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Abu Dhabi, United Arab Emirates, 181Educational Measurement, Leibniz Institute for 294 

Educational Trajectories, Bamberg, Germany, 182Centre for Research on Peace and 295 

Development, KU Leuven, Leuven, Belgium, 183IESEG School of Management, Lille, France, 296 
184Institute of Public Administration, Leiden University, The Hague, The Netherlands, 297 
185Universidad Diego Portales, 186Department of Child and Adolescent Psychiatry, Medical 298 

University of Vienna, Vienna, Austria, 187Department of Business and Economics, TU 299 

Dortmund University, Dortmund, Germany, 188ESCP Business School, Paris, France, 189Faculty 300 

of Economics, UniDistance Suisse, Brig, Switzerland, 190Zurich University of Applied Sciences 301 

(ZHAW), School of Management and Law, 191Center for Sociocultural Research, HSE 302 

University, Moscow, Russia, 192Institute of Psychology, University of Bern, Bern, Switzerland, 303 
193Institute of Psychology, University of Graz, Graz, Austria, 194Center for Adaptive Rationality, 304 

Max-Planck Institute, Berlin, Germany, 195Psychology, University of California, Los Angeles, 305 

Los Angeles, CA, USA, 196University of Wisconsin, Madison, 197Department of Psychology, 306 

University Grenoble Alpes, CNRS UMR 5105 LPNC, Grenoble, France, 198Département 307 
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Fiesole, Italy, 208Institute of Neuroscience, Catholic University of Louvain, Brussels, Belgium, 318 
209Faculty of Psychology, University of Akureyri, Akureyri, Iceland, 210Department of 319 

Psychology, Kadir Has University, Istanbul, Turkey, 211Department of Psychology, University 320 

of California, Berkeley, Berkeley, CA, USA, 212Department of Decision Sciences, Corvinus 321 

University of Budapest, Budapest, Hungary, 213International Institute for Applied Systems 322 
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University of Queensland, St Lucia, Australia, 231Faculty of Psychology in Wrocław, SWPS 339 
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Bonn, Bonn, Germany, 244University of Bamberg, 245Department of Psychology, Faculty of Arts, 350 
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Zealand, 256Department of Economics and Management, University of Trento, Trento, Italy, 359 
257Flo Health LTU, UAB, Vilnius, Lithuania, 258D’Amore-McKim School of Business, 360 
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268Independent Researcher, Brno, Czechia, 269Department of Health and Functioning, Western 372 
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Pisa, Italy, 288Nuclear Medicine Unit, Department of Diagnostic Imaging, N.O.P. - S. Stefano, 391 
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Stanford, CA, USA, 297Department of Social, Personality, and Health Psychology, University of 399 

Houston, Houston, TX, USA, 298Department of Sociology, University of Essex, Colchester, UK, 400 
299Department of Methodology and Statistics, Tilburg University, Tilburg, The Netherlands, 401 
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Applications, Binghamton University, Binghamton, USA, 334Annenberg School for 433 
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Connecticut State University, New Haven, USA, 338Faculty of Business and Economics, 437 

University of Basel, Basel, Switzerland, 339University of Lausanne, 340Department of Business 438 
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School of Anthropology and Museum Ethnography, 353Center for Social and Cultural 450 

Psychology, Université libre de Bruxelles [Free University of Brussels], Brussels, Belgium, 451 
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Sciences, Mannheim, Germany, 363School of Psychology, Center for Social and Cognitive 459 
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Belgiun, 381University of Amsterdam, 382Vision & Cognition, Netherlands Institute for 477 
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Helmut Schmidt University Hamburg, Hamburg, Germany, 384Department of Social Psychology, 479 
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406Department of Management, Université Paris Dauphine PSL, Paris, France, 407Center for 502 

Research in Economics and Statistics (CREST), ENSAE, Institut Polytechnique de Paris, 503 

Palaiseau, France, 408Carlos L. Tiu School of Economics, De La Salle University - Manila, 504 

Philippines, 409School of Business, Economics, and Information Systems, University of Passau, 505 

Passau, Germany, 410Evidence-to-Impact Collaborative, Pennsylvania State University, 506 

University Park, PA, USA, 411School of Psychological Sciences, University of Tasmania, 507 

Hobart, TAS, Australia, 412Menzies Institute for Medical Research, University of Tasmania, 508 

Hobart, TAS, Australia, 413Brain and Cognitive Sciences, Massachusetts Institute of Technology, 509 

Cambridge, MA, USA, 414Department of Economics, Tilburg University, Tilburg, The 510 

Netherlands, 415GREDEG, Université Cote d’Azur, Nice, France, 416Department of Sociology, 511 

Radboud University, Nijmegen, The Netherlands, 417Department of Psychology, New York 512 

University, New York, NY, USA, 418Department of Psychology, National Research University 513 

Higher School of Economics, Moscow, Moscow, Russia, 419Department of Psychology, 514 

Willamette University, Salem, OR, USA, 420School of Psychology, Aston University, 515 

Birmingham, United Kingdom, 421Psychology, Artois University, Arras, France, 422Department 516 

of Interdisciplinary Human Sciences, Texas Tech University, Lubbock, TX, USA, 423Escuela de 517 
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Spain, 427Department of Psychology, Neuroscience and Behaviour, McMaster University, 522 

Hamilton, Canada, 428McMaster Institute for the Music and the Mind, McMaster University, 523 
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Netherlands, 504Department of Psychology, University of Basel, Basel, Switzerland, 596 
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Abstract 643 

The same dataset can be analysed in different justifiable ways to answer the same research 644 

question, potentially challenging the robustness of empirical science1–3. In this crowd initiative, 645 

we investigated the degree to which research findings in the social and behavioural sciences are 646 

contingent on analysts’ choices. We examined a stratified random sample of 100 studies published 647 

between 2009 and 2018, where for one claim per study, at least five re-analysts independently re-648 

analysed the original data. The statistical appropriateness of the re-analyses was assessed in peer 649 

evaluations, and the robustness indicators were inspected along a range of research characteristics 650 

and study designs. We found that 34% of the independent re-analyses yielded the same result 651 

(within a tolerance region of +/- 0.05 Cohen’s d) as the original report; with a four times broader 652 

tolerance region, this indicator rose to 57%. Regarding the conclusions drawn, 74% of analyses 653 

were reported to arrive at the same conclusion as in the original investigation; 24% to no 654 

effects/inconclusive result, and 2% to the opposite effect as in the original investigation. This 655 

exploratory study suggests that the common single-path analyses in social and behavioural 656 

research should not simply be assumed to be robust to alternative analyses4. Therefore, we 657 

recommend the development and use of practices to explore and communicate this neglected 658 

source of uncertainty.  659 

Keywords: analytical variability, crowdsourcing science, data analysis, research credibility, robustness, 660 
scientific transparency 661 

Introduction 662 

Over the past decade, social and behavioural scientists have been striving to enhance the 663 

robustness, objectivity, and replicability of their findings through systemic reforms in the conduct 664 

and communication of empirical research. Practices such as preregistration5, registered reports6, 665 

multisite replications7, analytical reproducibility checks8,9, and automated result validation 666 

techniques10 have been investigated and recommended to produce robust and replicable findings. 667 

