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A B S T R A C T

We employ the Cognitive Reflection Test (CRT) to assess the effectiveness of two widely applied cognitive
manipulations which rely on constraining response times. The CRT measures the ability of a person to resist
giving an immediate response that is intuitive but incorrect in favor of greater reflection to find out the correct
answer. We have two treatments: a Time Pressure (TP) treatment (provide an answer within 30 s) and a Time
Delay (TD) treatment (provide an answer after 60 s). We find that TD increases the frequency of correct
answers, while TP increases the frequency of incorrect answers, especially incorrect answers that are not
intuitive. Moreover, we confirm the existence of gender biases as already found in other studies. In particular,
gender moderates the effects of the experimental treatments: TD increases the frequency of correct answers for
males but not for females, while TP increases the frequency of incorrect but less intuitive answers for females
but not for males. Our findings provide important insights on the effectiveness of the time manipulations that
are widely used in the literature of cognition.
1. Introduction

Dual-Process Theories, which posit that decision-making is affected
by the interplay between two cognitive processes (Evans & Stanovich,
2013), have become popular in the study of humans’ reasoning, judg-
ment, and social behavior (Evans, 1989; Wason & Evans, 1974). Ac-
cording to these theories, there are two modes of cognition: one is
rapid and autonomous, it produces default responses, and is associated
with intuition; the other one requires greater reasoning, larger use of
working memory, cognitive decoupling, mental simulation, and it is
slow, controlled, and associated with deliberation (Evans & Stanovich,
2013). Dual-process theories have been broadly applied, among other
things, to the study of cooperation (Alós-Ferrer & Garagnani, 2020;
Bilancini et al., 2022; Capraro & Cococcioni, 2015, 2016; Lohse, 2016;
Rand et al., 2012, 2014), honesty (Capraro, 2017; Capraro, Schulz, &
Rand, 2019; Gunia et al., 2012; Lohse et al., 2018), deontology and
utilitarianism (Cummins & Cummins, 2012; Suter & Hertwig, 2011;
Trémolière & Bonnefon, 2014).

To investigate the causal effect of the modes of cognition on the
aforementioned behaviors, several experimental treatments have been
developed with the purpose of promoting reliance on intuition or de-
liberation. An important class is given by the experimental treatments
relying on manipulating response times. Among these, Time Pressure
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(TP) and Time Delay (TD) have been widely applied in experimental
works (Alós-Ferrer & Garagnani, 2020; Bilancini et al., 2022; Rand
et al., 2012, 2014). In the TP treatment, individuals are forced to
answer within a short amount of time, to increase reliance on intuition.
In the TD treatment, individuals are forced to answer after a certain
amount of time, to increase reliance on deliberation. Manipulating
response time has been widely used in psychology (in particular in
cognitive psychology, Capraro 2024), and there is broad agreement that
the constraint of response time tends to reduce reliance on deliberation;
however, it is less clear to what extent it promotes reliance on intuition.
An important aspect is the actual time span considered. In the cognitive
psychology literature, the time span is of the magnitude of hundreds of
milliseconds, to focus on automatic and unconscious responses. In this
paper, we consider a time span of the magnitude of seconds, to focus on
intuitive responses that are conscious and based on heuristics (Belloc
et al., 2019; Capraro, 2024). Although many studies have employed
these two treatments to explore how intuition and deliberation may
affect behavior, so far no direct behavioral test has been done to see if
these treatments actually do what they have been designed for.

In this paper, we test the effectiveness of TP and TD using the Cog-
nitive Reflection Test (CRT, Frederick 2005), which is a measure of the
ability or the disposition of a person to engage in a more deliberative
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process and to resist intuitive responses (Branas-Garza et al., 2019). We
use the responses provided to the CRT as a proxy of the effectiveness of
TP and TD. The CRT was originally designed to capture the disposition
to be reflective, not as a measure of actual reflection (Frederick, 2005).
Specifically, the questions developed for the CRT aim at prompting an
intuitive but incorrect answer, with deliberation taking the form of
resisting the intuitive response to engage in further reflection. So, it
seems reasonable to expect that experimental treatments designed to
manipulate reliance on intuition and deliberation would have an effect
on the answers provided to the CRT. Another feature of the CRT is that
the resulting score is a proxy of physiological characteristics (Alonso
et al., 2018; Bosch-Domènech et al., 2014), and it has the property to
predict individuals’ performance, decision-makers’ choices, and behav-
iors (Albano et al., 2018; Andersson et al., 2016; Besedeš et al., 2012;
Campitelli & Labollita, 2010; Frederick, 2005; Ponti & Rodriguez-Lara,
2015).

