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and Methods, Emory University, Atlanta, GA, USA, '®School of Social and Political Sciences,
University of Lincoln, Lincoln, United Kingdom, ¢! Department of Political and Social Sciences,
European University Institute, Fiesole, Italy, '>Center for Science of Science and Innovation,
Evanston, IL, USA, '®Kellogg School of Management, Northwestern University, Evanston,
Illinois, USA, '®*Department of Statistics, Harvard University, Cambridge, MA, USA, %John
Glenn College of Public Affairs, The Ohio State University, Columbus, Ohio, USA, ®Caspian
Strategy & Analytics, Dublin, Ohio, USA, '’Psychology, Humboldt-Universitit zu Berlin,
Berlin, Germany, '®Berlin School of Mind and Brain, '’Education and Child Studies, Leiden
University, Leiden, The Netherlands, !"’Department of Psychology, Wake Forest University,
Winston-Salem, NC, USA, "'Faculty of Psychology in Wroclaw, SWPS University, Wroclaw,
Poland, '"’Federal Senate of Brazil, Brasilia, Brazil, !"*Department of Economics, Deakin
University, Melbourne, VIC, Australia, !"Department of Brain and Behavioral Sciences,
University of Pavia, Pavia, Italy, '>Champalimaud Foundation, Lisbon, Portugal, '7®School of
Economics, University College Dublin, Dublin, Ireland, !”’Geary Institute for Public Policy,
University College Dublin, Dublin, Ireland, "®Dipartimento di Economia, Universita degli Studi
dell’Insubria, Varese, Italy, '"’Department of Neuroscience and Biomedical Engineering, Aalto
University, Espoo, Finland, "®Deparrtment of Psychology, New York University Abu Dhabi,
Abu Dhabi, United Arab Emirates, '®'Educational Measurement, Leibniz Institute for
Educational Trajectories, Bamberg, Germany, '*’Centre for Research on Peace and
Development, KU Leuven, Leuven, Belgium, "** IESEG School of Management, Lille, France,
¥4nstitute of Public Administration, Leiden University, The Hague, The Netherlands,
85Universidad Diego Portales, '®Department of Child and Adolescent Psychiatry, Medical
University of Vienna, Vienna, Austria, '®’Department of Business and Economics, TU
Dortmund University, Dortmund, Germany, ¥ ESCP Business School, Paris, France, '*Faculty
of Economics, UniDistance Suisse, Brig, Switzerland, '°°Zurich University of Applied Sciences
(ZHAW), School of Management and Law, '"!Center for Sociocultural Research, HSE
University, Moscow, Russia, !*’Institute of Psychology, University of Bern, Bern, Switzerland,
Y3Institute of Psychology, University of Graz, Graz, Austria, **Center for Adaptive Rationality,
Max-Planck Institute, Berlin, Germany, *>Psychology, University of California, Los Angeles,
Los Angeles, CA, USA, SUniversity of Wisconsin, Madison, '’Department of Psychology,
University Grenoble Alpes, CNRS UMR 5105 LPNC, Grenoble, France, '**Département
d’études cognitives, Ecole Normale Supérieure Paris, Paris, France, *’Department of Strategy
of Innovation, Institute for Cognition and Behavior, WU Vienna University of Economics and
Business, Vienna, Austria, 2*’Management & Organization, University of Washington, Seattle,
WA, USA, *'Managing People in Organizations, IESE Business School, Barcelona, Spain,
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202Department of Psychology: Social Psychology, University of Cologne, Cologne, Germany,
28Data Science, Sueddeutsche Zeitung Digitale Medien, Munich, Germany, 2**Department of
Psychology, Northumbria University, Newcastle-upon-Tyne, United Kingdom, 2*>Centre for
Social and Behaviour Change, Ashoka University, New Delhi, India, 2°°Department of
Economics, Finance, and Legal Studies, University of Alabama, Tuscaloosa, AL, USA,
207Department of Social and Political Science, European University Institute, San Domenico di
Fiesole, Italy, 2%Institute of Neuroscience, Catholic University of Louvain, Brussels, Belgium,
20Faculty of Psychology, University of Akureyri, Akureyri, Iceland, 2!°Department of
Psychology, Kadir Has University, Istanbul, Turkey, 2!'Department of Psychology, University
of California, Berkeley, Berkeley, CA, USA, *!?Department of Decision Sciences, Corvinus
University of Budapest, Budapest, Hungary, *"’International Institute for Applied Systems
Analysis (IITASA), Austria, Laxenburg, >'“Institute for Social Sciences, University of Stuttgart,
Stuttgart, Germany, 2!°Labour and public policies, Paris school of economics, Paris, France,
26Gtatistics, evaluation and research department, Caisse nationale des allocations familiales,
Paris, France, 2!’Economics, Frisch Centre, Oslo, Norway, 2!®Department of Psychiatry &
Neuropsychology, Mental Health and NeuroScience (MHeNS) Research Institute, Maastricht
University, Maastricht, The Netherlands, 2!°Methodology and Statistics Unit, Institute of
Psychology, Leiden University, Leiden, The Netherlands, ?°Psychological and Brain Sciences,
Texas A&M University, College Station, TX, USA, > Department of Psychology, University of
New Mexico, Albuquerque, NM, USA, ??’Department of Brain and Cognitive Sciences,
Massachusetts Institute of Technology, Cambridge, MA, USA, ??*Dartmouth College,
22Department of Finance, Aalto University, Espoo, Finland, > Applied Economics, University
of Minnesota, St. Paul, MN, USA, ?*Department of Political Science, University of Duisburg-
Essen, Duisburg, Germany, **’Department of Health Promotion, Care and Public Health
Research Institute (CAPHRI), Maastricht University, Maastricht, The Netherlands,
22Department of Psychology, Ruhr University Bochum, Bochum, Germany, **’Department of
Psychology, Japan Women’s University, Bunkyo-ku, Japan, 2*°School of Economics, The
University of Queensland, St Lucia, Australia, *'Faculty of Psychology in Wroctaw, SWPS
University, Wroctaw, Poland, 2*’Division of Psychology, Communication and Human
Neuroscience, University of Manchester, Manchester, UK, **’Department of Radiology,
University of Michigan, Ann Arbor, MI, USA, ?**Department of Psychology, Eastern Michigan
University, Ypsilanti, MI, USA, #**Yale Law School, Yale University, New Haven, CT, USA,
26Melbourne Business School, Carlton, Australia, 2*’Political Science, University of California,
Merced, Merced, CA, USA, *®Department of Psychology, University of Cologne, Koln,
Germany, >*’Department of Psychology, Seton Hall University, South Orange, NJ, USA,
240Department of Psychology, Universidad de los Andes, Bogot4, Colombia, 2*'McCourt School
of Public Policy, Georgetown University, Washington, DC, USA, 2**School of Psychology,
Swansea University, Swansea, UK, **Institute of Political Science and Sociology, University of
Bonn, Bonn, Germany, >**University of Bamberg, >**Department of Psychology, Faculty of Arts,
Pavol Jozef Safarik University in Kosice, Kogice, Slovakia, ***Warwick Business School,
University of Warwick, Coventry, United Kingdom, ?*’University of Oxford, ***Independent
Researcher, Manisa, Turkey, **Institute of Security and Global Affairs, Leiden University, The
Hague, The Netherlands, 2>°MoMiLab, Social and Affective Neuroscience Group, IMT School
for Advanced Studies Lucca, Lucca, Italy, »'Department of Psychology, University of Essex,
Colchester, UK, **’Institute of Psychology, Leiden University, Leiden, The Netherlands,
23Mater Research Institute, University of Queensland, Brisbane, Australia, 2>*School of
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Psychology, Dublin City University, Dublin, Ireland, 2> Victoria University of Wellington, New
Zealand, 2*Department of Economics and Management, University of Trento, Trento, Italy,
27Flo Health LTU, UAB, Vilnius, Lithuania, 2°*D’Amore-McKim School of Business,
Northeastern University, >’Department of Banking and Finance, University of Innsbruck,
Innsbruck, Austria, **Institute of Operations and Decision Sciences, Corvinus University of
Budapest, Budapest, Hungary, 2®!Structural Change and Work Organisation, Federal Institute
for Occupational Safety and Health (BAuA), Dortmund, Germany, 2%?Chair for
Industrial/Organizational Psychology, University of Hamburg, Hamburg, Germany,
263Department of Psychology, The University of Hong Kong, Hong Kong SAR, China, **Hong
Kong Institute of Asia-Pacific Studies, The Chinese University of Hong Kong, Hong Kong SAR,
China, 2%Computer Vision Group, Sano Centre for Computational Personalized Medicine,
Krakow, Poland, *®*Department of Research on Social and Institutional Transformations,
Institute of Political Studies of the Polish Academy of Sciences, Warszawa, Poland,
267Department of Mathematics, Aristotle University of Thessaloniki, Thessaloniki, Greece,
2%8Independent Researcher, Brno, Czechia, 2°Department of Health and Functioning, Western
Norway University of Applied Sciences, Bergen, Norway, 2’°Mohn Medical Imaging and
Visualisation Center, Bergen, Norway, 2"'Dep. Neurology, Haukeland University Hospital,
Faculty of Medicine, University of Bergen, Bergen, Norway, ’2IDN Being Human Lab -
Institute of Psychology, University of Wroclaw, Wroclaw, Poland, 2”’Department of
Psychology, University of Zurich, Zurich, Switzerland, >’*CAPE, Ecole Polytechnique Fédérale
de Lausanne, Lausanne, Switzerland, 2’ Department of Clinical Psychology, Utrecht University,
Utrecht, The Netherlands, ?°Group of Health Psychology, KU Leuven, Leuven, Belgium,
2TTDepartment of Physics, Freie Universitit Berlin, Berlin, Germany, 2’®Department of
Psychology, Senshu University, Kawasaki, Japan, ”’Department of Personality Psychology and
Social Psychology, Institute of Psychology, Czech Academy of Sciences, Brno, Czech Republic,
20Department of Marketing, Goethe University Frankfurt, Frankfurt am Main, Germany,
28I abour Markets and Social Insurance, ZEW — Leibniz Centre for European Economic
Research, Mannheim, Germany, 2*?Department of Psychological Sciences, Purdue University,
West Lafayette, IN, USA, ?*3Lerner College of Business, University of Delaware, Newark, DE,
USA, %Department of Psychological and Brain Sciences, Boston University, Boston, MA,
USA, ?*Psychology, University of Maryland, College Park, MD, USA, 2*Department of
Politics, State University of New York, Potsdam, Potsdam, NY, USA, 2%Department of
translational research and advanced technologies in medicine and surgery, University of Pisa,
Pisa, Italy, ?**Nuclear Medicine Unit, Department of Diagnostic Imaging, N.O.P. - S. Stefano,
U.S.L. Toscana Centro, Prato, Italy, ?*’Department of Experimental Psychology, University of
Ghent, Ghent, Belgium, *°Rady School of Management, University of California San Diego, La
Jolla, CA, USA, ?'Katz Graduate School of Business, University of Pittsburgh, Pittsburgh,
USA, ?*?School of Management, University of Bath, Bath, UK, ?*’Institute of Developmental
Psychology, Beijing Normal University, Beijing, China, ***Department of Economics,
University of Exeter, Exeter, UK, **School of English and International Studies, Beijing Foreign
Studies University, Beijing, China, **Stanford Center on Early Childhood, Stanford University,
Stanford, CA, USA, ?*"Department of Social, Personality, and Health Psychology, University of
Houston, Houston, TX, USA, 2*Department of Sociology, University of Essex, Colchester, UK,
2Department of Methodology and Statistics, Tilburg University, Tilburg, The Netherlands,
3%Department of Physical Medicine and Nursing, University of Zaragoza, Zaragoza, Spain,
3% Department of Basic Psychology and Methodology, University of Murcia, Murcia, Spain,
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32Department of Psychology, University of Victoria, Victoria, BC, Canada, ***German Centre
for Higher Education Research and Science Studies (DZHW), Berlin, Germany, ***MIT Sloan
School of Management, Massachusetts Institute of Technology, Cambridge, MA, USA,
305Technische Universitit Berlin, Berlin, Germany, 3°°Social Neuroscience Lab, Department of
