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The Cognitive Reflection Test (CRT; Frederick, 2005) is a three-item performance-basedmeasure designed to as-
sess one's tendency to over-ride automatic responses in favor of further reflection. Although the test has been
widely cited, and predicts varied outcomes, little is known about the sex differences observed in the initial report.
This study found a 0.37 standard deviation difference between men and women in a large adult sample of re-
spondents. This difference could be explained entirely by differences in quantitative self-efficacy.
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1. Introduction

The Cognitive Reflection Test is a three-item performance-based
measure designed to assess one's tendency to over-ride automatic re-
sponses in favor of further reflection. Themeasure is based on dual-sys-
tem theories of decision making (e.g., Kahneman, 2003; Sloman, 1996).
Generally, these approaches suggest that a heuristic system (System 1)
is automatically engaged and will guide decisions unless it is
interrupted by more reflective thought (System 2). The CRT is based
on the idea that people differ in the ease with which heuristics may be
interrupted by careful reflection. One of the three items is as follows:

A bat and a ball cost $1.10 in total. The bat costs $1 more than the
ball. How much does the ball cost?

People presentedwith this problemoften give thefirst response that
comes tomind (i.e., 10 cents). Further reflection, however reveals that a
10-cent ball would result in a total price of $1.20. The correct answer is 5
cents. Although the CRT is correlated with cognitive ability and numer-
acy, research suggests that it explains incremental variance in out-
comes, including performance on various judgment and decision tasks
(Baron, Scott, Fincher, & Metz, 2015; Liberali, Reyna, Furlan, Stein, &
Pardo, 2011; Toplak, West, & Stanovich, 2011) as well as a (dis)belief
in God (Shenhav, Rand, & Greene, 2011). Toplak et al. (2011) concluded
that the CRT is “a particularly potent measure of the tendency toward
ouisiana State University, Baton
miserly processing because it is a performance measure rather than a
self-report measure” (p. 1275). A recent Google Scholar search shows
that Frederick's (2005) article on the development of the CRT has
been cited over 1500 times.

Frederick's (2005) original report of research on the CRT noted that
men scored significantly higher than women on the test. He observed
that the difference between men and women on the CRT remains
even after controlling for SAT math scores. Frederick concluded that
the sex effect observed on the CRT remains amystery. The gender differ-
ence in CRT performance has since been observed in several indepen-
dent investigations (Campitelli & Gerrans, 2014; Pennycook, Cheyne,
Koehler, & Fugelsang, 2015; Primi, Morsanyi, Chiesi, Donati, &
Hamilton, 2015). The size of the differences in these studies range be-
tween Cohen's d of 0.32 to 0.46. Other studies using the CRT do not pro-
vide data on sex differences (e.g., Liberali et al., 2011) or the data are too
skewed to reliably interpret group differences (e.g., Campitelli &
Labollita, 2010). Even though gender differences in CRT appear to be ro-
bust across multiple studies, little research has examined the source of
the gender gap in performance.

The purpose of the current study was to examine (a) the effect size
of sex differences on the CRT in a representative adult sample, (b) the
relative importance of sex, compared with individual differences in
test self-efficacy, quantitative self-efficacy (a.k.a., subjective numeracy),
and decision style (i.e., rational and intuitive) in explaining responses to
the CRT, and (c) whether these dispositional variables could explain
most or all of the differences betweenmen and women on the CRT. Re-
search has observed reliable sex differences in test self-efficacy
(Everson, Millsap, & Rodriguez, 1991) and quantitative self-efficacy
(Bandalos, Yates, & Thorndike-Christ, 1995) with women scoring
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Table 1
Means, standard deviations, and correlations between study variables.

Scale M SD CRT QSE TSE Rational Intuitive Sex

CRT 4.49 1.24 0.76 0.386⁎⁎ 0.253⁎⁎ 0.014 −0.215⁎⁎ −0.184⁎⁎

QSE 4.51 0.95 0.85 0.517⁎⁎ 0.353⁎⁎ −0.089 −0.231⁎⁎

TSE 3.79 0.91 0.87 0.249⁎⁎ −0.041 −0.150⁎

Rational 4.14 0.53 0.78 −0.114 −0.101

Note: Reliabilities in the main diagonal. CRT = Cognitive Reflection Test; QSE =
quantitative self-efficacy; TSE = test self-efficacy.
⁎ p b 0.05.
⁎⁎ p b 0.01.
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lower than men. Although the research on sex differences in decision
making styles has been scant and inconsistent, some research has sug-
gested that women score higher than men on measures of intuitive
styles, and lower on measures of rational styles (see Allinson & Hayes,
2012). Our study seeks to understand the basis of sex differences on
the CRT, and the contribution of sex to the understanding of perfor-
mance on the CRT.

