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a b s t r a c t

We study how cognitive abilities correlate with behavioral choices by collecting evidence from almost 1200

subjects across eight experimental projects concerning a wide variety of tasks, including some classic risk

and social preference elicitation protocols. The Cognitive Reflection Test (CRT) has been administered to all

our experimental subjects, which makes our dataset one of the largest in the literature. We partition our

subject pool into three groups depending on their CRT performance. Reflective subjects are those answer-

ing at least two of the three CRT questions correctly. Impulsive subjects are those who are unable to sup-

press the instinctive impulse to follow the intuitive – although incorrect – answer in at least two 2 ques-

tions. The remaining subjects form a residual group. We find that females score significantly less than males

in the CRT and that, in their wrong answers, impulsive ones are observed more frequently. The 2D:4D ratio,

which is higher for females, is correlated negatively with subjects’ CRT score. We also find that differences

in risk attitudes across CRT groups crucially depend on the elicitation task. Finally, impulsive subjects have

higher social (inequity-averse) concerns, while reflective subjects are more likely to satisfy basic consistency

requirements in lottery choices.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

There is a growing literature that studies the link between vari-

ous aspects of socio-economic behavior, such as risk, time, or social

preferences, and proxies of cognitive ability of various formats. These

measures vary from school and college performance, such as the

Grade Point Average (GPA, Kirby, Winston, and Santiesteban, 2005),

college entry standardized test scores, such as GRE or SAT (Dohmen

et al., 2010; Chen et al., 2013), up to more customized protocols,

from the classic IQ test (Borghans, Meijers, and Ter Weel, 2008b)

to the Wonderlic test, aimed at assessing problem-solving ability
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(Ben-Ner, Kong, and Putterman, 2004).1 All these contributions stress

the importance of individual heterogeneity, with specific reference to

cognitive abilities, as a fundamental factor to understand and predict

individual and social behavior.

Cognitive ability is also a fundamental component of all theo-

ries that advocate a dual and parallel cognitive deliberation pro-

cess (Evans, 1984; Kahneman, 2011): one (“System 1”, or intuitive,

heuristic. . .) fast, automatic, associated with a low cognitive load,

the other (“System 2”, or controlled, analytic. . .) more cognitively

demanding. The Cognitive Reflection Test (CRT hereafter, Frederick,

2005) illustrates the interaction between these two cognitive pro-

cesses. It is a simple test of a quantitative nature especially designed

to elicit the “predominant cognitive system at work”, either 1 or 2, in

respondents’ reasoning:

CRT1. A bat and a ball cost 1.10 dollars. The bat costs 1.00 dollars

more than the ball. How much does the ball cost? (Correct an-

swer: 5 cents).

CRT2. If it takes 5 machines 5 min to make 5 widgets, how long

would it take 100 machines to make 100 widgets? (Correct an-

swer: 5 min).

1 The Wonderlic test consists of 50 questions in the areas of math, vocabulary, and

reasoning and its score is positively correlated with various measures of intelligence

(Hawkins et al., 1990).
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Fig. 1. CRT answers distributions.

CRT3. 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? (Correct answer: 47 days).

The beauty of the test is that, to each question, is associated an im-

mediate, “impulsive”, answer (10, 100 and 24, respectively) that, al-

though incorrect, may be selected by those subjects who do not think

carefully enough. As Frederick (2005, p. 27) puts it,“...the three items

on the CRT are easy in the sense that their solution is easily understood

when explained, yet reaching the correct answer often requires the sup-

pression of an erroneous answer that springs “impulsively” to mind”.

Frederick (2005) shows that CRT performance significantly cor-

relates with risk and time preferences: more reflective subjects are,

on average, less risk-averse and more patient. Recent studies also

document that the CRT is associated with subjects’ gender-specific

exposure to testosterone (Bosch-Domènech, Brañas-Garza, and

Espín, 2014). In addition, it helps to explain some classic biases in

behavioral finance, such as the so-called “base rate fallacy” (Bergman

et al., 2010; Hoppe and Kusterer, 2011; Oechssler, Roider, and Schmitz,

2009; Alos-Ferrer and Hügelschäfer, 2015; Noussair, Tucker, and Xu,

2014; Kiss, Rodriguez-Lara, and Rosa-García, 2015; Insler, Compton,

and Schmitt, 2015).

