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Sex differences on cognitive reflection
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Titulo: Diferencias sexuales en la reflexién cognitiva.

Resumen: La prueba de reflexién cognitiva o CRT (Cognitive Reflection
Test) es una medida popular disefiada para distinguir el procesamiento del
pensamiento intuitivo del analitico. Se han encontrado diferencias de sexo
en el CRT en multiples estudios. En esta investigacién se estudia la influen-
cia del componente matematico en las diferencias de sexo utilizando dos
instrumentos diferentes para medir la reflexién cognitiva: el CRT original y
una versién ampliada del original, ambos con un alto componente aritméti-
co y, por otro lado, un conjunto de cinco tareas heuristicas cldsicas, deno-
minadas CHT, con un contenido numérico mas bajo. Los resultados mues-
tran que estas diferencias de sexo desaparecen cuando se reduce el cardcter
matematico de las tareas. Finalmente, en este trabajo se aborda una forma
mas elaborada de puntuar las respuestas intuitivas en relaciéon con el signifi-
cado de estas diferencias.

Palabras clave: Pensamiento analitico. Reflexién cognitiva. Tarea heuristi-
ca. Pensamiento intuitivo. Diferencias de sexo.

Abstract: The Cognitive Reflection Test or CRT is a popular measure de-
signed to distinguish the intuitive thinking processing from the analytical
one. Sex differences in the CRT have been found in multiple studies. In
this research, the influence of the mathematical component on sex differ-
ences is studied by using two different instruments to measure cognitive
reflection: the original CRT and one extended version of the original one,
both with a high arithmetic component and, on the other hand, a set of
five classic heuristic tasks, called CHT, with a lower numeracy content.
The results show that these sex differences disappear when the mathemati-
cal nature of the tasks is reduced. Finally, in this work a more elaborate
way of scoring the intuitive responses is addressed in relation to the mean-
ing of these differences.

Keywords: Analytical thinking. Cognitive reflection. Heuristic task. Intui-
tive thinking. Sex differences.

Introduction

Cognitive reflection is defined as the tendency for individu-
als to override an intuitive and spontaneous response that
turns out to be incorrect; and engage in a more reflective, de-
liberative and analytical reflection to find the correct answer
(Toplak et al., 2014a).

In fact, dual process theories distinguish between the
type-1 processes—fast, intuitive, and autonomous—and the
type-2 processes—effortful, deliberative and governed by
rules. Regarding the framework of the dual process theories,
different instruments for measuring the cognitive reflection
have emerged over time.

The Cognition Reflection Test created by Frederick
(2005) consists of 3 tasks that cue an intuitive but incorrect
automatic response. The correct answer requires more delib-
eration and reflection than it initially seems. The CRT has
been widely used and, although it has wide acceptance as a
measure of cognitive reflection (Brafias-Garza et al., 2015;
Cueva et al., 2016), there are different ways of approaching
the cognitive reflection measure (Erceg and Bubi¢, 2017).

As Toplak et al. (2011) point out, the CRT is well con-
structed to be used as a predictor of performance in some
heuristic tasks. Indeed, a large number of studies (Bialek and
Pennycook, 2017; Campitelli and Labollita, 2010; Johnson et
al., 2016; Noori, 2016; Shi and An, 2012; Stanovich and
West, 2008; Szaszi et al., 2017; Toplak et al., 2011) indicate
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that low scores in the CRT are related to several cognitive
biases such as overconfidence, the base rate error, the con-
junction fallacy, anchoring bias or delay discounting. Recent
research has also shown that lower scores are associated with
paranormal belief and endorsement of conspitracy theories or
fake news (Pennycook and Rand, 2019; Meza et al., 2022).

Significant sex differences have been found (Campitelli
and Gerrans, 2014; Frederick, 2005; Toplak, et al., 2011,
2014b) with participants from different age groups, educa-
tional level and countries, using both the original CRT and
other modified versions (Pennycook et al., 2016; Toplak et
al., 2014a). Systematically, men score higher than women in
the CRT.

