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Given the benefits of direct replication to knowledge building, one might
expect that evidence of such reproducibility would be published frequently.
Surprisingly, this is not the case. Publishing replications of research proce-
dures is rare (Amir and Sharon, 1990; Makel et al., 2012; Morrell and Lucas,
2012; Open Science Collaboration, 2012). One recent review of psychologi-
cal science estimated that only 0.15% of published studies were attempts to
directly replicate a previous finding (Makel et al., 2012). As a consequence,
there is a proliferation of scientific findings, but little systematic effort to ver-
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might decide to stop data collection if preliminary analyses suggest that
the findings will be unlikely to reach conventional significance, examine
multiple variables or conditions and report only the subset that “worked,”
accept those studies that confirm the hypothesis as effective designs, and
dismiss those that do not confirm the hypothesis as pilots rs,thatl(L3)-1”
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The theme of this chapter is reproducibility, and the focus of this section
is on the primary concern of irreproducibility: that the original results
are false. Note, however, that the reproducibility rate is not necessarily
equivalent to the false-positive rate. The maximum reproducibility rate is
1 minus the rate of false-positives tolerated by a field. The ubiquitous alpha
level of 0.05 implies a false-positive tolerance of 5%, meaning a reproducibil-
ity rate of 95%. However, in practice, there are many reasons why a true
effect may fail to replicate. A low-powered replication, one with an insuffi-
cient number of data points to observe a difference between conditions, can
fail for mathematical rather than empirical reasons.

The reproducibility rate can be lowered further for other reasons. Impre-
cise reporting practices can inadvertently omit crucial details necessary
to make research designs reproducible. Description of the methodology—
a core feature of scientific practice—may become more illustrative than
substantive. This could be exacerbated by editorial trends encouraging short-
report formats (Ledgerwood and Sherman, 2012). Even when the chance to
offer additional online material about methods occurs, it may not be taken.
For example, a Google Scholar search on articles published in Psychologi-
cal Science



�

�

Stodden/Implementing Reproducible Research K15945_C011 Finals Page 305 2014-3-4

�

�

�

�

�

�

The Reproducibility Project 305

number of findings to produce an estimate of reproducibility is a mammoth
undertaking, requiring much time and diverse skills. Given the incentive
structures for publishing, only a person who does not mind stifling their own
career success would take on such an effort on their own even if they valued
the goal. Our solution was to minimize the costs for any one researcher by
making it a massively collaborative project.

The Reproducibility Project is an open collaboration to which anyone can
contribute according to their skills and available resources. Project tasks are
distributed among the research team, minimizing the demand on each indi-
vidual contributor but still allowing for a large-scale research design. As of
this writing (March 2013), 118 researchers have joined the project, a com-
plete research protocol has been established, and more than 50 replication
studies are underway or completed. The project, though incomplete, has
already provided important lessons about conducting such large-scale, dis-
tributed projects. The remainder of this chapter describes the design of the
project, what can be learned from the results, and the lessons for conducting
a large-scale collaboration that could be translated to similar efforts in other
disciplines.

11.3.1 Project Design

To estimate the rate and predictors of reproducibility in the psycholog-
ical sciences, we selected a quasi-random sample of studies from three
prominent psychological journals (Journal of Personality and Social Psychology;
Journal of Experimental Psychology: Learning, Memory, and Cognition; and Psy-
chological Science) from the 2008 publication year—a year far enough in the
past that there is evidence for variation in impact of the studies and vari-
ability in independent replication attempts and not so far in the past that
original materials would not be available. Studies were selected for repli-
cation as follows: Beginning with the first issue of 2008, the first 30 articles
that appeared in each journal made up the initial sample. As project mem-
bers started attempting to replicate studies, additional articles were added
to the eligible pool in groups of 10. This strategy minimized selection biases
by having only a small group of articles available for selection at any one
time while maintaining a sufficient number of articles so that interested
replication teams could find tasks that match their resources and expertise.

Each article in the sampling frame was reviewed with a standard coding
procedure∗. The coding procedure documented (1) the essential descrip-
tors of the article such as authors, topic, and main idea; (2) the key finding
from one of the studies and key statistics associated with that finding such

∗ Linked resources are also available via the Reproducibility Project’s page on the Open
Science Framework website: http://openscienceframework.org/project/VMRGu/wiki/
home.

http://openscienceframework.org/project/VMRGu/wiki/home.
http://openscienceframework.org/project/VMRGu/wiki/home.
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as sample size and effect size; (3) features of the design requiring special-
ized samples, procedures, or instrumentation; and (4) any other unusual or
notable features of the study. This coding provided the basis for researchers
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In another step to maximize replication quality, replication teams con-
tacted the original authors of each study to request copies of project materials
and clarify any important procedures that did not appear in the original
report (http://bit.ly/rpemailauthors). As of this writing, authors of every
original article have shared their materials to assist in the replication efforts,
with one exception. In the exceptional case, the original authors declined
to share all materials that they had created and declined to disclose the
source of materials that they did not own so that the replication team could
seek permission for their use. Even so, a replication attempt of that study is
underway with the replication team using its own judgment on how to best
implement the study.

