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Open science is best described as “an umbrella term used
to refer to the concepts of openness, transparency, rigor,
reproducibility, replicability, and accumulation of knowledge, which are considered fundamental features of science” (Crüwell et al., 2018, p. 3), along with “openly creating, sharing, and accessing research” (Bosman, 2020). The
Open Science Movement developed in response to a variety
of pervasive issues throughout scientific research, including
lack of accessibility, transparency, credibility, and reproducibility (Spellman, 2015; Syed, 2019). As doubt was cast
upon foundational empirical work, there emerged a desire
to better understand the conceptual, methodological, and
analytic choices made throughout the research cycle, as doing so enhances knowledge among the scientific community and permits more informed assessments of credibility
(Vazire, 2017).
Topics related to open science in psychology have received major attention in the last decade, including new
terminology, new methodological and statistical procedures, new journals, and even whole new sub-fields (e.g.,
Meta-science, https://metascience.com/; see also Nelson et
al., 2018; Spellman et al., 2018). This explosion, along with
the fact that part of open science involves more rapid dissemination than the traditional scientific model, has resulted in a barrage of new findings, methods, and practices. All
of this can be quite overwhelming to any researcher trying
to get a handle on best practices, but especially for graduate
students who are new to the field and are quickly trying to
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learn both methodological and substantive content.
The purpose of this guide is to provide a roadmap for how
graduate students, their advisors, and those new to open
science can wade through this confusion and begin to engage with open science practices. A sense of paralysis associated with not knowing where to begin with open science is a commonly expressed sentiment. Moreover, some
may feel like they need to immediately adopt all open science practices in order to “truly do open science.” Additionally, some researchers may not see certain open science
practices (e.g., preregistration) as relevant to their research
practice, and therefore conclude that open science is not
something they should be concerned with. We reject this
“all or nothing” view and join with others who advocate for
a selective approach to open science, with the accumulation of practices over time (Bergmann, 2018; Corker, 2018;
Nuijten, 2019; Syed, 2019). Whereas there are other excellent articles on how to get started with open science (e.g.,
Crüwell et al., 2018; Lewis, 2019; Nuijten, 2019), including
Allen and Mehler’s (2019) article on benefits to early career
researchers, we see a great need for a guide that is studentfocused and offers concrete suggestions. Of course, the relevance of our recommendations is not limited to graduate
students—anyone who is new to open science should find
them useful—but we prioritized the graduate student perspective, both in terms of how graduate students can engage with open science and how advisors can better support
their students’ engagement with open science. Additional-
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This article provides a roadmap to assist graduate students and their advisors to engage in
open science practices. We suggest eight open science practices that novice graduate
students could begin adopting today. The topics we cover include journal clubs, project
workflow, preprints, reproducible code, data sharing, transparent writing, preregistration,
and registered reports. To address concerns about not knowing how to engage in open
science practices, we provide a difficulty rating of each behavior (easy, medium, difficult),
present them in order of suggested adoption, and follow the format of what, why, how,
and worries. We give graduate students ideas on how to approach conversations with their
advisors/collaborators, ideas on how to integrate open science practices within the
graduate school framework, and specific resources on how to engage with each behavior.
We emphasize that engaging in open science behaviors need not be an all or nothing
approach, but rather graduate students can engage with any number of the behaviors
outlined.
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ly, there are other resources targeted towards more senior
researchers (Kowalczyk et al., 2020). We hope that this tutorial can be the gateway for graduate students to easily begin
using open scientific practices. It is important to note that
all authors of this article are psychologists, but the practices
discussed are by no means all specific to psychology. The
practices are generalizable to different fields to different extents, so readers should not be put off if not all of them apply to your field; feel free to dip in and out.

Easing into Open Science

What is Open Science?
Open science is a broad term that refers to a variety of
principles and behaviors pertaining to transparency, credibility, reproducibility, and accessibility. There are numerous articles describing and debating open science in the literature, and it is beyond our scope to review all of the core
issues. Thus, we direct interested readers to Crüwell and
colleagues (2018), who provide an annotated open science
reading list that covers major works across different open
science domains, as well as Yarkoni (2019), who provides
a more conceptual perspective. In short, the foundational idea behind open science research practices is to be as
transparent and open as possible—across all phases of the
research cycle—so that readers can fully and appropriately evaluate the work. What exactly this looks like will very
likely vary across researchers and substantive sub-fields of
psychology, and we encourage readers to evaluate the practices with respect to the added value to their particular
work.