The CRT has also gained attention for the fact that, contrary to

other proxies of cognitive abilities such as the SAT or the Wonderlic

Test, females score significantly less than males. This stylized fact has

been established in a wide variety of studies (Frederick, 2005; Hoppe

and Kusterer, 2011; Oechssler, Roider, and Schmitz, 2009) and is also

confirmed by the evidence reported in this paper.

It may be worth highlighting that the CRT provides not only a

measure of cognitive abilities, but also of impulsiveness and, possibly,

other individual unobservable characteristics. For instance, the num-

ber of correct answers in the CRT has been shown to be positively cor-

related with numerical literacy, mathematical skills, and various psy-

chological dimensions (Morsanyi, Busdraghi, and Primi, 2014; Toplak,

West, and Stanovich, 2011; Borghans et al., 2008a). This means that

the CRT alone cannot reveal the cognitive and psychological mecha-

nisms underlying individual heterogeneity in economic behavior. For

instance, it is possible that subjects performing high in the CRT are

closer to risk neutrality because they are less impulsive or because

they better understand the decision problems at stake. This is why,

in this paper, we look closely at the relationship between CRT perfor-

mance and physiological, psychological and socio-demographic char-

acteristics (Section 3). In addition, we also relate CRT scores to al-

ternative measures of cognitive ability, such as financial literacy and

consistency in risky choices (Section 6).

In the last five years, the CRT has been administered to the par-

ticipants in eight experimental studies, both at LaTEx and CESARE,

the experimental labs of the Universidad de Alicante and LUISS Guido

Carli in Rome, respectively, for a total of nearly 1200 observations (see

Section 2 for a detailed description). To get directly into the discus-

sion around which this paper is built, Fig. 1 reports the distribution

of CRT answers of our compound dataset. As Fig. 1 shows, in none

of the cases the modal response corresponds to the correct answer.

Instead, the mode (10, 100 and 24, respectively) is always associated

with “the erroneous answer that springs impulsively to mind”. In this

respect, our evidence is perfectly in line with what is reported in the

literature: for all three questions, the impulsive (System-1) responses

are much more frequent than the reflective (System-2) ones (Gill and

Prowse, 2015).

Fig. 1 also shows that the response distribution is not completely

polarized between these two answers: there are also alternatives -

neither reflective, nor impulsive- that are selected by a non-negligible

fraction of individuals. These subjects’ answers fall short with re-

spect to the dichotomy “reflective-impulsive” along which the discus-

sion on CRT performance has often focused upon (see, e.g., Frederick,

2005; Brañas-Garza, García-Muñoz, and González, 2012; Grimm and

Mengel, 2012).

In order to further investigate this issue, this paper puts forward

an additional index, labeled as iCRT, which is meant to measure cog-

nitive “impulsiveness” by means of the same three CRT questions:

iCRT = 1(CRT1 = 10) + 1(CRT2 = 100) + 1(CRT3 = 24),

where 1(.) = 1 if condition (.) is satisfied, and 0 otherwise. By anal-

ogy with the standard CRT score, an index from 0 to 3 that counts

the number of correct answers in the CRT, our iCRT is meant to mea-

sure the inability to suppress the erroneous intuitive answer, which in

our view provides as important information as the CRT score in char-

acterizing our subject pool. As our previous discussion suggests, we

expect females to have, on average, higher iCRT scores, but additional

behavioral dimensions need to be explored.

Panel A in Fig. 2 reports the distribution of CRT scores disaggre-

gated by gender. The mode is zero for both genders, but the fraction

of females who fail the three questions is much higher than the cor-

responding fraction of males. By the same token, males’ average CRT

score is significantly higher (1.12 vs. 0.58, p < 0.001), while the oppo-

site holds for the iCRT score (1.46 vs. 1.93, p < 0.001). However, there

is also a significant fraction of subjects (19% of our pool) who score

“low” (i.e., not more than 1 correct answer) in both CRT and iCRT, thus

suggesting that cognitive (ir-)reflection does not seem to fully explain

their cognitive processing. These considerations yield the partition of

Panel B, where subjects are assigned to one of three categories, de-

pending on whether: (i) they scored 2 or more in the CRT (“Reflec-

tive”), (ii) they scored 2 or more in the iCRT (“Impulsive”), or (iii) they

scored poorly in both tests (≤1, “Residual”). As we see from Panel B

of Fig. 2, while the first two groups have a strong gender component,

the latter distributes across genders almost equally.
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