2. Method

2.1. Sample

The sample consisted of 205 American adults recruited via Amazon's
Mechanical Turk (MTurk, see Buhrmester, Kwang, & Gosling, 2011).
Participants received 50 cents for completing on-line the CRT, along
with other measures. 67% of the participants were between the ages
of 18–34. 77% were white, and 50% were male.

2.2. Measures

2.2.1. Cognitive Reflection Test (CRT)
The CRT measures “the ability or disposition to resist reporting the

response that first comes to mind” (p. 35, Frederick, 2005). It is a
three-item, open-ended performance test, requiring respondents to fill
in the correct numerical response. Responses were coded as either in-
correct = 1 or correct = 2.

2.2.2. Quantitative self-efficacy (QSE)
Respondents' perceived fluency with numerical information was

assessed using the subjective numeracy scale (Fagerlin et al., 2007).
This is an eight-item measure of perceived competence with quantita-
tive information (e.g., How good are you at working with fractions?).
Responses are provided on a 6-point scale, ranging from 1 (not at all
good) to 6 (extremely good). Although the scale was originally devel-
oped as an alternative measure of numeracy, Liberali et al. (2011)
found that subjective and objective numeracy load on separate factors.
We believe it is best to view the subjective numeracymeasure as amea-
sure of self-efficacy (Bandura, 1986) in the quantitative domain.

2.2.3. Test self-efficacy (TSE)
Test self-efficacy was measured with three items adapted from

Arvey, Strickland, Drauden, and Martin (1990). The items were: “I am
confident in my test-taking abilities,” “I know, when it comes to taking
tests, that I do well,” “I am afraid of taking standardized tests.” Re-
sponses were provided on a 5-point scale (1 = strongly disagree;
5 = strongly agree).

2.2.4. Decision making style
The rational and intuitive sub-dimensions of the general decision

making style inventory (Scott & Bruce, 1995) were administered. Each
scale contains five items. A higher score on any of the five scales indi-
cates a higher presence of that particular decision-making style. Some-
one high on the rational scale uses a logical process of considering
alternatives to arrive at the best possible decision (e.g., “My decision
making requires careful thought.”). Someone high on the intuitive
scale relies on feelings or hunches to make decisions (“When making
a decision, I rely upon my instincts.”). Responses were provided on a
5-point scale (1 = strongly disagree; 5 = strongly agree).

2.3. Analytic procedures

Cohen's d was calculated to examine the difference between males
and females on the CRT in standard deviation units. Relative weight
analysis (Tonidandel & LeBreton, 2011) was used to examine the extent
to which sex drives the prediction of CRT responses, relative to the dis-
positional variables. This analysis solves the problem of predictor
intercorrelation by using a variable transformation approach to create
a new set of orthogonal predictors. The resulting metrics sum to the
model R2 allowing for the interpretation as measures of relative effect
size. Regression analyses were used to examine whether sex accounts
for incremental variance in the CRT, after controlling for the other pre-
dictors. Finally, a mediation analysis was conducted to examine if indi-
vidual differences in quantitative self-efficacy mediated the gender
difference in CRT performance.

3. Results and discussion

The intercorrelations of the study variables are presented in Table 1.
Inspection of the table reveals that sexwas correlatedwith performance
on the CRT. Specifically, men (M= 1.57; SD = 0.39) score higher than
women (M = 1.42; SD = 0.42) to a significant degree, t(203) = 2.67;
p = 0.008; Cohen's d = 0.37. Inspection of Table 1 also reveals that
therewere significant sex differences onQSE, TSE, and intuitive decision
style. Men and women did not differ on the rational decision style.
Moreover, as reviewer one pointed out, the high correlation between
QSE and TSE suggests an overlap between the two constructs. Given
both measures are indicators of one's self-efficacy in two domains:
quantitative ability, and testing ability, we expect that they are do-
main-specific facets of one's core self-evaluation (Judge & Bono, 2001).

Table 2 presents the results of the relativeweight analysis. This table
shows that sex is a relatively minor player in the prediction of CRT per-
formance. Of the variance explained by all of the variables in our study,
sex accounts for 8% of that explained variance. This can be compared
with QSE, which accounts for nearly 54% of the explained variance.