We find that the TD treatment increases the likelihood of providing
correct answers to the CRT and this suggests that the TD treatment
is effective in promoting reliance on deliberation. Moreover, the TP
treatment does not increase the likelihood of providing the intuitive
but incorrect answers that the CRT is designed to induce, while it
increases the likelihood of providing non-intuitive incorrect answers.
This suggests that the TP treatment is effective in reducing reliance on
deliberation (results are even stronger when we look only at the new
version of the CRT). In the literature, the intuitive incorrect answers
provided to the CRT have been used as a measure of the disposition to
behave intuitively (Cueva et al., 2016), although its reliability has been
criticized. There are two possible explanations for why TP has such an
effect. The first possibility is that TP does not foster intuition much
but it mostly impairs correct reasoning, leading to confusion and thus
a greater likelihood of wrong (random) answers rather than intuitive
ones (Goeschl & Lohse, 2018). The other possibility is that the intuitive
answers of the CRT do not really capture intuition. Indeed, there is
evidence that while correct answers in the CRT are a reliable measure
of deliberation, intuitive answers may not be a reliable measure of
intuition (Pennycook et al., 2016).

Our results provide empirical support for the effectiveness of cog-
nitive manipulations based on experimental treatments imposing con-
straints on response times. Specifically, we provide evidence that Time
Delay increases reliance on deliberation and Time Pressure decreases
reliance on intuition, and this is an important result for the literature in
Dual Process Theories. Furthermore, we provide a novel approach that
can be used to test the effectiveness of other cognitive manipulations,
possibly expanding the scope of the CRT.

We stress that such results rely on the presumption that CRT is an
effective measure of the ability or the disposition of a person to engage
in a more deliberative process and to resist intuitive responses. Alterna-
tively, one could see our experiment as a test of the effectiveness of the
CRT by assuming that TP and TD are effective cognitive manipulations.

2. Methods

We recruited 598 participants using the online platform Prolific
[(Palan & Schitter, 2018), www.prolific.co].

Participants were randomly assigned to one of three treatments: a
Baseline, Time Pressure treatment, and Time Delay treatment. In each
treatment, participants had to answer the six questions of the CRT-
L (Primi et al., 2016) that were presented in random order. Since people
on Prolific may have seen the original CRT several times, it is possible
that they already know the answers and respond by direct recall. For
this reason, we opted to use a longer version of the CRT, which includes
three new questions that are less frequently used.

In the Baseline, participants had to answer each question without
any time constraints. In the TP treatment, participants had to answer
each question within 30 s (Borghans et al., 2008). Participants who
failed to answer within the time constraint were still able to provide the
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answer to the questions. Indeed, after 30 s the question was still shown
on the screen and participants were still able to provide an answer.
Overall 94.69% of participants were able to answer within the time
constraint (in the Appendix we report the percentage of compliance
for each question, and we rerun the main analysis restricted to those
participants who were able to provide an answer within 30 s). In the
TD treatment, participants had to wait for one minute before they could
insert an answer (Borghans et al., 2008); only after this amount of time
participants were allowed to provide an answer. At the end of the study,
we asked participants to assess their level of reflection in answering the
CRT-L. Moreover, we elicited participants’ demographic information as
well as previous exposure to the CRT-L (instructions in the Appendix).
The distribution of individuals’ characteristics, such as gender, age,
education, previous experience, and student and employment status are
well balanced across treatments. The participation fee was 0.63 GBP for
a survey 6:46 min long in mean (average reward per hour: 7.49 GBP).
Since participants were not incentivized for the answers provided to
the CRT-L, we acknowledge the possibility that we have been selecting
a pool of participants that are diligent in solving the tasks (see Goeschl
& Lohse, 2018, on this). The design, the analysis, the sample size, and
the exclusion criteria were pre-registered at AsPredicted.org and can be
found at this permanent address: https://aspredicted.org/49X_GRT.