An important aspect of robustness has yet to be systematically charted across these sciences: the 668 

contingency of the results on researchers’ analytical choices. 669 

In a typical research pipeline, the collected empirical data are analysed by a single analyst or team, 670 

and the published report presents a conclusion based on one analytical path, occasionally 671 

accompanied by a few robustness tests. The peer review process aims to ensure that the analysis 672 

approach meets the statistical and field-specific standards. However, this procedure does not 673 
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systematically ascertain whether justifiable alternative analytical choices could have led to 674 

different results. 675 

Theories and empirical designs rarely constrain analysts to a single analytical path. Many degrees 676 

of freedom exist in how researchers operationalise their variables, process their data, construct 677 

their statistical model, select algorithms and software for model estimation, and define their 678 

inference criteria; whether they follow frequentist, Bayesian, or likelihoodist analytical 679 

approaches; use machine learning or conduct computational modelling to answer the same 680 

research question1,4. This inherent freedom of the analyst constitutes the so-called analytical 681 

variability contained within empirical projects, a key component in the robustness of the statistical 682 

results. In practical terms, it is the manifested variation among the choices independent scientists 683 

consider justified. Fig. 1 lists some sources of analytical variability that can manifest themselves 684 

in analysts’ statistical results and the conclusions drawn from the results. 685 

One way to explore analytical variability is to employ a multiverse methodology2,11 in which the 686 

analyst conducts all combinations of analytic choices they are able to generate across a wide range 687 

of reasonable scenarios. Alternatively, in the multi-analyst approach, multiple analysts analyse the 688 

data following their best judgement. The latter approach requires more organisation, but it takes 689 

advantage of alternative expert perspectives without the combinatory expansion of the number of 690 

results. A multi-analyst approach also examines naturally occurring variation, empirically 691 

answering the counterfactual question of what might have happened if another investigator had 692 

considered the same research question using the same data.   693 

Multi-analyst projects3,12–24 have provided some evidence of the extent to which analysts’ 694 

individual choices influence the results and conclusions. From economics to neuroscience, these 695 

explorations demonstrated that the robustness of empirical findings can be compromised by 696 

researcher degrees of freedom25. The estimates of previous multi-analyst studies suggest that the 697 

variability in effect-size estimates attributable to analytical heterogeneity can exceed the 698 

variability one would expect due to sampling error26. 699 

Do we know how robust published findings are to analytical choices across the social and 700 

behavioural sciences? One could argue that multi-analyst projects so far have been purposefully 701 

conducted in research areas with little consensus on the best analytical approach or were motivated 702 

to demonstrate the potential effect of analytical choices and, therefore, may represent rare cases 703 

where alternative analyses produce important differences in results. For example, perhaps the 704 

datasets selected afforded greater researcher degrees of freedom than is typical, raising issues of 705 

the generalizability of the findings to scientific research more broadly. Differences between 706 

academic methodologies and fields also seem plausible - for example, the relatively simple 707 

experiments sometimes used in social psychology and behavioural economics may contain fewer 708 

analytic decisions than the complex longitudinal observational datasets used in macroeconomics 709 

and finance, and thus be more analytically robust in general22. To the extent that this is the case, 710 

the findings from the existing multi-analyst projects could be biased towards worst-case scenarios, 711 

and the traditional analytical practice and review system may not require fundamental adjustments. 712 

If, on the other hand, observed results are contingent on the analyst's choices across fields, 713 

methodologies, and types of datasets, then the scientific literature could be less robust than is often 714 

assumed. If so, the general practices of how we conduct, report, and review empirical analyses 715 

should be reformed to address this source of uncertainty.  716 
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After conducting 504 re-analyses with the involvement of 457 independent re-analysts on a 717 

stratified random sample of 100 social and behavioural studies, we conducted strictly exploratory 718 

analyses in order to describe the patterns in the findings. Inspecting the results across different 719 

research characteristics and study designs gives rise to a number of hypotheses for future research 720 

on how to maximize transparency and address this often-neglected component of scientific 721 

uncertainty. 722 

Variability of the results 723 

To explore the robustness of published claims, we selected a key claim from each of our 100 724 

studies, in which the authors provided evidence for a (directional) effect. We presented each 725 

empirical claim to at least five analysts along with the original data and asked them to analyse the 726 

data to examine the claim, following their best judgement and report only their main result. The 727 

analysts were encouraged to analyse those studies where they saw the greatest relevance of their 728 

expertise. Therefore, in this study, analytical variability, as a key component of robustness, is 729 

defined as the variation among the analytical results when different analysts are provided with the 730 

same research questions and the same data. 731 

First, we explored the degree to which the re-analysts produced the same statistics in the re-732 

analysis of each study. We found that in 81% of the studies, the corresponding analysts reported 733 

different statistics regarding statistical test families (such as t-tests, F-tests, and χ2 tests) and their 734 

values (after rounding them to two decimal places). 735 

A challenge in any multi-analyst project is to find a common metric that allows the results of the 736 

different analyses to be compared. A practical solution is to transform the reported point estimates 737 

into a standard effect size measure. Although these transformations have limitations and their 738 

calculation relies on assumptions that may not hold in all considered analysis settings25,27–29, for 739 

the sake of comparability, we decided to compute Cohen’s d for each re-analysis, wherever it was 740 

feasible. (For an alternative approach, see Supplementary Fig. 1) The methods, materials, analysis 741 

plan, peer evaluation, and data management strategy of the project were preregistered on the OSF 742 

repository of the project (Deviations from the registered plan are reported and explained in the 743 

‘Deviations from preregistration’ supplementary document). In our preregistration, we defined that 744 

we consider two results qualitatively the same when their effect sizes are within the tolerance 745 

region of ±0.05 Cohen’s d. However, below, we also report analyses with alternative tolerance 746 

regions. Our results revealed how far the new estimates were from the original ones (Fig. 2a) and 747 

how often the effect sizes of the re-analyses fell within this tolerance region (Fig. 2i). 748 

We found that in 5% (5 out of 95) of the studies for which we could obtain the original effect size 749 

all re-analysis effect sizes were inside the tolerance region (+/- 0.05 Cohen’s d) of the result of the 750 

original study (Fig. 2a). Out of the 396 available re-analysis effect sizes, 34% were inside the 751 

tolerance region. As a robustness test of our analysis, we explored the degree to which we would 752 

observe different results with different tolerance regions. With a four times broader tolerance 753 

region (+/- 0.20 Cohen’s d), in 23% of the studies, all corresponding re-analysis results were inside 754 

the tolerance region. Further, out of the available 396 re-analysis effect sizes, 57% (224) were 755 

inside of this region (Extended Data Fig. 1a).  756 

Alternatively, we could define the tolerance region as the percentage of the given effect size. As 757 

an additional robustness test, we varied the tolerance region between +/-5% and +/-20% but it 758 

barely made any difference regarding the percentage of robust studies (Extended Data Fig. 1b). 759 
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We next considered whether these robustness results vary by the disciplines of the studies, the 760 

study designs, the expertise of the analysts, their prior familiarity with the data, and the sample 761 

size in the data. Fig. 2b and Fig. 2c show the results for the major disciplines in our sample (>=10 762 

studies). For Fig. 2c, we created an effect-size estimate range for each study as the numerical 763 

difference between the highest and lowest estimate of re-analysis effect sizes. In our reading, the 764 

listed disciplines do not yield large differences in the robustness of the results. Still, it is reasonable 765 

to think that the level of analytical robustness in different disciplines can be influenced by the type 766 

of studies that are commonly conducted there. For example, one could conjecture that empirical 767 

claims based on observational data show lower robustness of the conclusions since they likely 768 

involve more researcher degrees of freedom in terms of viable analysis paths than experimental 769 

research settings. Fig. 2d and Fig. 2e explore this question and indicate that the results of studies 770 

with observational study designs have lower analytical robustness in our sample, relative to 771 

experimental designs (also see Tables S5 and S6).  772 

Considering the analytical variability found in the statistical results of the re-analyses, one 773 

immediate concern is that it could be an artefact of a lack of analytical expertise among some re-774 

analysts. Therefore, we explored whether our robustness results exhibit a different pattern when 775 

examined in relation to the self-reported statistical expertise of the re-analysts. Visual inspection 776 

of Fig. 2f shows no support for this proposition, as a higher level of expertise corresponds with no 777 

increase or decrease in the ratio of the reported results being different from the original ones. It is 778 

noteworthy, however, that the level of self-perceived expertise was clustered in the higher end of 779 

the scale.  780 

Re-analyzing published studies entails a potential risk of bias if the re-analysts’ familiarity with a 781 

given study influences their choice of analysis. Re-analysts reported that they were familiar with 782 

the original study in only 8% of cases. Moreover, there was no more than 3% difference in 783 

robustness between those who were and those who were not familiar with the original study (Fig. 784 