Open science advocates (e.g., Vazire, 2017) frequently
appeal to Merton’s (1973) norms–or what he called imperatives–when motivating open science. The four norms
collectively suggest that scientists should evaluate claims
based on the evidence at hand (universalism), that such evidence should be openly available for inspection (communism), that we should not be motivated by self-interest (disinterestedness), and that claims should be calibrated with
the evidence presented (organized skepticism). In this way,
open science is just good science (Tennant, 2018). There are
many unselfish reasons to do open science: disseminating
reliable information/increasing faith in research, not being gatekeepers of knowledge, saving resources by enabling
others to build on work that has already been done rather
than reinventing the wheel, ensuring that readers can properly calibrate their inferences based on the quality of the
work, and many many more. Allen & Mehler (2019) highlight the benefits and challenges involved with engaging
in open science practices early in one’s career, and specifically emphasize benefits for the future careers of graduate
students, whether they remain in academia or not. It is
important to note that different practices will make sense
to prioritise depending on your planned career, and so it
is important to think critically about which practices you
would like to engage with. Many of the practices we outline
help with project organization (project workflow, data sharing, reproducible code), and therefore efficiency in the long
term, which is beneficial to careers inside and outside of
academia. All in all, there are many benefits—and few drawbacks—to engaging in open science practices. However, in a
constantly changing research culture it is difficult to say for
certain what these benefits and drawbacks are. We have attempted to cautiously make an assessment of the research
culture as it is now, but we cannot predict the direction in
which this will go. It seems that open science practices are
becoming increasingly widely adopted, and that (for those
who wish to stay in academia) it can make sense to invest
in these practices now, as they are increasingly becoming a
part of decisions with regards to publication and hiring, etc.
However, engaging in open science practices (e.g. transparent manuscript writing, sharing data) can make your work
easier to criticise than your peers who do not engage with
them. For this reason, it is a very personal choice which
practices you engage with and when. For some, the “moral”
reasons to practice open science outweigh any possible
risks, others do not perceive there to be risks, and for still
others the perceived risks outweigh the benefits or moral
reasons. What we hope to be able to do is to at least make
clear where worries are unfounded (e.g. worries that are just
myths or that are easily remedied), so that you can make an
informed decision.

How to do Open Science?
This is why you are reading this article! There is an overwhelming amount of choice when it comes to how to engage
with any individual open science behavior, and this abundance of choice can often leave people too confused to try
anything. In this article we focus on different behaviors re-
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In this tutorial we suggest eight open science practices
that novice graduate students can begin adopting today. To
address concerns about not knowing how to engage in open
science practices, we provide a difficulty rating of each behavior (easy, medium, difficult) and present them in order
of suggested adoption. To be clear, the difficult ratings are
subjective, based on our own experiences, and some scholars may disagree. However, we feel these ratings are useful to help a novice researcher gage the effort involved with
each practice. In many cases, the practices can be enacted
at a variety of difficulty levels (see section on pre-registration for an example), and are ratings are based on the “average” implementation of the practice. So if we have rated
a practice as “medium” difficulty, it effectively means this
practice can be anywhere from easy to difficult depending
on how it is enacted. We encourage researchers to start as
easy as you need to within a practice, and work your way up!
Additionally, we do not claim that this is the only order to
follow, but rather is a sensible one given the ease of entry
for each and how they build upon one another. That said, do
not let any hesitance in adopting one of the behaviors stop
you from attempting “later” ones. In discussing each practice, we follow the format of what, why, how, and worries.
We begin by briefly applying this rhetorical form to open
science in general, and then move into the specific behaviors.

Why Do Open Science?