Frederick (2005) suggests that the cause of these sex dif-
ferences in the CRT is not the lack of attention or effort but
the mathematical content of the items; however, he does not
confirm the hypothesis. Nevertheless, further investigations
take a closer look at this issue. Indeed, although the CRT
was originally designed to measure cognitive reflection ex-
clusively, it is evident that it also contains a significant math-
ematical component (Béckenholt, 2012; Del Missier et al.,
2012; Sinayev and Peters, 2015; Welsh et al., 2013). As Top-
lak (2021) states, cognitive reflection measures require some
knowledge, as shown by moderate correlations between
cognitive reflection measures and probabilistic numeracy and
mathematics (Attali and Bar-Hillel, 2020; Campitelli and
Gerrans, 2014; Erceg, et al., 2020; Sinayev and Peters, 2015;
Szaszi et al., 2017).

Pennycook and Ross (2016) reported that cognitive re-
flection, but not numeracy measures, predicted response pat-
terns on moral based dilemmas, suggesting that using a
nonnumerical outcome may be more likely to capture vari-
ance that is attributable to miserly processing.
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Due to the numerical content of the items in the CRT,
several studies have investigated the relationship between sex
differences and mathematical ability (Morsanyi et al., 2018;
Primi et al., 2014; Primi et al., 2017; Zhang et al., 2016).

It is necessary to go further and determine whether it is
the arithmetic factor involved in the items what contributes
to the observed gender differences or it is just the presenta-
tion of the tasks with a numerical or mathematical format. In
fact, the numerical capacity may be affected both by the per-
ceived self-efficacy in mathematical tests, where women usu-
ally obtain lower scores, and by the mathematical anxiety in
which women, in general, tend to obtain higher scores (Primi
et al,, 2016, 2017).

Thus, both the lack of self-confidence in numerical abili-
ties and anxiety towards mathematics can negatively affect
the performance in the CRT (Beilock, 2008; Morsanyi et al.,
2014; Primi et al., 2016, 2017), but it is expected that men
and women do not differ in the level of reflective cognition
when controlling these factors.

Although the original CRT is a frequently used measure
of cognitive vs. intuitive reflection, some authors claim it is
excessively short and emphasize the idea that the CRT is in
need of extension (Aczel et al., 2015; Primi et al., 2016, 2017;
Thomson and Oppenheimer, 2016; Toplak et al., 2014a).
This test may be affected in terms of the floor effect espe-
cially in less educated samples. As a result, a large number of
researchers consider the use of new instruments that ate less
dependent on arithmetic or numerical skills to be appropri-
ate.

On the other hand, the recent proposals to score the
CRT in different ways are particularly interesting (Erceg and
Bubi¢, 2017; Fuster et al., 2016). Traditionally, all the incot-
rect answers have been considered as intuitive responses.
That fact might prevent from observing the operation of the
intuitive thinking correctly. Therefore, it is necessary to im-
plement alternative ways of elaborating the scores in the
CRT so that intuitive responses can be clearly differentiated
from the incorrect (non-intuitive) ones. That may help to
check if sex differences persist as seen so far.

Obijectives

The main aim of this study is to check if the sex differ-
ences found in the cognitive reflection test (CRT) are related
to the mathematical component or the items.

More specific aims of the study are: (1) to confirm sex
differences in the sample, (2) to determine if the CRT's
mathematical component is linked to the origin of sex dif-
ferences by using alternative methods to score the answers.

Hypothesis

It is expected to find differences linked to sex in the
scores of CRT I (3-items, Frederick, 2005) and CRT II (4-
items, Toplak et al., 2014a). The abundant previous literature
indicates the persistence of these differences in CRT I. Re-

garding CRT 1I, these differences are also expected to ap-
pear, as the items look similar to the ones of the CRT I in re-
lation to the mathematical presentation.

We expect these differences to diminish or disappear
when the tasks lack mathematical presentation or when few-
er calculations are required. That is the case with the ques-
tionnaire called CHT, consisting of 5 items, adapted from
some tasks by Tversky and Kahneman (1974).