Next, for all studies, the replication team developed a research methodol-
ogy that reproduced the original design as faithfully as possible. Methodolo-
gies were written following a standard template and included measurement
instruments, a detailed project procedure, and a data analysis plan. Prior
to finalizing the procedure, one or two Reproducibility Project contribu-
tors who were not a part of the replication team reviewed this proposed
methodology. The methodology was also sent to the original authors for
their review. If the original authors raised concerns about the design qual-
ity, the replication teams attempted to address them. If the design concerns
could not be addressed, those concerns were documented as a priori con-
cerns raised by the original authors. The evaluations of the original authors
were documented as endorsing the methods of the replication, raising con-
cerns based on informed judgment or speculation (which are not part of
the published record as constraints on the design), raising concerns that are
based on published empirical evidence of the constraints on the effect, or
no response. This review process minimized design deficiencies in advance
of conducting the study and also obtained explicit ratings of the design
quality in advance. These steps should make it easier to detect post hoc
rationalization if the replication results violate researchers’ expectations.

Some studies that were originally conducted in a laboratory were
amenable to replication via the Internet. Using the web is an excellent
method for recruiting additional power for human research, but it could
also alter the likelihood of observing the original effects. Thus, we label
such studies “secondary replications.” These studies remained eligible to be
claimed for “primary replications”—doing the study in the laboratory fol-
lowing the original demonstration. As of this writing, there were more than
10 secondary web replications underway in addition to the more than 50 pri-
mary replications. This provides an opportunity to evaluate systematically
whether the change in setting affects reproducibility.

Upon finalization, the replication methodology was registered and added
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11.4.1 Of the Studies Investigated, Which of Their Conclusions Are True?

The relationship between the validity of a study’s results and the validity of
the conclusions derived from those results is, at best, indirect. Replication
only addresses the validity of the results. If the original authors used flawed
inferential statistics, then replicating the result may say nothing of the accu-
racy of the conclusion (e.g., Jaeger, 2008). Similarly, if the study used a
confounded manipulation, and that confound explains the reported results
rather than the original interpretation, then the interpretation is incorrect
regardless of whether the result is reproducible. More generally, replica-
tion cannot help with misinterpretation Piaget’s (1952, 1954) demonstrations
of object permanence and other developmental phenomena are among the
most replicable findings in psychology. Simultaneously, many of his inter-
pretations of these results appear to have been incorrect (e.g., Baillargeon
et al., 1985).

Reinterpretation of old results is the ordinary process of scientific
progress. That progress is facilitated by having valid results to reinterpret.
Piaget’s conclusions may have been overthrown, but his empirical results
still provide the foundation for much of developmental psychology. The
experimental paradigms he designed were so fruitful, in part, because the
results they generate are so easily replicated. In this sense, reproducibility is
essential for theoretical generativity. The Reproducibility Project offers the
same contribution as other replications toward increasing confidence in the
truth of conclusions. Findings that replicate in the Reproducibility Project are
ones that are more likely to replicate in the future. The aggregate results will
provide greater confidence in the validity of the findings, whether or not the
conclusions are correct.

11.4.2 Of All Published Studies, What Is the Rate of True Findings?

It is of great importance to know the rate of valid findings in a given field.
Even under the best of circumstances, at least some findings will be false
due to random chance or simple human error. While there is a concern that
science may be far from the ideal (e.g., Ioannidis et al., 2001), there are little
systematic data in any field and hardly any in psychology. There are at least
two barriers to obtaining empirical data on the rate of true findings. The first
is that accumulating such data across a large sample of findings requires a
range of expertise and a supply of labor that is difficult to assemble. In that
respect, one of the contributions of the Reproducibility Project is to show
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Interpretation 1: The original effect was false. The original result could
have occurred by chance (e.g., setting alpha = 0.05 anticipates a 5%
false-positive rate), by fraud, or unintentionally by exploiting flexible
research practices in design, analysis, or reporting (Greenwald, 1975;
John et al., 2012; Simmons et al., 2011).

Interpretation 2: The replication was not sufficiently powered to detect the true
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make explicit the standards and expectations of each replication, and mini-
mize the workload for the individual contributors. With a full specification
of the workflow, templates for report writing, and material support for cor-
respondence with original study authors, the replicating teams can smoothly
implement the project’s standard procedures and focus their energies on
the unique elements of the replication study design and data collection to
conduct the highest-quality replication possible.

