
Introduction

Transparency, openness, and reproducibility are fundamental scientific values
embraced by most researchers. Yet, a growing body of evidence suggests that,
despite our best intentions, we do not always act in line with those values. To
illustrate, many researchers are unwilling or unable to share their published data
for reanalysis or materials for reuse (Wicherts et al., 2006). Furthermore, many
admit (anonymously) that they engage in ‘questionable research practices’ (John
et al., 2012, see also below) with which it is too easy to accumulate statistically
significant evidence for a false hypothesis (Simmons et al., 2011).
Even though science would benefit enormously from greater transparency, open-
ness, and reproducibility, individuals do not feel strong incentives to change
their behavior. This may not be surprising, given that these scientific values
have played minor roles, if any, in the manuscript peer-review process at jour-
nals, requirements for obtaining funding from grant agencies, and in hiring and
promotion decisions at universities.
But, things are starting to change. Several groups are trying to modify incentive
structures in order to drive researcher’s behavior toward more transparency,
openness and reproducibility. Here are just a few examples:
Journals:

• More than 700 journals and counting (including Science, all Frontiers
and PLOS journals, among many others) are currently working towards
implementing the Transparency and Openness Promotion (TOP) guide-
lines (Nosek et al., 2015). These guidelines consist of eight standards
(addressing transparency of data, code, materials, analyses, as well as
pre-registration and replication), each with three levels of increasing strin-
gency. For example, Science announced it will implement Level 2, requir-
ing that all data, code, and materials accompanying a paper are available
in a publicly accessable repository.

• More than twenty psychology/neuroscience journals now offer a new ar-
ticle format, called Registered Reports. Registered Reports emphasize
the importance of the research question and the quality of methodology
by conducting the peer review prior to data collection and analysis. Ac-
cepted papers then are virtually guaranteed publication in the journal if
the authors follow through with the registered methodology.

Funding agencies:
• Manuscripts resulting from NWO-funded research must be made available

immediately at the time of publication.

• The NIH requires that all articles arising from NIH-funded researcher must
be available through PubMedCentral, the open repository of the National
Library of Medicine.
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• In preparation for future policies, Dutch and European funding agencies
have been running pilots on open access to data. In fact, from October
onwards, NWO will ask all researchers who apply for funding to include
a data management plan, describing how they can share data with other
researchers.

• NWO will fund €3M worth of replication studies.
• The Wellcome Trust announced that it will launch a platform where

Wellcome-funded researchers can publish a wide range research outputs,
including articles, data sets, null findings et cetera, all of which will un-
dergo fully transparent peer review.

Universities and research institutes:
• The Association of Universities in The Netherlands (VSNU) Universities

in The Netherlands have reached agreements with several major publishers
(including Springer, Wiley, Sage, Elsevier, Taylor & Francis) that allow
researchers in The Netherlands to publish Open Access for no additional
charge.

• Universities and research institutes are developing platforms for data shar-
ing (e.g. Radboud Repository and Donders Research Data Repository)

• Open science starts to pop up in job ads for faculty positions and univer-
sities are beginning to take into account open science in promotion and
tenure evaluations.

• The Montreal Neurological Institute
Government and Policy:

• Sander Dekker, the Dutch Secretary of State for Education, Culture and
Science, aims to have 60% of scientific papers from The Netherlands Open
Access by 2019 and 100% by 2024.

• Furthering Open Access was one of the top priorities of the Dutch govern-
ment during this year’s 6-month presidency of the European Union council
of ministers.

• One of the 140 central questions of the Dutch National Research Agenda is
“How can the replicability of empirical findings in the scientific literature
be enhanced?”.

Taken together, things are slowly starting to change at the end of journals,
funding agencies, universities, and government.

