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Abstract 

Cognitive Reflection and 2D:4D: Evidence from a Large  
Population Sample 

by Levent Neyse, Frank M. Fossen, Magnus Johannesson, and Anna Dreber* 

Bosch-Domènech et al. (2014) reported a negative association between 2D:4D, a suggested 
marker of prenatal testosterone exposure, and the Cognitive Reflection Test (CRT) in a 
sample of 623 university students. In this pre-registered study, we test whether we can 
replicate their findings in a general population sample of over 2,500 individuals from 
Germany. We find no statistically significant association between 2D:4D and the CRT in any 
of our primary hypothesis tests, or in any of our pre-registered exploratory analyses and 
robustness tests. The evidence is strong (based on the 99.5% confidence intervals in all 
three primary hypotheses tests) against effect sizes in the hypothesized direction larger 
than 0.075 CRT units (0.073 of the CRT standard deviation) for a one standard deviation 
change in 2D:4D. 

Keywords: Cognitive Reflection Test, 2D:4D, Replication, Prenatal Testosterone, Sex 

JEL classification: D87, D9 
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1. Introduction 

Dual process theories (e.g. Epstein, 1994; Kahneman and Frederick, 2002) attempt to explain 

decision making in two systems. In this framework, System I decisions are practical, fast and they 

make people’s lives easier. Yet, they have the potential risk of being wrong as they are intuitive, 

unconscious and usually biased. System II decisions on the other hand require higher cognitive 

effort and more detailed analytical thinking. Many important decisions need a switch to System II 

to reduce decision errors. The Cognitive Reflection Test (CRT; Frederick, 2005) is one of the 

fundamental tools in social scientists’ toolbox to study dual process theories.1 CRT consists of 

three questions that test the respondent’s ability to avoid an intuitive incorrect answer (System I) 

and to switch to the more analytical System II. The CRT has been reported to predict various 

behaviors and decision patterns including time and risk preferences (Frederick, 2005; Oechssler 

et al., 2009), performance on heuristics and biases in decision tasks (Toplak et al., 2011) or 

creativity (Barr et al., 2015). See the meta-analysis of Brañas-Garza et al. (2019a) for a detailed 

literature review. 

Cumulative evidence suggests that men perform better than women on the CRT (e.g. Frederick, 

2005; Kahan, 2012; Skagerlund et al., 2018). Following the repeatedly observed sex difference, 

several studies have set out to investigate the role of prenatal androgen exposure on CRT scores. 

The reason is that the prenatal exposure to testosterone is sexually dimorphic and it is suggested 

to have organizing effects on the brain and endocrinological development that might contribute to 

shaping personality traits and decision patterns (Phoenix et al., 1959; Arnold, 2009; Lombardo et 

al., 2012). Since male fetuses are exposed to higher levels of testosterone than female fetuses, it 

is hypothesized that prenatal testosterone exposure can explain sex differences in human behavior 

and psychology. The 2D:4D ratio (also referred to as the digit ratio), measured by dividing the 

                                                           
1 There are also studies criticizing dual process theories (see, e.g., Mercier and Sperber, 2011). 
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lengths of the index and the ring fingers of human hands, has been suggested as a bio-marker of 

prenatal exposure to testosterone (Manning et al., 1998). A lower 2D:4D ratio is argued to indicate 

higher levels of prenatal testosterone exposure, with men usually having lower 2D:4D ratios than 

women (Hönekopp and Watson, 2010). However, there are also studies that did not find any 

significant sex differences in the 2D:4D ratio (e.g. Apicella et al., 2016). Using different methods 

including direct amniotic fluid draws, twin studies and investigation of diseases related to hormone 

deficiencies, there are examples of studies reporting a negative relationship between 2D:4D and 

prenatal testosterone exposure (e.g. Lutchmaya et al., 2004; van Anders et al., 2006; Manning et 

al., 2013; Ventura et al., 2013), but there are also many null results (e.g. Buck et al., 2003; Hollier 

et al., 2015; Hiraishi et al., 2012; Medland et al., 2008; Nave et al., 2020), with the latter ones 

tending to have larger sample sizes. 

There are several papers studying the relationship between CRT scores and 2D:4D. In a sample 

of 623 university students, Bosch-Domènech et al. (2014) report a statistically significant negative 

relationship between the two.2 The result holds for both hands and is stronger among women. In 

a sample of 243 male college students, Nave et al. (2017), among other things, test the relationship 

between 2D:4D and CRT scores, but fail to replicate the findings of Bosch-Domènech et al. (2014). 

Similarly, neither Millet and Aydinli (2019) nor Neyse et al. (2016) could detect a significant 

relationship between 2D:4D and CRT; but as the Nave et al. (2017) study they relied on samples 

of students that were smaller than Bosch-Domènech et al. (2014), with n=218 and n=281 

respectively. 

Considering the inconclusive results in the previous studies, we perform a replication study where 

we re-test the relationship between 2D:4D and CRT in a large, representative sample of more than 

                                                           
2 Cueva et al. (2016) use a collection of datasets from various studies and find a negative relationship 

between 2D:4D and CRT scores only for the right hand (p<0.05). The statistical significance, however, 
disappears with inclusion of control variables in their regression analysis. 
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2500 respondents in the German Socio-Economic Panel’s Innovation Sample (SOEP-IS). SOEP-

IS is a panel study that has run with a representative sample of more than 4000 adult individuals 

for 10 years. There are at least three advantages of conducting this replication study in a large-

scale household panel. First, the external validity issue of experiments (see Levitt and List, 2007) 

can partly be tackled in representative samples. Second, the sample sizes are usually much larger 

than in laboratory experiments. For example, the largest sample that investigates the relationship 

between 2D:4D and CRT scores is the one of Bosch-Domènech et al. (2014) (n=623). There is 

evidence that some share of experiments in experimental economics are potentially underpowered 

(see, e.g., Zhang and Ortmann, 2013; Maniadis et al., 2014; Bilén et al., 2021), thus it is important 

to work with larger sample sizes in order to determine which results are true versus false positive, 

and also to estimate effect sizes, which tend to be inflated even for true positive results when 

studies are underpowered (Gelman and Carlin 2014; Camerer et al., 2016, 2018). Finally, 

university students are now often experienced with the CRT as many of them are exposed to it in 

different experiments and questionnaires. Researchers have therefore started to re-phrase the 

original CRT questions to avoid familiarization (e.g. Capraro et al., 2017; Sirota et al., 2021). 

Familiarization with the CRT questions can be expected to be less of a problem in a household 

survey, making it possible to use the original CRT questions. Indeed, our results show that only 

131 out of 2529 respondents indicated that they knew the CRT before participating in the study. 

Among those, 57 could answer all questions correctly. To test if we can replicate the findings of 

Bosch-Domènech et al. (2014), we design our pre-registered analysis as close as possible to the 

original study. We find no statistically significant association between 2D:4D and the CRT in any 

of our primary hypothesis tests, or in any of our pre-registered exploratory analyses and robustness 

tests.  
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2. Methods 

2.1. Data Collection and Participants 

The data collection was performed through the Innovation Sample of the German Socio-Economic 

Panel (SOEP-IS) (Richter and Schupp, 2015). SOEP-IS is a longitudinal survey that was 

established in 2012 and it is aimed at collecting new data in cooperation with external researchers. 

