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Abstract 

The Cognitive Reflection Test (CRT) has become a common 
measurement of analytical thinking. The original version 
contains three problems designed to induce heuristic (biased) 
thinking which commonly leads to the wrong response. The 
aim of this study was to introduce an additional three items and 
modify the CRT by including chronometric and metacognitive 
measures. Participants were presented with a problem and four 
alternatives which included a correct response, heuristic 
response, filler incorrect response and a “none of the above” 
response. Their task was to choose their preferred response as 
fast as possible. After each response, participants provided a 
judgment of confidence. Participants mostly responded by 
choosing heuristic responses. The response time analysis 
revealed a significant effect of response type with slightly 
faster responses for heuristic responses. The confidence ratings 
analysis revealed that participants were generally more 
confident when providing correct responses, but this was 
significant for only three of the six problems. Additionally, 
correlation analysis revealed significant negative correlations 
between response times and confidence ratings for both correct 
and heuristic responses. Shorter response times were 
accompanied by higher confidence. Modifications of the CRT 
(item number expansion and 4-choice paradigm) proved to be 
successful. 

Keywords: Cognitive Reflection Test; meta-reasoning; 
metacognition; heuristic bias; analytical thinking 

Introduction 

The Cognitive Reflection Test (CRT) was developed by 

Frederick (2005). It has become a common tool to evaluate 

one’s ability to override the induced heuristically biased 

response and to provide the correct response based on 

analytical thinking. The theoretical background for this 

distinction is the dual-processing approach (see Evans, 2008; 

Evans & Stanovich, 2013) which differentiates between Type 

1 (intuitive and based on heuristics) and Type 2 (analytical 

and more demanding) processes. This approach is 

complemented with implications of meta-reasoning 

framework (Ackerman & Thompson, 2015, 2017) which 

attempts to explain metacognitive processes accompanying 

reasoning. 

The aims of this study were to introduce additional items 

to the CRT and to include response times and judgments of 

confidence. Chronometric and metacognitive measures 

should enable additional analyses that test the hypotheses 

based on the implications of the dual-process approach and 

meta-reasoning framework. 

Method 

A total of 70 (7 males) students participated in the study. All 

participants solved an expanded CRT battery which included 

three original and three additional problems. The complete 

set of problems is listed in the Appendix (Table A1). In order 

to obtain a more precise chronometry, choice rather than 

production paradigm was used. In order to avoid the possible 

confounding effect of a two-alternative choice, the 

participants were presented with four-alternative choice 

responses. One was the correct analytic response, another 

based on a heuristic, the third a filler incorrect response and 

the final alternative was “none of the above”. Filler responses 

were generated to be distanced enough from both the 

heuristic and analytic response. Answers were arranged in 

four areas on the computer screen. The spatial placement of 

the answers corresponded with four arrows on a computer 

keyboard: left, right, up and down. The answers’ position was 

rotated between the problems. Problems were presented in a 

randomized order for each participant. The participant’s task 

was to read the problem and then to press a key that 

corresponded to her preferred response. After each response, 

the participant provided a metacognitive judgment of 

confidence on a seven-point scale (1 – not confident at all;  

7 – completely confident). 

Results and discussion 

Descriptive statistics for all six CRT items are presented in 

Table 1. The percentage of both analytical and heuristic types 

varied predictably: for all six problems there were more 

heuristic than analytic responses. This finding suggests that 

all six CRT problems induced similar patterns of response 

among participants, although their content might prompt 

different heuristic processes. This allows their incorporation 

into the same test. Average confidence ratings for all six tasks 

are above the middle value (4.34 – 6.01). These ratings are 

relatively high when compared with the percentage of correct 

responses which was lower than 33%. This suggests that most 

participants overestimated their performance. This is a 

common finding in many meta-reasoning studies (Mata, 

Ferreira, & Sherman, 2013). The average participant 

achieved 1.67 points. For a more detailed distribution of 

efficiency see Table A2 in the Appendix. Response time 

differences among the tasks were tested with one-way 

ANOVA. 
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Table 1: Descriptive statistics for six CRT items. Standard deviations for response times (RT)  

and judgments of confidence in parentheses. 

CRT 

problem 

Correct [%] Heuristic  “none of the 

above” [%] 

Filler 

response [%] 

RT [ms] Confidence 

[1-7] 

1 21.43 72.86 4.29 1.43 14617.24 

(10252.54) 

5.56  

(1.58) 

2 37.14 42.86 8.57 11.43 17765.79 

(12047.27) 

4.93  

(1.85) 

3 30.00 34.29 25.71 10.00 19470.21 

(10076.33) 

4.34  

(2.03) 

4 20.00 54.289 22.86 2.86 17969.36 

(10118.39) 

4.41  

(1.59) 

5 25.71 67.14 7.14 0.00 12904.19 

(5354.79) 

6.01  

(1.41) 

6 32.86 45.71 21.43 0.00 18129.66 

(8834.19) 

4.69  

(1.78) 

Mean 27.86 52.86 15.00 4.29 16809.41 4.99 

 

The effect proved significant (F(5, 345) = 6.44, p < .01,  

ηp
2 = .09), and post-hoc analysis (Tukey HSD) revealed that 

item 5 was solved faster than all other items with the 

exception of item 1, and that item 1 was also solved faster 

than item 3 (the slowest, see Figure 1). Other differences in 

response times were insignificant. The same analysis was 

conducted on confidence ratings. The effect of the CRT item 

was significant (F(5, 345) = 14.06, p < .01, ηp
2 = .17). Post-

hoc analysis revealed that participants were significantly 

more confident when solving item 5 compared to their 

confidence on all other items with the exception of item 1. 

