it takes 48 days for the patch to cover the entire lake, how long would it take
for the patch to cover half of the lake?,” intuitive answer: 24, correct answer: 47), and the
widget question (“If it takes 5 machines 5 minutes to make 5 widgets, how long would it take
100 machines to make 100 widgets?,” intuitive answer: 100, correct answer: 5). For all three
items, we used the number of correct responses as the final score, with higher scores indicating
greater cognitive reflection. This measure was administered only to adults. McDonald’s ωTotal

for the measure was .58 and Cronbach’s alpha was .57.

1.3.2. Cognitive reflection test––alternative version (CRT-ALT)
Another six items were taken from extended versions of the CRT developed by Primi,

Morsanyi, Chiesi, Donati, and Hamilton (2015) and Stanovich et al. (2016). A sample item
is “Jerry received both the 15th highest and the 15th lowest mark in the class. How many
students are in the class?” (the intuitive answer is 30 but the correct answer is 29). This
measure was administered only to adults. McDonald’s ωTotal for the measure was .55 and
Cronbach’s alpha was .36.

1.3.3. Cognitive reflection test––developmental version (CRT-D)
Children’s cognitive reflection was measured using the items developed by Young et al.

(2018). The original, English-language test contained eight items, which can be found in
Table 1, along with their Chinese translations. These items are brain teasers, taken from alter-
native versions of the CRT (Thomson & Oppenheimer, 2016) or found on the Internet. One
item was removed in the present study because it related to Christmas, and Chinese children
are not familiar with that holiday. McDonald’s ωTotal for the measure was .48 in adults and
.68 in children. Cronbach’s alpha was .31 in adults and .56 in children.

1.4. Rational thinking measures

1.4.1. Denominator neglect
This bias entails focusing on favored outcomes (the numerator in a probability estimate)

and neglecting all possible outcomes (the denominator). A child-friendly version was adopted
from Kokis et al. (2002). Participants were shown trays of black and white marbles and told
that the goal was to blindly pick a black marble after the marbles were scrambled. They
were then asked to choose between a smaller tray with fewer black marbles but a higher
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Table 1
CRT-D questions and the percentage of Chinese adults and Chinese children who selected each type of response
(C: correct, I: intuitive, O: other)

Adults Children

Question Correct answer Intuitive answer C I O C I O

1. If you’re running a race
and you pass the person
in second place, what
place are you in? (��
������,���
����,�����
����?)

Second
(���)

First
(���)

62.3 36.2 1.5 17.1 77.5 5.4

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

����������
��
�?)

Emily
(��)

Wednesday
(���)

75.4 22.3 2.3 19.8 75.7 4.5

3. A farmer has 5 sheep, all
but 3 run away. How
many are left? (���
�� 5��,�� 3�
���������
�?)

Three
(��)

Two
(	�)

92.3 6.2 1.5 42.3 45.0 12.6

4. If there are 3 apples and
you take away 2, how
many do you have? (�
� 3���,����
����	�,���
�?)

Two
(	�)

One
(��)

89.2 3.8 6.9 61.3 30.6 8.1

5. What do cows drink? (�
��
�?)

Water
(�)

Milk
(�)

88.5 9.2 2.3 73.9 22.5 3.6

6. What weighs more, a
pound of rocks or a
pound of feathers? (��
���������,
����?)

Same Weight
(���)

Rocks
(��)

97.7 1.5 0.8 52.3 43.3 4.5

7. What hatches from a
butterfly egg? (����
�������
�?)

Caterpillar
(���)

Baby Butterfly
(���)

67.7 29.2 3.1 67.6 28.8 3.6

[Not Included] Who makes
Christmas presents at the
North Pole? (����
�������?)

Elves
(��)

Santa
(���
)

— — — — — —
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probability of winning, or a larger tray with more black marbles but a lower probability of
winning (e.g., 1:10 vs. 9:100). Participants responded to nine items of varying ratios. For
three items, the larger tray also had a higher probability of winning. We used the number of
highest probability selections as the final score, with higher scores indicating more resistance
to denominator neglect.