The SOEP-IS survey typically includes standard panel questions (e.g. income, work, family, health 

status) as well as experimental and survey modules that can be suggested by the international 

research community from various fields. The panel structure enables the combination of datasets 

and variables of different years and also the possibility to track changes in respondents’ personal 

and professional lives. SOEP-IS has more than 4000 adult respondents, representative of the 

German population. The data and innovative modules are open to the scientific community two 

years after the delivery of the data. For the current study we use the data of the 2D:4D module 

from the 2018 wave and the CRT module from the 2020 wave. Both of these modules were 

collected as a result of the initiative and planning of the authors of this study. The 2D:4D module 

has been available for researchers since April 2021 and the CRT data will be open to the research 

community in April 2023. 

2D:4D Module 

The 2D:4D data were collected in 2018 and used in three studies to investigate the relationship 

between 2D:4D and i) economic preferences (Neyse et al., 2021), ii) entrepreneurial career choice 

(Fossen et al., 2022) and depressive disorders (Lautenbacher and Neyse, 2020).3 

                                                           
3 The pre-analysis plans of the first two studies can be found at https://osf.io/5vpdn and at https://osf.io/t94fv 

respectively. 

https://osf.io/5vpdn
https://osf.io/t94fv
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The 2D:4D measurements were done by 263 interviewers with digital calipers. Both hands of the 

respondents were measured. The interviewers were thoroughly trained and were provided with 

printed guidelines. These guidelines were also tested by two research assistants, and their 

measurements were compared to those done with a flatbed scanner and an image editing 

software. The results were indistinguishable between the two methods. To minimize 2D:4D 

measurement errors, we included notes to interviewers in the guidelines, which can be found at 

https://osf.io/5vpdn/. The 2D:4D measurement guidelines indicated that if the 2D:4D ratio is outside 

the typical range of 0.8 and 1.1, the measurement should be done again. For this reason, some 

participants’ hands were measured twice. Following the previous studies by Neyse et al. (2021) 

and Fossen et al. (2022) we construct three 2D:4D samples and repeat the analyses for all of these 

sample specifications: 

i) The Main Sample is based on the first 2D:4D measurement for all individuals and no 2D:4D 

observations have been excluded. The Main Sample is used for the main analyses. 

ii) Corrected Sample involves the second 2D:4D measurement instead of the first if the interviewer 

recorded two measures. We repeat the whole analysis using the Corrected Sample in our 

robustness tests and present them in the Appendix. By definition, the sample size remains the 

same as the size of the main sample. 

iii) The Restricted Sample involves participants with a 2D:4D in the range between 0.8 and 1.2 

based on the first measurement of 2D:4D (this range corresponds to about +/- three to four STDs 

away from the mean in our data). We also rerun the whole analysis using the Restricted Sample 

in robustness tests and present them in the Appendix. The fraction of outliers excluded in the 

Restricted Sample was low (19 out of 2529 observations for left-hand 2D:4D and 8 out of 2522 

observations for right-hand 2D:4D). 

https://osf.io/5vpdn/
https://osf.io/5vpdn/
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Appendix Table A1 presents descriptive 2D:4D statistics for the Main Sample, the Corrected 

Sample, and the Restricted Sample for individuals with data on gender and CRT (i.e. the samples 

included in the analyses below). It shows descriptive statistics for the left and right hands and the 

average of both hands for all three samples, and descriptive statistics are also reported separately 

for men and women. The mean 2D:4D and the standard deviation are somewhat higher in our 

study than in the study of Bosch-Domènech et al. (2014), and in line with Bosch-Domènech et 

al. (2014), 2D:4D is slightly higher for women than men. 

CRT Module 

The CRT module was a part of the 2020 wave of the SOEP-IS. The module involved 6 questions 

in total. The first three questions were standard CRT items:  

1. A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How much does 

the ball cost? (Intuitive answer: 10 cents. Correct answer: 5 cents) 

2. If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100 machines 

to make 100 widgets? (Intuitive answer: 100 minutes. Correct answer: 5 minutes) 

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? (Intuitive answer: 24 days. Correct answer: 47 days) 

In the fourth question, respondents were asked whether they knew the answers before. The last 

two questions elicited respondents’ beliefs about their own and other respondents’ average scores. 

As noted in the pre-analysis plan, we do not use the prediction data in the current study. In line 

with Bosch-Domènech et al. (2014), we did not incentivize correct responses in the CRT. The 

meta-analysis of Brañas-Garza et al. (2019a) also concluded that the monetary incentives did not 

have a significant effect on CRT performance. Although the number of respondents who answered 
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the three CRT questions were 3021 in total, we can analyze only 2529 since the remaining 

respondents did not participate in the 2D:4D module in 2018.   

2.2. Statistical Analysis and Variables 

In line with Benjamin et al. (2018), we use p<0.005 as our threshold for statistically significant 

evidence and p<0.05 for suggestive evidence. Our tests are based on two-sided p-values and our 

analyses are based on linear OLS regressions estimated with robust (Huber-White) standard 

errors. Note that our decision to use two-sided instead of one-sided p-values is based on the 

recommendation of Benjamin et al. (2018). 

Our dependent variable in the regressions is the CRT score of the respondent. The main 

independent variable is 2D:4D. We also control for the respondent’s sex in all the regressions. In 

a robustness test we also control for impatience and educational background information that are 

available in the panel data. 

We pre-registered our hypotheses and published the detailed pre-analysis plan in a public 

repository before the CRT data collection was completed and before we had access to any CRT 

data (https://osf.io/259wx/). The pre-analysis plan, which we strictly follow, reports all the details 

about the variables and the analyses that we perform in this study. The pre-analysis plan was 

prepared in line with the analysis of Bosch-Domènech et al. (2014). The authors of Bosch-

Domènech et al. (2014) also reviewed the pre-analysis plan and confirmed that it followed their 

analyses. 

Variables 

CRT-score: Our dependent variable is the CRT-score [0,3] in all our analysis. 

2D:4D: Our main independent variable is 2D:4D. We run the analysis for the right and left hands 

as well as the average of the both hands for each hypothesis. 

https://osf.io/259wx/
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Female: We will include sex (1 for female and 0 for male respondents) as a control variable in all 

regressions as the 2D:4D ratio can differ between men and women. Sex was also shown to be 

associated with CRT in previous studies (e.g. Frederick, 2005; Kahan, 2012; Skagerlund et al., 

2018). 

2D:4D X female: As a pre-registered exploratory analysis we test whether the association between 

2D:4D and CRT differs between men and women. To do so, we add an interaction variable 

between the binary female variable and 2D:4D in the three OLS regressions used to test primary 

hypothesis 1a, 1b, and 1c (see below). Note that we do not specify a hypothesized direction of the 

interaction coefficient as these analyses are exploratory and would need confirmation in other 

studies to carry much weight. We also report the statistical significance of the 2D:4D effect 

separately for men and women as part of these analyses, but these tests are only relevant if the 

interaction coefficient is statistically significant. 