A regression analysis was run in which QSE, TSE, Rational, and Intu-
itive were entered in the first step. Respondent sex was entered in the
second step. The analysis revealed a non-significant change in R2,
ΔR2=0.01; F=1.86; p=0.174. This suggests that sex does not provide
unique prediction in CRT performance, over and above the study vari-
ables. Together, the variables accounted for 21% of the variability in per-
formance on the CRT.

Because QSE was found to be the dominant predictor in the relative
weight analysis, we ran regression with only QSE entered in the first
step, and with sex entered in the second step. The analysis revealed a
non-significant change in R2, Δ R2 = 0.01; F = 2.21; p = 0.139. It ap-
pears that QSE alone explains the sex difference observed on the CRT
in our sample.

A mediation analysis was conducted to explore the role of QSE for
the gender gap in CRT performance. To estimate the indirect effect of
gender on CRT performance through QSE, mediation analysis was con-
ducted with the bootstrapping method with bias-corrected confidence
estimates (Preacher & Hayes, 2004). The 95% confidence interval of
the indirect effect was obtained with 10,000 bootstrap resamples
(β=−0.21, 95% CI=−0.37 to−0.09, p=0.005). The 95% confidence
interval for the indirect effect estimate did not contain 0, which indi-
cates that the indirect effect was significant. The direct effect of gender
on CRT performancewas no longer statistically significant after account-
ing for QSE (β=−0.23, 95% CI=−0.56 to 0.10, p=0.162). The results
showed that QSE fully mediated the relationship between gender and
CRT performance.



Table 2
Results of relative weight analysis.

Variable β Raw relative
weight

Relative weight as % of
R-square

QSE 0.36⁎⁎ 0.12 53.7%
TSE 0.07 0.03 15.9%
Rational −0.18⁎ 0.01 4.7%
Intuitive −0.20⁎⁎ 0.04 17.9%
Sex −0.10 0.02 7.9%
Model R2 =
0.214

Note: β = standardized regression weights.
⁎ p b 0.05.
⁎⁎ p b 0.01.
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4. Conclusion

Our study suggested that men perform 0.37 of a standard deviation
better than women on the CRT, which was consistent with previous re-
search. Some have posited that the gender gap in CRT performancemay
be attributed to heightened anxiety toward solvingmathematical prob-
lems (Primi et al., 2015). Indeed, we believe both QSE and TSE contrib-
utes to test takers' anxiety in math tests, which results in worse
performance on the CRT. However, the degree to which the two vari-
ables uniquely contributes to test anxiety is beyond the scope of this
paper. As shown in this study, sex difference disappears when one's
self-assessment of numerical aptitude is statistically controlled. Further-
more, the relationship between sex and CRT performance appears to be
mediated byQSE.Men performbetter on the CRT because they aremore
confident in their quantitative abilities. In an education setting, feelings
of anxiety and inadequacy toward math negatively affect cognitive re-
flection (Morsanyi, Busdraghi, & Primi, 2014). Young adults, in particu-
lar, are susceptible to the effect of self-confidence on mathematical
problem solving (Beilock, 2008). Increasing quantitative self-efficacy
could substantially close the gap between men and women on the
CRT, as well as improve quantitative reasoning and decision-making.
However, the degree to which QSE and TSE uniquely contributes to
test anxiety in math and other domains is unclear. More research is
needed to identify the relative importance of these two variables in
order to better identify targeted interventions and training efforts to re-
duce anxiety on tests.

Recent research has shown that much of the explanatory power of
the original CRT on decision outcomes is explained by mathematical
and numerical ability (Sinayev & Peters, 2015; Welsh, Burns, &
Delfabbro, 2013). As shown in this study, performance on the CRT is
also predicted by QSE, which is different from objective numerical abil-
ity (Liberali et al., 2011). Therefore, to better assess cognitive reflection,
it might be useful to examine problems that are not quantitative in na-
ture. For instance, Shepard (1990) reports a number of illusions that
may be remedied by reflection. The cover of Plous' (1993) The Psychol-
ogy of Judgment and Decision Making shows a black three of hearts,
which people rarely notice when first glancing at the book. The Wat-
son-Glaser Critical ThinkingAppraisal (Watson&Glaser, 1980) contains
a number of inference problems that may reflect one's tendency to re-
spond without reflection. Measuring cognitive reflection in a way that
is not influenced asmuch by quantitative or testing self-efficacymay re-
quire a larger and more varied set of items than the current CRT does.
However, the resultingmeasure would be one that better captures cog-
nitive reflection and is not contaminated with quantitative ability or
self-efficacy.
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