1.4.2. Belief bias syllogisms
A child-friendly assessment of belief bias was adopted from Toplak et al. (2014b). Belief

bias is endorsing arguments with true conclusions or rejecting arguments with false conclu-
sions regardless of whether those conclusions follow from the arguments’ premises. Partic-
ipants evaluated the logical validity of eight syllogisms consisting of either an invalid argu-
ment paired with a believable conclusion (e.g., “All vegetables have vitamins; Carrots have
vitamins; If we pretend the sentences are true, is it certain that carrots are vegetables?”) or a
valid argument paired with an unbelievable conclusion (e.g., “All birds can fly; Penguins are
birds; If we pretend the sentences are true, is it certain that penguins can fly?”). We used the
total number of correct responses as the final score.

1.4.3. Base rate sensitivity
A child-friendly version of base rate sensitivity was adopted from Kokis et al. (2002) and

Toplak et al. (2014b). Participants evaluated five scenarios in which probabilistic base rate
information conflicted with concrete, personal information. For example, “Anna wants to ride
the scariest roller coaster at the amusement park. A survey of hundreds of kids in magazines
said that the LizardLoop is scarier than the TurboFlip. While Anna is having lunch, she heard
someone say that the TurboFlip is much scarier than the LizardLoop. Which roller coaster is
most likely the scariest ride?” The names of the people and places were adapted to match Chi-
nese customs. We used the total number of correct responses (probabilistic base rate choices)
as the final score, following Toplak et al. (2014b).

1.4.4. Other-side thinking
Participants completed a standard other-side thinking task with a child-appropriate topic

(Toplak et al., 2014b). Participants were asked to state their position on the issue of whether
kids should have cell phones. Participants were then asked to give reasons for and against
their position. Participants were encouraged to give as many reasons as possible. The key
measure was the number of conceptually unique reasons a participant provided against their
endorsed position.

1.4.5. Composite score
A rational thinking composite was created by averaging z scores from the four tasks

above: denominator neglect, belief bias syllogism, base rate sensitivity, and other-side think-
ing (Toplak et al., 2014b; Young et al., 2018). Correlations among our measures of ratio-
nal thinking were lower than expected (Tables 2 and 3). The low correlations among adults
reflect the fact that most adults performed near ceiling. The low correlations among chil-
dren, on the other hand, may be due to complications in adapting tasks designed for
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English-speaking adults for use with Chinese-speaking children. Still, correlations among
the four tasks were in the predicted direction, as were correlations between each task and
the CRT-D. Because no task was an outlier, we followed the conventions of prior research
and pooled their variance, allowing us to capture general trends in rational thinking not well
captured by a single task.

1.5. Normative thinking disposition measures

1.5.1. Need for cognition
Adults completed a nine-item need for cognition scale (NFC) of Kokis et al. (2002). They

rated their agreement with statements like “I like hard problems instead of easy ones” and “It’s
really cool to figure out a new way to do something.” Children completed a 14-item child-
friendly version of NFC developed by Keller et al. (2016). They rated their agreement with
statements like “Thinking is fun for me” and “I like learning new things.” Children and adults
responded on a four-point agreement scale, with higher scores indicating greater motivation
to engage in effortful cognitive activities. McDonald’s ωTotal for the measure was .85 in adults
and .80 in children. Cronbach’s alpha was .81 in adults and .73 in children.

1.5.2. Actively open-minded thinking
Adults completed an eight-item actively open-minded thinking scale (AOT), adapted from

Haran, Ritov, and Mellers (2013). They rated their agreement with statements like “Allowing
oneself to be convinced by an opposing argument is a sign of good character” and “People
should take into consideration evidence that goes against their beliefs.” Children completed
a seven-item version, with several items modified to be more child-friendly (Young et al.,
2018), such as “It is good to listen to the other side of an argument” and “Changing your
mind is a bad thing.” Participants responded on a four-point agreement scale, with higher
scores indicating a greater tendency toward open-minded thinking. McDonald’s ωTotal for the
measure was .76 in adults and .41 in children. Cronbach’s alpha was .66 in adults and .19 in
children.

1.5.3. Composite score
A normative thinking disposition composite was created by averaging z scores from the

NFC and AOT scales. Correlations among these measures can be seen in Tables 2 and 3.