Impatience & education variables: In another pre-registered robustness tests, we control for 

Impatience and education variables in the regressions. The education variables are four not 

mutually exclusive dummy variables. The motivation is that Bosch-Domènech et al. (2014) ran 

additional analyses with time discounting and mathematical skills as control variables.4 While our 

dataset does not include these exact measures, we use the self-reported patience variable [0,10] 

included in the panel in our robustness test (controlling for Impatience), which was experimentally 

validated by Vischer et al. (2013). As we have the educational background of all respondents, we 

also include educational degree dummies as control variables in our robustness tests as a proxy 

variable for mathematical skills. The four dummy variables that we refer to as education variables 

are: The first indicating a high school degree that qualifies for university entrance in Germany 

                                                           
4 Inclusion of these two control variables (time discounting and mathematical skills) in Bosch-Domènech et 

al. (2014) did not importantly change their results for the association between 2D:4D and CRT; the 
association was reported as statistically significant with and without these two control variables. 
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(“Fachhochschulreife” or “Abitur”), referred to as “higher secondary school”; the second indicating 

completion of an apprenticeship, referred to as “apprenticeship”; the third indicating a degree from 

a university, a university of applied sciences, or a college or university outside Germany, referred 

to as “university degree”; and the fourth indicating completion of a vocational school, health care 

school, technical school, civil service training, or other vocational degree, referred to as “vocational 

degree”.5  

2.3. Main Hypothesis 

Our primary hypothesis relies on the study of Bosch-Domènech et al. (2014), which found that 

2D:4D was negatively associated with CRT scores for both hands. We carry out the primary 

hypothesis test for the left-hand 2D:4D, the right-hand 2D:4D and for the average of the left-hand 

and the right-hand 2D:4D, using separate OLS regressions. The binary sex variable, female, is 

included in all regressions. Even though Bosch-Domènech et al. (2014) did not report results for 

the average of the left-hand and right-hand 2D:4D, we report results for this 2D:4D measure as 

well because taking the mean of these two measurements will reduce measurement noise. We 

refer to the three tests of the primary hypothesis as Primary Hypotheses 1a, 1b, and 1c. 

Primary Hypothesis 1a: Lower left-hand 2D:4D is associated with more correct answers in the 

CRT. 

Primary Hypothesis 1b: Lower right-hand 2D:4D is associated with more correct answers in the 

CRT. 

                                                           
5 We use the dummy variables for educational degrees that can be accumulated rather than dummies only 

capturing the highest degree obtained in order to make use of more information about individuals. For 
example, some individuals in Germany first obtain an apprenticeship before starting university studies. 
Allowing both the apprenticeship dummy and the university degree dummy to have the value one captures 
potential additional effects from the apprenticeship that would otherwise be ignored. 
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Primary Hypothesis 1c: Lower average of the left-hand and right-hand 2D:4D is associated with 

more correct answers in the CRT. 

The primary hypothesis tests are carried out on the Main Sample described above, and all 

participants in this sample with data on 2D:4D, CRT and gender will be included in the analyses.    

2.4. Pre-Registered Exploratory Analyses and Robustness Tests 

As explained above, we also carried out a pre-registered exploratory analysis adding an interaction 

variable between 2D:4D and the female dummy variable in the above three regression equations.   

We furthermore carry out three pre-registered robustness tests. In the first of those we repeat the 

analyses in the Corrected Sample and the Restricted Sample (including all participants in each 

sample with data on 2D:4D, CRT and gender). In the second robustness test, we add the 

impatience and education variables and re-estimate the results in the Main Sample, the Corrected 

Sample and the Restricted Sample (including all participants in each sample with data on 2D:4D, 

CRT, gender, impatience and education). Finally, we repeat all the analyses excluding 

respondents with previous CRT knowledge (i.e. respondents answering yes to the question: “Did 

you know the answers of these questions before?”). 

In total, we report 12 regression tables with 72 pre-registered OLS models including the 3 main 

hypothesis tests. Our main hypothesis tests and the three models with the gender interaction 

variable are presented in the main text, while the remaining 11 tables with the robustness test 

results are presented in the Appendix. 
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3. Results 

3.1. Descriptive CRT Results 

Our analysis is based on the SOEP-IS respondents with data on both CRT and 2D:4D (in addition 

to data on the binary gender variable). For left-hand 2D:4D we have data for n=2529 individuals 

(1350 women), for right-hand 2D:4D we have data for n=2522 individuals (1346 women), and for 

the mean of the left-hand and right hand 2D:4D we have data for n=2503 individuals (1338 women). 

Table 1 presents the distribution of correct answers to each CRT question separately in 

percentages both for men and women based on the n=2529 left-hand 2D:4D sample. The upper 

section of the table displays the percentages of the participants who responded to each question 

correctly. 16.57% of all participants answered the first question (ball and bat) correctly, 41.72% 

responded to the second (machine and widget) correctly and 34.05% of them answered the third 

question (lake and lilies) correctly. Men scored statistically significantly higher than women in all 

questions (p-value<0.005 in all cases). 

The bottom half of Table 1 presents the distribution of the number of correct answers in 

percentages. 46.78% of the respondents could not solve any of the questions correctly. 24.71% 

scored 1, 17.91% scored 2 and 10.60% responded to all questions correctly. We pre-registered 

the specification of all the descriptive results in Table 1 including the tests of a difference between 

men and women; but we did not specify in the pre-registration if these results would be reported 

for the left-hand 2D:4D sample (n=2529), the right-hand 2D:4D sample (n=2522), or the mean of 

the left and right-hand 2D:4D sample (n=2503). In Appendix Tables A2-A3 we therefore also report 

this table for the two other samples showing very similar numbers.6 

                                                           
6 As we have a general population sample, it can be argued that the external validity is higher in our study 

than in Bosch-Domènech et al. (2014) and Brañas-Garza et al. (2019a). 
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The number of correct answers on the CRT is our dependent variable in the regression analysis 

and it is 0.923 on average (STD=1.032) for the left-hand 2D:4D sample; 1.113 (STD=1.071) for 

men and 0.758 (STD=0.968) for women. For the right-hand 2D:4D sample the mean CRT score is 

0.922 (STD=1.032) and for the mean of the left and right-hand 2D:4D sample the mean CRT score 

is 0.927 (STD=1.033).  

In Bosch-Domènech et al. (2014) the fraction of men and women with 0 correct answers is 43.46% 

and 61.43% and in our study it is 38.00% and 54.44%. In Bosch-Domènech et al. (2014) the 

fraction of men and women with all correct answers is 11.54% and 5.23% and in our study it is 

14.25% and 7.41%. These numbers are thus quite similar in the two studies. In the meta-analysis 

of Brañas-Garza et al. (2019a), the fraction of men and women with 0 correct answers is 27.01% 

and 45.09% and the fraction of men and women with all correct answers is 25.21% and 

12.79%. CRT performance in the Brañas-Garza et al. (2019a) meta-analysis is hence somewhat 

better than in our study. As we include a general population sample and the meta-analysis includes 

a higher fraction of college students (42.28% students in the meta-analysis versus 2.97% students 

in our SOEP sample) that perform better according to the meta-analysis, a somewhat lower CRT 

score would be expected in our study. To assess how much this might matter, we report the CRT 

results of the small subset of respondents in our SOEP sample who were college students when 

CRT was measured in 2020 (75 respondents) in Appendix Table A4. Due to the small sample the 

CRT results are much less precise but are consistent with a higher CRT score among students. 

CRT performance is also affected by prior knowledge of the answers. In our study we directly 

measured this in a survey question and only about 5% of the respondents claimed that they knew 

the CRT answers prior to participating, while the corresponding number in the meta-analysis is not 

reported and may be higher. One difference in our study compared to both Bosch-Domènech et al. 