Moreover, taking into account just the correct answers
linked to reflective reasoning may not allow to see the whole
picture. Therefore, it is expected that the original results
change significantly when applying other forms of analysing
the responses and different criteria for grouping the subjects.

Finally, it is expected that not all items of CRT I, CRT II
and CHT show significant sex differences. That fact can help
to discern which type of items should be included in a test to
measure the cognitive reflection free of the gender gap.

Method

Participants

The sample consisted of 993 students living in the
Basque Country (563 females and 430 males), aged 12 - 59
(female: M = 19, §D = 5.913; male: M = 19, SD = 5.141).
The participants came from nine educational centers and
they were performing different studies: students from Sec-
ondary Year 9-11 (19.2%), Secondary Year 12-13 (10.9%),
Vocational Education and Training (5.1%), Higher Educa-
tion (4.7%), and University Degree students (51.4%) and
Postgraduate students (5.6%). The sample was selected in a
non-probabilistic manner.

Instruments

The subjects filled out the CRT I, CRT II and CHT tests
in half-hour sessions. Each item of the tests elicited an intui-
tive answer that was wrong, individuals needed to override
that answer and think about the correct answer deliberately.
For example, participants were presented with the following
item from the CRT I: 'A bat and a ball together cost $1.10.
The bat costs $1 mote than the ball. How much does the
ball cost?' The answer that intuitively and immediately comes
to mind is '10 cents', which is incorrect. The correct answer
is 5 cents.

The CRT I (Frederick, 2005) contains 3 items: (1) The
bat and ball, (2) The machines and time, and (3) The water
lily and the lake. The CRT II (Toplak et al., 2014a) includes 4
additional items and it has a new numerical-mathematical
format: (4) Barrels and time, (5) Students, (6) Sale results, (7)
Results of investment in the stock market.

To make the questionnaire called Classic Heuristic Tasks
(CHT), 5 of the classic tasks proposed by Tversky and
Kahneman (1974) were selected. All these tasks are related to
the representativeness heuristic. They cover (1) the base rate
neglect, (2) the sample size, (3) the previous probability, (4)
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the conjunction fallacy and (5) the regression to the mean.
From these 5 items at least 3 tasks (1, 4 and 5) lack the
mathematical format completely.

Analysis of data

In the first step, the traditional methodology that scores
the number of correct answers (possible scores 0, 1, 2, 3)
was followed in order to study how the way of scoring the
answers affects the gender differences. Regarding the incor-
rect answers, the intuitive answers were not differentiated
form other type of incorrect responses. Thus, 2 groups were
created and the results were scored as either correct or incor-
rect. Those subjects with 2 or more correct answers were in-
cluded in the reflective or analytical group; versus those who
gave 2 or more incorrect answers were considered intuitive
or impulsive people.

Subsequently, the answers were scored in a different way,
by taking into account the incorrect intuitive responses and
the incorrect non-intuitive ones separately. In this new way
of scoring the answers, three categories were used (logical
correct responses, intuitive incorrect responses and non-
intuitive incotrrect responses).

Regarding the CHT, for the first analysis, the initially se-
lected 5 items were included; whereas for the second analy-
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sis, 2 items were discarded because they did not allow to dis-
tinguish an intuitive response from an incorrect one. Only
the base rate bias, the conjunction fallacy and the previous
probability task were included in this analysis.

Results

The presentation of the results obtained in the CRT I, CRT
II and CHT was done according to these two different ways
of scoring answers.

First analysis
Cognition Reflection Test (CRT 1)

When following the criterion of the number of correct
answers, the general results indicated the existence of sex
differences (> = .000). When analysing the number of cor-
rect answers according to the sex (See Table 1), it was ob-
served that there were more females than males who did not
give any correct answer in the CRT L. In addition, males had
more correct answers than females. On average, males re-
solved .55 of the three items in the CRT 1 (§D = 0.81) com-
pared to .30 (§D = 0.62) among the females.