Activity

The central question of this activity is: what can we, as a team, do to become
more transparent, open, and reproducible?
Below is a list of potential approaches that we could adopt. For each approach,
the following is provided: a brief description, an explanation of the potential
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benefits for science at large and for indivdual researchers/teams, and one or
more ideas how we could implement this solution.
Here is what you will do: In the first part, the brainstorming session, you will
rank the approaches from most to least preferred, on the basis of criteria such
as importance and feasibility. Next, for the approach with the highest rank, you
are going to generate ideas on how we can implement this approach in our lab.
The ideas listed under each approach are just to get you started; be creative
and come up with more ideas. In the second part, the collective discussion, you
will briefly motivate the ranking and you will present your ideas, explaining
how we, as a team get the most out of becoming more transparent, open, and
reproducible. Ultimately, the ideas generated in the brainstorm session together
with the discussion afterwards can serve as a starting point for a lab policy on
this topic.
You are encouraged, but not required, to read one or more of the following
papers as background:

• McKiernan, E. C., Bourne, P. E., Brown, C. T., Buck, S., Kenall, A.,
Lin, J., … Yarkoni, T. (2016). How open science helps researchers succeed.
eLife, 5, e16800. http://doi.org/10.7554/eLife.16800

• Nosek, B. A., Alter, G., Banks, G. C., Borsboom, D., Bowman, S. D.,
Breckler, S. J., … Yarkoni, T. (2015). SCIENTIFIC STANDARDS. Pro-
moting an open research culture. Science (New York, N.Y.), 348(6242),
1422–1425. http://doi.org/10.1126/science.aab2374

• Ioannidis, J. P. A., Munafò, M. R., Fusar-Poli, P., Nosek, B. A., & David,
S. P. (2014). Publication and other reporting biases in cognitive sciences:
detection, prevalence, and prevention. Trends in Cognitive Sciences, 18(5),
235–241. http://doi.org/10.1016/j.tics.2014.02.010
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Approaches

1. Pre-registration

What it is:
Pre-registration is the submission of a complete analysis plan prior to the onset
of a study. The analysis plan includes the hypotheses and their predictions, the
variables that will be manipulated and measured, and the statistical tests to
be performed. The analysis plan is typically registered online at a dedicated
platform (e.g. at osf.io or aspredicted.org). Alternatively, it is submitted for
review to one of the journals publishing so-called Registered Reports, a new
type of research article in which editorial decisions are based predominantly on
peer review that takes place before authors conduct research.
What’s in it for science:
Pre-registration prevents publication bias, leads to stronger research methods,
stops questionable research practices, boosts the reproducibility of findings, and
clarifies the distinction between confirmatory analyses (i.e. hypothesis testing)
and exploratory analyses.
What’s in it for us:
Pre-registration provides self-protection; in the words of the famous physicist
Richard Feynman: “you must not fool yourself, and you are the easiest person
to fool”. Pre-registration increases credibility for your results. Pre-registration
can guarantee publication on the basis of only the analysis plan in journals
offering “Registered Report” format. You can earn prizes by pre-registering
your project: e.g. Open Science Framework’s Preregistration Challenge. Finally,
pre-registration might actually save you time
Ideas on implementation in our lab:

• We could start experimenting with pre-registration of our hypothesis-
driven research.

Further reading:
• Chambers - Registered Reports: A new publishing initiative at Cortex

http://www.sciencedirect.com/science/article/pii/S0010945212003735
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2. Stopping questionable research practices

What it is:
Questionable research practices (QRPs) refer to undisclosed flexibility in data
collection, analysis, and reporting (“researcher degrees of freedom”) that dra-
matically increase the chance of reporting false positives. Examples include
deciding when to stop data collection based on results, excluding data points
on the basis of post-hoc criteria, cherry-picking analyses to identify publishable
effects, and adjusting hypotheses to ‘predict’ unexpected findings, and exploring
the data to uncover patterns in the data that can be presented as statistically
significant findings (“p-hacking”). Many researchers admit (anonymously) to
engage in QRPs and it is very easy for researchers to obtain statistically signif-
icant findings in the absence of any real effects through QRPs.
What’s in it for science:
Addressing QRPs is important, because they damage the reputation and under-
mine the public support of science. Addressing QRPs will help reducing the
large number of false positive findings in the literature.
What’s in it for us:
QRPs lead to difficulties replicating our work, which will sooner or later backfire.
Not only may such practices have a negative impact on our standing, it may
also put us on the wrong track pursuing non-existent effects.
Ideas on implementation in our lab:

• We can formulate a set of disclosure requirements to be used in our papers
(e.g. Simmons, Nelson, and Simonsohn (2012))

• There is a large grey area of research practices: which do we regard ac-
ceptable, and which unacceptable? We could make a list of the sorts of
QRPs we will avoid.