Psychiatry and Psychotherapy, University of Liibeck, Liibeck, Germany, **’Open Science
Initiative, University of Liibeck, Liibeck, Germany, **®*Department of Economics, University of
Maryland, College Park, College Park, MD, USA, *®Institute for Behavioral Genetics,
University of Colorado at Boulder, Boulder, CO, USA, *'°Department of Psychology, Charles
University, Prague, Czech republic, *!'Department of Psychology, University of Toronto,
Toronto, ON, Canada, *!2School of Psychology, University of Nottingham, Nottingham, UK,
33Department of Translation and Language Sciences, Universitat Pompeu Fabra, Barcelona,
Spain, *'*Department of Psychological & Brain Sciences, Texas A&M University, College
Station, TX, USA, *!The Ohio State University Medical Center, *!®School of Public Affairs,
Penn State Harrisburg, Middletown, PA, USA, *'"Department of Life Sciences, University of
Trieste, Trieste, Italy, *'®Cognitive and Information Sciences, University of California, Merced,
Merced, CA, USA, *"“Department of Economics , University of Bologna, Bologna, Italy,
30Department of Economics, Durham University, Durham, UK, 3*'Department of
Interdisciplinary Life Sciences, Domestication Lab, Konrad Lorenz Institute of Ethology,
University of Veterinary Medicine Vienna, Vienna, Austria, *>*Language Research Center,
Georgia State University, Atlanta, Georgia, USA, **’Insitute of Economics & L’EMbeDS,
Sant’Anna School of Advanced Studies, Pisa, Italy, ***School of Economics, University of
Sheffield, Sheffield, UK, 3**Université de Lorraine, Université de Strasbourg, CNRS, BETA,
Nancy, France, 3*Department of Psychology and Special Education, East Texas A&M
University, Commerce, TX, USA, 3*’School of Business and Economics, University of
Tiibingen, Tiibingen, Germany, ***Independent Researcher, Doylestown, PA, USA, 3*Leibniz-
Institut fir Wissensmedien (Knowledge Media Research Center), Tiibingen, Germany,
330Methodology & Statistics, Universiteit Leiden, Leiden, The Netherlands, **'Education
Statistics and Research Methods, University of Delaware, Newark, USA, *?Department of
Psychology, Binghamton University, Binghamton, NY, USA, 33Center for Cognitive
Applications, Binghamton University, Binghamton, USA, **Annenberg School for
Communication, University of Pennsylvania, Philadelphia, PA, USA, ***Annenberg School for
Communication, University of Pennsylvania, ***Department of Psychology, California State
University San Bernardino, San Bernardino, CA, USA, **"Department of Psychology, Southern
Connecticut State University, New Haven, USA, **Faculty of Business and Economics,
University of Basel, Basel, Switzerland, **°University of Lausanne, ***Department of Business
Administration, University of Zurich, Zurich, Switzerland, **'Departamento de Psicobiologia y
Metodologia en Ciencias del Comportamiento, Universidad Complutense de Madrid, Madrid,
Spain, 342Department of Economics and Business Economics, Aarhus University, Aarhus,
Denmark, ***Danish Finance Institute, Frederiksberg, Denmark, ***Department of Psychology,
University of Cyprus, Nicosia, Cyprus, **Department of Political Science, University of
Gothenburg, Gothenburg, Sweden, **’Department of Management and Engineering, Division of
Economics, Jedi Lab, Linkdping University, 581 83 Linkdping, Sweden, **’Global Institute for
Women’s Leadership, Canberra, ACT, Australia, ***Department of Economics, University of
Mannheim, Mannheim, Germany, **’Department of Psychology, Uppsala University, Uppsala,
Sweden, ***Faculty of Psychology, Saint Petersburg State University, Saint Petersburg, Russia,
3SIIDN Being Human, University of Wroclaw, Wroclaw, Poland, **?University of Oxford,
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School of Anthropology and Museum Ethnography, **Center for Social and Cultural
Psychology, Université libre de Bruxelles [Free University of Brussels], Brussels, Belgium,
334School of Psychology, University of Auckland, Auckland, New Zealand, ***University of
Auckland, Centre for Brain Research, Auckland, NZ, *®School of Geography, Politics and
Sociology, Newcastle University, Newcastle upon Tyne, United Kingdom, **’ESRC Centre for
Population Change, University of Southampton, UK, 3*®Department of Management, Ben-
Gurion University of the Negev, Be’er Sheva, Israel, **School of Psychology, University of
Leeds, Leeds, United Kingdom, **°Leeds NIHR Biomedical Reseatch Centre, **'Department of
Psychology, University of Bern, Bern, Switzerland, ***GESIS Leibniz Institute for the Social
Sciences, Mannheim, Germany, >**School of Psychology, Center for Social and Cognitive
Neuroscience, Universidad Adolfo Ibafez, Santiago de Chile, Chile, ***Zurich Center for
Neuroeconomics, Department of Economics, University of Zurich, Zurich, Switzerland,
36 Department of Psychological Methods, Helmut Schmidt University Hamburg, Hamburg,
Germany, >*Department of Sociology of Education, University of Bern, Bern, Switzerland,
3%7Karlsruhe University of Education, Karlsruhe, Germany, ***Institute of Neuroscience and
Medicine (INM-7: Brain and Behaviour), Research Centre Jiilich, Jiilich, Germany, *®Institute
of Systems Neuroscience, Heinrich Heine University Diisseldorf, Diisseldorf, Germany,
3Department of Linguistics, Cognitive Science and Semiotics, Aarhus University, Aarhus,
Denmark, *’'Neuroimaging Group, Instituto Cajal, CSIC, Madrid, Spain, 3’?AgroParisTech,
INRAE, VetAgro Sup, Université Clermont Auvergne, Lempdes, France, *"*Department of
Marketing, Istanbul Bilgi University, Istanbul, Turkey, ***Department of Economics, University
of Maryland College Park, College Park, MD, USA, *”*Department of Neurology, University of
Utah, Salt Lake City, UT, USA, 3*Center for Crisis Early Warning, University of the
Bundeswehr Munich, Neubiberg, Germany, *’’Asylum and Migration group, WODC - Research
and Data Centre, The Hague, The Netherlands, *’*Department of Humanities and Social
Sciences, Indian Institute of Technology Bombay, Mumbai, India, 3"*University of Osnabrueck,
Germany, **°Center for Social and Cultural Psychology, Université libre de Bruxelles, Brussels,
Belgiun, *®'University of Amsterdam, **?Vision & Cognition, Netherlands Institute for
Neuroscience (KNAW), Amsterdam, The Netherlands, ***Department of Social Psychology,
Helmut Schmidt University Hamburg, Hamburg, Germany, ***Department of Social Psychology,
University of Amsterdam, Amsterdam, The Netherlands, *%°University of Tuebingen,
Tuebingen, Germany, **Department of Biostatistics, University of Zurich, Zurich, Switzerland,
387Department of Communication Sciences and Disorders, Northeastern University, Boston,
MA, USA, 3*¥Research Center “Normative Orders”, Goethe University Frankfurt, Frankfurt am
Main, Germany, **°Peace Research Institute Frankfurt (PRIF), Frankfurt am Main, Germany,
3Department of Biomedical, Metabolic, and Neurological Sciences, University of Modena and
Reggio Emilia, Modena, Italy, **! The Sababi Institute, Hargeisa, Somaliland, ***Faculty of Social
Studies, Department of Social Work, University of Ostrava, Ostrava, Czech Republic,
3% Département d’études cognitives, ENS, EHESS, PSL University, Institut Jean Nicod, Paris,
France, ***Department of Psychology, Norwegian University of Science and Technology,
Trondheim, Norway, ***School of Law and Politics, Cardiff University, Cardiff, United
Kingdom, *®Political Science, University of Wisconsin-Madison, Madison, WI, USA,
397Department of Psychology, University of Liverpool, Liverpool, UK, **®Centre for Philosophy
of Natural and Social Science, London School of Economics, London, UK, **°Institute of Human
Sciences, University of Oxford, Oxford, United Kingdom, *®Calleva Research Centre for
Evolution and Human Sciences, Magdalen College, Oxford, United Kingdom, *“’'Center for
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Adaptive Rationality, Max Planck Institute for Human Development, Berlin, Germany,
42Danish Research Centre for Magnetic Resonance, Department of Radiology and Nuclear
Medicine, Copenhagen University Hospital - Amager and Hvidovre, Hvidovre, Denmark,
483Department of Psychiatry and Psychotherapy, Ludwig-Maximilians-Universitit Miinchen,
Munich, Germany, “**Department of Psychology, Stanford University, Stanford, CA, USA,
405Department of Communication and Cognition, Tilburg University, Tilburg, The Netherlands,
406Department of Management, Université Paris Dauphine PSL, Paris, France, *“’Center for
Research in Economics and Statistics (CREST), ENSAE, Institut Polytechnique de Paris,
Palaiseau, France, “*®Carlos L. Tiu School of Economics, De La Salle University - Manila,
Philippines, “*?School of Business, Economics, and Information Systems, University of Passau,
Passau, Germany, *'°Evidence-to-Impact Collaborative, Pennsylvania State University,
University Park, PA, USA, *'!'School of Psychological Sciences, University of Tasmania,
Hobart, TAS, Australia, *>Menzies Institute for Medical Research, University of Tasmania,
Hobart, TAS, Australia, *'*Brain and Cognitive Sciences, Massachusetts Institute of Technology,
Cambridge, MA, USA, *“Department of Economics, Tilburg University, Tilburg, The
Netherlands, *'’ GREDEG, Université Cote d’Azur, Nice, France, *'Department of Sociology,
Radboud University, Nijmegen, The Netherlands, “'’Department of Psychology, New York
University, New York, NY, USA, #!®Department of Psychology, National Research University
Higher School of Economics, Moscow, Moscow, Russia, *”Department of Psychology,
Willamette University, Salem, OR, USA, **School of Psychology, Aston University,
Birmingham, United Kingdom, **'Psychology, Artois University, Arras, France, **’Department
of Interdisciplinary Human Sciences, Texas Tech University, Lubbock, TX, USA, “**Escuela de
Gobierno y Administracion Publica, Universidad Mayor, Santiago, Chile, ***Department of
Psychiatry, Department of Experimental Psychology, University of Oxford, Oxford, United
Kingdom, ***Department of Experimental Psychology, University of Granada, Granada, Spain,
42°Mind, Brain and Behavior Research Center (CIMCYC), University of Granada, Granada,
Spain, **’Department of Psychology, Neuroscience and Behaviour, McMaster University,
Hamilton, Canada, “**McMaster Institute for the Music and the Mind, McMaster University,
Hamilton, Canada, “*’Faculty of Education, Charles University, Prague, Czech Republic,
“OInstitute of Psychology, Czech Academy of Sciences, Brno, Czech Republic, **'Miinster
Center for Open Science, University of Miinster, Miinster, Germany, *“*’Department of
Philosophy, Macquarie University, Sydney, NSW, Australia, ***Methodology and Statistics,
Tilburg University, Tilburg, The Netherlands, “**Max Planck Institute for Research on Collective
Goods, Bonn, Germany, SInsIDE Lab, Dipartimento di Economia, Universita degli Studi
dell’Insubria, Varese, Italy, “**ILC, CNR, Pisa, Italy, **’Department of Psychology, University
of Konstanz, Konstanz, Germany, “*®*Department of Ergonomics and Psychology, Budapest
University of Technology and Economics, Budapest, Hungary, ***Computational Social Science,
University of Chicago, Chicago, IL, USA, **Melbourne School of Psychological Sciences,
University of Melbourne, Melbourne, VIC, Australia, **'Department of Human Sciences,
University of Verona, Verona, Italy, **’Department of Economics and Social Sciences,
University of Natural Resources and Life Sciences, Vienna, Austria, “**Lee Kong Chian School
of Business, Singapore Management University, Singapore, Singapore, “**University Library,
Iowa State University, Ames, IA, USA, **Centre for Marine Science and Innovation, UNSW
Australia, UNSW, NSW, Australia, ***Department of Child and Adolescent Psychiatry,
Psychosomatics and Psychotherapy, University Hospital, LMU Munich, Munich, Germany,
“TDepartment of Psychology, Ashland University, Ashland, OH, USA, **School of