2g). For both groups, around two-thirds of the estimates fell outside our tolerance region. Finally, 785 

we were interested to see whether these robustness results would show a different pattern when 786 

considering sample size, as one could assume that studies with larger sample sizes could offer 787 

more robust results. Fig. 2h does not support this assumption as the density distributions of the 788 

sample sizes for results that are within and outside of the tolerance region are virtually the same. 789 

Therefore, studies with large sample sizes are not immune to analytical variability. 790 

We next asked whether the re-analyses show a trend or shift in effect sizes compared to the results 791 

of the original studies. If the re-analysis effect sizes randomly vary around the original effect size, 792 

we would expect that they are larger or smaller than the original ones with an equal chance. Fig. 793 

3a (re-analysis data trimmed at Cohen’s d =< 5) and 3b (Cohen’s d =< 1) indicate that re-analysis 794 

effect sizes show a tendency to be smaller than the original effect sizes as reflected in their best-795 

fitting (least squares) line. The distribution of original and re-analysis effect sizes also supports 796 

this, as the peak of the density distribution of the latter is markedly lower. The mean effect size of 797 

the original results is 0.73 (Median = 0.43), whereas for the re-analysis it is 0.49 (Median = 0.35), 798 

Cohen’s d, computed on ds =< 5. This result is consistent with the possibilities that original authors 799 

were biased to report larger effects than re-analysts, that re-analysts were biased to report smaller 800 

effects than original analysts, or both. 801 

Variability of the conclusions 802 

Another focal question of our study was whether the re-analysts reached the same qualitative 803 

conclusions as the original study analysts. To answer this question, we asked the re-analysts to 804 



 

19 

implement any statistical re-analysis they deemed most appropriate to test the original claim using 805 

the original data, with the goal of arriving at a single conclusion. Across all individual re-analyses 806 

(n = 504), 74% of analyses were reported to arrive at the same conclusion as in the original 807 

investigation; 24% to no effects/inconclusive result, and 2% to an effect in the opposite direction 808 

as in the original investigation (Fig. 4a). 809 

Out of 100 re-analysed claims, 34% were robust to independent re-analysis, such that all re-810 

analysts reported that they found evidence for the originally reported claim. It is important to note, 811 

however, that this result is contingent on the level of agreement we use to define analytically robust 812 

findings. With a more liberal definition of analytical robustness, this value was 39% when 813 

analytical robustness was defined as >80% re-analysis agreement with the original conclusion, and 814 

it was 80% when this definition was >50% (the results with alternative levels of agreement are 815 

displayed on Fig. 4j). 816 

We examined whether these results show a different pattern when inspecting them along the 817 

earlier-mentioned aspects of the analyses. Fig. 4b and Fig. 4c present the proportions of 818 

conclusions that were robust in each of the listed disciplines. Just as in the case of analyses of 819 

robustness of the statistical results, the listed disciplines do not manifest large differences in 820 

robustness of the conclusions, whereas their robustness may be influenced by the study designs 821 

most common in a given field or subfield. Fig. 4d supports this notion as it indicates that nearly 822 

half of the conclusions from experimental studies remained robust upon independent re-analysis, 823 

whereas less than one-third of observational studies yielded robust conclusions. Moreover, Fig. 4e 824 

indicates that, although the majority of re-analyses for both study designs reached the same 825 

conclusions as the original study, the figure was 13% higher for experimental studies than for 826 

observational studies. Just as for the robustness of the results, we can ask whether the deviation 827 

from the originally reported claim in terms of conclusions is explained by the re-analysts’ lack of 828 

analytical expertise. Fig. 4f shows no support for this conjecture when evaluating the pattern of 829 

results as a function of self-reported statistical expertise. The same conjecture can be assessed by 830 

considering the quality of the submitted statistical analyses that were evaluated by peer evaluators 831 

on a subset of the analyses (see Methods). Fig. 4g shows that the proportion of inferentially robust 832 

conclusions is numerically larger for analyses that were rated as medium-quality by peer evaluators 833 

than for analyses that were rated as high-quality. Whether this pattern was a result of noise or 834 

whether more sophisticated analyses are characterized by greater heterogeneity in approaches and 835 

results should be the topic of future metascientific projects. 836 

Just as for the analyses of the robustness of the statistical results, we were interested to see whether 837 

these results show a different pattern when inspecting them as a function of analysts’ prior 838 

familiarity with the dataset. Although those familiar with the original study did report the same 839 

conclusion in a higher proportion than those who were not familiar, 17% of their re-analyses still 840 

indicated a conclusion different from the original one (Fig. 4h).  841 

Again, we aimed to explore whether these robustness results would show a different pattern when 842 

considering sample size. As presented in Fig. 4i, the density distribution corresponding to the 843 

analyses with the different conclusion types shows a comparable spread, suggesting that the 844 

conclusions of studies with smaller and larger sample sizes appear to be similarly contingent on 845 

analytical choices. 846 
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For descriptive information about the re-analysts, peer evaluators, and additional robustness 847 

analyses, see Extended Data Figs. 2, 3, 4, and Supplementary Information’s General descriptives, 848 

Demographics of the re-analysts, Peer evaluation, and Robustness analyses sections. 849 

Limitations 850 

This study has a number of limitations. First, our collection of 100 articles represents only a tiny 851 

fraction of all the empirical work in the social and behavioural disciplines. Despite our efforts to 852 

select a representative sample of published articles across disciplines from the investigated time 853 

period, we could not include studies when the underlying data were not obtainable, and we 854 

excluded studies when our screening attempt to analytically reproduce the original results 855 

following the published procedures failed. We cannot exclude the possibility that these 856 

prerequisites, in addition to the self-selection of the analysts, led to sampling bias.  857 

Although we conducted more than 500 analyses, our project included only five independent 858 

analyses for most datasets, therefore, we do not know to what degree these analyses capture the 859 

full variability of analyses and results for the given research question and dataset. Also, since we 860 

re-analysed already published studies and the re-analysts were provided with these studies, the 861 

original analysis pipeline could have anchored some of the choices of the re-analysts. On the other 862 

hand, some analysts could have been motivated to produce alternative results, as it is a basic 863 

incentive of scientists to say something new. 864 

While Cohen’s d has the advantage of being easy to compute and comparable across different 865 

analyses, Kümpel and Hoffmann39 recently proposed the concept of generalised marginal effects 866 

(gMEs), an effect size metric that is both formally applicable and comparable across different 867 

statistical models. We had not originally planned to calculate standardised gMEs, and, accordingly, 868 

did not collect all required analysis outputs to compute them across the board. Still, we calculated 869 

gMEs for a sample of our studies to showcase their potential for future multi-analyst studies 870 