3. Results at question level

We pre-registered a sample size of N=600. This was based on an a
priori power analysis that showed that 200 subjects per treatment are
enough to detect an effect size of f=0.25 with alpha=0.05 and power
0.80. After downloading the data file from Qualtrics, we obtained 598
observations (the server failed at registering two observations). We
collected 207 participants in the Baseline, 204 in the TP treatment and
187 in the TD treatment.

Following our pre-registration, we first make an overall comparison
using Kruskal–Wallis at the question level to test the difference in the
distributions of the correct answers to each question of the CRT-L across
all treatments. Specifically, our main variable is a dummy variable that
takes value = 1 if the answer is correct, 0 otherwise. We find that the
distribution differs significantly across treatments (Kruskal–Wallis test:
𝜒2 = 36.343, p<0.001).

The pairwise comparisons of the correct answers between treat-
ments are statistically significant (see Fig. 1a). The likelihood of provid-
ing correct answers is statistically lower in the TP treatment compared
to the Baseline (Wilcoxon rank-sum test: 𝑧 = 3.167, p=0.002), while
it is statistically higher in the TD treatment compared to the Baseline
(Wilcoxon rank-sum test: 𝑧 = −2.959, p=0.003), and higher in the
TD treatment compared to the TP treatment (Wilcoxon rank-sum test:
𝑧 = −6.027, p<0.001). In Table 1 we run Logit regressions with
standard errors clustered at the individual level. Model 1 in Table 1
confirms that the TP treatment decreases the probability of providing
a correct answer to the CRT, while TD increases the probability. The
direction of these effects is confirmed when we control for gender,
previous exposure to the CRT, question and order fixed effects (Model
2), though with somewhat larger standard errors.

We now consider the distribution of the intuitive answers (main
variable=1 if individuals provided an intuitive response, 0 otherwise),
and we find that the distributions are marginally different (Kruskal–
Wallis tests: 𝜒2 = 6.183, p=0.045). The pairwise comparisons be-
tween treatments are statistically significant, with the exception of the
Baseline and the TP treatment (Wilcoxon rank-sum test Baseline vs.
TP: 𝑧 = −0.277, p=0.782; Wilcoxon rank-sum test Baseline vs. TD:
𝑧 = 2.031, p=0.042; Wilcoxon rank-sum test TD vs. TP: 𝑧 = 2.294,
p=0.022; see Fig. 1b). Models 3 and 4 in Table 1 show that the TP and
TD treatments do not affect the probability of providing an intuitive

answer to the CRT.
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Fig. 1. (a) The mean of the correct answers provided to the CRT-L across treatments. (b) The mean of the intuitive answers provided to the CRT-L across treatments. (c) The
mean of the non-intuitive incorrect answers provided to the CRT-L across treatments.
Table 1
Logit Regression on the likelihood of providing correct, intuitive, and non-intuitive incorrect answers to the CRT-L. Correct = 1 if the answer is correct, 0 otherwise; Intuitive = 1
if the answer is intuitive, 0 otherwise; Non-Intuitive Incorrect = 1 if the answer is non-intuitive incorrect, 0 otherwise; TD = 1 if a participant is under Time Delay, 0 otherwise;
TP = 1 if a participant is under Time Pressure, 0 otherwise; Female = 1 if female, 0 otherwise; Exposure = 1 if individuals have seen someone of the CRT-L questions or all of
the CRT-L questions, 0 if individuals have seen none of the CRT-L questions. No Compliance = 1 if a participant did not comply with the time manipulation, 0 otherwise. Robust
standard errors in parentheses clustered at the individual level.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Non-Intuitive Non-Intuitive

Correct Correct Intuitive Intuitive Incorrect Incorrect

TP −0.261a −0.264 0.023 0.054 0.404b 0.334b

(0.134) (0.163) (0.118) (0.133) (0.132) (0.153)
TD 0.245a 0.282a −0.170 −0.178 −0.170 −0.191

(0.135) (0.149) (0.119) (0.124) (0.141) (0.150)
Female −0.746c 0.543c 0.296b

(0.122) (0.101) (0.119)
Exposure 0.554c −0.564c 0.045

(0.137) (0.121) (0.139)
No Compliance 0.025 −0.270 0.362a

(0.231) (0.205) (0.220)

Question No Yes No Yes No Yes
Order No Yes No Yes No Yes
Constant −0.298b −0.300a −0.275c −0.326b −1.795c −1.749c

(0.095) (0.157) (0.084) (0.150) (0.095) (0.186)

