
increasing transparency 

through a multiverse analysis 

(and a few other things) 

francis tuerlinckx, wolf  vanpaemel, sara steegen, & 

andrew gelman 

replication day, vvs-or, 2019 

utrecht 

1 



 

what makes you trust a finding? 
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a finding 
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a finding 

 

• we focus on religiosity in study 1 only 

 

• analyses are based on the following data 

• relationship status (single vs committed) 

• fertility status (high vs low) 

• religiosity score 
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women’s religiosity as a function of fertility 

and relationship status  

fertility x relationship status interaction,  

F(1,159)=6.46, p=.012 

a finding 
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can we trust this finding? 
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• has it been peer-reviewed?  

• let’s check: yes 

• important because: a little 

• has it been published in a high-impact journal? 

• let’s check: yes (4.940) 

• important because: not 

• has it been cited a lot? 

• let’s check: quite a bit (102 on google scholar) 

• important because: not 

• did it appear in the media? 

• let’s check: hell, yes 

• important because: not 
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some basic checks 



• are the analyses correct and correctly 

reported? 

• important because: duh! 
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• are the analyses correct and correctly 

reported? 

• let’s check 0: 

• was there a co-pilot? 

• a person who independently analyzed the data 

• preferably using another language (R, python, SPSS, SAS, 

etc)  

• in this case: not mentioned, so probably not 

 

9 



• are the analyses correct and correctly 

reported? 

• let’s check 1: 

• check degrees of freedom 

• n=81 (single) +82 (committed) =163 

• df interaction term: (2-1)x(2-1)=1 

• df error term: 163-2x2=159 

• F(1,159) 
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)
• are the analyses correct and correctly 

reported? 

• let’s check 2a: 

• re-compute p-values based on summary statistics and 

degrees of freedom by hand 
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6.46 



• are the analyses correct and correctly 

reported? 

• let’s check 2a: 

• re-compute p-values based on summary statistics and 

degrees of freedom by hand 

• in R pf: given an x value, it returns the probability of 

having a value lower than x 

 

 

•  p=.012 
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1-pf(6.46,1,159)  
0.01198962 



• are the analyses correct and correctly 

reported? 

• let’s check 2b: 

• re-compute p-values based on summary statistics and 

degrees of freedom automatically 

• statcheck.io  

• it flags two (less important) p-values as being wrong 

• probably typos, that don’t change any conclusions 
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• are the analyses correct and correctly 

reported? 

• let’s check 3:  

• redo the analyses based on the original raw data  

• aka check the reproducibility 

• the data are publically available (https://osf.io/hj9gr/) 

• redoing the analyses in R yields the same main results 

• at least, after correcting a few typos  

• impossible dates, … 

 

(thanks to Kristina Durante for sharing the data) 
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https://osf.io/hj9gr/


• are the analyses correct and correctly 

reported? 

• if you can’t reproduce a result, it’s not definitely 

wrong 

• there might be software differences 

• this doesn’t speak to the trustworthiness of the result  

• you might have done something wrong 

• this probably indicates the authors didn’t provide enough 

detail about their analyses 
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digression 
16 

systematic 

reproducibility study 

(artner et al., 2019) 



digression 

artner et al. 

(2019) 
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digression 

some reasons for errors : 

- rounding rounded results (T = 3.41461880...  T 

= 3.415  T = 3.42) 

- related: calculating with rounded numbers 

- incorrect selection of variables/cases (what is 

reported  what is done) 

- incorrect labeling of variables or numerical results 

- typos 

- copy-paste errors 

but the main underlying issue is ... 
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digression 
19 

use e.g., R Markdown 



what makes you trust a finding? 

• has it been peer-reviewed?  

• has it been published in a high-impact journal? 

• has it been cited a lot? 

• did it appear in the media? 

• are the analyses correct and correctly reported? 
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• are the statistical conclusions robust against 

arbitrary data-processing and data-

analytical decisions? 