Table 1
Percentage of correct answers.
Number of correct answers CRTI CRTII CHT

M F Total M F Total M F  Total
0 62.7 77.5 71.1 31.6 36.5 34.3 12.4 11.0 11.6
1 21.9 16.1 18.6 39.6 42.5 41.2 24.0 35.4 304
2 12.7 5.0 8.3 17.3 15.8 16.4 36.4 294 324
3 2.8 1.4 2.0 8.5 4.6 6.3 19.8 18.8 19.2
4 3.0 7 1.7 3.2 32 32
5 0.0 0.0 0.0

Note: M: Male; F: Female.

As hypothesized, the measure of the reflective thinking
obtained through the number of correct answers in CRT 1
did significantly correlate with sex, applying both parametric
(P .000) and nonparametric techniques. Thus, both in the
Mann-Whitney U test and the Kruskal-Wallis test, the level
of significance was .000. This indicated that both groups had
a different performance with respect to this measure of cog-
nitive reflection.

In relation to the 2-group classification (reflexive vs. im-
pulsive), the differences still remained significant (%2 = .005).

When each item was addressed (see Table 2), the results
indicated that while there were no differences in the first
item (The bat and the ball), differences could be observed in
the second (Machines and time) and the third (The water lily
and the lake) items. Thus, despite the difference in the per-
centages of the correct responses by males (11.5%) and fe-
males (9.5) in item 1, the difference was not significant

(Pearson's %2 = 300).
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According to the previous literature (Frederick, 2005),
the most difficult problem to be solved was the first item
and it was likely that this was the origin of some difficulties
to detect the differences, which were statistically significant
in items 2 and 3 (Pearson's y? = .000, in both cases).

Cognition Reflection Test (CRT II)

On average, males solved 1.13 from the four items of the
CRT II correctly (§D = 1.04), females solved fewer (M =
0.9, §D = 0.87) (see Table 1) and according to the classifica-
tion of subjects in 2 groups, reflexive vs impulsive, differ-
ences were again significant (y? =0.005).

As suggested in the hypothesis, the results obtained in
the CRT I were also confirmed in the CRT II and there were
significant sex differences (P .001). Thus, both in the Mann-
Whitney U test and the Kruskal-Wallis test, the level of sig-
nificance obtained was 5.000 respectively in the CRT II. Our
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data indicated that both groups had different performance in
this case as well.

On analyzing the 4 items of the CRT II individually, the
results (see Table 2) indicated that only in the item 1 (Barrel
time problem) the differences were really significant and es-
pecially items 2 and 3 stood out because they were far from
showing those differences.

Table 2

Percentage of subjects with correct answers in each item.

CRT'1 M F Total X2 Pearson
Item 1 11.5 9.5 10.4 0.300
Item 2 21.2 9.5 14.6 0.000
Item 3 24.0 12.8 17.8 0.000

CRT I
Item 1 219 9 14.5 0.000
Item 2 12.2 10.4 11.2 0.378
Item 3 40 38.7 39.3 0.694
Item 4 38.6 33.4 25.6 0.089

CHT
Item 1 3.7 3.2 3.4 0.665
Item 2 58.8 46.4 51.8 0.000
Item 3 24.0 21.6 22.6 0.361
Item 4 43.5 38.6 40.7 0.113
Item 5 40.3 57.7 52.8 0.000

Note: M: Male; F: Female.
Classic Henristic Tasks (CHT)

The proposed hypothesis was confirmed and the CHT
scores did not show this bias linked to gender, similar scores
were obtained in both groups (P, 82 in the Mann- Witney U
test). When analysing the items individually, the results (see
Table 2) were relevant since they indicated that the scores of
items 1 (Base rate), item 3 (Previous probability) and item 4
(Conjunction fallacy) were not linked to sex. On the other
hand, in item 2 (Sample size) and 5 (Regression to the mean)
differences appeared, but in an opposite direction. Thus, in
item 2, men had the best performance, while in item 5 the
findings revealed that women performed better.

So far it has been observed that the CRT I and II are
psychometrically as expected (including the presence of bias
linked to sex) and that result confirms the validity and relia-
bility of the sample studied to a large extent.

On the other hand, CHT happened to be more sensitive
and less difficult than the CRT I and II. However, no subject
reached the maximum score, that is 5, due to the difficulty of
the item 1 (Base Rate), which was solved only by 3.4% of the
participants correctly. In this case, similarly to item 1 in the
CRT I, the sex differences might have probably disappeared
as a consequence of the difficulty of the item itself.