𝑁 3588 3588 3588 3588 3588 3588
pseudo 𝑅2 0.007 0.112 0.001 0.067 0.009 0.087

a Denotes 𝑝 < 0.10.
b Denotes 𝑝 < 0.05.
c Denotes 𝑝 < 0.01.
Finally, when we consider the distribution of the non-intuitive
incorrect answers (main variable=1 if individuals provided a non-
intuitive incorrect response, 0 otherwise) we find that the distri-
butions differ significantly across treatments (Kruskal–Wallis tests:
𝜒2 = 28.487, p<0.001). The pairwise comparisons between each treat-
ment are statistically significant, with the exception between the Base-
line and the TD treatment (Wilcoxon rank-sum test Baseline vs. TP:
𝑧 = −3.750, p<0.001; Wilcoxon rank-sum test Baseline vs. TD: 𝑧 =
1.394, p=0.163; Wilcoxon rank-sum test TD vs. TP: 𝑧 = 5.002, p<0.001;
see Fig. 1c). Model 5 in Table 1 shows that TP increases the probability
of providing non-intuitive incorrect answers to the CRT, while TD has
no effect. Results hold even when we control for gender, previous
exposure, question and order fixed effects (Model 6).
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We report the Chi-squared test to test whether correct, intuitive, and
non-correct intuitive responses differ significantly across treatments,
and we confirm previous results (correct: 𝜒2

(2) = 36.353, p<0.001;
intuitive: 𝜒2

(2) = 6.185, p=0.045; non-intuitive incorrect: 𝜒2
(2) = 28.495,

p<0.001). We run a Fisher’s exact test to make the pairwise comparison,
and we confirm previous results (see Table 2).

4. Results at individual level

Our second pre-registered variables are the number of correct,
intuitive and non-intuitive incorrect answers provided to the CRT-L
at the individual level. Following our pre-registration, we first make
an overall comparison using Kruskal–Wallis to test differences in the
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Fig. 2. (a) The mean of the correct answers provided to the CRT-L across treatments. (b) The mean of the intuitive answers provided to the CRT-L across treatments. (c) The
mean of the non-intuitive incorrect answers provided to the CRT-L across treatments.
Table 2
Fisher’s exact test. BL=Baseline; TP= Time Pressure and TD= Time Delay.

Fisher’s exact test
BL-TP BL-TD TP-TD

Correct 𝑝 = 0.002 𝑝 = 0.003 𝑝 < 0.001
Intuitive 𝑝 = 0.807 𝑝 = 0.045 𝑝 = 0.023
Non-intuitive incorrect 𝑝 < 0.001 𝑝 = 0.182 𝑝 < 0.001

distributions across all treatments. The Kruskal–Wallis test on the dis-
tribution of the number of correct answers finds statistically significant
differences across treatments (𝜒2 = 13.858, p-value = 0.001). The
Kruskal–Wallis test on the distribution of the number of intuitive
answers does not find any statistically significant difference across
treatments (𝜒2 = 3.103, p-value = 0.212). The Kruskal–Wallis test on
the distribution of the number of non-intuitive incorrect answers finds
statistically significant differences across treatments (𝜒2 = 15.243, p-
value = 0.001). In the Appendix, we provide detailed information on
the distributions and the Tobit regressions (see Table 8).

Looking at the pairwise comparisons, we find that the number of
correct answers provided to the Baseline and TP treatment shows a
marginal difference (Wilcoxon rank-sum test: 𝑧 = 1.856, p-value =
0.063). The difference between the Baseline and TD treatment is
also marginally significant (Wilcoxon rank-sum test: 𝑧 = −1.880, p-
value = 0.060), while the difference between TP and TD is statistically
significant (Wilcoxon rank-sum test: 𝑧 = −3.742, 𝑝-value <0.001), see
Fig. 2a.

The pairwise comparisons between the number of intuitive answers
do not reveal a statistically significant difference across treatments
(all p > 0.1, see Fig. 2b). Indeed, there is no significant difference
in the number of intuitive answers provided to the Baseline and TP
treatment (Wilcoxon rank-sum test: 𝑧 = −0.204, p-value = 0.838), in
the Baseline and TD treatment (Wilcoxon rank-sum test: 𝑧 = 1.422, p-
value = 0.155), and in the TP and TD treatment (Wilcoxon rank-sum
test: 𝑧 = 1.632, p-value = 0.103).