Easing Into Open Science: A Guide for Graduate Students and Their Advisors

Worries about doing Open Science
Open science seeks to upend the status quo, shifting
norms about acceptable scientific practices and behaviors.
For more senior researchers in the field, this could feel like
open science advocates are arguing that everything they
had learned and practiced was wrong, and thus may not be
particularly favorable towards open science. This could create a challenging dynamic for graduate students who work
with advisors or in departments who are not receptive to the
open science movement (Koyama & Page-Gould, 2020; but
see Christensen et al., 2020). Students may wonder, “how
do I sell this to my advisor?” For many this is a very real
concern, and thus in each section we include some common
worries and how to address them with your advisor. However, we understand that talking to your advisor might not be
possible for various reasons; in that case, we provide other ideas for creating your own community at your home institution (see Journal Club section). However, if that is not
possible or seems out of reach, there are other open science
organizations and people that you can connect with via the
Society of the Improvement of Psychological Science (SIPS;
https://improvingpsych.org/) or joining Academic Twitter
(the colloquial name for academic discussions on Twitter;
see Cheplygina et al., 2020; Quintana, 2020) to find other
friendly community members. Additionally, by the end of
this tutorial we hope you can identify some open science
behaviors that you can practice in your own workflow (e.g.,
creating reproducible code), even if your advisor is not supportive of engaging in other practices (e.g., preregistration).
Other students may be worried, “Won’t it make it harder to
publish my research?” It is absolutely the case that some
practices associated with open science, such as larger sample sizes and more robust modeling, could result in some
delays in publishing. However, some open science practices
(e.g., posting preprints, Registered Reports) can speed up
the process and make it easier to publish. Finally, a common
concern is, “What if I get it wrong?” We hope this tutorial
will help to ease that anxiety; there is no right way to do
open science, and engaging in one open science practice is
better than none—we are all welcome to feast as we choose
from the “buffet of open science” (Bergmann, 2018). Additionally, we believe transparency, a principle of open science, also pertains to being more transparent about our

Figure 1. Open Science research practices across the
research cycle

challenges, which we hope graduate students and their advisors can be more open about (see Cheplygina, 2018).

Eight Open Science Practices Graduate Students Can
Begin Right Now
In the remainder of this paper we review eight open science practices that have low barriers to entry but can have a
sizable impact on research practice. These are by no means
the only eight practices students new to open science
should consider, and a different team might very well select
a different set. We chose this set because they span different
aspects of the research cycle (conceptualization, design,
analysis, reporting, dissemination; Figure 1) and involve a
range of difficulty levels for newcomers.

Open Science Journal Club (Level: Easy)
What? Organize a journal club with other students and
staff to discuss issues surrounding reproducibility and open
science. Usually, these take the format where one person
leads the discussion each session after everyone has read
the selected paper. They can range in how formal they are,
from a presentation with slides followed by discussion to a
completely open-ended discussion (with or without a moderator). It may even be possible that one already exists in
your department that you could join! We rated beginning an
open science journal club as easy because it requires minimal prior learning, you only need one other person to start
a club, and there are already many reading lists and existing
structures available to follow.
Why? Before you can engage in open science practices
you need to understand the lay of the land by becoming familiar with major works and issues. Journal clubs are a great
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searchers can engage in and less on the tools they might
use to enact those behaviors. We mostly focus on using
the Open Science Framework (OSF; http://osf.io), which is a
free, open source web application that supports various aspects of the research process (see Foster & Deardorff, 2017;
Nosek, 2014). This is not to say that OSF is the “best” tool
for every behavior that we discuss, but one of its selling
points is that it is a central location where researchers can
carry out many open science behaviors, keeping everything
together in one place and minimizing the need to learn
multiple interfaces. But again, there are many different
tools that can be used to engage with open science behaviors. We created an OSF project page (https://osf.io/
w5mbp/) as a companion to this tutorial, which contains
links to video tutorials, resources, and step-by-step guides
for each of the behaviors listed.

Easing Into Open Science: A Guide for Graduate Students and Their Advisors

Project Workflow (Level: Easy)
What? Project workflow refers to how you organize projects and move through the various stages of the research
cycle. This includes your file folder structure, document
naming conventions, version control, cloud storage, and
other details. It also includes the choice of who has access
to the project (e.g., collaborators, the public) and when in
the process they have access (e.g., at all times, upon publication). We rate creating a project workflow as easy be-