• important because: often, there is a lot of 

arbitrariness in data processing, which is inherited by 

the statistical result 

• if your data are arbitrary, so is your statistical result 

 

• let’s check: 
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• analyses are based on the following 

‘observed data’ 

• relationship status (single vs committed) 

• fertility status (high vs low) 

• religiosity score 

 

• but these are not the data actually observed  
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• the observed, raw data include 

• answer to three statements on religiosity  

• answer to several fertility related questions 
• the start of the last period  

• the start date of the period before the last period 

• the typical cycle length 

• the start of the next period 

• how sure are you about the start of the last period  

• how sure are you the start date of the period before the last period 

• answer to “what is your current romantic relationship 

status?”  
• (1) not dating/romantically involved with anyone 

• (2) dating or involved with only one partner 

• (3) engaged or living with my partner 

• (4) married 
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

high in fertility when cycle day is between 7 and 14  

low in fertility when cycle day is between 17 and 25 

 

 

cycle length  

next menstrual  

onset  cycle day  
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relationship status? 

 

answer to “what is your current romantic relationship status?”  

(1) not dating/romantically involved with anyone   

(2) dating or involved with only one partner 

(3) engaged or living with my partner 

(4) married 

 

 

single 

 

committed 
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translating the observed, raw data to the processed data ready for analysis 

involved several choices 

 

the observed data are more constructed rather than observed 

 

the original data construction choices seem reasonable-ish 

 

but other data construction choices are reasonable too 
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

 

 

cycle length  

next menstrual  

onset  cycle day  
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

 

next menstrual  

onset  cycle day  
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29 
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

 

 

cycle day  
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

high in fertility when cycle day is between 7 and 14 

low in fertility when cycle day is between 17 and 25  

  

cycle length  

next menstrual  

onset  cycle day  
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

high in fertility when cycle day is between 6 and 14 

low in fertility when cycle day is between 17 and 27  

durante et al., 2011 

cycle length  

next menstrual  

onset  cycle day  
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fertility status? 

 

answer to fertility related questions 

the start of the last period  

the start date of the period before the last period 

the typical cycle length 

the start of the next period 

how sure are you about the start of the last period  

how sure are you the start date of the period before the last period 

 

high in fertility when cycle day is between 9 and 17  

low in fertility when cycle day is between 18 and 25 

durante et al., 2012 

 

 

cycle length  

next menstrual  

onset  cycle day  
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relationship status? 

 

answer to “what is your current romantic relationship status?”  

(1) not dating/romantically involved with anyone   

(2) dating or involved with only one partner 

(3) engaged or living with my partner 

(4) married 

 

 

single 

 

committed 
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relationship status? 

 

answer to “what is your current romantic relationship status?”  

(1) not dating/romantically involved with anyone   

(2) dating or involved with only one partner 

(3) engaged or living with my partner 

(4) married 

 

 

single 

 

 

committed 
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relationship status? 

 

answer to “what is your current romantic relationship status?”  

(1) not dating/romantically involved with anyone   

(2) dating or involved with only one partner 

(3) engaged or living with my partner 

(4) married 

 

 

single 

 

 

committed 
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who to include? 

 

 

only women who are reasonably sure about their start dates 

 

only women who have regular cycle lengths 

the estimated cycle length 

the reported cycle length 
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relationship status assessment (3 choice options) 

fertility assessment (5 choice options) 

cycle day assessment (3 choice options) 

exclusion criteria based on certainty (2 choice options) 

exclusion criteria based on cycle length (3 choice options) 

 

 

all choices have been used in other studies and seem reasonable 
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each combination of choices gives rise to a separate data set 

 a multiverse of > 100 reasonable data sets 

 a multiverse of statistical results 

 

if there are no good reasons to prefer a data processing choice over another 

one, there is no good reason to prefer a data set, and a statistical result over 

another one 

 

let’s look at all reasonable results  
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6% 

effect is too fragile to be taken seriously 

41 

Steegen, Tuerlinckx, Gelman, & Vanpaemel (2016).  

see https://r.tquant.eu/KULeuven/Multiverse/ 



digression 

• arbitrariness shows up at several levels 

-design of the study 

-preprocessing the data 

-analysis method 
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digression 

• arbitrariness shows up at several levels 

-design of the study 

-preprocessing the data 

-analysis method 
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digression 

Many analysts, one dataset: are soccer referees more 

likely to give red cards to dark skin toned players than 

light skin toned players? (Silberzahn et al., 2018) 
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digression 

the impact of researchers’ choices on the selection of 

treatment targets using the experience sampling 

methodology (Bastiaansen et al., 2019) 
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what makes you trust a finding? 