We find statistically significant differences in the pairwise compar-
isons between treatments for the non-intuitive incorrect answers (see
Fig. 2c) except for the comparison between the Baseline and the TD
treatment (Wilcoxon rank-sum test Baseline vs TP: 𝑧 = −2.680, p-
value = 0.007; Wilcoxon rank-sum test Baseline vs TD: 𝑧 = 1.212,
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p-value = 0.226; Wilcoxon rank-sum test TD vs TP: 𝑧 = 3.754, 𝑝-value
<0.001).

5. Exploring the role of gender

There is large consensus in the literature that CRT exhibits a
significant gender difference, with males performing better than fe-
males (Branas-Garza et al., 2019; Cueva et al., 2016; Frederick, 2005;
Holt et al., 2017; Hoppe & Kusterer, 2011). Therefore, beyond the pre-
registered analysis, we explore the effects of cognitive manipulations
on CRT-L performance separately for males and females, both at the
question and at the individual level.

Starting with the results at the question level, we have that the
likelihood of providing correct answers is higher for males than females
and this is confirmed by Model 1 in Table 3, and our results are
consistent with the literature. Additionally, when examining the effects
of the two treatments on males and females separately, we observe that
males have a higher likelihood of providing correct answers under the
TD treatment compared to both the Baseline and TP treatment. Under
TP the likelihood is lower than the Baseline (see Fig. 3a). Results are
confirmed by Model 3 in Table 3. For females, there is no significant
difference in the likelihood of providing correct answers between the
TD treatment and the Baseline. However, TP decreases the likelihood
compared to both the Baseline and the TD treatments (see Fig. 3a),
although this is not confirmed by Model 2 in Table 3. Overall, results
suggest that males are more responsive to cognitive manipulations
than females and exposure to TD increases the likelihood of providing
correct answers for males but not for females. Wilcoxon rank-sum tests
are in Fig. 3a.

The likelihood of providing intuitive answers is higher for females
than males as confirmed by Model 4 in Table 3, and our results
are consistent with the literature. When examining the effect of the
two treatments on males and females separately, we observe that for
males the likelihood of providing intuitive answers is lower under TD
compared to the Baseline and TP. There is no significant difference
in the likelihood of providing intuitive answers between the Baseline
and TP treatment (see Fig. 3b). Results are confirmed by Model 6 in
Table 3. For females, there is no significant difference in the likelihood
of providing intuitive answers across treatments (Fig. 3b). Results are
confirmed by Model 5 in Table 3. These findings suggest that males
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Fig. 3. (a) The mean of the correct answers provided to the CRT-L across treatments and gender. (b) The mean of the intuitive answers provided to the CRT-L across treatments
and gender. (c) The mean of the non-intuitive incorrect answers provided to the CRT-L across treatments and gender.
are more responsive to cognitive manipulations than females, while
exposure to CRT decreases the likelihood of providing correct answers
for both males and females. Wilcoxon rank-sum tests are in Fig. 3b.

Finally, the likelihood of providing non-intuitive incorrect answers
is the same for females and males, as confirmed by Model 7 in Table 3.
When examining the effect of the two treatments on males and females
separately, we observe that for males the likelihood of providing non-
intuitive incorrect answers is lower under TD compared to both the
Baseline and TP treatment (see Fig. 3c). Results are confirmed by Model
9 in Table 3. For females, TP increases the likelihood of providing non-
intuitive incorrect answers (Fig. 3c). Results are confirmed by Model 8
in Table 3. Wilcoxon rank-sum tests are in Fig. 3c.

We now examine the effect of cognitive manipulations on males and
females looking at the answers at the individual level.

Overall, males tend to provide a higher number of correct answers
compared to females (see Table 9 in the Appendix), and this is con-
sistent with the literature. When examining the effects of the two
treatments on males and females separately, we observe that males
provide a higher number of correct answers under TD with respect to
TP and the Baseline (see Fig. 4a). For females, the number of correct
answers is marginally higher under TD with respect to TP, but overall
there is no difference across treatments (see Fig. 4a). Overall, it appears
that males are more responsive to cognitive manipulations compared
to females. Additionally, exposure to CRT increases the likelihood of
providing correct answers for females, while this effect is not observed
in males. Wilcoxon rank-sum tests are in Fig. 4a.