12



542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587

Neurobiology, Biochemistry and Biophysics, Faculty of Life Sciences and Sagol School of
Neuroscience, Tel Aviv University, Tel Aviv, Israel, **’Department of Psychology III, Julius-
Maximilians-Universitit Wiirzburg, Wiirzburg, Germany, *°Department of Psychology,
University of Mannheim, Mannheim, Germany, **'School of Economics, University of
Nottingham, Nottingham, United Kingdom, ***Department of Psychology, University of Mainz,
Mainz, Germany, “*Education Sciences Department, University of Potsdam, Potsdam,
Germany, ***Center for Brain, Biology and Behavior, Department of Psychology, University of
Nebraska-Lincoln, Lincoln, NE, USA, ***Department of Educational Sciences and Psychology,
Freie Universitit Berlin, Berlin, Germany, ***Wu Tsai Neurosciences Institute, Stanford
University, *’MZES, University of Mannheim, Mannheim, Germany, **®*Department of
Sociology, University of Warwick, Coventry, United Kingdom, *°School of Politics and
International Relations, Australian National University, Canberra, ACT, Australia,
49Department of Psychology, University of Innsbruck, Innsbruck, Austria, **'Division of
Psychology and Language Sciences, University College London, London, United Kingdom,
42Department of Social Sciences and Policy Studies, Worcester Polytechnic Institute,
Worcester, MA, USA, *“Faculty of Sport, Technology and Health Sciences, St Mary’s
University, Twickenham, London, UK, “**Key Laboratory of Brain-Machine Intelligence for
Information Behavior (Ministry of Education and Shanghai), School of Business and
Management, Shanghai International Studies University, Shanghai, China, *>Department of
Economics, University of Essex, Colchester, United Kingdom, “¢School of Psychology,
University of Sussex, Brighton, United Kingdom, “’Department of Psychology, San Diego State
University, San Diego, CA, USA, *®Department of Quantitative Intelligence, Feinstein Institutes
for Medical Research, New York, NY, USA, *“*Social Research Institute, University College
London, London, United Kingdom, *°School of Business and Economics, RWTH Aachen
University, Aachen, Germany, *’'Department of Experimental Psychology, University College
London, London, United Kingdom, *”?Department of Management, Society and
Communication, Copehagen Bussiness School, Copenhagen, Denmark, *”Insitute of
Psychology, Osnabriick University, Osnabriick, Germany, *’*Department of Social Sciences,
Otto von Guericke University Magdeburg, Magdeburg, Germany, *"*Faculty of Social Science,
RPTU University of Kaiserslautern-Landau, Kaiserslautern, Germany, *’°Department of
Eductional Science, University of Groningen, Groningen, The Netherlands, *"’School of
Psychology, Keele University, Keele, United Kingdom, “”*School of Business, Stevens Institute
of Technology, Hoboken, NJ, USA, *”Centre for Fertility and Health, Norwegian Institute of
Public Health, Oslo, Norway, “**Jackson School of Global Affairs, Yale University, New Haven,
CT, USA, ®INSI, Inc., **Department of Communication Studies, Northwestern University,
Evanston, 11, USA, ***Department of Computer Science, “**Department of Marketing, Clemson
University, Clemson, SC, USA, “**Department of Social & Human Research, Romanian
Academy, Cluj-Napoca, Romania, “**Babes-Bolyai University, **’Institute of Psychology,
Jagiellonian University, Krakow, Poland, *3Center for Law and Economics, ETH Ziirich,
Ziirich, Switzerland, “*’Education, Research, Statistics, and Evaluation, University of Virginia,
Charlottesville, VA, USA, “°History and Art History, Utrecht University, Utrecht, The
Netherlands, *’!'Graduate School of Advanced Science and Engineering, Hiroshima University,
Higashihiroshima, Japan, *’Business, Operations and Strategy School, University of
Greenwich, London, United Kingdom, “**Department of General Psychology, University of
Padova, Padova, Italy, ***Department of Sociology, University of Novi Sad, Novi Sad, Serbia,
“SLeiden Institute of Brain and Cognition, Leiden University, Leiden, The Netherlands,
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4%Buysiness, LAB University of Applied Sciences, Lappeenranta, Finland, *’’Visiting
Researcher, LUT University, Business School, Finland, ***Turku School of Economics,
University of Turku, *’Department of Psychiatry and Behavioral Sciences, Stanford University,
Palo Alto, CA, USA, ***Department of Sociology and Social Psychology, University of Cologne,
Cologne, Germany, °'Research Group Neural Circuits, Consciousness and Cognition, Max
Planck Institute for Empirical Aesthetics, Frankfurt am Main, Germany, >**Department of
Cognitive Neuroscience, Faculty of Psychology and Neuroscience, Maastricht University,
Maastricht, The Netherlands, ***Human Resource Studies, Tilburg University, Tilburg, The
Netherlands, **Department of Psychology, University of Basel, Basel, Switzerland,
S%Department of Organizational Behavior, INSEAD, Singapore, Singapore, ***Independent
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Abstract