1.6. Procedure

Participants completed the battery of tasks in the following order: CRT-D, denominator
neglect, belief bias syllogisms, base rate sensitivity, other-side thinking, need for cognition,
and actively open-minded thinking (as done by Young et al., 2018). Adults answered the
CRT-D questions intermixed with questions from the CRT-ALT and the original CRT fol-
lowing the other-side thinking task. Adults completed the study online via Qualtrics. Chil-
dren completed the study one-on-one with trained research assistants using paper-and-pencil
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tests. Research assistants read the assessment items aloud and then recorded children’s verbal
answers on answer sheets.

2. Results

We first investigate whether the CRT-D, when given to Chinese adults, corresponds to mea-
sures of rational thinking and normative thinking dispositions, as the original CRT does. We
then examine whether the same relations hold for Chinese children. Finally, we examined the
CRT-D’s unique contribution to children’s rational thinking and normative thinking dispo-
sitions after adjusting for age, and we compared our results to those from the U.S. sample
(Young et al., 2018). We focus on higher-order relations between cognitive reflection, ratio-
nal thinking, and normative thinking dispositions rather than task-by-task comparisons of
Chinese and U.S. samples because such comparisons are potentially confounded by socioe-
conomic status, educational background, and other such variables. We include a preliminary
exploration of China–U.S. comparisons in the Supplementary Materials. Chinese children
outperformed U.S. children on three of our nine tasks (CRT-D, belief bias syllogism, and
actively open-minded thinking), but changes in performance with age were largely the same
across countries. Only one task revealed an age-by-country interaction (actively open-minded
thinking), and the effect was small. Data and R scripts to reproduce all analyses are available
at https://osf.io/yhn7b/.

2.1. Adults’ cognitive reflection

Table 2 presents descriptive statistics and bivariate correlations among the adult measures.
For rational thinking, all three measures of cognitive reflection were positively correlated
with evaluation of belief bias syllogisms and the overall rational thinking composite. Only
the CRT-D yielded a significant correlation with base rate sensitivity. For normative thinking
dispositions, only the CRT-D and CRT yielded significant correlations with actively open-
minded thinking. And only the CRT-D yielded a significant correlation with the normative
thinking composite as a whole.

Hoerger’s (2013) corrected version of Stieger’s z-test revealed that the correlation between
the CRT-D and belief bias was not as strong as the correlation between the original CRT
and belief bias (r = .32 vs. r = .53, ZH = –2.40, p = .016). Apart from that, there were no
differences between the CRT-D and original CRT in the strength of their correlations with the
other variables, and no differences between the CRT-D and CRT-ALT in the strength of their
correlations with the other variables. Finally, the correlation between the CRT-D and original
CRT was about as strong as the correlation between the CRT-ALT and original CRT (r = .35
vs. r = .51, ZH = –1.81, p = .069).

These results suggest the CRT-D functioned similarly to established measures of cognitive
reflection (the CRT and CRT-ALT) for Chinese adults, with the exception of predicting belief
bias, which the original CRT predicts better. Moreover, the CRT-D predicted both rational
thinking and normative thinking dispositions, while the original CRT and CRT-ALT predicted
only rational thinking.

https://osf.io/yhn7b/
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Table 4
Regression analyses using age and CRT-D to predict rational thinking and normative disposition composites in
Chinese children and U.S. children (from Young et al., 2018)

China United States

R2 Standardized β 95% CI R2 Standardized β 95% CI

Rational thinking composite
1. Age (months) .157 .396** [.222, .570] .274 .301** [.199, .404]
2. Age (months) .203 .289** [.099, .479] .311 .225** [.132, .357]

CRT-D .241* [.051, .431] .123* [.012, .235]
Normative disposition composite
1. Age (months) .002 .047 [–.143, .237] .073 .203* [.047, .359]
2. Age (months) .056 -.068 [–.275, .140] .125 .110 [–.064, .283]

CRT-D .259* [.051, .467] .188* [.021, .355]

*p < .05.
**p < .001.