(2014) and Brañas-Garza et al. (2019a) is that the fraction of correct answers is highest on question 

2 rather than on question 1. One potential explanation for this could be that the familiarity with the 
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CRT is lower in our sample and familiarity with the CRT may disproportionally increase the number 

of correct answers on the first question (that may be the most commonly known question). 

Table 1: CRT: % of Correct Answers by Sex (for the left-hand 2D:4D sample, n=2529) 

 All Men Women p-value 

CRT question 1 (bat & ball) 16.57% 19.76% 13.78% 0.0001 

CRT question 2 (machine) 41.72% 47.84% 36.37% <0.0001 

CRT question 3 (lilies) 34.05% 43.68% 25.63% <0.0001 

0 correct answers 46.78% 38.00% 54.44%  
1 correct answer 24.71% 26.97% 22.74%  
2 correct answers 17.91% 20.78% 15.41%  
3 correct answers 10.60% 14.25% 7.41%  

Note: The p-values presented in the table are based on Fisher’s Exact Tests of 
differences between men and women. 

 

3.2. Main Hypothesis Tests and Pre-Registered Exploratory Analysis 

Table 2 presents our primary hypothesis tests. Columns 1, 2 and 3 are dedicated to left-hand 

2D:4D, right-hand 2D:4D and the mean 2D:4D analyses respectively. Columns 4, 5 and 6 present 

the pre-registered exploratory analyses where we repeat the same analysis with an additional 

interaction variable (2D:4D X female). For the interaction models the table also presents the tests 

of statistical significance of 2D:4D for women, i.e. tests of the null hypothesis that the sum of the 

coefficients of 2D:4D and its interaction with female equals zero. 

Finally, the table also shows the minimum detectable effect size (MDE); i.e. the effect size the 

study had 80% power to detect at the p<0.005 level (3.65 times the standard error of the 2D:4D 

coefficient) and p<0.05 level (2.8 times the standard error of the 2D:4D coefficient). To make it 

easier to interpret the MDE, we multiplied it by the standard deviation of the 2D:4D for the sample 

included in the respective regression equation (so that it is measured as the change in the CRT 

score for a one standard deviation change in 2D:4D). The inclusion and estimation of the MDEs 

was also pre-registered. For our three primary hypotheses we have 80% power to detect an effect 
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size of 0.074 (0.057) CRT score units at the p<0.005 (p<0.05) level for a one standard deviation 

change in 2D:4D. As the standard deviation of the CRT score variable is close to 1 (1.032), these 

MDEs in CRT score units correspond approximately to CRT standard deviation units. Our MDE 

estimations highlight that we have sufficient statistical power to detect even small potential effects. 

We do not find statistically significant or suggestive evidence of an association between 2D:4D 

and CRT in any of our three primary hypothesis tests. For left-hand 2D:4D and the mean 2D:4D 

the sign of the coefficient is even in the opposite direction of the hypothesis (the hypothesis implies 

a negative coefficient). In Figure 1 we plot the 95% and 99.5% confidence intervals of the 2D:4D 

regression coefficients for our three primary hypothesis tests; to ease the interpretation we have 

multiplied the point estimates of the coefficient and the confidence intervals by the standard 

deviation of the 2D:4D measure for the sample included in the respective regression (so that, as 

for the MDE above, they are measured as the change in the CRT score for a one standard deviation 

change in 2D:4D). Based on the 99.5% confidence intervals we find strong evidence against effect 

sizes in the hypothesized direction larger than 0.022 for left-hand 2D:4D, 0.075 for right-hand 

2D:4D, and 0.042 for the mean 2D:4D.   

In the pre-registered exploratory analyses testing for an interaction between 2D:4D and gender, 

reported in columns 4-6 of Table 2, we find no evidence of a difference in the 2D:4D coefficient 

between men and women (p>0.05).  
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Table 2: Primary Hypotheses Tests and Exploratory Analysis 

 (1) (2) (3) (4) (5) (6) 

Left-hand 2D:4D 0.525   0.342   

 (0.304)   (0.481)   

Right-hand 2D:4D  -0.322   -0.524  

  (0.367)   (0.497)  

Mean 2D:4D   0.327   -0.048 

   (0.423)   (0.633) 

Left-hand 2D:4D X female    0.304   

    (0.621)   

Right-hand 2D:4D X female     0.445  

     (0.738)  

Mean 2D:4D X female      0.677 

      (0.851) 

Female -0.360** -0.344** -0.352** -0.664 -0.788 -1.028 

 (0.041) (0.041) (0.041) (0.622) (0.739) (0.852) 

Constant 0.590 1.428** 0.789 0.772 1.629** 1.162 

 (0.304) (0.368) (0.423) (0.480) (0.496) (0.632) 

Observations 2529 2522 2503 2529 2522 2503 

R2 0.031 0.028 0.029 0.031 0.028 0.029 

Test of 2D:4D terms sum (F)    2.715 0.021 1.222 

Test of 2D:4D terms sum (p)    0.100 0.885 0.269 

MDE p < 0.005 0.074 0.074 0.075    

MDE p < 0.05 0.057 0.057 0.057    

Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. MDE is 
the effect size the study had 80% power to detect at the p<0.005 and p<0.05 levels 
(measured in terms of CRT score units for a one standard deviation change in the 2D:4D 
variable). 
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Figure 1: Effect Sizes for Primary Hypotheses Tests (95% and 99.5% confidence intervals) 

 

Note: The units of the effect sizes are the changes in the number of correctly answered CRT 
questions for a one standard deviation change in 2D:4D. 

 

3.3. Robustness Tests 

Robustness Tests 1-2: Corrected and Restricted Samples 

As our analyses in Table 2 are based on the Main Sample, they involve outliers and/or a number 

of observations where the interviewers decided to repeat the first measurement. This is why we 

repeat the same analyses with the Corrected Sample and the Restricted Sample as explained in 

Section 2.1. The results remain the same as none of the significance levels change in neither of 

the Appendix Tables A5 and A6.  
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Robustness Test 3: Control Variables: Education and Patience 

In our third robustness test, we include education and patience variables in our models and repeat 

the same set of analyses that we presented in Table 2 and Appendix Tables A5-A6. Appendix 

Tables A7-A9 show the main hypothesis tests and the exploratory analyses including the control 

variables. Analyses in Appendix Table A7 are based on the Main Sample, while Appendix Tables 

A8 and A9 are based on the Corrected Sample and Restricted Sample, respectively. The results 

for the 2D:4D variables remain the same with no statistically significant or suggestive evidence of 

an association between 2D:4D and CRT.  

Robustness Test 4: Previous CRT Knowledge 

In our final robustness test, we exclude respondents who claimed that they knew the answers to 

the CRT questions before participating regardless of their actual scores (n=131). Appendix Tables 

A10-A15 repeat all the analyses performed above excluding these respondents. Once again, 

results remain the same for the 2D:4D variables.  

In sum, there is no statistically significant or suggestive evidence of an association between 2D:4D 

and CRT in any of the robustness tests. 