The same dataset can be analysed in different justifiable ways to answer the same research
question, potentially challenging the robustness of empirical science! . In this crowd initiative,
we investigated the degree to which research findings in the social and behavioural sciences are
contingent on analysts’ choices. We examined a stratified random sample of 100 studies published
between 2009 and 2018, where for one claim per study, at least five re-analysts independently re-
analysed the original data. The statistical appropriateness of the re-analyses was assessed in peer
evaluations, and the robustness indicators were inspected along a range of research characteristics
and study designs. We found that 34% of the independent re-analyses yielded the same result
(within a tolerance region of +/- 0.05 Cohen’s d) as the original report; with a four times broader
tolerance region, this indicator rose to 57%. Regarding the conclusions drawn, 74% of analyses
were reported to arrive at the same conclusion as in the original investigation; 24% to no
effects/inconclusive result, and 2% to the opposite effect as in the original investigation. This
exploratory study suggests that the common single-path analyses in social and behavioural
research should not simply be assumed to be robust to alternative analyses®. Therefore, we
recommend the development and use of practices to explore and communicate this neglected
source of uncertainty.

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

Introduction

Over the past decade, social and behavioural scientists have been striving to enhance the
robustness, objectivity, and replicability of their findings through systemic reforms in the conduct
and communication of empirical research. Practices such as preregistration’, registered reports®,
multisite replications’, analytical reproducibility checks®’, and automated result validation
techniques'® have been investigated and recommended to produce robust and replicable findings.
An important aspect of robustness has yet to be systematically charted across these sciences: the
contingency of the results on researchers’ analytical choices.

In a typical research pipeline, the collected empirical data are analysed by a single analyst or team,
and the published report presents a conclusion based on one analytical path, occasionally
accompanied by a few robustness tests. The peer review process aims to ensure that the analysis
approach meets the statistical and field-specific standards. However, this procedure does not
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systematically ascertain whether justifiable alternative analytical choices could have led to
different results.

Theories and empirical designs rarely constrain analysts to a single analytical path. Many degrees
of freedom exist in how researchers operationalise their variables, process their data, construct
their statistical model, select algorithms and software for model estimation, and define their
inference criteria; whether they follow frequentist, Bayesian, or likelihoodist analytical
approaches; use machine learning or conduct computational modelling to answer the same
research question'*. This inherent freedom of the analyst constitutes the so-called analytical
variability contained within empirical projects, a key component in the robustness of the statistical
results. In practical terms, it is the manifested variation among the choices independent scientists
consider justified. Fig. 1 lists some sources of analytical variability that can manifest themselves
in analysts’ statistical results and the conclusions drawn from the results.

One way to explore analytical variability is to employ a multiverse methodology>'! in which the
analyst conducts all combinations of analytic choices they are able to generate across a wide range
of reasonable scenarios. Alternatively, in the multi-analyst approach, multiple analysts analyse the
data following their best judgement. The latter approach requires more organisation, but it takes
advantage of alternative expert perspectives without the combinatory expansion of the number of
results. A multi-analyst approach also examines naturally occurring variation, empirically
answering the counterfactual question of what might have happened if another investigator had
considered the same research question using the same data.

Multi-analyst projects*'??* have provided some evidence of the extent to which analysts’
individual choices influence the results and conclusions. From economics to neuroscience, these
explorations demonstrated that the robustness of empirical findings can be compromised by
researcher degrees of freedom?®. The estimates of previous multi-analyst studies suggest that the
variability in effect-size estimates attributable to analytical heterogeneity can exceed the
variability one would expect due to sampling error?®.

Do we know how robust published findings are to analytical choices across the social and
behavioural sciences? One could argue that multi-analyst projects so far have been purposefully
conducted in research areas with little consensus on the best analytical approach or were motivated
to demonstrate the potential effect of analytical choices and, therefore, may represent rare cases
where alternative analyses produce important differences in results. For example, perhaps the
datasets selected afforded greater researcher degrees of freedom than is typical, raising issues of
the generalizability of the findings to scientific research more broadly. Differences between
academic methodologies and fields also seem plausible - for example, the relatively simple
experiments sometimes used in social psychology and behavioural economics may contain fewer
analytic decisions than the complex longitudinal observational datasets used in macroeconomics
and finance, and thus be more analytically robust in general??. To the extent that this is the case,
the findings from the existing multi-analyst projects could be biased towards worst-case scenarios,
and the traditional analytical practice and review system may not require fundamental adjustments.
If, on the other hand, observed results are contingent on the analyst's choices across fields,
methodologies, and types of datasets, then the scientific literature could be less robust than is often
assumed. If so, the general practices of how we conduct, report, and review empirical analyses
should be reformed to address this source of uncertainty.
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After conducting 504 re-analyses with the involvement of 457 independent re-analysts on a
stratified random sample of 100 social and behavioural studies, we conducted strictly exploratory
analyses in order to describe the patterns in the findings. Inspecting the results across different
research characteristics and study designs gives rise to a number of hypotheses for future research
on how to maximize transparency and address this often-neglected component of scientific
uncertainty.

Variability of the results

To explore the robustness of published claims, we selected a key claim from each of our 100
studies, in which the authors provided evidence for a (directional) effect. We presented each
empirical claim to at least five analysts along with the original data and asked them to analyse the
data to examine the claim, following their best judgement and report only their main result. The
analysts were encouraged to analyse those studies where they saw the greatest relevance of their
expertise. Therefore, in this study, analytical variability, as a key component of robustness, is
defined as the variation among the analytical results when different analysts are provided with the
same research questions and the same data.

First, we explored the degree to which the re-analysts produced the same statistics in the re-
analysis of each study. We found that in 81% of the studies, the corresponding analysts reported
different statistics regarding statistical test families (such as #-tests, F-tests, and x2 tests) and their
values (after rounding them to two decimal places).

A challenge in any multi-analyst project is to find a common metric that allows the results of the
different analyses to be compared. A practical solution is to transform the reported point estimates
into a standard effect size measure. Although these transformations have limitations and their
calculation relies on assumptions that may not hold in all considered analysis settings®>*"2°, for
the sake of comparability, we decided to compute Cohen’s d for each re-analysis, wherever it was
feasible. (For an alternative approach, see Supplementary Fig. 1) The methods, materials, analysis
plan, peer evaluation, and data management strategy of the project were preregistered on the OSF
repository of the project (Deviations from the registered plan are reported and explained in the
‘Deviations from preregistration’ supplementary document). In our preregistration, we defined that
we consider two results qualitatively the same when their effect sizes are within the tolerance
region of £0.05 Cohen’s d. However, below, we also report analyses with alternative tolerance
regions. Our results revealed how far the new estimates were from the original ones (Fig. 2a) and
how often the effect sizes of the re-analyses fell within this tolerance region (Fig. 21).

We found that in 5% (5 out of 95) of the studies for which we could obtain the original effect size
all re-analysis effect sizes were inside the tolerance region (+/- 0.05 Cohen’s d) of the result of the
original study (Fig. 2a). Out of the 396 available re-analysis effect sizes, 34% were inside the
tolerance region. As a robustness test of our analysis, we explored the degree to which we would
observe different results with different tolerance regions. With a four times broader tolerance
region (+/- 0.20 Cohen’s d), in 23% of the studies, all corresponding re-analysis results were inside
the tolerance region. Further, out of the available 396 re-analysis effect sizes, 57% (224) were
inside of this region (Extended Data Fig. 1a).