Second analysis
Intuitive answers and other incorrect responses

To verify whether the sex differences were maintained or
disappeared when the answers were analysed according to
their genuinely intuitive nature, the responses were classified
in three categories: logical correct responses, intuitive incor-
rect responses and non-intuitive incorrect ones.

Table 3

Mean scores by men and women in the answers of the three tests.

Responses CRT 1 CRT II CHT (3)
H M Sig* H M Sig. H M Sig.

Logical 0.56 030 0.0 112 091 0.008 0.70 0.62 0.112

Intuitive 144 159 00 1.69 180 0.200 1.121.21 0.053

Incorrect  0.94 1.08 0.022 1.19 1.29 0.034 1.17 1.16 0.663

Note: * Mann-Whitney U test.

With regard to the CRT 1, the results showed that, alt-
hough differences continued to persist, they affected both
the logical responses (Sig. 000 in Man-Whitney U) and the
intuitive ones (Sig. 3.000), but not the incorrect non-intuitive
answers, where the differences were not significant (Sig.
57.000) between males and females.

As for the CRT I, the differences affected the logical re-
sponses (Sig. 5.000) and the incorrect non-intuitive answers
(Sig. 48.000) but not the intuitive responses (Sig. 154.000).

When analysing each of the CRT I items according to
this elaboration of the answer, the results were similar to the
first analysis, where items 2 and 3 showed significant sex dif-
ferences. Regarding to the CRT I, the results of the research
indicated that item 1 was again responsible for the differ-
ences.

Finally, in the CHT there were no sex differences in any
of the three types of responses when looking into the indi-
vidual analysis of each of the items (see Table 4), according
to this criterion, the analysis did not reveal any sex differ-
ences in any of the 3 items.

Table 4
Percentage of responses in each item of the CHT.
Responses Item 1 Item 2 Item 3

M F Sig M F Sigg M F  Sig
Logical 35 32 235 212 428 374
Intuitive 654 69.9 0334 7.1 5.8 0437405 46.7 0.141
Incorrect  13.7 15.1 69.4 73.0 16.7 16.0

In conclusion, we found that the CRT I was the most bi-
ased questionnaire and that CHT was the less biased one,
although the latter was not totally free of it (Items 2 and 5).
Moreover, an analysis of the correlations was carried out (see
Table 5) to estimate if the CHT measured the same cognitive
reflection construct as the CRT T and

II. The results indicated that there was a positive correla-
tion between all the CHT, CRT I and 1II logical responses. In
addition, the CHT logical responses had negative correla-
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tions with the heuristic responses of both the CRT I and the
CRT IL

On the other hand, the intuitive CHT responses did not
show significant correlations with those of CRT I and II,
while those of the CRT I and II showed significant positive
correlations with each other (0.201 **).

Finally, the incorrect CHT responses showed positive
correlations with the incorrect CRT 1 responses, but not
with CRT 1II responses. In addition, they showed negative
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correlations with the logical responses of both the CRT 1
and II.

Although the correlations were not statistically significant
in this sample, in other studies (Olalde, 2021) the intuitive
responses of the CHT showed positive correlations with the
intuitive responses of the CRT I but not with those of the
CRT II. Likewise, the incorrect CHT responses showed pos-
itive correlations with the intuitive responses of the CRT 11.

Table 5
Correlations between CHT and CRT I and 11 scores.
CRT1 CRT II
Log.R. Int. R. Inc. R. Log. R Int. R. Inc. R.
Pearson Correlation Log. R 0.121* -0.065* -0.044 0.104* -0.023
Sig. (2-tailed) * * -0.076*
CHT
Int. R. -0.026 0.062 -0.047 -0.027 -0.005 0.037
- 0.093* - 0.083*
Inc. R. * 0.008 0.083** * 0.062 0.015

Note: Log. R.: Logical Responses; Int. R.: Intuitive Responses; Inc. R.: Incorrect Responses

In order to delve into these relations, a regression analy-
sis was carried out, the score of the logical responses in the
CRT I was viewed as the dependent variable and the logical
scores in the CRT II and in the CHT were viewed as inde-
pendent variables. When performing the analysis with the
complete sample, both the CRT II and the CHT explained
(.000 and .007 respectively) the CRT I scores significantly. In
particular, the CRT II explained 41.5% of the variance and
the CHT the 7.9%.