3.4. Non-Pre-Registered Analysis: Interviewer Fixed Effects 

In this and the following subsection, we conduct additional analyses that were not pre-registered.7 

The first of these is a robustness test checking the potential concern that different enumerators 

visiting the households to measure the 2D:4D ratio (and also conducting the interview) could make 

a difference to our results. Interviewer (enumerator) fixed effects are only expected to affect results 

if interviewers systematically affect both 2D:4D values and CRT scores, which seems unlikely, 

                                                           
7 We thank the anonymous reviewers and the editor for suggesting these additional analyses. 
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especially as the interviewers that measured 2D:4D in 2018 are not the same as the interviewers 

that measured CRT in 2020. To be sure, we repeat regressions (1) to (6) in Table 2 (the three 

primary hypotheses tests and the three exploratory analyses) with interviewer fixed effects, i.e., 

fixed effects for the interviewers that measured 2D:4D in 2018 (see Appendix Table A16). The 

results with interviewer fixed effects are similar to the results in Table 2 without interviewer fixed 

effects; there is no statistically significant or suggestive association between 2D:4D and CRT in 

any of the regressions, and there is no statistically significant or suggestive evidence of an 

interaction between gender and 2D:4D in the three exploratory analyses either. This confirms 

robustness of the results with respect to interviewer fixed effects. 

3.5. Non-Pre-Registered Analysis: Priors 

Maniadis et al (2017) propose that replications should report by how much the replication affects 

the probability of the hypothesis being true. They propose a formula for this, equation (4) in their 

paper, that they refer to as the post-study probability, replication (PSP-rep). PSP-rep depends on 

the prior (the PSP after the original study has been published), the statistical power of the 

replication, the significance threshold used in the replication, and whether the replication found a 

significant effect in the same direction as the original study or not. We have estimated the PSP-

rep based on five different priors (0.10, 0.25, 0.50, 0.75 and 0.90), and for 80% and 90% statistical 

power and the significance threshold of 0.005 used in our study.8 The PSP-rep will be the same 

for the three primary hypotheses as we failed to reject the null hypothesis for all three hypotheses. 

The PSP-rep results are reported in Table 4 and show that the probability of the hypothesis being 

true decreases substantially due to the original result not replicating in our study. If, for instance, 

                                                           
8 Using 80% power implies that the estimations are done for a hypothesized effect size equal to the effect 

size we had 80% power to detect, which is the MDE we report for p<0.005 in Table 2; 0.074 for primary 
hypotheses 1a and 1b and 0.075 for primary hypothesis 1c measured in terms of CRT score units for a one 
standard deviation change in the 2D:4D variable. The corresponding effect sizes for 90% power are 0.083 
for primary hypotheses 1a and 1b, and 0.084 for primary hypothesis 1c. 
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the probability of the hypothesis being true (the prior) was 50% after the publication of the original 

study, it decreases to about 17% after the replication for 80% power and to 9% for 90% power. 

Table 4: Post-study Probability (PSP-rep) that the Hypothesis Is True After Our Replication 

Prior 80% power 90% power 

0.10 0.022 0.011 

0.25 0.063 0.032 

0.50 0.167 0.091 

0.75 0.376 0.232 

0.90 0.644 0.475 

Note: The PSP-rep is based on equation (4) in Maniadis et al. (2017). The PSP-rep is shown for 
different priors (the probability of the hypothesis being true prior to the replication), a statistical 
power of the replication of 80% and 90% and a statistical significance threshold of 0.005. 

 

4. Conclusion 

We test for an association between 2D:4D and CRT in a large, general population sample. Our 

study can be viewed as a replication of the study by Bosch-Domènech et al. (2014) who reported 

a negative association between 2D:4D and CRT in a sample of 623 university students (for both 

left-hand and right-hand 2D:4D). We modeled our pre-registered analyses on the analyses 

reported in their paper, but we fail to confirm their findings. We cannot reject the null hypothesis of 

no association irrespective of whether we use the left-hand 2D:4D, the right-hand 2D:4D, or the 

average of the two. We furthermore find no evidence of an interaction between 2D:4D and gender 

in a pre-registered exploratory analysis. These results are robust in a number of pre-registered as 

well as non-pre-registered robustness tests.   

Our study is well powered with a sample size of about n=2,500, which is about four times as large 

as the sample used in Bosch-Domènech et al. (2014). For a one standard deviation change in 

2D:4D, we had 80% power to detect a CRT effect size of at least 0.074 (0.057) CRT score units at 

the 0.5% (5%) level in our three primary hypothesis test regressions. Our estimated 99.5% 
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confidence intervals also provide strong evidence against effect sizes larger than between 0.022-

0.075 CRT score units in the hypothesized direction in the three main regression equations. In 

terms of CRT standard deviations this corresponds to 0.021-0.073 standard deviations. We cannot 

rule out effect sizes smaller than this. However, it should also be noted that we cannot rule out the 

possibility that the different results of the two studies might be due to heterogeneity in the 

association between 2D:4D and CRT between the two populations.  

There have been attempts to link 2D:4D to a number of behavioral outcomes and traits. For 

example, behavioral economists have investigated 2D:4D and economic preferences such as risk 

taking and social preferences (see Neyse et al., 2021, and Parslow et al., 2019, for reviews), 

psychologists have investigated the relationships with personality traits (e.g. Voracek, 2011; Fink 

et al., 2004) and cognitive scientists have studied cognitive skills and decision patterns (e.g. Austin 

et al., 2002; Puts et al., 2008). The results do not provide strong evidence for clear associations. 

For economic preferences, the largest study to date is Neyse et al. (2021) who also use the SOEP-

IS to obtain a sample of about 3450 respondents. In their pre-registered study, they find no 

statistically significant associations between 2D:4D and preferences related to risk taking, altruism, 

positive reciprocity, negative reciprocity and trust. Similarly, Brañas-Garza et al. (2019b) do not 

detect a significant correlation between 2D:4D and generosity, bargaining or trust-related behavior 

in a sample of 560 students. To the extent that previous studies report statistically significant 

associations, these may partly be due to reasons such as small sample sizes, publication bias and 

the various “researcher degrees of freedom” such as for example “forking” (Simmons et al., 2011; 

Gelman and Loken, 2013) where even researchers who are testing clear hypotheses have 

flexibility in finding statistically significant results, making such results more likely to be false 

positive ones. How much the results vary because some studies are done in the lab and some not 

(like our study) is however not clear. 
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The evidence linking 2D:4D to prenatal testosterone exposure is also inconsistent. For example, 

while Lutchmaya et al. (2004) found a link between the testosterone-to-estradiol ratio in amniotic 

fluid and right-hand but not left-hand 2D:4D in a sample of 29 children and Ventura et al. (2013) 

found a link between maternal plasma testosterone levels and 2D:4D for both hands for 106 

newborns, Hollier et al. (2015) found no such evidence for hormone measures from umbilical cord 

blood in a sample of 341 children. Similarly, there are studies based on the theory of sex hormone 

transfer in utero, testing whether women with male twins have lower 2D:4D than women with 

female twins. While there are positive results (e.g. van Anders et al., 2006), larger studies report 

no statistically significant differences (Hiraishi et al., 2012; Medland et al., 2008).  