cause, even though there are many considerations to think
through on the front end, it is primarily about organization
(folder and cloud storage use) and recordkeeping, which are
likely processes students are already using to some extent.
Moreover, developing a clear project workflow is much easier for students than later career scholars, who have many
more projects to organize and may be more entrenched in
their methods (or lack thereof).
Why? Having a dedicated project workflow system helps
keep your research organized, enhancing reproducibility,
minimizing mistakes, and facilitating collaborations with
others and future-you. Making your project open to your
advisors and any other collaborators (even if not open to the
public) through working in shared folders can ensure everyone has access to everything in an organized fashion and
saves the hassle of emailing infinite versions of documents.
If you do choose to make the project public at any point,
everything will be almost complete, and you will not have to
create a system from scratch. Having an organised workflow
is beneficial in most jobs, as well as in your everyday life no more scribbled shopping lists on scrap pieces of paper!
How? There are several existing systems focused on general lab organization (Klein et al., 2019), computational
workflows (Van Lissa et al., 2020; Wilson et al., 2017), and
organizational systems to minimize mistakes (Rouder et al.,
2019). One option is to set up a private or public project
page on the OSF. Soderberg (2018) provides instructions on
how to: (1) create an OSF account, (2) create a project, (3)
add collaborators, (4) upload files, and (5) review additional
capabilities of an OSF project. What you decide to include
on your project page is up to you. Some people find it helpful to include all study materials and anonymized data on
the project page as they go, others only use the project page
for final documents. You can alternatively organize a project using a variety of cloud-based storage providers that
link directly to your computer (e.g., Google Drive, Dropbox,
Box). Many cloud-based storage providers also offer the option of linking directly to an OSF project so that you can
have the benefits of both. Many research teams will not
want to make all of their work public from the get-go, but
even just imagining that the project will be public can encourage taking an outside perspective that will lead to improvements in organization. When joining a new lab as a
graduate student or beginning a new collaboration, ask the
project leaders about their project workflow. It is entirely
possible that they do not have a formally specified workflow,
and just asking about it could initiate new ways of doing
things. If they are not as receptive as you would like, find a
compromise between what you would find most useful and
what they are used to, and if you are a new student, then
it might be useful to set some review dates for when you
will discuss if the current approach is working well. For additional resources visit the accompanied OSF project page
(https://osf.io/w5mbp/).
Worries. You may feel some apprehension at the idea of
having your workflow process public. You definitely do not
have to make your project page public right away. You can
wait until the project is complete, if you choose, and can
clean up your project page if/when you eventually make it
public. However, having a clear and intentional process for
file management from the get-go will alleviate these worries
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way to do this, wherein you can learn about a new topic
and critically engage with your colleagues. It can get lonely reading and working alone, so meeting in this way can
create an environment in which you can socialize while also learning with others and building a community around
open science. In addition to discussing the papers themselves, each article can serve as a conversation starter about
open science and reproducibility more generally. Seeing
who attends the journal club can help locate others who are
interested in or knowledgeable about open science, effectively establishing a network for collaborators or support.
They can help you think about how you can approach conversations with your advisor or other faculty members in
your department who may not be as interested in engaging with open science practices. More generally, organising
a journal club and presenting are both transferable skills for
most jobs.
How? Contact colleagues in your department to inquire if
anyone would be interested in participating. You only need
one other person to get started! Once set up, the journal
club can expand beyond your department to the wider university, facilitating interdisciplinary exchange. In addition
to club attendees presenting, you can also invite external
speakers to present either in person or remotely. It is also possible to organize these clubs completely remotely if
you are unable to meet in person. One example of a very
successful framework for an open science journal club is
the ReproducibiliTea initiative: (Orben, 2019; https://reproducibilitea.org/), which has spread to over 100 institutions
all over the world and provides a great starter pack including a list of papers to potentially discuss (https://osf.io/
3qrj6/). For additional resources visit the accompanied OSF
project page (https://osf.io/w5mbp/).
Worries. Students have different relationships with their
advisors with regards to how much permission they would
need to set up a journal club. However, in most cases journal
clubs can absolutely be student-generated and student-run.
It may be worth telling your advisor and inviting them to
attend, yet, making it clear they have no obligation to attend. Also, you may feel that learning about open science
practices is taking you away from time that could be spent
on your own research. This is a common worry when engaging in any “extracurricular activities.” Although it does take
time, it can be a relatively small time investment for how
much you can learn, and it will help you get through the
stack of papers you have on your desk that you need to read
(or browser tabs you keep open). You can choose how often
to hold the journal clubs and when to start and stop holding them, so they could be anything from weekly to termly,
whatever works well for you and your colleagues.

Easing Into Open Science: A Guide for Graduate Students and Their Advisors

as well as the need to clean things up after the fact, which
just adds more work. You may also be unclear on what you
are allowed to share. We discuss the issue of data sharing
in a subsequent section, but whether you are sharing data,
materials, analysis code, or anything else related to the project, it is important to consult with your supervisor and collaborators to ensure sharing is permitted and desired. Lastly, you may be concerned that if other people use your materials (e.g., survey design, code) that this is detrimental, as
someone else is “profiting” from your hard work, but actually you can gain credit yourself in the form of citations (you
can create a citable DOI for your OSF project).