Participants were also more confident when solving item 1 

compared to their confidence in items 3, 4 and 6. It is apparent 

in Figure 1 that changes in average confidence judgments 

across CRT items consistently follow changes in average 

response times. On average, the faster the response the higher 

the confidence rating. Additionally, if response times and 

confidence ratings are compared with the percentage of the 

heuristic responses (Table 1), further regularity is apparent. 

On average, tasks with the higher percentage of heuristic 

responses were also solved faster. Both of these findings are 

in line with basic assumptions of the dual-process theory of 

reasoning and meta-reasoning framework. Firstly, 

heuristically biased responses are often easier and faster than 

analytic. Similar result was obtained in other studies (see 

Stupple, Pirchford, Ball, Hunt, & Steel, 2017). This explains 

not only the relatively high percentage of heuristic responses, 

but also differences in response times. Secondly, according 

to the meta-reasoning framework, our metacognitive 

monitoring in reasoning is not so firmly based on actual 

accuracy, but rather on indirect cues such as fluency that 

result from reasoning processes (see Ackerman & Zalmanov, 

2012). This explains why items that were solved faster were 

rated with higher confidence ratings. 

Heuristic vs Analytic responses 

The modification in the procedure enabled additional 

analysis based on response types. It was important to 

compare heuristic and analytic responses on response times. 

Two 2(H-A) X 6(CRT items) ANOVAs were conducted, one 

on response times and one on confidence ratings. 

The results of the first ANOVA revealed the significant 

main effect of response type on log transformed response 

times (F(1, 327) = 5.60, p < .05, ηp
2=.02). Heuristic responses 

had shorter response times when compared to analytic 

responses. However, post-hoc analysis revealed that response 

time difference is significant only for CRT item 1. The 

second ANOVA revealed a significant main effect of 

response types on confidence ratings F(1, 327) = 11.62,  

p < .01, ηp
2 = .09). Participants were generally more 

confident when providing correct responses, than when 

responding heuristically which is in line with finding of  De 

Neys, Rossy and Houdé (2013). 
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Figure 1: Comparison of average response times (RT) and judgments of confidence (JOC) for six CRT problems. Spreads 

represent 95% confidence.Post-hoc analysis revealed that this difference in confidence was significant for three CRT items 

(2, 3 and 4). Some would expect lower confidence is related to analytic responses. However, this is not the case taking into 

account that heuristic responses were not always faster than analytic responses. Additionally, the correlations between 

response times and confidence ratings are significant and negative for analytic responses (r(115) = -.29, p < .01) and heuristic 

responses (r(220) = -.35, p < .01). This finding is in accordance with the significance of fluency as a metacognitive cue in 

reasoning. 

 

Finally, it would be interesting to see the participants’ 

confidence when providing “none of the above” (NOA) 

responses. If this response is chosen, this suggests that both 

heuristics and analytical processes failed to generate the 

response. Hence, it is to be expected that these responses are 

accompanied with lowest confidence. This proved true for 

CRT items 2, 3, 4, and 5. NOA responses were accompanied 

with the lowest confidence rating (lower than 4), and all 

answer type ANOVAs on confidence were significant (all  

F > 3.57, p < .02).  

In conclusion, methodological modifications of the CRT 

proved successful in both incorporating the additional 

problems, as well as the application of the 4-choice paradigm 

in a laboratory setting. Furthermore, it has been confirmed 

that CRT problems that induce more heuristic responses are 

generally responded to faster and have higher confidence 

ratings. The negative correlation between response times and 

confidence ratings has been confirmed for both heuristic and 

analytic answers. Finally, there is a tendency within 

particular tasks for analytic answers to be slower and 

accompanied by higher confidence ratings. 
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Appendix A 

Table A1: Expanded CRT test. First three items are taken 

from Frederick’s (2005) original version. Fourth item is 

taken from Toplak et al. (2014). Last two items were 

developed for this study. Heuristic (H), analytic (A), and 

filler (F) responses that were presented in the study follow 

each task.  

 CRT Item 

(1) A bat and a ball cost $1.10 in total. The bat 

costs a dollar more than the ball. How much 

does the ball cost? H: 0.10; A: 0.05; F: 0.48 

(2) If it takes 5 machines 5 minutes to make 5 

widgets, how long would it take 100 machines 

to make 100 widgets? H: 100; A: 5; F: 20 

(3) 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? H: 24; A: 47; F: 32 

(4) John received both the 15th highest and the 

15th lowest mark in the class. How many 

students are in the class? H: 30; A: 29; F: 35 

(5) Mr. Markovitz has 7 daughters. Each daughter 

has 1 brother. How many male members there 

are in the family, including Mr. Markovitz? 

H: 8; A: 2; F: 4 

(6) Planet Earth weights 6 thousand billion tons. 

Imagine that the wall is built that weights 1 

thousand billion tons. How many thousand 

billion tons is the weight of the Earth now? 

H: 7; A: 6; F: 10 

 

Table A2: Distribution of efficiency in 6-items CRT test 

used in this study.  

Number of 

correct responses 

Percentage of the participants 

(N=70) [%] 

6 1.43 

5 2.86 

4 7.14 

3 14.29 

2 18.71 

1 35.71 

0 20.00 