Alternatively, we could define the tolerance region as the percentage of the given effect size. As
an additional robustness test, we varied the tolerance region between +/-5% and +/-20% but it
barely made any difference regarding the percentage of robust studies (Extended Data Fig. 1b).
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We next considered whether these robustness results vary by the disciplines of the studies, the
study designs, the expertise of the analysts, their prior familiarity with the data, and the sample
size in the data. Fig. 2b and Fig. 2¢ show the results for the major disciplines in our sample (>=10
studies). For Fig. 2¢c, we created an effect-size estimate range for each study as the numerical
difference between the highest and lowest estimate of re-analysis effect sizes. In our reading, the
listed disciplines do not yield large differences in the robustness of the results. Still, it is reasonable
to think that the level of analytical robustness in different disciplines can be influenced by the type
of studies that are commonly conducted there. For example, one could conjecture that empirical
claims based on observational data show lower robustness of the conclusions since they likely
involve more researcher degrees of freedom in terms of viable analysis paths than experimental
research settings. Fig. 2d and Fig. 2e explore this question and indicate that the results of studies
with observational study designs have lower analytical robustness in our sample, relative to
experimental designs (also see Tables S5 and S6).

Considering the analytical variability found in the statistical results of the re-analyses, one
immediate concern is that it could be an artefact of a lack of analytical expertise among some re-
analysts. Therefore, we explored whether our robustness results exhibit a different pattern when
examined in relation to the self-reported statistical expertise of the re-analysts. Visual inspection
of Fig. 2f shows no support for this proposition, as a higher level of expertise corresponds with no
increase or decrease in the ratio of the reported results being different from the original ones. It is
noteworthy, however, that the level of self-perceived expertise was clustered in the higher end of
the scale.

Re-analyzing published studies entails a potential risk of bias if the re-analysts’ familiarity with a
given study influences their choice of analysis. Re-analysts reported that they were familiar with
the original study in only 8% of cases. Moreover, there was no more than 3% difference in
robustness between those who were and those who were not familiar with the original study (Fig.
2g). For both groups, around two-thirds of the estimates fell outside our tolerance region. Finally,
we were interested to see whether these robustness results would show a different pattern when
considering sample size, as one could assume that studies with larger sample sizes could offer
more robust results. Fig. 2h does not support this assumption as the density distributions of the
sample sizes for results that are within and outside of the tolerance region are virtually the same.
Therefore, studies with large sample sizes are not immune to analytical variability.

We next asked whether the re-analyses show a trend or shift in effect sizes compared to the results
of the original studies. If the re-analysis effect sizes randomly vary around the original effect size,
we would expect that they are larger or smaller than the original ones with an equal chance. Fig.
3a (re-analysis data trimmed at Cohen’s d =< 5) and 3b (Cohen’s d =< 1) indicate that re-analysis
effect sizes show a tendency to be smaller than the original effect sizes as reflected in their best-
fitting (least squares) line. The distribution of original and re-analysis effect sizes also supports
this, as the peak of the density distribution of the latter is markedly lower. The mean effect size of
the original results is 0.73 (Median = 0.43), whereas for the re-analysis it is 0.49 (Median = 0.35),
Cohen’s d, computed on ds =<5. This result is consistent with the possibilities that original authors
were biased to report larger effects than re-analysts, that re-analysts were biased to report smaller
effects than original analysts, or both.

Variability of the conclusions

Another focal question of our study was whether the re-analysts reached the same qualitative
conclusions as the original study analysts. To answer this question, we asked the re-analysts to
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implement any statistical re-analysis they deemed most appropriate to test the original claim using
the original data, with the goal of arriving at a single conclusion. Across all individual re-analyses
(n = 504), 74% of analyses were reported to arrive at the same conclusion as in the original
investigation; 24% to no effects/inconclusive result, and 2% to an effect in the opposite direction
as in the original investigation (Fig. 4a).

Out of 100 re-analysed claims, 34% were robust to independent re-analysis, such that all re-
analysts reported that they found evidence for the originally reported claim. It is important to note,
however, that this result is contingent on the level of agreement we use to define analytically robust
findings. With a more liberal definition of analytical robustness, this value was 39% when
analytical robustness was defined as >80% re-analysis agreement with the original conclusion, and
it was 80% when this definition was >50% (the results with alternative levels of agreement are
displayed on Fig. 4j).

We examined whether these results show a different pattern when inspecting them along the
earlier-mentioned aspects of the analyses. Fig. 4b and Fig. 4c present the proportions of
conclusions that were robust in each of the listed disciplines. Just as in the case of analyses of
robustness of the statistical results, the listed disciplines do not manifest large differences in
robustness of the conclusions, whereas their robustness may be influenced by the study designs
most common in a given field or subfield. Fig. 4d supports this notion as it indicates that nearly
half of the conclusions from experimental studies remained robust upon independent re-analysis,
whereas less than one-third of observational studies yielded robust conclusions. Moreover, Fig. 4e
indicates that, although the majority of re-analyses for both study designs reached the same
conclusions as the original study, the figure was 13% higher for experimental studies than for
observational studies. Just as for the robustness of the results, we can ask whether the deviation
from the originally reported claim in terms of conclusions is explained by the re-analysts’ lack of
analytical expertise. Fig. 4f shows no support for this conjecture when evaluating the pattern of
results as a function of self-reported statistical expertise. The same conjecture can be assessed by
considering the quality of the submitted statistical analyses that were evaluated by peer evaluators
on a subset of the analyses (see Methods). Fig. 4g shows that the proportion of inferentially robust
conclusions is numerically larger for analyses that were rated as medium-quality by peer evaluators
than for analyses that were rated as high-quality. Whether this pattern was a result of noise or
whether more sophisticated analyses are characterized by greater heterogeneity in approaches and
results should be the topic of future metascientific projects.

Just as for the analyses of the robustness of the statistical results, we were interested to see whether
these results show a different pattern when inspecting them as a function of analysts’ prior
familiarity with the dataset. Although those familiar with the original study did report the same
conclusion in a higher proportion than those who were not familiar, 17% of their re-analyses still
indicated a conclusion different from the original one (Fig. 4h).

Again, we aimed to explore whether these robustness results would show a different pattern when
considering sample size. As presented in Fig. 4i, the density distribution corresponding to the
analyses with the different conclusion types shows a comparable spread, suggesting that the
conclusions of studies with smaller and larger sample sizes appear to be similarly contingent on
analytical choices.
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For descriptive information about the re-analysts, peer evaluators, and additional robustness
analyses, see Extended Data Figs. 2, 3, 4, and Supplementary Information’s General descriptives,
Demographics of the re-analysts, Peer evaluation, and Robustness analyses sections.

Limitations

This study has a number of limitations. First, our collection of 100 articles represents only a tiny
fraction of all the empirical work in the social and behavioural disciplines. Despite our efforts to
select a representative sample of published articles across disciplines from the investigated time
period, we could not include studies when the underlying data were not obtainable, and we
excluded studies when our screening attempt to analytically reproduce the original results
following the published procedures failed. We cannot exclude the possibility that these
prerequisites, in addition to the self-selection of the analysts, led to sampling bias.

Although we conducted more than 500 analyses, our project included only five independent
analyses for most datasets, therefore, we do not know to what degree these analyses capture the
full variability of analyses and results for the given research question and dataset. Also, since we
re-analysed already published studies and the re-analysts were provided with these studies, the
original analysis pipeline could have anchored some of the choices of the re-analysts. On the other
hand, some analysts could have been motivated to produce alternative results, as it is a basic
incentive of scientists to say something new.

While Cohen’s d has the advantage of being easy to compute and comparable across different
analyses, Kiimpel and Hoffmann* recently proposed the concept of generalised marginal effects
(gMEs), an effect size metric that is both formally applicable and comparable across different
statistical models. We had not originally planned to calculate standardised gMEs, and, accordingly,
did not collect all required analysis outputs to compute them across the board. Still, we calculated
gMEs for a sample of our studies to showcase their potential for future multi-analyst studies
(Supplementary Fig. 1).

We presented some exploratory analyses, but there are many other factors to explore that could
contribute to analytical variability (e.g., topical expertise). Finally, despite our best efforts to
conduct quality checks on the re-analyses to ensure the soundness of the analytic strategies'®, it is
possible that some of the discrepancies between the original and the new results are due to
weaknesses in the re-analysts’ approach rather than equally justifiable alternative analysis
decisions. It is likewise possible that there are weaknesses in the original analysts’ approaches. It
is unknown whether the quality control processes for the re-analysts resulted in better, worse, or
similar overall quality of analysis decisions as compared with the quality control processes for
original analysts' decisions. The declared statistical expertise of the re-analysts makes us believe
that the observed heterogeneity in analyses and outcomes is a good representation of variation in
informed analysis decision-making in social-behavioural research.

Discussion

Are published results in the social and behavioural sciences robust to independent re-analyses?
The present exploration shows considerable variability due to researcher degrees of freedom in
statistical choices. Overall, when independent researchers analysed the same research question on
the original data, 34% of studies remained robust to independent re-analysis in the sense that all
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re-analysts arrived at the same conclusion as the original analyst or analyst team. Notably, the new
conclusions converged with the original ones in 74% of the individual re-analyses. Our descriptive
results suggest a number of hypotheses concerning the circumstances in which we could expect
greater analytical variability.

Why can there be multiple answers?