Preprints (Level: Easy)
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What? The term preprint originally referred to a version
of a manuscript that was publicly available prior to being
submitted for peer-review. Although that still remains true,
preprints now also include manuscripts that are under review, or author-formatted versions of accepted articles prior
to publication or even after publication (sometimes called
postprints). We rate posting preprints as easy because in
essence it simply requires uploading a file you already have
to a website. In fact, this may be the lowest effort open science behavior that one could engage in, and yet it is associated with many potential benefits.
Why? Posting a manuscript before submitting to a journal allows for a wider range of feedback than what is afforded through peer review and can help improve a paper prior to submission by identifying any major flaws. Posting an
article after submission, but before acceptance, gets a version of the paper out as soon as possible for sharing findings and interest, as well as keeping a record of what the
paper looked like before it underwent the review process.
Posting a manuscript after it has been accepted to a journal
allows for the paper to be shared faster than it may be published and allows for an open access version of the paper
to be shared. Preprints are also a great way to share work
that does not continue to publication, providing greater access to the full body of available literature. Using preprints
in this way can be useful if you choose not to stay in academia and do not get a chance to publish your research, but
would still like to have it available as part of the scientific
record.
How? There are many different available preprint hosts
with varying levels of moderation (e.g., arXiv, bioRxiv, SSRN) and emphasis on specific disciplines (see https://osf.io/
preprints/). Here we focus on PsyArXiv (https://psyarxiv.com/), a preprint server developed for psychology by OSF
and maintained by The Society for the Improvement of Psychological Science, which is free to submit to and uses postsubmission moderation. To submit a preprint to PsyArXiv,
you must create an OSF account (which you did when establishing your workflow) and then submit directly from the
PsyArXiv homepage. When doing so, you have the option to
link the preprint with an existing OSF project if you have
one.
Moshontz et al. (2020) includes a detailed description of
how and why researchers should post preprints. As mentioned, you can post a preprint at different points of the
publication timeline. If you are posting an article that has

already been accepted for publication at a journal, in most
cases you are able to post an author-formatted version to a
preprint server, but not the final publisher-formatted version (see Worries below for details). For the aestheticallyminded, Wiernik (2019) has created a set of open access
“pretty preprint” templates that mimic several popular publishing styles, so that author-formatted versions can look
like journal-formatted versions without violating copyright.
See Syed (2020) for suggestions on how to manage a
preprint across the publication timeline, including keeping
your preprint updated, linking to publication DOI, and
merging citations in Google Scholar. The most challenging
decision may be picking which license to choose for your
submission. We recommend using the CC BY license, as it
allows other researchers to build upon your work while still
citing the original work and not using the words verbatim
(see Moshontz, 2018). For additional resources visit the accompanied OSF project page (https://osf.io/w5mbp/).
Worries. Most of the worries around posting preprints
pertain to what is allowable and how doing so will impact
the peer-review process. Many authors worry that posting
a preprint will be treated as “published” and thus they will
not be able to submit their manuscript for publication in
a journal; however, this is not true in most cases. Before
posting a preprint, authors should consult Sherpa Romeo
(http://sherpa.ac.uk/romeo), which tracks the restrictions
and rules for most journals, indicating whether journals allow posting of preprints pre-submission (usually yes), posting of author-formatted accepted articles (usually yes), and
posting of publisher-formatted accepted articles (usually
no). To alleviate any remaining anxieties, if you know the
journal that you wish to submit to, you can contact the editor directly in order to get in writing whether preprints
of the work are allowed before submission to the journal.
There may also be concern that posting a preprint will decrease the number of times an article is cited; however, this
is not the case as preprints have actually been found to increase the number of citations (Fraser et al., 2019) and you
are able to merge citations between a preprint and published article in Google Scholar (Syed, 2020). Another concern with posting a preprint prior to submission is that
someone else could “scoop” you, stealing your idea and running the study themselves before you are able to publish
your work. Although this is possible, it is also very unlikely.
Moreover, all articles are posted with a date/time stamp and
therefore there is a clear temporal record.
Finally, students may have concerns that their advisors
or other collaborators will not be open to posting preprints.
Of course, you should always consult with coauthors prior
to posting preprints. There should be little concern with
posting author-formatted versions of accepted articles, but
some may be more skittish about posting prior to submission to a journal. There may be worries about posting a version of paper that will later be changed; however, you are
able to post as many updated revisions to your preprint as
needed. Overall, we recommend engaging in a conversation
to determine the source of the concern and then providing the preceding explanations for the commonly expressed
concerns.