2.2. Children’s cognitive reflection

Table 3 presents descriptive statistics and bivariate correlations among the measures admin-
istered to children. The sample size for two measures (NFC and AOT) was 110, rather than
111, due to missing data. For rational thinking, the CRT-D was significantly correlated with
children’s denominator neglect, base rate sensitivity, and evaluation of belief bias syllogisms,
as well as the overall composite. For normative thinking dispositions, the CRT-D yielded sig-
nificant correlations with actively open-mind thinking and the overall composite. The CRT-D
thus predicted several distinct measures of rationality associated with cognitive reflection in
U.S. adults (Thomson & Oppenheimer, 2016; Toplak et al., 2014a) and U.S. children (Young
et al., 2018), suggesting that it is a valid tool for measuring children’s cognitive reflection in
China.

Children’s age was also correlated with the CRT-D, denominator neglect, belief bias, other-
side thinking, the rational thinking composite, and need for cognition. To assess whether
the CRT-D remained a significant predictor independent of age, we performed hierarchical
regressions for both composite scores (Table 4). After adjusting for age, the CRT-D explained
an additional 4.6% of the variance in the rational thinking composite, F(1,108) = 6.30, p
= .014, and explained an additional 5.4% of the variance in the normative thinking com-
posite, F(1,106) = 6.08, p = .015. Thus, the CRT-D’s contribution to predicting rational
thinking and normative thinking dispositions is not fully explained by the variance shared
with age.

The CRT-D’s predictive power, adjusting for age, appeared highly consistent across Chi-
nese and U.S. samples (4.6% vs. 3.7% for rational thinking and 5.4% vs. 5.2% for normative
thinking dispositions). We tested this consistency by regressing children’s rational thinking
and normative thinking dispositions against their age, CRT-D score, and country (China vs.
United States; see Table 5). Country did not predict additional variance in rational thinking,
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Table 5
Regression analyses using age, CRT-D, and country to predict rational thinking and normative disposition com-
posites in a combined sample of Chinese and U.S. children

Rational Thinking Composite Normative Disposition Composite

Standardized β 95% CI Standardized β 95% CI

Age (months) .311** [.123, .498] –.070 [–.282, .142]
CRT-D .236** [.059, .412] .226** [.026, .427]
Country –.139 [–.395, .117] –.152 [–.442, .139]
Age * Country .129 [–.157, .415] .251 [–.074, .576]
CRT-D * Country –.018 [–.311, .275] .047 [–.283, .378]

*p < .05.
**p < .01.

Fig. 2. Predicted CRT-D scores by age and culture (including their interaction). Dots represent individual children
and ribbons indicate 95% CIs.

F(2,197) = 0.73, p = .538, or normative thinking dispositions, F(2,193) = 1.61, p = .188,
nor did it interact with age or CRT-D scores. CRT-D scores were thus similarly predictive of
the target measures in both countries.

Finally, we examined whether the developmental trajectories of cognitive reflection were
similar across Chinese and U.S. samples. To do so, we fit a linear regression model on chil-
dren’s CRT-D scores with age, country, and their interaction as predictors. Note that we only
considered the seven CRT-D items administered to both samples. As can be seen in Fig. 2,
there was no age-by-country interaction, F(1,203) = 0.07, p = .792, indicating that Chinese
and U.S. children demonstrate similar increases in CRT-D scores with age.
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3. Discussion

This study validated a child-friendly measure of cognitive reflection, the CRT-D, in a non-
Western culture. Consistent with findings from Western adults (Thomson & Oppenheimer,
2016; Toplak et al., 2014a), Chinese adults’ cognitive reflection, as measured by the original
CRT, was related to rational thinking and certain thinking dispositions (actively open-minded
thinking). The CRT-D resembled the original CRT in these relations, correlating with most
measures of rationality to a similar degree (i.e., denominator neglect, base rate sensitivity,
otherside thinking, need for cognition, actively open-minded thinking, and alternative CRT
items). Correspondences between cognitive reflection and rational thought are robust in West-
ern contexts (Baron, Scott, Fincher, & Metz, 2015; Thomson & Oppenheimer, 2016; Toplak
et al., 2014a; Young et al., 2018), but it was unknown whether such correlations depend on
Western-endorsed thinking styles. Our findings indicate that they hold even in an Eastern
context, where holistic styles of reasoning are endorsed and often preferred.

For Chinese children, the CRT-D correlated with largely the same measures of rationality:
belief bias, denominator neglect, base rate sensitivity, and actively open-minded thinking.
The CRT-D predicted children’s overall rational thinking and normative thinking dispositions
above and beyond children’s age, and the predictive powers were similar to the corresponding
results from U.S. samples (Young et al., 2018). Indeed, age-related increases in cognitive
reflection were largely the same in China and the United States. These results support the
CRT-D as a valid measure of cognitive reflection in Chinese children.