(Supplementary Fig. 1). 871 

 872 

We presented some exploratory analyses, but there are many other factors to explore that could 873 

contribute to analytical variability (e.g., topical expertise). Finally, despite our best efforts to 874 

conduct quality checks on the re-analyses to ensure the soundness of the analytic strategies16, it is 875 

possible that some of the discrepancies between the original and the new results are due to 876 

weaknesses in the re-analysts’ approach rather than equally justifiable alternative analysis 877 

decisions. It is likewise possible that there are weaknesses in the original analysts’ approaches. It 878 

is unknown whether the quality control processes for the re-analysts resulted in better, worse, or 879 

similar overall quality of analysis decisions as compared with the quality control processes for 880 

original analysts' decisions. The declared statistical expertise of the re-analysts makes us believe 881 

that the observed heterogeneity in analyses and outcomes is a good representation of variation in 882 

informed analysis decision-making in social-behavioural research. 883 

Discussion 884 

Are published results in the social and behavioural sciences robust to independent re-analyses? 885 

The present exploration shows considerable variability due to researcher degrees of freedom in 886 

statistical choices. Overall, when independent researchers analysed the same research question on 887 

the original data, 34% of studies remained robust to independent re-analysis in the sense that all 888 
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re-analysts arrived at the same conclusion as the original analyst or analyst team. Notably, the new 889 

conclusions converged with the original ones in 74% of the individual re-analyses. Our descriptive 890 

results suggest a number of hypotheses concerning the circumstances in which we could expect 891 

greater analytical variability. 892 

Why can there be multiple answers? 893 

Faced with the variability in the analysts’ effect-size estimates and conclusions, one intuitive 894 

hypothesis is that the variation must be due to researcher characteristics, such as statistical or field-895 

specific knowledge. Previous multi-analyst studies found little to no effect of researcher-specific 896 

characteristics, such as experience in the field or statistical expertise16,19,28. Instead, they suggest 897 

that analytic results are dependent on the particular choices that the analysts make among similarly 898 

acceptable data processing and analysis choices28. For example, when 46 independent analyst 899 

teams analysed the same speech dataset to answer the same research question, the authors 900 

concluded that “depending on the choice of how the speech signal is operationalised, researchers 901 

might find evidence for or against a theoretically relevant prediction” (p. 21)28. 902 

In line with previous findings, our results showed no strikingly different patterns across self-903 

reported statistical expertise and experience in a matching field (see Fig. 2f, Extended Data Fig. 4,  904 

Supplementary Table 5, 6, 7, 8, and 9). At the same time, the few analysts who reported that they 905 

were familiar with the original article produced alternative results and conclusions at a comparable 906 

rate. More importantly, our peer evaluation process did not indicate that the analytical variability 907 

of the re-analyses was due to inadequate statistical practices. These results are in line with 908 

Menkveld et al.22 in which the quality assessment of the proposed analysis pipelines did not 909 

statistically explain the results. 910 

Another line of thought would suggest that the lack of robustness in the original published results 911 

reflects some conceptual ambiguity in the theories or methodology30. Research hypotheses are 912 

often short verbal expressions that do not force the specifications of the analyses. The 913 

underspecification of claims31 could represent a major source of ambiguity in analytic decisions. 914 

We could not test the role of hypothesis ambiguity in a controlled manner, but it is a plausible 915 

contributor considering that social science theories often make general claims across many 916 

variables, creating theory-laden choice points regarding how constructs are operationalised, and 917 

how hypotheses are tested32.  918 

Regarding methods, we explored our results by separating them by experimental and observational 919 

study designs, and observed that the proportions of results and conclusions that were analytically 920 

robust were 15-20% higher for the experimental studies. The estimated range of effect sizes was 921 

also apparently wider for observational studies compared to experimental ones. This exploratory 922 

finding motivates the hypothesis that the increased control over data collection circumstances and 923 

the reduced number of variables in experimental versus observational research translate to more 924 

limited analytic flexibility. Notably, however, there was still substantial statistical variability 925 

among findings from experimental studies. 926 

Why do these findings matter? 927 

Where multiple acceptable analytical paths exist, researchers can use this freedom 928 

opportunistically33,34 and bias the results towards desired findings (“myside bias”35). The much-929 
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discussed credibility challenges in the social and behavioural sciences stem partly from the 930 

suspicion that the prevailing incentive systems for publication encourage researchers to report and 931 

interpret empirical data to serve non-epistemic goals such as storytelling36. Reform initiatives, such 932 

as the preregistration of research and analysis plans, aim to decrease researcher degrees of freedom 933 

to tweak the analytic method or the research question to the observed data. Would results in these 934 

fields become markedly more credible if every study was preregistered? Since preregistration is a 935 

protection against overfitting, we hypothesize that it would reduce or eliminate the observed 936 

finding that original analyses showed stronger evidence for positive results than re-analyses. 937 

However, we also hypothesize that preregistration would have little impact on the observed 938 

heterogeneity across alternative analysis strategies since registering and following a single analytic 939 

path constrains the analysts only from choosing opportunistically from the alternative analytical 940 

paths. Still, it does not confer any unique statistical or epistemic status to the pre-selected analytic 941 

path27. Unexplored but alternative justifiable analyses applied to the same data could still lead to 942 

very different results. The present exploration is clear about the presence of this variability in 943 

approaches, results, and inferences in the social and behavioural sciences. Without exploring this 944 

variability, authors cannot guarantee consumers of their research that the reported conclusions hold 945 

a privileged status over alternative conclusions.  946 

What can we do? 947 

The outcomes of this project suggest that the empirical answers to research questions in the social 948 

and behavioural sciences depend on the analytic paths taken to pursue them. Therefore, we 949 

advocate for the broader adoption of approaches that explore, recognise, and address the 950 

uncertainty created by analytical variability.  951 

Two main types of solutions are (1) multi-analyst studies, such as our own, where multiple 952 

investigators independently follow their own approach, and (2) the multiverse2,11,37 approach, 953 

where one investigator or team performs numerous analyses across the set of reasonable pipelines. 954 

Conducting exploratory studies to identify analytical uncertainties and holding out samples are 955 

further advisable practices to tackle analytical variability.   956 

Project leaders aiming to conduct multi-analyst studies can consult various tutorial papers and 957 

guidelines. Aczel et al.38 provide an expert consensus guideline on the entire life-cycle of multi-958 

analyst projects from recruiting suitable analysts, through conducting the project to the reporting 959 

of the outcomes. Kümpel & Hoffmann39 offer a framework for synthesising objective outcome 960 

metrics. The Subjective Evidence Evaluation Survey40 is a tool for systematically exploring and 961 

quantifying subjective measures of evidence in multi-analyst studies, allowing analysis teams to 962 

subjectively reflect on various aspects of evidence, such as coherence, robustness, and relevance, 963 

as well as the quality of the research design and data.  964 

Multiverse analysis is also useful, especially when the dataset cannot be shared with other research 965 

groups due to confidentiality reasons or when there are insufficient human resources to recruit 966 

several independent analysts. Several guideline papers help researchers conduct and interpret such 967 

analyses2,37,41–43. 968 
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Recently, many scholars have called for a stronger focus on replication in science44. Similar to 969 

preregistration, however, replications are unlikely to help address the robustness of results to 970 

multiple analysis strategies as they intentionally repeat the same (or at least a very similar) analysis 971 

path. In this sense, replications can help detect bodies of work in which authors may have leveraged 972 

their researcher degrees of freedom to generate results that are in line with their own or the 973 

journal’s expectations. All other things being equal, a severely p-hacked literature should contain 974 

fewer replicable findings. And yet, replicability does not eliminate analytical variability itself. 975 