Easing Into Open Science: A Guide for Graduate Students and Their Advisors

Reproducible Code (Level: Medium)

Sharing Data (Level: Medium)
What? Sharing data pertains to making the de-identified
dataset used for a project available to other researchers. Importantly, this means posting the data on OSF or another
data repository for researchers to download and use, or establishing a formal system through which others can access
the data (useful for sensitive data). There is enough evidence to indicate that stating “data available on request” is
not sufficient to constitute engaging in the process of data
sharing (e.g., Wicherts et al., 2006). Sharing data often also includes sharing analysis scripts (see section on reproducible code), especially the scripts related to data cleaning
and labeling. We rated sharing data as medium as it takes
some forethought on the front end with consent forms and
organization at the backend in terms of how to organize the
data and share it with others in a way that aligns with ethical responsibilities.
Why? There are several compelling reasons for sharing
your data. First, data sharing allows others to reproduce the
analyses reported in a paper, providing checks on quality
and accuracy, and to expand on the analyses through fitting
alternative models and conducting robustness tests. Second, most datasets have use beyond what is reported in a
paper. This includes secondary data analysis that addresses
different questions altogether and inclusion in meta-analyses, where researchers having access to the raw data is a
major benefit. Third, sharing data may be required by the
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What? Reproducible code for data analysis and visualizations (e.g. tables, figures) refers to a detailed, written version of your code that would allow someone else (or your
future self) to generate the same output reported in your
manuscript. We rate reproducible code as medium as there
are multiple approaches that vary in difficulty to create reproducible code. This will also be even more subjective than
some of the other practices, hence why it’s important for
students to work out what they find easier (coding or learning a point and click software) and going with what they are
most comfortable with.
Why? Reproducible code plays an important role in documenting the analysis pipeline, allowing for detection of errors, ease of modification in the analysis or visualization,
and facilitation of sharing and collaboration. Using analysis
scripts makes it easy to make small changes to repeat similar steps within the same project, or scripts from one project can be used as a starting point for another, therefore
saving a lot of time in the long run. Finally, as noted, reproducible code allows for other people to transparently reproduce your analyses or visualizations. Also, if you ever need
to code for a non-academic job (e.g. in data science), it is
likely this will be a lot more collaborative, and so it is good
to practice annotating your code well from the beginning so
that you can get used to it.
How? Contrary to what seems to be popular belief, you
do not need to learn to code yourself in order to create
reproducible code of your analyses! Windows-based programs where the user points and clicks options for analysis
(e.g. SPSS Statistics; https://www.ibm.com/products/spssstatistics; JASP; https://jasp-stats.org/) can also be used in
a reproducible way. For example, in SPSS Statistics, a good
starting point for beginners is to select the analysis options
in the windows, then press the “paste” button rather than
“OK.” Doing so will paste the analysis script into a new
“syntax” file that can be modified, executed, annotated, and
saved for future use. Similarly, options selected via pointand-click in JASP can be exported to a reproducible script.
Using R/RStudio (https://www.r-project.org/, https://rstudio.com/) is a popular choice for writing your own reproducible code, but there are also many other programming
languages such as Python and Matlab. There are many helpful resources available online to help you learn to code, and
although it is hard work at the beginning, it does pay off
in the long run. It is important to note that whether you
are using a point-and-click software or coding for yourself,
some software is open source (freely available to all, e.g.
R, JASP) whereas some is not (either you or your institution pays for you to use it, e.g. Matlab or SPSS). Cereceda
& Quinn (2020) outline recommendations for both graduate students and the communities that advise them to learn
open source software. Whether saving code from a pointand-click software or writing your own code, be sure to add
clear and extensive comments (including headers and explanations) to guide your future self and other people who
may look at your code. For additional resources visit the accompanied OSF project page (https://osf.io/w5mbp/).
Worries. Most of the worries surrounding reproducible
code are related to the heavy time commitment and steep