• For our fMRI analyses, we can adopt the COBIDAS and BIDS standards
Further reading:

• Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-Positive
Psychology: Undisclosed Flexibility in Data Collection and Analysis Al-
lows Presenting Anything as Significant. Psychological Science, 22(11),
1359–1366.

• John, L. K., Loewenstein, G., & Prelec, D. (2012). Measuring the Preva-
lence of Questionable Research Practices With Incentives for Truth Telling.
Psychological Science, 23(5), 524–532.

• Carp, J. (2012). On the Plurality of (Methodological) Worlds: Estimating
the Analytic Flexibility of fMRI Experiments. Frontiers in Neuroscience,
6.
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3. Data sharing

What it is
Data sharing is the practice of making the data and code underlying a scien-
tific research project/publication available to others. It can take multiple forms
that vary in the amount of detail and processing that is needed: from stimulus
presentation and analysis code, to coordinate-based data, statistical maps, to
entire data sets (i.e. linked and executable code and data). Data sharing is cur-
rently usually voluntary but may very well become a requirement from funding
agencies, journals, and institutes.
What’s in it for science:
Data sharing enables new questions, re-analysis, and meta-analyses. Further-
more, it maximizes the contribution of subjects to research.
What’s in it for us:
Data sharing comes with many benefits for individual researchers and labs, in-
cluding greater exposure to your work, greater research output (papers, stimulus
presentation code, analysis pipelines, and data sets are all standalone research
outputs), higher citation/view/download counts (code and data can be cited),
and better compliance with rules by funding agencies (who care about open
data) and societal values (e.g. tax payer’s get value for money, stakeholders may
use your data). Furthermore, data sharing provides an extra layer of protection
against loss of data on which our papers are based. Finally, experience with data
sharing may give you a head start when data sharing will become mandatory
in the future. Finally, self-archiving is a great way to be open; you can put all
your research output (abstracts, presentations, papers, posters) online on per-
sonal website or a public repository (e.g. figShare, DataDryad, neurovault.org,
Radboud Repository).
Ideas on implementation in our lab:

• We could make it a standard in our lab to share group-level statistical
parametric maps (e.g. on neurovault.org), stimulus-presentation code, task
performance files, and pre-prints of our scientific papers.

• We could deposit copies of our published articles in a public repository
(most publishers allow this) and publish Open Access whenever possible.

Further reading:
• Poldrack, R. A., & Gorgolewski, K. J. (2014). Making big data open: data

sharing in neuroimaging. Nature Neuroscience, 17(11), 1510–1517.
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4. Code review

What it is:
Code review is the systematic assessment of code (e.g. stimulus presentation
software, analysis scripts) by a peer in order to improve clarity and eliminate
errors. While common practice in software development outside academia, code
review is still rare in science. This may be because authors don’t publish their
code, and hence have little incentive to improve its quality.
What’s in it for science:
Code review increases efficiency and reduces errors by enhancing reproducibility,
promoting reusability, and disseminating best practices.
What’s in it for us:
Our group heavily relies on custom-written software (e.g. code for stimulus
presentation, analysis pipelines), a lot of which we write ourselves. This code
is often eligible for reuse within our own projects or in other projects in our
lab. Code reviews help ensuring that others (including our future self) can
understand our work. Code reviews can help eliminate bugs, thereby preventing
the worst-case scenario of having to retract a manuscript because of a coding
error (for a nightmare scenario, see Miller (2006) Science, 314 (5807), 1856-
1857.). The dissemination of best practices in coding is relevant to our lab,
because few, if any, have had formal training. There is a lot of knowledge,
though, because many of us have gained expertise over the years.
Ideas on implementation in our lab:

• We can set up a policy that lab members can follow to provide feedback
on each other’s code.