Faced with the variability in the analysts’ effect-size estimates and conclusions, one intuitive
hypothesis is that the variation must be due to researcher characteristics, such as statistical or field-
specific knowledge. Previous multi-analyst studies found little to no effect of researcher-specific
characteristics, such as experience in the field or statistical expertise!®!*?, Instead, they suggest
that analytic results are dependent on the particular choices that the analysts make among similarly
acceptable data processing and analysis choices®®. For example, when 46 independent analyst
teams analysed the same speech dataset to answer the same research question, the authors
concluded that “depending on the choice of how the speech signal is operationalised, researchers
might find evidence for or against a theoretically relevant prediction” (p. 21)%.

In line with previous findings, our results showed no strikingly different patterns across self-
reported statistical expertise and experience in a matching field (see Fig. 2f, Extended Data Fig. 4,
Supplementary Table 5, 6, 7, 8, and 9). At the same time, the few analysts who reported that they
were familiar with the original article produced alternative results and conclusions at a comparable
rate. More importantly, our peer evaluation process did not indicate that the analytical variability
of the re-analyses was due to inadequate statistical practices. These results are in line with
Menkveld et al.?? in which the quality assessment of the proposed analysis pipelines did not
statistically explain the results.

Another line of thought would suggest that the lack of robustness in the original published results
reflects some conceptual ambiguity in the theories or methodology’. Research hypotheses are
often short verbal expressions that do not force the specifications of the analyses. The
underspecification of claims®!' could represent a major source of ambiguity in analytic decisions.
We could not test the role of hypothesis ambiguity in a controlled manner, but it is a plausible
contributor considering that social science theories often make general claims across many
variables, creating theory-laden choice points regarding how constructs are operationalised, and
how hypotheses are tested?2.

Regarding methods, we explored our results by separating them by experimental and observational
study designs, and observed that the proportions of results and conclusions that were analytically
robust were 15-20% higher for the experimental studies. The estimated range of effect sizes was
also apparently wider for observational studies compared to experimental ones. This exploratory
finding motivates the hypothesis that the increased control over data collection circumstances and
the reduced number of variables in experimental versus observational research translate to more
limited analytic flexibility. Notably, however, there was still substantial statistical variability
among findings from experimental studies.

Why do these findings matter?

Where multiple acceptable analytical paths exist, researchers can wuse this freedom
opportunistically**-* and bias the results towards desired findings (“myside bias”**). The much-
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discussed credibility challenges in the social and behavioural sciences stem partly from the
suspicion that the prevailing incentive systems for publication encourage researchers to report and
interpret empirical data to serve non-epistemic goals such as storytelling®®. Reform initiatives, such
as the preregistration of research and analysis plans, aim to decrease researcher degrees of freedom
to tweak the analytic method or the research question to the observed data. Would results in these
fields become markedly more credible if every study was preregistered? Since preregistration is a
protection against overfitting, we hypothesize that it would reduce or eliminate the observed
finding that original analyses showed stronger evidence for positive results than re-analyses.
However, we also hypothesize that preregistration would have little impact on the observed
heterogeneity across alternative analysis strategies since registering and following a single analytic
path constrains the analysts only from choosing opportunistically from the alternative analytical
paths. Still, it does not confer any unique statistical or epistemic status to the pre-selected analytic
path?’. Unexplored but alternative justifiable analyses applied to the same data could still lead to
very different results. The present exploration is clear about the presence of this variability in
approaches, results, and inferences in the social and behavioural sciences. Without exploring this
variability, authors cannot guarantee consumers of their research that the reported conclusions hold
a privileged status over alternative conclusions.

What can we do?

The outcomes of this project suggest that the empirical answers to research questions in the social
and behavioural sciences depend on the analytic paths taken to pursue them. Therefore, we
advocate for the broader adoption of approaches that explore, recognise, and address the
uncertainty created by analytical variability.

Two main types of solutions are (1) multi-analyst studies, such as our own, where multiple
investigators independently follow their own approach, and (2) the multiverse®!!*” approach,
where one investigator or team performs numerous analyses across the set of reasonable pipelines.
Conducting exploratory studies to identify analytical uncertainties and holding out samples are
further advisable practices to tackle analytical variability.

Project leaders aiming to conduct multi-analyst studies can consult various tutorial papers and
guidelines. Aczel et al.*® provide an expert consensus guideline on the entire life-cycle of multi-
analyst projects from recruiting suitable analysts, through conducting the project to the reporting
of the outcomes. Kiimpel & Hoffmann® offer a framework for synthesising objective outcome
metrics. The Subjective Evidence Evaluation Survey®’ is a tool for systematically exploring and
quantifying subjective measures of evidence in multi-analyst studies, allowing analysis teams to
subjectively reflect on various aspects of evidence, such as coherence, robustness, and relevance,
as well as the quality of the research design and data.

Multiverse analysis is also useful, especially when the dataset cannot be shared with other research
groups due to confidentiality reasons or when there are insufficient human resources to recruit
several independent analysts. Several guideline papers help researchers conduct and interpret such

analyses>37H 43,
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Recently, many scholars have called for a stronger focus on replication in science**. Similar to
preregistration, however, replications are unlikely to help address the robustness of results to
multiple analysis strategies as they intentionally repeat the same (or at least a very similar) analysis
path. In this sense, replications can help detect bodies of work in which authors may have leveraged
their researcher degrees of freedom to generate results that are in line with their own or the
journal’s expectations. All other things being equal, a severely p-hacked literature should contain
fewer replicable findings. And yet, replicability does not eliminate analytical variability itself.
Nevertheless, having multiple studies creates an opportunity to observe if analytical variability is,
itself, replicable. For example, imagine that Study A provides evidence for a claim with Analysis
1 but not with Analysis 2. If several replications also find evidence for the claim with Analysis 1
but not with Analysis 2, then the analytic choices are directly implicated in how evidence for the
phenomenon is observed. However, if it is random across replications whether Analysis 1 or
Analysis 2 provides evidence for the claim, then the implications of the analytic variability are
very different. The combination of replications and robustness investigations will facilitate the
advancement of stronger theoretical underpinnings of the topics of study, and could reduce
analytical variability in the long run by creating a more direct mapping between theory and
measurement’®!!,

All in all, we argue that the scholarly communication system could foster more engagement with
systematic and transparent robustness testing. As a starting point, the research data shared openly
alongside codebooks and analysis scripts is a prerequisite for any assessment of analytical
robustness. Research findings of particular scientific or societal importance could be accompanied
by robustness reports*® that summarise the results of alternative theory-motivated analytic choices
by independent analysts. This publication format already provides a platform for analysts to
scrutinise the fragility of the findings before they have a major impact on scholarship and policy(
see https://scipost-staging.org/JRobustRep).

What did we learn about the robustness?

Our results support the view that the results in social and behavioural science studies are contingent
on the analyst’s choices, and if an analyst reports a single result from a single analytical path, they
have not exhausted the possible answers that the dataset can provide. This finding aligns with the
conclusions drawn by Wagenmakers, Sarafoglou, and Aczel®, that the belief that "for any dataset,
there exists a single, uniquely appropriate analysis procedure" and "multiple plausible analyses
would reliably yield similar conclusions" (p. 424) are no more than statistical myths. Without
multi-analyst and multiverse approaches, the fragility of empirical findings remains.

Nonetheless, we emphasise that an optimistic or pessimistic interpretation is a matter of
perspective and greatly depends on what evidential support we expect from a given study.
Therefore, whether a result is satisfyingly robust will always depend on our epistemic needs and
the precision we expect from our results. We caution against using blanket rules in aggregating or
interpreting results across different analytical approaches within the same investigation.

Objectivity is a fundamental ideal of science, implying that claims about the world should not be
contingent on the predispositions of the claimant. What our results reveal is not that we must
distrust or reject the results of the past, including the studies we analysed. Instead, they suggest
that we should adopt greater caution about the evidence that single analytical paths can offer to
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support social and behavioural science claims. We believe that the limitations of "single-shot"
analyses cut across numerous scientific disciplines. Methodological innovations, such as multi-lab
collaborations, multi-analyst approaches, or multiverse methods, could increase the robustness of
the social and behavioural sciences, and perhaps more broadly, in other empirical fields.

Figure legends

Fig. 1
Major sources of analytical variability.
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Note.
Analytical variability can arise from the ambiguity of the research question, the alternative

operationalisations of the concepts, variations in data preprocessing options, or model and
method choices, as well as from undiscovered statistical or data processing errors.
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Fig. 3
Original study effect size versus re-analysis effect size.
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Analytical robustness of the conclusions.
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a, Proportion of same conclusion, no effect/inconclusive results, and opposite direction conclusions for
each study. Study numbers correspond to studies listed in https://osf.io/mkwhn. b, Proportion of
inferentially robust results (i.e., all re-analyses arrived at the same conclusion for the given study) by
major disciplines (more than 10 studies in our collection: Economics, Political Science, and
Psychology). ¢, Proportion of same effect, no effect/inconclusive results, and conclusions in the
opposite direction of the original studies by major discipline. The number of re-analyses is displayed
below each discipline. d, Proportion of inferentially robust results by study design (experimental vs.
observational). The number of re-analyses is given below each study design. e, Proportion of same
conclusion, no effect/inconclusive, and opposite effect of the re-analyses by study type (experimental,
observational). f, Proportion of same conclusion, no effect/inconclusive, and opposite effect of the re-
analyses by self-rated expertise (on a scale of 1 (Beginner) to 10 (Expert)). g, Proportion of inferentially
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resulting in the same conclusion, no effect/inconclusive, and opposite effects. Sample size values were
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available for 345 re-analyses. j, Percentage of studies with robust conclusions above different levels of
re-analysis consensus. Re-analysis consensus refers to the agreement among the conclusions drawn by
the original study and the independent re-analyses.