We now examine the intuitive answers and, our findings indicate
that females tend to provide a higher number of intuitive answers
compared to males, and our results are consistent with the literature.
When examining the effect of the two treatments on males and fe-
males separately, we observe that for males under TD, the number
of intuitive answers is lower with respect to TP and the Baseline (see
Fig. 4b). For females, there is no difference in the number of intuitive
answers across treatments (Fig. 4b). Once again, it appears that males
exhibit greater responsiveness to cognitive manipulations compared
to females. Furthermore, exposure to CRT appears to decrease the
likelihood of providing correct answers for both males and females.
Wilcoxon rank-sum tests are in Fig. 4b.

Finally, females and males provide the same number of non-intuitive
incorrect answers. When examining the effect of the two treatments on
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males and females separately, we observe that males under TD provide
a slightly lower number of non-intuitive incorrect answers with respect
to TP and the Baseline (see Fig. 4c). For females under TP, the number
of non-intuitive incorrect answers is higher compared to TD and the
Baseline (Fig. 4c). Wilcoxon rank-sum tests are in Fig. 4c.

6. Discussion

In this paper, we have studied the effectiveness of two widely used
experimental treatments based on constraining response times, Time
Pressure (TP) and Time Delay (TD). Our novelty lies in using the
answers provided to the Cognitive Reflection Test as a measure of their
effectiveness (Frederick, 2005).

Our data show that the TD treatment increases the frequency of cor-
rect answers to the CRT, suggesting that the TD treatment is effective in
promoting reliance on deliberation. Further, the TP treatment increases
the frequency of incorrect answers, suggesting that the TP treatment is
effective in reducing reliance on deliberation. These results are even
stronger when we restrict our analysis to the new version of the CRT
by Primi et al. (2016), (see Table 13). Indeed, TD increases the like-
lihood of providing correct answers, while it decreases the likelihood
of providing intuitive answers. While TP decreases the likelihood of
providing correct answers and increases the likelihood of providing
non-intuitive incorrect answers. This is very important because the
version of the CRT by Frederick (2005) has been seen many times, and
people might answer correctly to the answers because they know the
responses ex ante. In contrast, the new version by Primi et al. (2016)
allows us to confirm our results.

Our data also confirm previous results on gender bias regarding
CRT scores: females were more likely to provide intuitive responses and
less likely to provide correct answers, compared to males. Interestingly,
we also find that the effect of the experimental treatments is gender-
specific: TD increases the frequency of correct answers for males but not
for females, while TP increases the frequency of non-intuitive incorrect
answers for females but not for males. Moreover, females tend to
perform better the more they have been exposed to CRT questions in
the past.

It seems natural to ask why the TP treatment may have these effects.
Our results are compatible with at least two distinct interpretations.
One possibility is that TP does not foster intuition much but instead
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Fig. 4. (a) The mean of the correct answers provided to the CRT-L across treatments and gender. (b) The mean of the intuitive answers provided to the CRT-L across treatments
and gender. (c) The mean of the non-intuitive incorrect answers provided to the CRT-L across treatments and gender.
Table 3
Logit Regression on the likelihood of providing correct, intuitive, and non-intuitive incorrect answers to the CRT-L. Correct = 1 if the answer is correct, 0 otherwise; Intuitive = 1
if the answer is intuitive, 0 otherwise; Non-Intuitive Incorrect = 1 if the answer is non-intuitive incorrect, 0 otherwise; TD = 1 if a participant is under Time Delay, 0 otherwise;
TP = 1 if a participant is under Time Pressure, 0 otherwise; Female = 1 if female, 0 otherwise; Exposure = 1 if individuals have seen someone of the CRT-L questions or all of
the CRT-L questions, 0 if individuals have seen none of the CRT-L questions. No Compliance = 1 if a participant did not comply with the time manipulation, 0 otherwise. Robust
standard errors in parentheses clustered at the individual level.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Non-Intuitive Non-Intuitive Non-Intuitive

Correct Correct Correct Intuitive Intuitive Intuitive Incorrect Incorrect Incorrect

TP −0.252 −0.226 −0.312 0.161 −0.098 0.204 0.184 0.473b 0.199
(0.212) (0.235) (0.217) (0.178) (0.193) (0.181) (0.222) (0.201) (0.230)

TD 0.439b 0.068 0.449b −0.359b 0.017 −0.367b −0.221 −0.153 −0.229
(0.203) (0.224) (0.201) (0.174) (0.184) (0.173) (0.229) (0.193) (0.229)