Our results suggest that cognitive reflection tracks rational thinking across the lifespan and
across cultures. The present research provides the first evidence for the coherence of cognitive
reflection, rational thinking, and normative thinking dispositions in China, both in terms of
individual differences among adults and developmental differences among children. Although
Westerners are observed to favor analytic thinking styles more than Easterners (Nisbett et al.,
2001; Norenzayan et al., 2002), the structure of rational thought appears similar in Chinese
and American cultures. While the two cultures value different decision-making strategies on
the whole, individuals within those cultures may adopt stable preferences for one strategy over
another. Some Chinese individuals may adopt a preference for analytic strategies, and some
American individuals may adopt a preference for nonanalytic strategies, and these preferences
are well predicted by cognitive reflection within both cultures. Group-level differences in
thinking dispositions (Buchtel & Norenzayan, 2008; Choi et al., 2004; Tweed & Lehman,
2002) or susceptibility to inductive errors (Norenzayan et al., 2002; Pohl et al., 2002; Yates
et al., 2002) mask individual differences within each group, and these individual differences
appear to track the more general tendency to reflect on one’s cognition in both China and the
United States and among both children and adults.

While we found that cognitive reflection develops similarly across cultures (Fig. 2), our
analyses do not control for related abilities, such as inhibitory control, task shifting, and
working memory. We did not assess these executive function skills because their assessment
is time-consuming and attention-demanding, and we preferred to devote our testing sessions
to surveying rational thinking and normative thinking as broadly as possible. Research with
American children has found that cognitive reflection predicts rational thinking even when
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controlling for executive function (Young & Shtulman, 2020a), indicating that the two com-
petencies are not redundant. Cognitive reflection requires inhibition and working memory—
two facets of executive function—but they must be applied and coordinated in ways that
traditional measures of executive function do not tap. Nevertheless, future research is needed
to assess the cross-cultural relation between cognitive reflection and related competencies,
in light of the possibility that the emergence of cognitive reflection depends on executive
function skills that develop differently in different cultures.

Another limitation is that some of our measurement scales had lower than ideal reliability.
We approached these scales conservatively, retaining their original items to facilitate com-
parison with prior research, but we acknowledge that higher-reliability measures of cognitive
reflection and normative thinking dispositions are needed for future research with Chinese
samples. Scales developed for use with English-speaking adults in Western countries may
not travel well, even if the competencies they are meant to measure remain consistent across
cultures. Our measure of cognitive reflection, the CRT-D, may have addressed developmen-
tal differences in the kinds of brainteasers children could be expected to answer (relative to
adults), but we invite further revision or expansion of this battery, to include items that elicit
an erroneous-but-correctable response in children of all cultures.

Finally, although we were able to demonstrate that Chinese children’s cognitive reflection
tracks their analytic reasoning, we do not know whether it influences their learning. Cogni-
tive reflection has been shown to facilitate science learning in American children (Young &
Shtulman, 2020b) and American adults (Shtulman & McCallum, 2014), but Chinese indi-
viduals may not learn science the same way given different instructional strategies (Tweed
& Lehman, 2002) and learning goals (Cheng & Guan, 2015). In this environment, cognitive
reflection may not facilitate science learning above and beyond general intelligence (Zhang,
Hu, Ren, & Fan, 2017). American and Chinese children also deviate in their moral education,
with regard to what constitutes a social convention and what constitutes a moral prescription
(Zhao & Kushnir, 2019). Future research could investigate whether cognitive reflection pre-
dicts moral judgment in China as it does in the United States (Paxton et al., 2012; Royzman
et al., 2015) and, if so, whether cognitive reflection moderates cultural differences in moral
development.

In conclusion, the present study provides evidence that cognitive reflection develops simi-
larly in China and the United States, despite cultural differences in preferred thinking styles.
It also demonstrates that cognitive reflection, rational thinking, and normative thinking dis-
positions cohere across development. We anticipate the CRT-D will be a valuable tool for
studying the emergence of rational thought across ages and cultures.
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