learning curve of learning to code. This is completely understandable—coding can take a lot of time to learn from
scratch. While learning does take time, there are many
helpful tutorials and online resources to help the learning
process (see https://osf.io/w5mbp/). For example, you could
start with some of the introductory resources for getting
started in R that we have suggested and see how it goes.
If learning a script-based program is too daunting, start by
pasting/exporting code in point-and-click software to get
accustomed to working with analysis code. If you do this for
all analyses, add helpful comments, and save this file, you
will greatly increase the quality of your workflow.
Another worry is that others will see mistakes in your
code (especially when you are starting out) or you may conduct some analyses in a less-than-elegant way. However,
this concern can actually be reframed as a positive, as error
detection allows for awareness of the problem and correcting the error as early as possible. Additionally, it is obviously the case that you can also make mistakes using pointand-click methods, it is just less likely that anyone would
notice. To ensure this happens earlier rather than later, you
can have a “coding buddy,” where you check each other’s
code, join a local coding club, or implement a “co-pilot system” within a research lab (see Reimer et al., 2019). You
could even discuss potential co-authorship with your advisors as an incentive for the coding buddy. Finally, choosing an analysis program is not an all-or-nothing decision—some people like to use code for all their data cleaning and manipulation but do statistical analyses using a
point and click software, or some may only code their data
visualizations. Whatever you choose to use, just be sure that
you are keeping documentation of all that you do.
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open beyond making it freely available (e.g., having a specified process for interested researchers to securely access the
data).
Second, many datasets yield more than one article, and
therefore you may be worried that other researchers will
conduct the analyses you had planned if you share your data. Three ways to mitigate this problem are 1) to delay sharing the full dataset until you have answered all planned
questions, instead sharing only the variables/cases relevant
for the initial article, 2) preregistering (see below) all
planned analyses from the get-go and indicating these
plans in the data documentation, and 3) restricting access
to the full dataset and sharing only the metadata (e.g.,
codebook) with a procedure in place to grant access to the
full data. Finally, there is sometimes concern about other
researchers benefiting from all the hard work you put in to
collecting the data, and that you will not get credit for subsequent use. However, by applying at least a CC BY license
to the data set, anyone who uses the data is obligated to attribute the data to you (e.g. through citing the associated
paper or through using a DOI for the OSF project). In fact,
Colavizza et al. (2020) found that sharing data actually increases the citation impact of articles by 25% on average.