Methods

All methods and procedures in this study were vetted by a panel of experts with prior experience
in multi-analyst studies or who are specialists in the relevant methodology (see Additional Details
of Method within Supplementary Information).

Preregistration

The methods, materials, analysis plan, peer evaluation, and data management strategy of the
project were preregistered on the OSF. Deviations from the registered plan are reported and
explained in the “Deviations from preregistration” supplementary document.

Ethical considerations

The datasets resulting from this project were not considered human subject research and are
covered under an umbrella ethics protocol that was managed by the Center for Open Science
(COS) (BRANY SBER IRB protocol #21-056-749), with concurrence from the United States
Naval Information Warfare Center Pacific, HRPO. The institutional ethics board of the Faculty of
Education and Psychology at E6tvos Lorand University, Budapest, Hungary, determined that the
re-analysts are not considered research participants and that the project raises no ethical concerns.

Materials
Selection of studies

The selection of studies was completed in two stages. In the first stage, the SCORE team created
an initial study and claim collection. From this collection, we selected our sample using additional
criteria.

In the SCORE project, a stratified random sample of 600 articles was identified from a larger pool
of randomly stratified ~30,000 articles from 62 journals, published between 2009 and 2018. The
journals covered the main branches of social and behavioural sciences (criminology, economics,
education, health-related, marketing/organisational behaviour, management, political science,
psychology, public administration, sociology). To obtain the original studies, the following steps
were taken: First, the paper was reviewed. If data and/or code were available, they were
downloaded and saved into a project on OSF. If data and/or code were not available, the SCORE
team attempted to contact the corresponding author to request that they share the data and code
used for the original publication. Studies were excluded from the sample if they did not contain at
least one inferential test using non-simulated, human data, where human data are defined at any
level of human organisation (e.g., the individual person, family, political entity, firm, economic
unit). The majority of the studies were tested for analytic reproducibility using the original
specification, which is to be distinguished from robustness to alternative specifications. Analytic
reproducibility was tested in cases when both original data and code were available (n = 63), or
when the original data were available but the original code had to be adapted by the SCORE team
in order to successfully reproduce the result (n = 7). If data were available but the original code
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was not, SCORE sourced a collaborating lab to generate new analytic code for the reproduction (n
= 10). If data and code were not available, the collaborating lab used the secondary source data,
which were shared upon request (acquired by SCORE), alongside newly generated analytical code
for the reproduction (n = 11). Some reproductions were never attempted (n = 9). If the analytic
reproduction failed, the paper was removed from the pool. Therefore, the present project focused
solely on robustness to alternative specifications and did not conduct direct reproducibility checks
using the original specification, as these had already been carried out by SCORE. Further details
of the SCORE methodology (list of journals, selection process, etc.) are available in the original
report®.

In the present work, a further requirement of the selected studies was to contain a single inferential
statistical test result that corresponded to the claim with our instructions. Thus, we ensured that
given the claim and the instructions, no other statistical result could correspond to the claim in the
original article. If all potential claims from the study were too ambiguous and, therefore, could not
be linked with a single inferential test statistic with the specification instructions, the study was
excluded from our sample. The above-described study selection process was continued until we
reached our target number of 100 studies, corresponding claims, and datasets.

The selected studies and all available corresponding data and materials were made available to the
re-analysts so that they could fully understand the selected claim and approach. There are trade-
offs for how much information to give to the re-analysts to conduct re-analyses. Complete blinding
of the original analysis strategy would ensure an entirely independent decision-making process
about how to analyse the data. However, in much scientific writing, there is insufficient clarity in
the description of the theoretical background, rationale, and specification of the conceptual model
to be tested. In some papers, there is a clean break between these and clear hypotheses to test. In
other papers, the narrative intermixes theoretical statements and analysis decisions and may not
clearly state hypotheses or how they correspond with observed results. As a consequence, attempts
to blind papers inevitably lead to variation in what is blinded across papers and many subjective
decisions about what should be blinded (because it provides information about analysis strategy)
and what can remain unblinded (because it provides information about theory and rationale). A
major risk of those blinding decisions is that important information could be removed, which
would weaken the re-analysts’ ability to conduct a fair re-analysis of the original claim. As such,
we opted for complete transparency of the original article so that no potentially important
information was missing for the re-analysts, and we instructed re-analysts that they should create
an analysis plan based on their own decisions for how best to assess the study’s claim. On balance,
this increases the risk of dependent decision-making but reduces the risk of misspecification of the
hypothesis and rationale of the original research. In this context, we judged the latter to be a more
important precondition for conducting an informative study.

Claim selection

Claim selection was built on Phase 1 of the SCORE project effort. The claims identified for Phase
1 of SCORE were executed according to a “single trace” approach, where only a single claim trace
was extracted from the article, which corresponded to one statistically significant inferential test
result (see https://docs.google.com/document/d/1yKviMFalcwCLqlk-
02m_Y1G937yMIc__1JK40fMay40/edit?usp=sharing). Within the current project, first, the lead
team ensured that the extractions (i) are understandable, (ii) contain only one claim, (iii) indicate
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the direction of the effect, (iv) there is a statistical hypothesis test-based result provided in the
article that corresponds to the claim; and (v) the claim was phrased on a conceptual and not
statistical level. If not, then they extracted the part of the claim that is relevant, or if this could not
be achieved, they selected another more suitable sentence from the abstract, or if this could not be
achieved, they searched for another suitable sentence from other parts of the article that could
satisfy all of our criteria. When none of these steps presented a claim that satisfied the expectations,
then the given article was not used in our study (for their list and explanation of dropping, see our
data table). Where an expression of a claim has been judged by the lead team as ambiguous or
rhetorical, they substituted the expression with an ellipsis mark (e.g., “dramatically increased” to
“...1ncreased”) while preserving the original wording and the meaning of the claim. Only in cases
where, due to the selection, the wording of the claim became complicated, ungrammatical, or
contained an ambiguous definition or an unexplained abbreviation, did the core team make
necessary (and marked) adjustments in the grammar or wording of the claim while preserving the
original meaning of the extraction. For example, the following selection “Three factors increase
the salience of the proliferation threat: (1) prior violent militarized conflict...” was changed to
“[prior violent militarized conflict] increase[s] the salience of the proliferation threat ...”. The list
of claims can be found at https://osf.io/mkwhn.

Analysis instructions

For the re-analysts’ second task, instructions were needed in cases where the original paper
contained more than one statistical analysis corresponding to the high-level claim, in order to be
able to compare the new result to the one in the original paper. For this, the lead team prepared
certain instructions (e.g., data selection, exclusions) that single out only one statistical result in the
original paper. The instructions always remained circumstantial (e.g., data selection, exclusions,
choice of measurement) and never gave direct instructions to the choice of statistical approach or
full specification of the model.

Procedures
Re-analyst recruitment

Our preregistered aim was to have at least five independent re-analyses carried out for each of the
100 selected studies (Extended Data Fig. 5). Our choice of 5 analyses per study was led by practical
considerations, as we judged that recruiting 500 analysts for a project is the limit of our capacity.

Participation in the project was advertised on social media, at conferences, in mailing lists (e.g.,
SCORE collaborator list), via personal networks, and in research newsletters. As a response to our
recruitment call, 1141 researchers signed up to participate in our study. Out of these volunteers,
459 signed up to analyse at least one dataset and submitted their work by the deadline or an
extended deadline. From all the eligible volunteers, we selected re-analysts and peer evaluators on
a first-come, first-served basis. The expectation of participation in the study was experience with
conducting statistical analyses, and this was communicated to the volunteers from the start of the
recruitment. Re-analysts were informed that they would qualify as authors on the publication of
this study if (1) they completed their analyses and submitted all required materials and the post-
analysis survey on time; (2) their analyses passed the peer evaluation, and (3) they reviewed and
approved the manuscript in time.
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Re-analysts received a flat fee of 100 USD for each of their completed re-analyses (including both
Task 1 and Task 2) if they submitted their work before March 2023, the deadline of the grant
budget, unless they were from an embargoed country, in which case we were unable to transfer
any payment. Peer evaluators received a flat fee of 10 USD per peer evaluation. Any further
volunteers were informed that this payment did not apply to them.

Upon joining the project, the volunteers for re-analysis were required to accept the project
requirements. They were informed about (a) their tasks and responsibilities; (b) the project
confidentiality agreements; (¢) the plans for publishing the research report and presenting the data,
analyses, and conclusion; (d) the conditions for an analysis to be included or excluded from the
study; (e) that their names will be publicly linked to the analyses; (f) the re-analysts’ rights to
update or revise their analyses; (g) the project time schedule; and (h) the nature and criteria of
compensation. Re-analysts were informed that, whereas they could consult other researchers
during their analyses, they could not work in teams in this project. Before discussing the details of
the analyses with others, the re-analysts were asked to ascertain that the person was not another
re-analyst on that dataset. All communication materials of this study are openly available on the
public repository of the project at https://osf.io/nvy8a.