Nevertheless, having multiple studies creates an opportunity to observe if analytical variability is, 976 

itself, replicable. For example, imagine that Study A provides evidence for a claim with Analysis 977 

1 but not with Analysis 2. If several replications also find evidence for the claim with Analysis 1 978 

but not with Analysis 2, then the analytic choices are directly implicated in how evidence for the 979 

phenomenon is observed. However, if it is random across replications whether Analysis 1 or 980 

Analysis 2 provides evidence for the claim, then the implications of the analytic variability are 981 

very different. The combination of replications and robustness investigations will facilitate the 982 

advancement of stronger theoretical underpinnings of the topics of study, and could reduce 983 

analytical variability in the long run by creating a more direct mapping between theory and 984 

measurement30,11. 985 

All in all, we argue that the scholarly communication system could foster more engagement with 986 

systematic and transparent robustness testing. As a starting point, the research data shared openly 987 

alongside codebooks and analysis scripts is a prerequisite for any assessment of analytical 988 

robustness. Research findings of particular scientific or societal importance could be accompanied 989 

by robustness reports46 that summarise the results of alternative theory-motivated analytic choices 990 

by independent analysts. This publication format already provides a platform for analysts to 991 

scrutinise the fragility of the findings before they have a major impact on scholarship and policy( 992 

see https://scipost-staging.org/JRobustRep).  993 

What did we learn about the robustness?  994 

Our results support the view that the results in social and behavioural science studies are contingent 995 

on the analyst’s choices, and if an analyst reports a single result from a single analytical path, they 996 

have not exhausted the possible answers that the dataset can provide. This finding aligns with the 997 

conclusions drawn by Wagenmakers, Sarafoglou, and Aczel4, that the belief that "for any dataset, 998 

there exists a single, uniquely appropriate analysis procedure" and "multiple plausible analyses 999 

would reliably yield similar conclusions" (p. 424) are no more than statistical myths. Without 1000 

multi-analyst and multiverse approaches, the fragility of empirical findings remains.  1001 

Nonetheless, we emphasise that an optimistic or pessimistic interpretation is a matter of 1002 

perspective and greatly depends on what evidential support we expect from a given study. 1003 

Therefore, whether a result is satisfyingly robust will always depend on our epistemic needs and 1004 

the precision we expect from our results. We caution against using blanket rules in aggregating or 1005 

interpreting results across different analytical approaches within the same investigation. 1006 

Objectivity is a fundamental ideal of science, implying that claims about the world should not be 1007 

contingent on the predispositions of the claimant. What our results reveal is not that we must 1008 

distrust or reject the results of the past, including the studies we analysed. Instead, they suggest 1009 

that we should adopt greater caution about the evidence that single analytical paths can offer to 1010 

https://scipost-staging.org/JRobustRep
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support social and behavioural science claims. We believe that the limitations of "single-shot" 1011 

analyses cut across numerous scientific disciplines. Methodological innovations, such as multi-lab 1012 

collaborations, multi-analyst approaches, or multiverse methods, could increase the robustness of 1013 

the social and behavioural sciences, and perhaps more broadly, in other empirical fields. 1014 

Figure legends 1015 

Fig. 1 1016 
Major sources of analytical variability. 1017 

 1018 

Note. 1019 

Analytical variability can arise from the ambiguity of the research question, the alternative 1020 

operationalisations of the concepts, variations in data preprocessing options, or model and 1021 

method choices, as well as from undiscovered statistical or data processing errors. 1022 

  1023 
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 1024 

Fig. 2  1025 
Analytical robustness of the statistical results.  1026 

 1027 

Note. 1028 
a, Effect size of the original analysis (gray square; all represented as positive values) and the effect 1029 
sizes of the re-analyses (red dot) for each study. The figure displays 415 re-analysis effect-size estimates 1030 
that were convertible to Cohen’s d and excludes effect sizes outside the [-2, 4.5] range. For the five 1031 
studies listed at the bottom of the figure, we could not determine the original effect size due to missing 1032 
information. Study numbers correspond to studies listed in https://osf.io/mkwhn. The studies are 1033 
ordered by the size of the original effect size. b, Percentage of re-analysis results falling within or 1034 
outside of the tolerance region of the original results of the studies by major disciplines. The figure 1035 
displays the count of re-analyses next to each discipline name. c, Distributions of effect-size estimate 1036 
ranges calculated per study for each major discipline. d, Proportion of re-analysis results falling within 1037 
or outside of the tolerance region of the original results of the studies by study type. The figure displays 1038 
the count of re-analyses next to each discipline name. e, Distribution of effect-size estimate ranges 1039 
calculated per study for observational and experimental studies. f, Percentage of re-analysis results 1040 
falling within or outside of the tolerance region of the original results of the studies by self-rated 1041 

https://osf.io/mkwhn
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expertise (1= beginner, 10 = expert). g, Percentage of re-analysis results falling within or outside of the 1042 
tolerance region of the original results of the studies by declared familiarity with the study. h, 1043 
Distribution of sample sizes separately for re-analysis effect sizes falling within or outside of the 1044 
tolerance region of the original results. i, Proportion of effect sizes falling within the preset tolerance 1045 
range (+/- 0.05 Cohen’s d) for each study.  1046 

Fig. 3 1047 
Original study effect size versus re-analysis effect size.  1048 

 1049 
Note. 1050 
The thin diagonal line represents an ideal case when the re-analysis effect sizes are equal to original 1051 
effect size, the thick line shows the best-fitting (least squares) line of the displayed dots. Density plots 1052 
of original (n = 95) and re-analysis (n = 504) effect sizes are parallel to their respective axis. β refers to 1053 
the regression slope. Figure a shows effect sizes Cohen’s d =< 5, Figure b displays the same for effect 1054 
sizes Cohen’s d =< 1.  1055 

  1056 
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 1057 

Fig. 4 1058 
Analytical robustness of the conclusions. 1059 

 1060 
Note. 1061 
a, Proportion of same conclusion, no effect/inconclusive results, and opposite direction conclusions for 1062 
each study. Study numbers correspond to studies listed in https://osf.io/mkwhn. b, Proportion of 1063 
inferentially robust results (i.e., all re-analyses arrived at the same conclusion for the given study) by 1064 
major disciplines (more than 10 studies in our collection: Economics, Political Science, and 1065 
Psychology). c, Proportion of same effect, no effect/inconclusive results, and conclusions in the 1066 
opposite direction of the original studies by major discipline. The number of re-analyses is displayed 1067 
below each discipline. d, Proportion of inferentially robust results by study design (experimental vs. 1068 
observational). The number of re-analyses is given below each study design. e, Proportion of same 1069 
conclusion, no effect/inconclusive, and opposite effect of the re-analyses by study type (experimental, 1070 
observational). f, Proportion of same conclusion, no effect/inconclusive, and opposite effect of the re-1071 
analyses by self-rated expertise (on a scale of 1 (Beginner) to 10 (Expert)). g, Proportion of inferentially 1072 
robust studies by the acceptability of the analysis pipelines according to the peer evaluators. For this 1073 
figure, we included only studies with more than one peer evaluation and where the peer evaluators 1074 
agreed on their rating. The figure shows only the rating options with 5 or more re-analyses in that 1075 
category. h, Proportion of same conclusion, no effect/inconclusive, and opposite effect of the re-1076 
analyses by declared familiarity with the study. i, Distribution of the sample size of the re-analyses 1077 
resulting in the same conclusion, no effect/inconclusive, and opposite effects. Sample size values were 1078 

https://osf.io/mkwhn
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available for 345 re-analyses. j, Percentage of studies with robust conclusions above different levels of 1079 
re-analysis consensus. Re-analysis consensus refers to the agreement among the conclusions drawn by 1080 
the original study and the independent re-analyses. 1081 