Unlike modular replications, administrative tasks require frequent and
timely upkeep and can impact the workflow of other team members. Thus,
although initially run by volunteers, dedicated administrative support was
needed as the project increased in scale. Together, documentation and
dedicated administrators provide continuity in the projects’ objectives and
methods across time and individual replication teams.

The highly defined workflow also makes it easy to track progress of one’s
own replication—and those of others. Each stage of the project has explicitly
defined milestones, described in the project’s researcher guide, and team
members denote on the project tracksheet when each stage is completed. At
a glance, viewers of the tracksheet can see the status of all projects. Besides its
information value, tracking progress provides normative information for the
research teams regarding whether they are keeping up with the progress of
other teams. Without that information, individual contributors would have
little basis for social comparison and also littlemize of whethze the pprojthe
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11.5.7 Open Practices

The Reproducibility Project is an open project. This means that anyone can
join, that expectations of contributors are defined explicitly in advance, and
that the project discussion, design, materials, and data are available pub-
licly. Openness promotes accountability among the team. Individuals have
made public commitments to project activities. This transparency minimizes
free-riding and other common conflicts that emerge in collaborative research.
Openness also promotes accountability to the public. Replication teams are
trying to reproduce research designs and results published by others. The
value of the evidence accumulated by the Reproducibility Project relies on
these replications being completed to a high standard. Making all project
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Štìpán Bahník, Institute of Physiology, Academy of Sciences of the
Czech Republic; Michael Barnett-Cowan, Western University; Eliz-
abeth Bartmess, University of California, San Francisco; Frank A.
Bosco, Marshall University; Benjamin Brown, Georgia Gwinnett Col-
lege; Kristina Brown, Georgia Gwinnett College; Jesse J. Chandler,
PRIME Research; Russ Clay, University of Richmond; Hayley Cleary,
Virginia Commonwealth University; Michael Cohn, University of Cal-
ifornia, San Francisco; Giulio Costantini, University of Milan–Bicocca;
Jan Crusius, University of Cologne; Jamie DeCoster, University of Vir-
ginia; Michelle DeGaetano, Georgia Gwinnett College; Ryan Donohue,
Elmhurst College; Elizabeth Dunn, University of British Columbia;
Casey Eggleston, University of Virginia; Vivien Estel, University of
Erfurt; Frank J. Farach, University of Washington; Susann Fiedler,
Max Planck Institute for Research on Collective Goods; James G. Field,
Marshall University; Stanka Fitneva, Queens University; Joshua D.
Foster, University of South Alabama; Rebecca S. Frazier, University
of Virginia; Elisa Maria Galliani, University of Padova; Roger Giner-
Sorolla, University of Kent; R. Justin Goss, University of Texas at
San Antonio; Jesse Graham, University of Southern California; James
A. Grange, Keele University; Joshua Hartshorne, M.I.T.; Timothy B.
Hayes, University of Southern California; Grace Hicks, Georgia Gwin-
nett College; Denise Humphries, Georgia Gwinnett College; Georg
Jahn, University of Greifswald; Kate Johnson, University of Southern
California; Jennifer A. Joy-Gaba, Virginia Commonwealth University;
Lars Goellner, University of Erfurt; Heather Barry Kappes, London
School of Economics and Political Science; Calvin K. Lai, Univer-
sity of Virginia; Daniel Lakens, Eindhoven University of Technology;
Kristin A. Lane, Bard College; Etienne P. LeBel, University of West-
ern Ontario; Minha Lee, University of Virginia; Kristi Lemm, Western
Washington University; Melissa Lewis, Reed College; Stephanie C. Lin,
Stanford University; Sean Mackinnon, Dalhousie University; Heather
Mainard, Georgia Gwinnett College; Nathaniel Mann, California State
University, Northridge; Michael May, University of Bonn; Matt Motyl,
University of Virginia; Katherine Moore, Elmhurst College; Stephanie
M. Müller, University of Erfurt; Brian A. Nosek, University of Virginia;
Catherine Olsson, M.I.T.; Marco Perugini, University of Milan–Bicocca;
Michael Pitts, Reed College; Kate Ratliff, University of Florida; Frank
Renkewitz, University of Erfurt; Abraham M. Rutchick, California
State University, Northridge; Gillian Sandstrom, University of British
Columbia; Dylan Selterman, University of Maryland; William Simp-
son, University of Virginia; Colin Tucker Smith, University of Florida;
Jeffrey R. Spies, University of Virginia; Thomas Talhelm, University of
Virginia; Anna van ’t Veer, Tilburg University; Michelangelo Vianello,
University of Padova.
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