The 2D:4D literature investigating human behavior needs large-scale, pre-registered studies to 

draw firm conclusions. This study helps bridge this gap and finds no evidence of an association 

between 2D:4D and the CRT. This is in line with three recent related large pre-registered studies 

on the association between 2D:4D and economic preferences and entrepreneurship (Van 

Leeuwen et al., 2021; Neyse et al., 2021; Fossen et al., 2022). A key issue moving forward is to 

test if there actually is an association between prenatal testosterone exposure and 2D:4D in a well-

powered pre-registered study, to establish if further work on 2D:4D and human behavior is 

warranted. 
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APPENDIX 

 

Table A1: 2D:4D Descriptive Statistics Table 

 All   Men   Women  

 Mean SD N Mean SD N Mean SD N 

Left-hand 2D:4D 1.001 0.067 2529 0.996 0.062 1179 1.005 0.071 1350 

LH 2D:4D corrected 0.998 0.054 2529 0.994 0.053 1179 1.001 0.054 1350 

LH 2D:4D restricted 1.000 0.054 2510 0.995 0.054 1171 1.004 0.054 1339 

          

Right-hand 2D:4D 0.999 0.055 2522 0.997 0.060 1176 1.001 0.051 1346 

RH 2D:4D corrected 0.998 0.052 2522 0.996 0.057 1176 1.000 0.048 1346 

RH 2D:4D restricted 0.998 0.048 2514 0.996 0.047 1172 1.001 0.049 1342 

          

Mean 2D:4D 1.000 0.048 2503 0.996 0.047 1165 1.003 0.049 1338 

Mean 2D:4D corrected 0.998 0.042 2503 0.995 0.044 1165 1.001 0.041 1338 

Mean 2D:4D restricted 0.999 0.042 2478 0.996 0.041 1153 1.002 0.042 1325 

Note: The left-hand (LH) and right-hand (RH) 2D:4D and the mean 2D:4D of the two hands (Mean) 
are presented for each sample criterion (Main, Corrected and Restricted).   

 

 

Table A2:  CRT: % of Correct Answers by Sex (for the right-hand 2D:4D sample, n=2522) 

 
All Men Women p-value 

CRT question 1 (bat & ball) 16.42% 19.39% 13.82% 0.0002 

CRT question 2 (machine) 41.75% 47.70% 36.55% <0.0001 

CRT question 3 (lilies) 34.06% 43.54% 25.78% <0.0001 

0 correct answers 46.79% 38.35% 54.16% 
 1 correct answer 24.78% 26.87% 22.96% 
 2 correct answers 17.84% 20.58% 15.45% 
 3 correct answers 10.59% 14.20% 7.43% 
 Note: The p-values presented in the table are based on Fisher’s Exact 

Tests of differences between men and women.  

 

 

Table A3: CRT: % of Correct Answers by Sex (for the mean 2D:4D sample, n=2503) 

 
All Men Women p-value 

CRT question 1 (bat & ball) 16.54% 19.57% 13.90% 0.0002 

CRT question 2 (machine) 41.99% 48.07% 36.70% <0.0001 

CRT question 3 (lilies) 34.20% 43.78% 25.86% <0.0001 

0 correct answers 46.54% 37.94% 54.04% 
 1 correct answer 24.85% 27.04% 22.94% 
 2 correct answers 17.94% 20.69% 15.55% 
 3 correct answers 10.67% 14.33% 7.47% 
 Note: The p-values presented in the table are based on Fisher’s Exact 

Tests of differences between men and women.  
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Table A4: CRT: % of Correct Answers by Sex (for the subsample of college students in 2020, 
n=75) 

 All Men Women p-value 

CRT question 1 (bat & ball) 48.00% 48.72% 47.22% 1.0000 

CRT question 2 (machine) 66.67% 76.92% 55.56% 0.0852 

CRT question 3 (lilies) 61.33% 82.05% 38.89% 0.0002 

0 correct answers 17.33% 7.69% 27.78%  

1 correct answer 21.33% 20.51% 22.22%  

2 correct answers 29.33% 28.21% 30.56%  

3 correct answers 32.00% 43.59% 19.44%  

Note: The p-values presented in the table are based on Fisher’s Exact Tests 
of differences between men and women. 

 

 

Table A5: First Robustness Test: Corrected 2D:4D Measure 
  

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.608   0.474   

 (0.379)   (0.560)   

Right-hand 2D:4D  -0.254   -0.464  

  (0.389)   (0.523)  

Mean 2D:4D   0.310   0.008 

   (0.481)   (0.685) 

Left-hand 2D:4D X female    0.246   

    (0.760)   

Right-hand 2D:4D X female     0.472  

     (0.783)  

Mean 2D:4D X female      0.595 

      (0.963) 

Female -0.359** -0.344** -0.351** -0.605 -0.815 -0.945 
 (0.041) (0.041) (0.041) (0.759) (0.783) (0.962) 

Constant 0.509 1.359 0.806 0.641 1.569** 1.106 
 (0.378) (0.389) (0.480) (0.557) (0.522) (0.683) 
       

Observations 2529 2522 2503 2529 2522 2503 

R2 0.030 0.028 0.029 0.030 0.028 0.029 

Test of 2D:4D terms sum (F)    1.961 0.000 0.794 
Test of 2D:4D terms sum (p)    0.161 0.989 0.373 

MDE p < 0.005 0.074 0.074 0.075    

MDE p < 0.05 0.057 0.057 0.057    
              
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. MDE is the 
effect size the study had 80% power to detect at the p<0.005 and p<0.05 levels (measured in 
terms of CRT score units for a one standard deviation change in the 2D:4D variable). 
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Table A6: Second Robustness Test: Restricted Sample 
 

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.307   0.355   

 (0.377)   (0.555)   

Right-hand 2D:4D  -0.098   -0.297  

  (0.424)   (0.631)  

Mean 2D:4D   0.257   0.282 

   (0.492)   (0.729) 

Left-hand 2D:4D X female    -0.090   

    (0.755)   

Right-hand 2D:4D X female     0.362  

     (0.852)  

Mean 2D:4D X female      -0.046 

      (0.988) 

Female -0.360** -0.345** -0.356** -0.270 -0.706 -0.310 
 (0.041) (0.041) (0.041) (0.756) (0.851) (0.988) 

Constant 0.807* 1.207 0.860 0.758 1.405* 0.835 
 (0.376) (0.423) (0.491) (0.553) (0.629) (0.726) 
       

Observations 2510 2514 2478 2510 2514 2478 

R2 0.030 0.028 0.029 0.030 0.028 0.029 

Test of 2D:4D terms sum (F)    0.267 0.013 0.126 
Test of 2D:4D terms sum (p)    0.605 0.910 0.723 

MDE p < 0.005 0.074 0.074 0.075    

MDE p < 0.05 0.057 0.057 0.057    
       

Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. MDE is the 
effect size the study had 80% power to detect at the p<0.005 and p<0.05 levels 
(measured in terms of CRT score units for a one standard deviation change in the 2D:4D 
variable). 
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Table A7: Third Robustness Test: with Control Variables 
  

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.228   0.003   

 (0.290)   (0.460)   

Right-hand 2D:4D  -0.261   -0.522  

  (0.356)   (0.478)  

Mean 2D:4D   0.109   -0.334 

   (0.406)   (0.609) 

Left-hand 2D:4D X female    0.373   

    (0.592)   

Right-hand 2D:4D X female     0.584  

     (0.716)  

Mean 2D:4D X female      0.796 

      (0.816) 

Female -0.316** -0.303** -0.308** -0.689 -0.887 -1.104 
 (0.039) (0.039) (0.040) (0.592) (0.717) (0.816) 

Patience -0.009 -0.010 -0.009 -0.009 -0.010 -0.009 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.597** 0.606** 0.601** 0.597** 0.607** 0.601** 
 (0.051) (0.050) (0.051) (0.051) (0.050) (0.051) 