Methods 1082 

All methods and procedures in this study were vetted by a panel of experts with prior experience 1083 

in multi-analyst studies or who are specialists in the relevant methodology (see Additional Details 1084 

of Method within Supplementary Information). 1085 

Preregistration 1086 

The methods, materials, analysis plan, peer evaluation, and data management strategy of the 1087 

project were preregistered on the OSF. Deviations from the registered plan are reported and 1088 

explained in the “Deviations from preregistration” supplementary document.   1089 

Ethical considerations 1090 

The datasets resulting from this project were not considered human subject research and are 1091 

covered under an umbrella ethics protocol that was managed by the Center for Open Science 1092 

(COS) (BRANY SBER IRB protocol #21-056-749), with concurrence from the United States 1093 

Naval Information Warfare Center Pacific, HRPO. The institutional ethics board of the Faculty of 1094 

Education and Psychology at Eötvös Loránd University, Budapest, Hungary, determined that the 1095 

re-analysts are not considered research participants and that the project raises no ethical concerns. 1096 

Materials 1097 

Selection of studies  1098 

The selection of studies was completed in two stages. In the first stage, the SCORE team created 1099 

an initial study and claim collection. From this collection, we selected our sample using additional 1100 

criteria. 1101 

In the SCORE project, a stratified random sample of 600 articles was identified from a larger pool 1102 

of randomly stratified ~30,000 articles from 62 journals, published between 2009 and 2018. The 1103 

journals covered the main branches of social and behavioural sciences (criminology, economics, 1104 

education, health-related, marketing/organisational behaviour, management, political science, 1105 

psychology, public administration, sociology). To obtain the original studies, the following steps 1106 

were taken: First, the paper was reviewed. If data and/or code were available, they were 1107 

downloaded and saved into a project on OSF. If data and/or code were not available, the SCORE 1108 

team attempted to contact the corresponding author to request that they share the data and code 1109 

used for the original publication. Studies were excluded from the sample if they did not contain at 1110 

least one inferential test using non-simulated, human data, where human data are defined at any 1111 

level of human organisation (e.g., the individual person, family, political entity, firm, economic 1112 

unit). The majority of the studies were tested for analytic reproducibility using the original 1113 

specification, which is to be distinguished from robustness to alternative specifications. Analytic 1114 

reproducibility was tested in cases when both original data and code were available (n = 63), or 1115 

when the original data were available but the original code had to be adapted by the SCORE team 1116 

in order to successfully reproduce the result (n = 7). If data were available but the original code 1117 



 

29 

was not, SCORE sourced a collaborating lab to generate new analytic code for the reproduction (n 1118 

= 10). If data and code were not available, the collaborating lab used the secondary source data, 1119 

which were shared upon request (acquired by SCORE), alongside newly generated analytical code 1120 

for the reproduction (n = 11). Some reproductions were never attempted (n = 9). If the analytic 1121 

reproduction failed, the paper was removed from the pool. Therefore, the present project focused 1122 

solely on robustness to alternative specifications and did not conduct direct reproducibility checks 1123 

using the original specification, as these had already been carried out by SCORE. Further details 1124 

of the SCORE methodology (list of journals, selection process, etc.) are available in the original 1125 

report45.  1126 

In the present work, a further requirement of the selected studies was to contain a single inferential 1127 

statistical test result that corresponded to the claim with our instructions. Thus, we ensured that 1128 

given the claim and the instructions, no other statistical result could correspond to the claim in the 1129 

original article. If all potential claims from the study were too ambiguous and, therefore, could not 1130 

be linked with a single inferential test statistic with the specification instructions, the study was 1131 

excluded from our sample. The above-described study selection process was continued until we 1132 

reached our target number of 100 studies, corresponding claims, and datasets. 1133 

The selected studies and all available corresponding data and materials were made available to the 1134 

re-analysts so that they could fully understand the selected claim and approach. There are trade-1135 

offs for how much information to give to the re-analysts to conduct re-analyses. Complete blinding 1136 

of the original analysis strategy would ensure an entirely independent decision-making process 1137 

about how to analyse the data. However, in much scientific writing, there is insufficient clarity in 1138 

the description of the theoretical background, rationale, and specification of the conceptual model 1139 

to be tested. In some papers, there is a clean break between these and clear hypotheses to test. In 1140 

other papers, the narrative intermixes theoretical statements and analysis decisions and may not 1141 

clearly state hypotheses or how they correspond with observed results. As a consequence, attempts 1142 

to blind papers inevitably lead to variation in what is blinded across papers and many subjective 1143 

decisions about what should be blinded (because it provides information about analysis strategy) 1144 

and what can remain unblinded (because it provides information about theory and rationale). A 1145 

major risk of those blinding decisions is that important information could be removed, which 1146 

would weaken the re-analysts’ ability to conduct a fair re-analysis of the original claim. As such, 1147 

we opted for complete transparency of the original article so that no potentially important 1148 

information was missing for the re-analysts, and we instructed re-analysts that they should create 1149 

an analysis plan based on their own decisions for how best to assess the study’s claim. On balance, 1150 

this increases the risk of dependent decision-making but reduces the risk of misspecification of the 1151 

hypothesis and rationale of the original research. In this context, we judged the latter to be a more 1152 

important precondition for conducting an informative study. 1153 

Claim selection 1154 

Claim selection was built on Phase 1 of the SCORE project effort. The claims identified for Phase 1155 

1 of SCORE were executed according to a “single trace” approach, where only a single claim trace 1156 

was extracted from the article, which corresponded to one statistically significant inferential test 1157 

result (see https://docs.google.com/document/d/1yKvjMFaIcwCLq1k-1158 

02m_Y1G937yMIc__1JK4OfMay40/edit?usp=sharing). Within the current project, first, the lead 1159 

team ensured that the extractions (i) are understandable, (ii) contain only one claim, (iii) indicate 1160 

https://docs.google.com/document/d/1yKvjMFaIcwCLq1k-02m_Y1G937yMIc__1JK4OfMay40/edit?usp=sharing
https://docs.google.com/document/d/1yKvjMFaIcwCLq1k-02m_Y1G937yMIc__1JK4OfMay40/edit?usp=sharing
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the direction of the effect, (iv) there is a statistical hypothesis test-based result provided in the 1161 

article that corresponds to the claim; and (v) the claim was phrased on a conceptual and not 1162 

statistical level. If not, then they extracted the part of the claim that is relevant, or if this could not 1163 

be achieved, they selected another more suitable sentence from the abstract, or if this could not be 1164 

achieved, they searched for another suitable sentence from other parts of the article that could 1165 

satisfy all of our criteria. When none of these steps presented a claim that satisfied the expectations, 1166 

then the given article was not used in our study (for their list and explanation of dropping, see our 1167 

data table). Where an expression of a claim has been judged by the lead team as ambiguous or 1168 

rhetorical, they substituted the expression with an ellipsis mark (e.g., “dramatically increased” to 1169 