Female −0.619c 0.508c 0.154
(0.211) (0.175) (0.199)

TP×Female −0.036 −0.218 0.302
(0.297) (0.247) (0.279)

TD×Female −0.355 0.364 0.071
(0.297) (0.248) (0.298)

Exposure 0.552c 0.889c 0.298 −0.560c −0.818c −0.341b 0.040 0.025 0.063
(0.137) (0.200) (0.183) (0.121) (0.180) (0.162) (0.139) (0.181) (0.210)

No Compliance 0.017 −0.323 0.310 −0.249 −0.061 −0.466 0.350 0.413 0.248
(0.232) (0.348) (0.328) (0.205) (0.258) (0.345) (0.219) (0.312) (0.292)

Question Yes Yes Yes Yes Yes Yes Yes Yes Yes
Order Yes Yes Yes Yes Yes Yes Yes Yes Yes
Constant −0.351b −1.165c −0.209 −0.312a 0.209 −0.340a −1.682c −1.355c −1.871c

(0.175) (0.229) (0.191) (0.165) (0.208) (0.188) (0.209) (0.231) (0.258)

Gender Female Male Female Male Female Male
𝑁 3588 1674 1914 3588 1674 1914 3588 1674 1914
pseudo 𝑅2 0.113 0.111 0.091 0.070 0.076 0.057 0.088 0.100 0.078

a Denotes 𝑝 < 0.10.
b Denotes 𝑝 < 0.05.
c Denotes 𝑝 < 0.01.
mostly impairs correct reasoning, leading to a greater likelihood of
wrong (random) answers rather than intuitive ones. Furthermore, given
that participants have only 30 s to read and respond to each question,
there is a possibility they might not read carefully, which could lead
to confusion. This could result in a higher level of non-intuitive in-
correct answers under the TP treatment. This possible explanation is
supported by Goeschl and Lohse (2018), where the authors find that
6 
TP leads participants to be more prone to confusion (or randomness).
Thus, TP may lead to providing more non-intuitive incorrect answers
instead of intuitive answers due to confusion. Another possibility is
that the intuitive answers of the CRT do not really capture intuition.
Indeed, there is evidence that while correct answers in the CRT are a
reliable measure of deliberation, intuitive answers may not be a reliable
measure of intuition (Pennycook et al., 2016). In particular, it has been
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shown that correct answers in the CRT correlate with the Need for
Cognition (Cacioppo & Petty, 1982), a scale that measures the tendency
of individuals to engage in complex cognitive tasks, while intuitive
answers do not correlate with the Faith on Intuition (Epstein et al.,
1996), a scale that measures the individuals’ tendency in engaging
in effortless and intuitive tasks. To distinguish between these two
possible interpretations, it seems worth exploring the construction of
an alternative behavioral measure of actual intuitive decisions.

Furthermore, one might wonder whether our results are driven by
the fact that numeracy correlates with CRT scores. However, we can
reasonably dismiss concerns about such potential confounding effects
because our sample is well-balanced across treatments in terms of
gender, age, student status, employee status, and level of education.

Additionally, considering the power of our analysis, we cannot
exclude the possibility that the cognitive manipulations that appear
to have no statistically significant effect in some cases may actually
have a small effect size. Therefore, it would be valuable to conduct a
similar study with increased sensitivity to detect smaller effect sizes,
such as around 10%. Furthermore, if our novel approach proves to
be successful, it could be employed to test the effectiveness of other
cognitive manipulations that have been implemented to induce reliance
on deliberation and intuition. Examples of such manipulations include
cognitive load (Gilbert & Hixon, 1991; Gilbert et al., 1993; Schulz et al.,
2014; Swann et al., 1990), conceptual priming (Cappelen et al., 2013;
Capraro, Everett, & Earp, 2019; Rand et al., 2012; Shenhav et al., 2012),
motivated delay (Bilancini, Boncinelli, Guarnieri & and Spadoni, 2023;
Takemura, 1993; Bilancini, Boncinelli, & Spadoni, 2023; Bilancini et al.,
2022), and ego depletion (Achtziger et al., 2018; Baumeister, 2002;
Baumeister et al., 1998; Muraven & Slessareva, 2003; Muraven et al.,
1998; Wang et al., 2017).
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