• has it been peer-reviewed?  

• has it been published in a high-impact journal? 

• has it been cited a lot? 

• did it appear in the media? 

• are the analyses correct and correctly reported? 

• are the statistical conclusions robust against 

arbitrary data-processing and data-analytical 

decisions? 
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• is the study transparent about researchers 

degrees of freedom? 
• maybe some “bad” participants were excluded  

• outlying data  

• didn’t follow instructions  

• etc 

• maybe there was a second measure for religiosity, for 

which the effect was not found (selective reporting) 

• maybe the effect was not found after the initial data 

collection (e.g., 100 women), and more data were 

collected until the desired effect was found (data 

peeking; optional stopping) 

• … 
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• is the study transparent about researchers 

degrees of freedom? 

• important because: exploiting researchers degrees of 

freedom increase the false positive rate (incorrect 

rejections of the null hypothesis) 
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Joseph P. Simmons; Leif D. Nelson; Uri Simonsohn; Psychological Science  22, 1359-1366. 

DOI: 10.1177/0956797611417632 



• is the study transparent about researchers 

degrees of freedom? 

• let’s check: no mention of preregistration  

• a publically available, uneditable, time-stamped 

description of the hypotheses and analyses before data 

collection 

• to be fair, pre-registration was rare to non-existent at 

the time 

• since 2014, papers in Psychological Science with at least 

one pre-regsitered study receive a badge  
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Kaplan & Irvin (2015) 



• is the study transparent about researchers 

degrees of freedom? 

• note that being preregistered doesn’t mean that 

researchers degrees of freedom were not exploited 

• maybe the preregistration protocol was not concisely 

followed 
 

 

 

 

 

 

 

 

 

52 



• has the finding been replicated? 

• important because: no single study is conclusive on its 

own 
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Klein et al. (2014) 



• has the finding been replicated? 

• let’s check:  

• admirably, in-paper replication (study 2) and also the 

multiverse analysis looks better 

 

 

 

 

 

 

 

• but failed replication in harris, chabot and mickes (2014) 

• but replicated again in durante, et al. (2014) 
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• does the finding make theoretical sense? 

• important because: good theory is a filter for nonsense 

• let’s check:  

• in the original paper’s introduction:  

“The driving theory behind this research is that ovulation should 

lead women to prioritize the securement of genetic benefits from 

a mate who possesses indicators of genetic fitness” 

• “Given that …, ovulation may lead women to become less 

religious” 

• “Because …, ovulation might lead married women to become 

more religious” 
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• does the finding make theoretical sense? 

• let’s check:  

• in a later reply to a commentary:  

“Fertility had the predicted effect [ovulation may lead women 

to become less religious] for single women, but to our surprise 

had the opposite effect for women in committed relationships.” 

 

• the intro is a clear case of HARKing (Hypothesizing After 

the Results are Known (Kerr, 1998) 
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• does the finding make theoretical sense? 

• let’s check:  

• also: within vs between participants 
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what makes you trust a finding? 

• has it been peer-reviewed?  

• has it been published in a high-impact journal? 

• has it been cited a lot? 

• did it appear in the media? 

• are the analyses correct and correctly reported? 

• are the statistical conclusions robust against 

arbitrary data-processing and data-analytical 

decisions? 

• is the study transparent about researchers degrees 

of freedom? 

• has the finding been replicated? 

• does the finding make theoretical sense? 
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discussion 

• our starting question was 

 

“what makes you trust a finding?” 

 

• a finding = published finding by others  
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conclusion 

• arbitrary choices at several levels 

1. design of the study 

2. preprocessing the data 

3. analysis method 
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discussion 

• our starting question was 

 

“what makes you trust a finding?” 

 

• a finding = published finding by others  
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discussion 

• a more important question 

 

“what makes you trust your own finding?” 

“what makes others trust your finding?” 

 

• robustness and its limits of your finding can be 

assessed and shown through a multiverse analysis 
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   the end 