Apprenticeship 0.006 -0.003 0.006 0.006 -0.004 0.005 

 (0.053) (0.053) (0.053) (0.053) (0.053) (0.054) 

Vocational degree 0.133* 0.124* 0.126* 0.133* 0.122* 0.125* 
 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.185** 0.173** 0.182** 0.185** 0.172** 0.181** 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.646* 1.136** 0.765 0.869 1.396** 1.206* 
 (0.299) (0.365) (0.413) (0.464) (0.485) (0.613) 
       

Observations 2474 2467 2448 2474 2467 2448 

R2 0.134 0.133 0.132 0.134 0.133 0.133 

Test of 2D:4D terms sum (F)    1.018 0.014 0.723 
Test of 2D:4D terms sum (p)    0.313 0.907 0.395 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. 
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Table A8: Third Robustness Test: Corrected 2D:4D Measure with Control Variables 

 
 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.270   0.174   

 (0.362)   (0.536)   

Right-hand 2D:4D  -0.265   -0.565  

  (0.372)   (0.499)  

Mean 2D:4D   0.064   -0.299 

   (0.461)   (0.657) 

Left-hand 2D:4D X female    0.175   

    (0.727)   

Right-hand 2D:4D X female     0.673  

     (0.748)  

Mean 2D:4D X female      0.713 

      (0.921) 

Female -0.316** -0.303** -0.308** -0.491 -0.974 -1.019 
 (0.039) (0.039) (0.040) (0.726) (0.748) (0.920) 

Patience -0.009 -0.010 -0.009 -0.009 -0.010 -0.009 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.597** 0.606** 0.601** 0.597** 0.607** 0.601** 
 (0.051) (0.050) (0.051) (0.051) (0.050) (0.051) 

Apprenticeship 0.006 -0.003 0.006 0.006 -0.004 0.006 

 (0.053) (0.053) (0.053) (0.053) (0.053) (0.054) 

Vocational degree 0.133* 0.124* 0.126* 0.133* 0.122* 0.125* 
 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.185** 0.174** 0.182** 0.185** 0.172** 0.181** 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.605 1.139** 0.810 0.700 1.438** 1.171 
 (0.368) (0.380) (0.466) (0.538) (0.504) (0.659) 
       

Observations 2474 2467 2448 2474 2467 2448 

R2 0.134 0.133 0.132 0.134 0.133 0.133 

Test of 2D:4D terms sum (F)    0.508 0.038 0.411 
Test of 2D:4D terms sum (p)    0.476 0.846 0.521 

              
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A9: Third Robustness Test: Restricted Sample with Control Variables 
  

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.009   0.102   

 (0.359)   (0.531)   

Right-hand 2D:4D  -0.143   -0.521  

  (0.404)   (0.602)  

Mean 2D:4D   -0.013   -0.126 

   (0.469)   (0.696) 

Left-hand 2D:4D X female    -0.172   

    (0.721)   

Right-hand 2D:4D X female     0.690  

     (0.813)  

Mean 2D:4D X female      0.207 

      (0.943) 

Female -0.314** -0.302** -0.308** -0.142 -0.991 -0.515 
 (0.039) (0.039) (0.040) (0.721) (0.812) (0.942) 

Patience -0.009 -0.010 -0.009 -0.009 -0.009 -0.009 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.601** 0.606** 0.603** 0.601** 0.607** 0.603** 
 (0.051) (0.050) (0.051) (0.051) (0.051) (0.051) 

Apprenticeship 0.014 -0.000 0.017 0.015 -0.001 0.017 

 (0.053) (0.053) (0.054) (0.053) (0.053) (0.054) 

Vocational degree 0.138* 0.127* 0.135* 0.139* 0.126* 0.134* 
 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.199** 0.176** 0.197** 0.199** 0.175** 0.197** 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.851* 1.015* 0.873 0.759 1.391* 0.986 
 (0.367) (0.411) (0.475) (0.534) (0.605) (0.698) 
       

Observations 2455 2461 2425 2455 2461 2425 

R2 0.136 0.133 0.135 0.136 0.133 0.135 

Test of 2D:4D terms sum (F)    0.020 0.096 0.016 
Test of 2D:4D terms sum (p)    0.887 0.757 0.898 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A10: Fourth Robustness Test: Excluding Respondents Who Knew Answers  
 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.344   -0.019   

 (0.304)   (0.477)   

Right-hand 2D:4D  -0.435   -0.654  

  (0.360)   (0.487)  

Mean 2D:4D   0.070   -0.465 

   (0.420)   (0.624) 

Left-hand 2D:4D X female    0.612   

    (0.618)   

Right-hand 2D:4D X female     0.486  

     (0.724)  

Mean 2D:4D X female      0.978 

      (0.843) 

Female -0.341** -0.327** -0.335** -0.952 -0.813 -1.312 
 (0.040) (0.040) (0.041) (0.619) (0.725) (0.844) 

Constant 0.693* 1.464** 0.969* 1.054* 1.683** 1.502* 
 (0.304) (0.360) (0.419) (0.475) (0.486) (0.622) 
       

Observations 2398 2393 2374 2398 2393 2374 

R2 0.029 0.028 0.028 0.029 0.028 0.028 

Test of 2D:4D terms sum (F)    2.262 0.098 0.817 
Test of 2D:4D terms sum (p)    0.133 0.754 0.366 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. 
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Table A11: Fourth Robustness Test: Excluding Respondents Who Knew Answers; 
Corrected 2D:4D Measure  

 (1) (2) (3) (4)  (5) (6) 
        

Left-hand 2D:4D 0.481   0.111    

 (0.377)   (0.555)   

Right-hand 2D:4D  -0.339    -0.542  

  (0.382)    (0.512)  

Mean 2D:4D   0.138    -0.328 

   (0.476)    (0.675) 

Left-hand 2D:4D X female    0.686    

    (0.757)   

Right-hand 2D:4D X female      0.458  

      (0.769)  

Mean 2D:4D X female       0.927 

       (0.953) 

Female -0.341** -0.328** -0.335** -1.025  -0.785 -1.260 
 (0.040) (0.040) (0.041) (0.755) (0.768) (0.951) 

Constant 0.558 1.368** 0.902 0.925 1.571** 1.365* 
 (0.376) (0.381) (0.475) (0.552) (0.511) (0.672) 
        

Observations 2398 2393 2374 2398  2393 2374 

R2 0.029 0.027 0.028 0.030  0.028 0.028 

Test of 2D:4D terms sum (F)    2.405  0.022 0.794 
Test of 2D:4D terms sum (p)    0.121  0.883 0.373 

                 
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A12: Fourth Robustness Test: Excluding Respondents Who Knew Answers; Restricted Sample 
   

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.288   -0.014   

 (0.374)   (0.551)   

Right-hand 2D:4D  -0.267   -0.544  

  (0.418)   (0.624)  

Mean 2D:4D   0.127   -0.217 

   (0.488)   (0.724) 

Left-hand 2D:4D X female    0.559   

    (0.751)   

Right-hand 2D:4D X female     0.504  

     (0.841)  

Mean 2D:4D X female      0.632 

      (0.981) 

Female -0.341** -0.329** -0.338** -0.900 -0.831 -0.969 
 (0.041) (0.040) (0.041) (0.751) (0.840) (0.980) 