“ … increased”) while preserving the original wording and the meaning of the claim. Only in cases 1170 

where, due to the selection, the wording of the claim became complicated, ungrammatical, or 1171 

contained an ambiguous definition or an unexplained abbreviation, did the core team make 1172 

necessary (and marked) adjustments in the grammar or wording of the claim while preserving the 1173 

original meaning of the extraction. For example, the following selection “Three factors increase 1174 

the salience of the proliferation threat: (1) prior violent militarized conflict…” was changed to 1175 

“[prior violent militarized conflict] increase[s] the salience of the proliferation threat …”. The list 1176 

of claims can be found at https://osf.io/mkwhn. 1177 

Analysis instructions 1178 

For the re-analysts’ second task, instructions were needed in cases where the original paper 1179 

contained more than one statistical analysis corresponding to the high-level claim, in order to be 1180 

able to compare the new result to the one in the original paper. For this, the lead team prepared 1181 

certain instructions (e.g., data selection, exclusions) that single out only one statistical result in the 1182 

original paper. The instructions always remained circumstantial (e.g., data selection, exclusions, 1183 

choice of measurement) and never gave direct instructions to the choice of statistical approach or 1184 

full specification of the model.  1185 

Procedures 1186 

Re-analyst recruitment 1187 

Our preregistered aim was to have at least five independent re-analyses carried out for each of the 1188 

100 selected studies (Extended Data Fig. 5). Our choice of 5 analyses per study was led by practical 1189 

considerations, as we judged that recruiting 500 analysts for a project is the limit of our capacity. 1190 

Participation in the project was advertised on social media, at conferences, in mailing lists (e.g., 1191 

SCORE collaborator list), via personal networks, and in research newsletters. As a response to our 1192 

recruitment call, 1141 researchers signed up to participate in our study. Out of these volunteers, 1193 

459 signed up to analyse at least one dataset and submitted their work by the deadline or an 1194 

extended deadline. From all the eligible volunteers, we selected re-analysts and peer evaluators on 1195 

a first-come, first-served basis. The expectation of participation in the study was experience with 1196 

conducting statistical analyses, and this was communicated to the volunteers from the start of the 1197 

recruitment. Re-analysts were informed that they would qualify as authors on the publication of 1198 

this study if (1) they completed their analyses and submitted all required materials and the post-1199 

analysis survey on time; (2) their analyses passed the peer evaluation, and (3) they reviewed and 1200 

approved the manuscript in time. 1201 

https://osf.io/mkwhn
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Re-analysts received a flat fee of 100 USD for each of their completed re-analyses (including both 1202 

Task 1 and Task 2) if they submitted their work before March 2023, the deadline of the grant 1203 

budget, unless they were from an embargoed country, in which case we were unable to transfer 1204 

any payment. Peer evaluators received a flat fee of 10 USD per peer evaluation. Any further 1205 

volunteers were informed that this payment did not apply to them. 1206 

Upon joining the project, the volunteers for re-analysis were required to accept the project 1207 

requirements. They were informed about (a) their tasks and responsibilities; (b) the project 1208 

confidentiality agreements; (c) the plans for publishing the research report and presenting the data, 1209 

analyses, and conclusion; (d) the conditions for an analysis to be included or excluded from the 1210 

study; (e) that their names will be publicly linked to the analyses; (f) the re-analysts’ rights to 1211 

update or revise their analyses; (g) the project time schedule; and (h) the nature and criteria of 1212 

compensation. Re-analysts were informed that, whereas they could consult other researchers 1213 

during their analyses, they could not work in teams in this project. Before discussing the details of 1214 

the analyses with others, the re-analysts were asked to ascertain that the person was not another 1215 

re-analyst on that dataset. All communication materials of this study are openly available on the 1216 

public repository of the project at https://osf.io/nvy8a. 1217 

Assignment of analyses and tasks 1218 

The following procedure was first piloted with two analysts to learn about the practical challenges 1219 

and time demands of the following tasks. As the results of those analyses were not of central 1220 

interest, we kept no records of them. 1221 

First, each re-analyst was asked to assign themselves to one study, but at later rounds of 1222 

recruitment, we allowed re-analysts to complete analysis on another paper, other than the one they 1223 

completed earlier. They were asked to choose those studies where they saw the greatest relevance 1224 

of their expertise. The authors of the original study could not be the re-analysts of that study.  1225 

For several practical reasons, the re-analyses were not started at the same time for each study and 1226 

each analyst. Firstly, it took us several rounds of recruitment to gather the target number of 1227 

analyses for each study, mainly due to dropouts, delays, unplanned personal difficulties, and a 1228 

shortage of staff. Secondly, our analysts found it difficult to retrieve, open, or interpret some of 1229 

the datasets. In some cases, we had to reach out to the original authors, causing further delays in 1230 

the project. 1231 

The task of the re-analysts was to reflect on the corresponding claim (see claim selection) by re-1232 

analyzing the corresponding data. The re-analysts were provided with access to the datasets, 1233 

extracted claims, the original articles, and all the corresponding materials. They were informed 1234 

that their analyses should be conducted preferably with scripts that could reproduce all their results 1235 

(including data preprocessing, extraction of test statistics and p-values/Bayes Factors, computing 1236 

effect-size measures, etc.), but they could use the statistical software of their choice to produce an 1237 

analysis script. Re-analysts were asked to write and structure their code such that others could 1238 

understand their analysis scripts (e.g., by annotating the different analysis steps), and they were 1239 

also informed that the analysis scripts from all analysts would be made publicly available with 1240 

their names linked to the analyses.  1241 

https://osf.io/nvy8a
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Re-analysts received two main tasks for each study, where Task 2 was given after the completion 1242 

of Task 1. Once Task 1 was submitted, the analysts could not change the submission of Task 1 1243 

unless they were asked by the lead team to provide some missing information from their analysis. 1244 

Task 1 The re-analysts were asked to reflect on the selected claim by re-analyzing the 1245 

corresponding data. They could conduct and report as many analyses as they wished, but they had 1246 

to draw a single conclusion from their analysis. They were asked to report their analyses and 1247 

indicate whether their results provided evidence for the relationship/effect as claimed by the 1248 

original study. 1249 

Task 2 For this task, the re-analysts had to produce only one statistical result corresponding to the 1250 

claim they studied in Task 1, which would be compared to a statistical result in the original paper. 1251 

The lead team provided certain instructions (e.g., data selection, exclusions) for this analysis to be 1252 

able to compare the new result to one result in the original paper (see Analysis instructions section). 1253 

Re-analysts were asked to report their results in terms of statistical families of r, z-, t-, F-, or χ² 1254 

tests (or their non-parametric versions). In addition, they were asked to report sample sizes (e.g., 1255 

per group) and the corresponding degrees of freedom. By this means, most results could be 1256 

translated into standardized coefficients by the coordinators. 1257 

The reason for requiring two analyses from the re-analysts was that they served two different aims. 1258 

The results of Task 1 aimed to answer our first preregistered project question: “Do different 1259 

analysts arrive at the same conclusions as the analyst of the original study?”, whereas the results 1260 

of Task 2 aimed to answer our second preregistered project question: “Do different analysts arrive 1261 

at the same effect estimates as the analyst of the original study?” We found that asking only one 1262 

of the tasks would not have been sufficient to fully address both questions. In Task 1, researchers 1263 

were not constrained to one analysis, so they could have produced more than one statistical result 1264 

in order to draw a conclusion from the dataset. Therefore, in Task 1, it was not guaranteed that we 1265 

would be able to select a single effect size from each analyst in order to answer our second project 1266 

question. Another challenge to finding an answer to our second question was that in some of the 1267 

original articles, one claim could have had more than one corresponding statistical result listed. In 1268 

these cases, we prepared instructions for Task 2 in order to single out only one statistical result in 1269 

the original paper. For example, if the original study contained two corresponding regression 1270 

models, one with some exclusions and one with no exclusions, then we chose one of them (e.g., 1271 

the latter), and instructed the re-analysts not to apply any exclusions to the analysed data. In all 1272 

other regards, re-analysts were free to conduct their calculations according to their best judgment.  1273 