Assignment of analyses and tasks

The following procedure was first piloted with two analysts to learn about the practical challenges
and time demands of the following tasks. As the results of those analyses were not of central
interest, we kept no records of them.

First, each re-analyst was asked to assign themselves to one study, but at later rounds of
recruitment, we allowed re-analysts to complete analysis on another paper, other than the one they
completed earlier. They were asked to choose those studies where they saw the greatest relevance
of their expertise. The authors of the original study could not be the re-analysts of that study.

For several practical reasons, the re-analyses were not started at the same time for each study and
each analyst. Firstly, it took us several rounds of recruitment to gather the target number of
analyses for each study, mainly due to dropouts, delays, unplanned personal difficulties, and a
shortage of staff. Secondly, our analysts found it difficult to retrieve, open, or interpret some of
the datasets. In some cases, we had to reach out to the original authors, causing further delays in
the project.

The task of the re-analysts was to reflect on the corresponding claim (see claim selection) by re-
analyzing the corresponding data. The re-analysts were provided with access to the datasets,
extracted claims, the original articles, and all the corresponding materials. They were informed
that their analyses should be conducted preferably with scripts that could reproduce all their results
(including data preprocessing, extraction of test statistics and p-values/Bayes Factors, computing
effect-size measures, etc.), but they could use the statistical software of their choice to produce an
analysis script. Re-analysts were asked to write and structure their code such that others could
understand their analysis scripts (e.g., by annotating the different analysis steps), and they were
also informed that the analysis scripts from all analysts would be made publicly available with
their names linked to the analyses.
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Re-analysts received two main tasks for each study, where Task 2 was given after the completion
of Task 1. Once Task 1 was submitted, the analysts could not change the submission of Task 1
unless they were asked by the lead team to provide some missing information from their analysis.

Task 1 The re-analysts were asked to reflect on the selected claim by re-analyzing the
corresponding data. They could conduct and report as many analyses as they wished, but they had
to draw a single conclusion from their analysis. They were asked to report their analyses and
indicate whether their results provided evidence for the relationship/effect as claimed by the
original study.

Task 2 For this task, the re-analysts had to produce only one statistical result corresponding to the
claim they studied in Task 1, which would be compared to a statistical result in the original paper.
The lead team provided certain instructions (e.g., data selection, exclusions) for this analysis to be
able to compare the new result to one result in the original paper (see Analysis instructions section).
Re-analysts were asked to report their results in terms of statistical families of r, z-, t-, F-, or *
tests (or their non-parametric versions). In addition, they were asked to report sample sizes (e.g.,
per group) and the corresponding degrees of freedom. By this means, most results could be
translated into standardized coefficients by the coordinators.

The reason for requiring two analyses from the re-analysts was that they served two different aims.
The results of Task 1 aimed to answer our first preregistered project question: “Do different
analysts arrive at the same conclusions as the analyst of the original study?”, whereas the results
of Task 2 aimed to answer our second preregistered project question: “Do different analysts arrive
at the same effect estimates as the analyst of the original study?” We found that asking only one
of the tasks would not have been sufficient to fully address both questions. In Task 1, researchers
were not constrained to one analysis, so they could have produced more than one statistical result
in order to draw a conclusion from the dataset. Therefore, in Task 1, it was not guaranteed that we
would be able to select a single effect size from each analyst in order to answer our second project
question. Another challenge to finding an answer to our second question was that in some of the
original articles, one claim could have had more than one corresponding statistical result listed. In
these cases, we prepared instructions for Task 2 in order to single out only one statistical result in
the original paper. For example, if the original study contained two corresponding regression
models, one with some exclusions and one with no exclusions, then we chose one of them (e.g.,
the latter), and instructed the re-analysts not to apply any exclusions to the analysed data. In all
other regards, re-analysts were free to conduct their calculations according to their best judgment.

After completing the analysis and writing up the methods, results, and conclusion, re-analysts were
expected to upload their analysis code (if available) to the corresponding OSF folder. Their
reported methods, results, and conclusions were collected via an online form (see
https://osf.io/finhz/). When uploading the materials, they were also asked to fill out a post-analysis
survey. All major communications between the core project team and re-analysts from the study
are openly available on the public repository of the project.

Peer evaluations

The goal of peer evaluation in this project was to assess whether the applied analytical choices are
acceptable and whether the reported conclusion follows from the statistical results. By acceptable,
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we mean that peer evaluators agree that the analysis pipeline is within the variations that could be
considered appropriate by the scientific community in addressing the given analytical task.

The peer evaluation phase did not address potential errors in translating the description of the
analytic methodology into analysis scripts. To mitigate potential gross errors in the analysis, peer
evaluators were provided with a thorough and standardised description of the results and
conclusions obtained using the described analysis, including sample sizes, the effect size, the test
statistic, and degrees of freedom. From the description of the dataset, the description of the
analysis, and the reported results and conclusions, peer evaluators were able to identify potential
flaws in the implementation of the analysis that could stem from errors and/or mismatches.

Assignment of the analyses

When assigning the volunteer peer evaluators to analyses, the initial rule was that they should not
evaluate any re-analyses conducted on datasets they had re-analysed as a re-analyst. In practice,
for logistical reasons, this rule was applied in all but six cases (i.e., 99% of peer evaluations were
carried out on a dataset that was different from the dataset they analysed themselves). They were
asked to choose to evaluate those analyses where they see the greatest relevance of their expertise.
If, after choosing a study to evaluate, a peer evaluator did not feel sufficiently skilled/experienced
to judge whether the proposed analysis was acceptable, he/she was told not to fill out our template
and should return the re-analysis to the pool and choose a new one.

Peer Evaluation Procedure
For details, see the corresponding section in the Supplementary Information.
Analysis methods

This exploratory study contains no inferential statistics. Besides the frequency- and proportion-
based summary statistics, we calculated only the effect sizes of the results from the original articles
and the re-analyses.

Cohen’s d effect sizes

Following our preregistration, we converted all results into Cohen’s ds wherever possible. For a
number of cases, we could not achieve this due to missing information in the original studies or
reported statistics that cannot be converted into Cohen’s d (e.g., logistic regression). All the
conversions are listed in the R scripts and the data documentation. All the original effect sizes are
listed as positive values, and the re-analysis effect sizes are negative only when they showed an
opposite effect compared to the original study.

For further information on methods, see Supplementary Information.

Reporting summary

Further information on research design is available in the Nature Portfolio Reporting Summary
linked to this article.
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Data availability

Study data and materials are available on the project OSF (https://osf.io/q5h2¢/) and GitHub
repositories (https://github.com/marton-balazs-kovacs/multi100/). Archived data include the
original datasets or a description of how to gain access to them. Our shared materials include
all the survey questions and the general communication texts and instructions that we sent to
the re-analysts and peer-evaluators. We excluded from our data files the email addresses of the
re-analysts, as well as the records of those analysts who did not comply with the instructions
and did not submit all the required analyses by the deadline. For further details about our
exclusion criteria and procedure, see our Supplementary Information document.

Code availability

All analysis codes for this project are available at https:/github.com/marton-balazs-
kovacs/multi100.
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Extended data figures

Extended Data Fig. 1
Robustness of the statistical results.
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a, Robustness of the statistical results with different widths (+/-[0.01-0.20] Cohen’s d) of the tolerance
region. b, Robustness of the statistical results with different percentages (5-20%) of Cohen’s d as a
tolerance region. Calculations on the study and re-analysis levels are shown in different lines.
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Extended Data Fig. 2
Descriptive statistics of the peer evaluators.
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Note.

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

3

Note.

a, The distribution of the analysts’ age. When an analyst submitted additional re-analyses with a higher
reported age, we kept only their age at the time of their first submission. Moreover, one analyst is not
represented in the figure because they did not disclose their age. b, The analysts’ country of residence.
When an analyst submitted more than one re-analysis, and they moved between the submissions, we
only kept their first response. ¢, The analysts’ years of experience with data analysis. We only kept their
first response when an analyst submitted additional re-analyses with a higher reported age. d, The
analysts’ self-rated level of expertise in data analysis. When an analyst submitted more than one re-
analysis, we only kept their first response. e, The software the analysts used for their re-analysis tasks.
In case an analyst completed multiple re-analyses or reported using multiple software applications, we
kept all their responses for this figure. The figure displays only software applications used by more than
1% of the analysts. f, The reported total hours the analyst spent on Task 1 and Task 2 together. In case
an analyst completed multiple re-analyses, we kept all their responses for this figure. One response was
excluded due to being an outlier (999 h), which we assumed was an error.
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1694  Extended Data Fig. 4
1695  Additional statistical results requested by the reviewers.
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1698  a, Proportion of same effect, no effect/inconclusive results, and conclusions in the opposite direction
1699  of the original studies, by matches and nonmatches between the discipline of the re-analyst and the
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original study. b, The distribution of the heterogeneity ratios calculated between the effect size
variability over the re-analyses and the sampling variability of the original study effect-size estimates.

Extended Data Fig. 5
Overview of the project procedures.
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1706  The figure depicts the procedural workflow of the selection of the studies (1); the selection of the re-analysts
1707  (2); and the re-analysis process for each study (3).
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