However, when performing this regression analysis for
males and females separately (see Table 0), it was observed
that while in the case of females the CRT 1I explained 33.6%
of the variance, the CHT did not reach to be significant, ex-
plaining scarcely the 2.7% of the variance. In the case of
males, both the CHT and the CRT II helped to explain more
than 55% (11.4% and 46% respectively) of the variance in
the logical scores of the CRT 1.

Table 6
Results of the regression analysis across gender.
B SE Beta 4 p

Females

CRT II 0.305 0.038 0.319 7.961 .0

CHT 0.034 0.039 0.035 0.874 .383
Males

CRT II 0.485 0.045 0.464  10.893 .0

CHT 0.115 0.049 0.101 2.373 .018
Conclusions

The creation of a cognitive reflection measure that may be
less influenced by the sex bias is needed. Reducing the math-
ematical nature of the items and introducing new ways of
analysing the answers is recommended.

As hypothesized, the sex differences were evident both
in the CRT I and in the CRT 1I, although in the latter they
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became diluted by differentiating the incorrect answers from
the intuitive one. Our results in the CHT proved that the
mathematical nature of the items can affect the scores ob-
tained by means of the CRT. Thus, when the numerical
presentation of the items decreased, the sex differences dis-
appeared. On the other hand, there was an acceptable degree
of correlation between the scores of the 3 instruments used
in the research. That allowed us to think about the possibility
of measuring cognitive reflection through tasks without this
mathematical aspect.

It was also observed that not all the items contributed to
these differences equally. For this reason, it is advisable to
expand the measurement of the cognitive reflection, includ-
ing items that allow to observe the process associated with it;
such as intuitive response detection, rejection of that re-
sponse, the start-up of the type-2 processes and the search
and achievement of a better response (Bialek and Penny-
cook, 2017), as well as the deletion of sex biases.

We have provided further evidence that the sex differ-
ences can be significantly reduced when the effects of nu-
meracy are controlled (Primi et al., 2016).

On the other hand, it is especially interesting to be able
to observe the behavior of the properly intuitive responses
and not only those that point to the use of logical pro-
cessing. We also propose that further research designs for
the analysis of the data should be carried out to detect the
subjects who do not even activate a genuinely intuitive re-
sponse.

The development of different scores can help to clarify
the differences, as they allow more meaningful groupings of
the subjects considering not only the logical responses, but
also the intuitive ones (Erceg and Bubi¢, 2017). Some proto-
col analysis to unfold the steps of the reasoning process in
solving the CRT is recommendable (Szaszi et al., 2017), be-
cause there are several ways people solve or fail the test.
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Apart from studying the effects of numeracy, it is clear
that future research should focus on other variables related
to sex differences. The stereotype related to the mathemati-
cal performance in women, the mathematical anxiety, the
perceived self- efficacy in mathematical tests or the gender
different cognitive responses to competitive pressure in
standardized tests (Beilock, 2008; Morsanyi et al.., 2014;
Primi et al., 2016, 2017) can influence the gender differences
in the measure of cognitive reflection through the CRT. In
short, it is necessary to have new instruments to measure
cognitive reflection free of the sex differences (Stanovich et
al.,, 2016).

The conclusions of this study must be applicable to the
educational sphere. That should guarantee the equal devel-
opment of skills by all students, regardless of their gender,
origin or any other personal characteristic, in order to ensute
the improvement of opportunities in society. Cavojova and
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Hanak (2016) highlight the need for a better education on
cognitive reflection and the need to teach people how to re-
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Iytical thinking. It is important not to think of intuitive and
analytical thinkers as two different types of people, since we
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Everybody can think analytically under the right circum-
stances.
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