Constant 0.749* 1.299** 0.915 1.049 1.575* 1.258 
 (0.373) (0.417) (0.487) (0.549) (0.622) (0.721) 
       

Observations 2382 2385 2352 2382 2385 2352 

R2 0.029 0.027 0.028 0.029 0.028 0.028 

Test of 2D:4D terms sum (F)    1.145 0.005 0.393 
Test of 2D:4D terms sum (p)    0.285 0.943 0.531 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A13: Fourth Robustness Test: Excluding Respondents Who Knew Answers with control Variables  
 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.074   -0.297   

 (0.290)   (0.456)   

Right-hand 2D:4D  -0.372   -0.625  

  (0.350)   (0.470)  

Mean 2D:4D   -0.117   -0.680 

   (0.403)   (0.601) 

Left-hand 2D:4D X female    0.622   

    (0.590)   

Right-hand 2D:4D X female     0.570  

     (0.705)  

Mean 2D:4D X female      1.023 

      (0.810) 

Female -0.308** -0.298** -0.302** -0.930 -0.867 -1.324 
 (0.039) (0.039) (0.039) (0.591) (0.705) (0.810) 

Patience -0.008 -0.008 -0.008 -0.008 -0.008 -0.008 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.588** 0.596** 0.592** 0.588** 0.597** 0.593** 
 (0.051) (0.051) (0.051) (0.051) (0.051) (0.051) 

Apprenticeship -0.007 -0.015 -0.006 -0.007 -0.017 -0.008 

 (0.053) (0.053) (0.053) (0.053) (0.053) (0.053) 

Vocational degree 0.096 0.092 0.093 0.095 0.090 0.091 

 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.169** 0.160* 0.168* 0.169** 0.158* 0.167* 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.753* 1.197** 0.942* 1.121* 1.450** 1.503* 
 (0.299) (0.359) (0.410) (0.460) (0.476) (0.604) 
       

Observations 2350 2345 2326 2350 2345 2326 

R2 0.133 0.134 0.133 0.134 0.134 0.134 

Test of 2D:4D terms sum (F)    0.749 0.011 0.400 
Test of 2D:4D terms sum (p)    0.387 0.917 0.527 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A14: Fourth Robustness Test: Excluding Respondents Who Knew Answers; Corrected 2D:4D 
Measure with Control Variables 

  
 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.170   -0.102   

 (0.361)   (0.533)   

Right-hand 2D:4D  -0.344   -0.619  

  (0.366)   (0.490)  

Mean 2D:4D   -0.078   -0.551 

   (0.456)   (0.648) 

Left-hand 2D:4D X female    0.503   

    (0.725)   

Right-hand 2D:4D X female     0.621  

     (0.736)  

Mean 2D:4D X female      0.939 

      (0.913) 

Female -0.309** -0.298** -0.302** -0.810 -0.917 -1.238 
 (0.039) (0.039) (0.039) (0.723) (0.736) (0.911) 

Patience -0.008 -0.008 -0.008 -0.008 -0.008 -0.008 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.588** 0.596** 0.592** 0.588** 0.597** 0.593** 
 (0.051) (0.051) (0.051) (0.051) (0.051) (0.051) 

Apprenticeship -0.007 -0.015 -0.006 -0.007 -0.016 -0.007 

 (0.053) (0.053) (0.053) (0.053) (0.053) (0.053) 

Vocational degree 0.096 0.092 0.094 0.095 0.090 0.092 

 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.169** 0.160* 0.168* 0.169** 0.159* 0.168* 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.657 1.169** 0.903 0.926 1.444** 1.373* 
 (0.367) (0.373) (0.462) (0.534) (0.495) (0.650) 
       

Observations 2350 2345 2326 2350 2345 2326 

R2 0.133 0.134 0.133 0.133 0.134 0.134 

Test of 2D:4D terms sum (F)    0.667 0.000 0.363 
Test of 2D:4D terms sum (p)    0.414 0.998 0.547 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A15: Fourth Robustness Test: Excluding Respondents Who Knew Answers; Restricted Sample with 
Control Variables  

 (1) (2) (3) (4) (5) (6) 
       

Left-hand 2D:4D 0.040   -0.155   

 (0.358)   (0.529)   

Right-hand 2D:4D  -0.295   -0.709  

  (0.400)   (0.596)  

Mean 2D:4D   -0.094   -0.502 

   (0.467)   (0.693) 

Left-hand 2D:4D X female    0.360   

    (0.718)   

Right-hand 2D:4D X female     0.752  

     (0.804)  

Mean 2D:4D X female      0.746 

      (0.937) 

Female -0.306** -0.297** -0.301** -0.666 -1.047 -1.046 
 (0.039) (0.039) (0.040) (0.718) (0.803) (0.936) 

Patience -0.007 -0.008 -0.007 -0.007 -0.008 -0.007 

 (0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Higher sec. school 0.589** 0.596** 0.592** 0.589** 0.598** 0.592** 
 (0.051) (0.051) (0.051) (0.051) (0.051) (0.051) 

Apprenticeship -0.003 -0.013 -0.000 -0.004 -0.013 -0.001 

 (0.053) (0.053) (0.053) (0.053) (0.053) (0.053) 

Vocational degree 0.094 0.095 0.095 0.094 0.094 0.094 

 (0.059) (0.059) (0.059) (0.059) (0.059) (0.059) 

University degree 0.182** 0.163* 0.182** 0.182** 0.161* 0.182** 
 (0.060) (0.060) (0.060) (0.060) (0.060) (0.060) 

Constant 0.777* 1.118* 0.909 0.971 1.529* 1.313 
 (0.365) (0.406) (0.472) (0.532) (0.598) (0.694) 
       

Observations 2334 2339 2306 2334 2339 2306 

R2 0.135 0.134 0.135 0.135 0.134 0.135 

Test of 2D:4D terms sum (F)    0.177 0.006 0.150 
Test of 2D:4D terms sum (p)    0.674 0.936 0.699 

               
Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005.  
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Table A16: Not Pre-registered Robustness Test: With Interviewer Fixed Effects 

 (1) (2) (3) (4) (5) (6) 

Left-hand 2D:4D 0.337   0.402   

 (0.317)   (0.494)   

Right-hand 2D:4D  -0.424   -0.394  

  (0.383)   (0.504)  

Mean 2D:4D   0.067   0.058 

   (0.443)   (0.650) 

Left-hand 2D:4D X female    -0.108   

    (0.631)   

Right-hand 2D:4D X female     -0.069  

     (0.762)  

Mean 2D:4D X female      0.017 

      (0.870) 

Female -0.348** -0.333** -0.341** -0.241 -0.264 -0.358 

 (0.040) (0.040) (0.040) (0.632) (0.762) (0.871) 

Interviewer Fixed Effects YES YES YES YES YES YES 

Observations 2529 2522 2503 2529 2522 2503 

R2 0.185 0.183 0.185 0.185 0.183 0.185 

Test of 2D:4D terms sum (F)    0.526 0.639 0.016 

Test of 2D:4D terms sum (p)    0.469 0.424 0.899 

Note: OLS regressions; standard errors in parentheses. * p<0.05, ** p<0.005. Dummy 
variables for each interviewer in 2018 are added as independent variables to the 
regressions; apart from that, the models and samples are the same as in Table 2. 
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