• We can do more paired programming, for example, within subgroups of
the lab.

Further reading:
• Petre, M., & Wilson, G. (2014). Code Review For and By Scientists.

Retrieved from http://arxiv.org/abs/1407.5648
• Wilson, G., Aruliah, D. A., Brown, C. T., Chue Hong, N. P., Davis, M.,

Guy, R. T., … Wilson, P. (2014). Best Practices for Scientific Computing.
PLoS Biol, 12(1), e1001745. http://doi.org/10.1371/journal.pbio.1001745
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5. Version control

What it is
A version control system tracks changes in documents (e.g. manuscripts, analysis
code) and keeps a record of the person who made those changes. A version
control system allows revisions to be compared, restored, and merged. Examples
of version control systems are git and svn.
What’s in it for science:
Version control can promote greater reproducibility and increased transparency
in science. So-called distributed version control systems facilitate collaboration,
enabling everyone to work asynchronously and merge their contributions at any
time, while maintaining a complete authorship trail. Version control systems
lower barriers to build upon or modify from stimulus presentation code or data
analysis pipelines used in a published paper, while retaining all provenance
information.
What’s in it for us:
By logging the entire time line of events occurring over the development of a re-
search project (e.g. lab notebooks, performance files, analysis code, manuscripts,
grant writing), it is clear whom should be credited (or blamed) for certain pieces
of work. Moreover, a version control system provides protection against data
loss and encourages risk-free exploration of new ideas and approaches. It can
even be used to solicit feedback and provide comments on manuscripts (see here
for an example for the paper referred to below). A version control repository at
the level of the lab would facilitate the reuse of tasks and analyses in our group.
Ideas on implementation in our lab:

• We could simply require that lab members keep their code under version
control.

• We may set up a repository containing analysis pipelines or stimulus pre-
sentation code used in the lab.

• We could keep a lab journal under version control to document data col-
lection and analyses performed.

Further reading:
• Ram, K. (2013). Git can facilitate greater reproducibility and increased

transparency in science. Source Code for Biology and Medicine, 8(1), 1–8.
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6. Replication projects

What it is
Replication is one of the cornerstones of science. Scientific claims gain credence
because of the replicability of their supporting evidence. Replications come in
different flavors. Direct replications try to follow the original procedures of a
study as exactly as possible and are useful for determining the robustness of
previously reported effects. Conceptual replications manipulate experimental
variables in new ways and are useful to determine the extent to which research
findings will generalize beyond the original experiment itself.
What’s in it for science:
To progress, science needs both innovation and replication. Quoting the Open
Science Collaboration 2015 paper in Science: “Innovation points out paths that
are possible; replication points out paths that are likely”. In the past decade,
concerns have been raised over the replicability of findings in psychology, be-
havioral economics, and cancer biology, among others. Recent, large replication
efforts suggest that scientific findings are indeed much harder to replicate than
previously thought.
What’s in it for us:
Replication studies can identify promising research directions by revealing which
effects are real and which are not. It becomes more attractive for researchers to
engage in replication attempts now that replication studies are increasingly val-
ued, as evidenced by an increasing number of journals committed to publishing
them, the initiation of a replication award, and the availability of funding.
Ideas on implementation in our lab:

• We can strive to embed replication attempts in our own studies (e.g. as a
first experiment), PhD projects (e.g. as a first project of a PhD thesis), or
as student projects.

• As a lab, we can make it a standard practice to describe in the Discussion
section of our papers what the circumstances are under which we expect
the findings to replicate.

Further reading:
• Open Science Collaboration. (2015). Estimating the reproducibility of psy-

chological science. Science, 349(6251), aac4716. http://doi.org/10.1126/science.aac4716
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