After completing the analysis and writing up the methods, results, and conclusion, re-analysts were 1274 

expected to upload their analysis code (if available) to the corresponding OSF folder. Their 1275 

reported methods, results, and conclusions were collected via an online form (see 1276 

https://osf.io/fjnhz/). When uploading the materials, they were also asked to fill out a post-analysis 1277 

survey. All major communications between the core project team and re-analysts from the study 1278 

are openly available on the public repository of the project. 1279 

Peer evaluations 1280 

The goal of peer evaluation in this project was to assess whether the applied analytical choices are 1281 

acceptable and whether the reported conclusion follows from the statistical results. By acceptable, 1282 

https://osf.io/fjnhz/?view_only=
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we mean that peer evaluators agree that the analysis pipeline is within the variations that could be 1283 

considered appropriate by the scientific community in addressing the given analytical task.  1284 

The peer evaluation phase did not address potential errors in translating the description of the 1285 

analytic methodology into analysis scripts. To mitigate potential gross errors in the analysis, peer 1286 

evaluators were provided with a thorough and standardised description of the results and 1287 

conclusions obtained using the described analysis, including sample sizes, the effect size, the test 1288 

statistic, and degrees of freedom. From the description of the dataset, the description of the 1289 

analysis, and the reported results and conclusions, peer evaluators were able to identify potential 1290 

flaws in the implementation of the analysis that could stem from errors and/or mismatches. 1291 

Assignment of the analyses 1292 

When assigning the volunteer peer evaluators to analyses, the initial rule was that they should not 1293 

evaluate any re-analyses conducted on datasets they had re-analysed as a re-analyst. In practice, 1294 

for logistical reasons, this rule was applied in all but six cases (i.e., 99% of peer evaluations were 1295 

carried out on a dataset that was different from the dataset they analysed themselves). They were 1296 

asked to choose to evaluate those analyses where they see the greatest relevance of their expertise. 1297 

If, after choosing a study to evaluate, a peer evaluator did not feel sufficiently skilled/experienced 1298 

to judge whether the proposed analysis was acceptable, he/she was told not to fill out our template 1299 

and should return the re-analysis to the pool and choose a new one.  1300 

Peer Evaluation Procedure  1301 

For details, see the corresponding section in the Supplementary Information. 1302 

Analysis methods 1303 

This exploratory study contains no inferential statistics. Besides the frequency- and proportion-1304 

based summary statistics, we calculated only the effect sizes of the results from the original articles 1305 

and the re-analyses.  1306 

Cohen’s d effect sizes 1307 

Following our preregistration, we converted all results into Cohen’s ds wherever possible. For a 1308 

number of cases, we could not achieve this due to missing information in the original studies or 1309 

reported statistics that cannot be converted into Cohen’s d (e.g., logistic regression). All the 1310 

conversions are listed in the R scripts and the data documentation. All the original effect sizes are 1311 

listed as positive values, and the re-analysis effect sizes are negative only when they showed an 1312 

opposite effect compared to the original study. 1313 

For further information on methods, see Supplementary Information. 1314 

---------------------------------------------------------------------------------------------------------------- 1315 

Reporting summary 1316 

Further information on research design is available in the Nature Portfolio Reporting Summary 1317 

linked to this article. 1318 
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Data availability 1319 

Study data and materials are available on the project OSF (https://osf.io/q5h2c/) and GitHub 1320 

repositories (https://github.com/marton-balazs-kovacs/multi100/). Archived data include the 1321 

original datasets or a description of how to gain access to them. Our shared materials include 1322 

all the survey questions and the general communication texts and instructions that we sent to 1323 

the re-analysts and peer-evaluators. We excluded from our data files the email addresses of the 1324 

re-analysts, as well as the records of those analysts who did not comply with the instructions 1325 

and did not submit all the required analyses by the deadline. For further details about our 1326 

exclusion criteria and procedure, see our Supplementary Information document. 1327 

Code availability 1328 

All analysis codes for this project are available at https://github.com/marton-balazs-1329 

kovacs/multi100.  1330 

https://osf.io/q5h2c/
https://github.com/marton-balazs-kovacs/multi100/tree/master
https://github.com/marton-balazs-kovacs/multi100
https://github.com/marton-balazs-kovacs/multi100
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Extended data figures 1659 

Extended Data Fig. 1 1660 
Robustness of the statistical results.  1661 

 1662 

Note.  1663 
a, Robustness of the statistical results with different widths (+/-[0.01-0.20] Cohen’s d) of the tolerance 1664 
region. b, Robustness of the statistical results with different percentages (5-20%) of Cohen’s d as a 1665 
tolerance region. Calculations on the study and re-analysis levels are shown in different lines.  1666 
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Extended Data Fig. 2 1667 
Descriptive statistics of the peer evaluators. 1668 

 1669 

Note.  1670 
a, The peer evaluators’ years of experience with data analysis. When a peer evaluator submitted more 1671 
than one evaluation and a year passed between the responses, we kept only their first response. b, The 1672 
regularity with which peer evaluators perform data analysis. c, The peer evaluators’ self-rated level of 1673 
expertise in data analysis. When a peer evaluator submitted more than one re-analysis, we kept only their 1674 
first response. 1675 
  1676 
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Extended Data Fig. 3 1677 
Descriptive statistics of the analysts and the analyses.  1678 

 1679 

Note.  1680 
a, The distribution of the analysts’ age. When an analyst submitted additional re-analyses with a higher 1681 
reported age, we kept only their age at the time of their first submission. Moreover, one analyst is not 1682 
represented in the figure because they did not disclose their age. b, The analysts’ country of residence. 1683 
When an analyst submitted more than one re-analysis, and they moved between the submissions, we 1684 
only kept their first response. c, The analysts’ years of experience with data analysis. We only kept their 1685 
first response when an analyst submitted additional re-analyses with a higher reported age. d, The 1686 
analysts’ self-rated level of expertise in data analysis. When an analyst submitted more than one re-1687 
analysis, we only kept their first response. e, The software the analysts used for their re-analysis tasks. 1688 
In case an analyst completed multiple re-analyses or reported using multiple software applications, we 1689 
kept all their responses for this figure. The figure displays only software applications used by more than 1690 
1% of the analysts.  f, The reported total hours the analyst spent on Task 1 and Task 2 together. In case 1691 
an analyst completed multiple re-analyses, we kept all their responses for this figure. One response was 1692 
excluded due to being an outlier (999 h), which we assumed was an error.  1693 
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Extended Data Fig. 4  1694 
Additional statistical results requested by the reviewers. 1695 

 1696 

Note.  1697 
a, Proportion of same effect, no effect/inconclusive results, and conclusions in the opposite direction 1698 
of the original studies, by matches and nonmatches between the discipline of the re-analyst and the 1699 
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original study. b, The distribution of the heterogeneity ratios calculated between the effect size 1700 
variability over the re-analyses and the sampling variability of the original study effect-size estimates. 1701 

Extended Data Fig. 5  1702 
Overview of the project procedures. 1703 

 1704 

Note.  1705 
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The figure depicts the procedural workflow of the selection of the studies (1); the selection of the re-analysts 1706 
(2); and the re-analysis process for each study (3). 1707 