Transparent manuscript writing (Level: Medium)
What? To write a transparent, clear, and reproducible
manuscript, it is helpful to follow manuscript writing guidelines or standards. Guidelines or standards suggest the level
of detail that should be included within each section of
an article. This includes being transparent (e.g., about hypotheses and participant characteristics), as well as stating
and justifying decisions (e.g., about the stopping rule and
analyses). We rate transparent manuscript writing as medium, as it may result in changes to how students have been
taught to write manuscripts. Moreover, it involves treading
the fine line between being thorough and concise in order
to both be transparent and fit within a page limit. This will
also be more or less difficult depending on students’ advisors’ opinions on this writing style, as well as their own persistence.
Why? Writing a transparent and clear manuscript helps
other researchers better understand how the research was
conducted and allows researchers to better calibrate the implications of the findings. It may even speed up the peer
review and publication process, as reviewers will not have
to ask for information that was not immediately clear from
the manuscript. Writing transparently also facilitates replication attempts because other researchers can more easily
follow the method and analysis, as well as a more cumulative science, as subsequent studies can more accurately
build upon each other. Writing transparently is a good skill
to learn for other jobs that require communicating science
truthfully - for example, science communication or journalism.
How? There are a few helpful guidelines and standards
that are easy to follow. Whereas Bem (2004) was once considered a gold standard for writing journal articles, it has
since fallen out of favor due to many of his recommendations not supporting transparent and honest writing.
Rather, Gernsbacher (2018) provides excellent recommen-
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funding source for the project or the journal the article is
published in (see https://www.topfactor.org/). Sharing your
data upon submission to a journal can be looked upon favorably by reviewers, even if they choose not to do anything
with it, as it indicates a commitment to transparency. When
applying for non-academic jobs involving data (e.g. data
science), it can be useful to have an example of data that
you have shared along with a codebook, to show that you
are organised with your data.
How? The how of data sharing is why we conceptualize it
as medium difficulty. There are a lot of complexities associated with data sharing, and so we direct all readers to Meyer’s (2018) excellent article, “Practical Tips for Ethical Data Sharing,” rather than covering all of those complexities
here. Graduate students should read that article and share
it with their supervisors and research team, as it addresses
many of the commonly expressed concerns. It is also important for all researchers to become familiar with local and regional laws governing the protection of certain kinds of data (e.g., the General Data Protection Regulation in the European Union). Because the possibility of sharing must be
indicated in the consent forms provided for participants, it
can sometimes be difficult to publicly share data after the
fact. Thus, a good time to initiate discussions about sharing data is during the project design phase. At that point,
you can be sure to include appropriate clauses in the consent forms and ethics protocols that describe both your intent and your plan for sharing the raw data in an ethical
way. Importantly, including these details does not require
you to share your data, but rather allows for the option—if
your supervisor is uncertain about sharing the data, you
can revisit this with them once you have finished the project. Whether sharing your data or not—but especially if you
are—it is critical to provide a data codebook that includes
information on the structure of the dataset (e.g., what variable names correspond to, measurement levels); data sharing is only useful if it is understandable to an outsider. We
have found Arslan’s (2019) codebook R package is an excellent way to use reproducible code to create a codebook during the data cleaning phase. Finally, there are loads of different platforms or repositories where you can share your
data, so it can be a bit overwhelming to choose. For simplicity’s sake, we suggest sharing data on OSF (this keeps the
data centralized with the rest of the project materials). For
additional resources and more repository options visit the
accompanied OSF project page (https://osf.io/w5mbp/).
Worries. There are three major worries with data sharing.
First, as mentioned above, are ethical concerns, for which
we again direct readers to Meyer (2018) for an in-depth
treatment. Sharing the data publicly may not be consistent
with what was stated in the consent form completed by
the participants, and so it may not be possible to post the
raw data. An additional ethical concern is the risk of reidentification, especially for under-represented populations
(Lewis, 2019; Syed & Kathawalla, 2020). There are a variety
of strategies for handling these ethical concerns, including
posting data without demographic information included or
by creating a synthetic dataset that preserves the statistical
properties and the relationships among variables (Quintana, 2020). Moreover, it is important for researchers to understand that there are a variety of ways of making data
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Preregistration (Level: Medium)
What? The use, function, and benefit of preregistration
for psychological research is debated, and we encourage
readers interested in those debates to consult these different views (Lakens, 2019; Nosek et al., 2019; Szollosi et al.,
2020). Putting those debates aside, in the most basic form
preregistration refers to posting a timestamped outline of
the research questions, hypotheses, method, and analysis
plan for a specific project prior to data collection and/or
analysis (see Nosek et al., 2018). We rate preregistration as
medium because although researchers should have all the
information necessary for a preregistration before beginning their research, they might be used to making a bit of
this up as they go along (so this brings the effort to the front
end of the project). However, as we discuss below, preregistrations can vary in difficulty from easy (just hypotheses
and brief methods) to difficult (preregistering in detail including writing analysis code beforehand).
Why? The primary purpose of preregistration is to more
clearly distinguish between the decisions and hypotheses
made before the study began (“confirmatory” research) and
decisions made after seeing the data or in the absence of
specific hypotheses (“exploratory” research; see Wagenmakers et al., 2012). By outlining the research questions,

hypotheses, method, and analysis plan prior to data collection and analysis, your intentions and predictions are clear
and time stamped. It can often be useful to have “proof” of
what was decided before the project in case you or your advisors/collaborators forget or begin to be led by your own
biases. More generally, preregistration is helpful for making
sure you have thought through the project fully before
starting data collection or analysis. Going through this
process can also make you better at inference, which would
help in any research context (not just in academia).
How? Preregistration is best conceptualized as a detailed, written version of your study design. That said, preregistration plans can be prepared at various levels of specificity. They can be brief, only describing the research questions, hypotheses, and how you will test them, or they can
include more detail about the handling of missing data,
planned analyses, code that will be used, a decision tree
based upon data, and other predetermined decisions. In
general, however, the more detail you can provide the better. The variety of preregistration templates available on
OSF (https://osf.io/zab38/) correspond to these variations
in specificity and represent different types of research contexts (e.g., experimental, secondary data analysis, replications). Preregistration plans in OSF can be kept as drafts
and are editable until officially registered, at which point
they are locked. You can make the plan public immediately
or embargo it for a specific amount of time, up to four years
(e.g. until you expect data collection will be finished).
Talk to your advisors/collaborators about preregistration, why you would like to do it, and how involved they
would like to be in the preregistration process. Again, one
way to think about preregistration plans is that they are
written versions of the study design. Advisors/collaborators
should at least read and approve the content of the preregistration plan before it is registered, even if you did not go
through the sections together; however, going through the
plan together can also be a great way to discuss intricacies
of the project and sort out any issues before data collection begins. If your advisors are not on board with preregistration, a step in the right direction is to use a preregistration template to record all design decisions, even if you
do not formally register it. For additional resources visit the
accompanied OSF project page (https://osf.io/w5mbp/).
Worries. Perhaps the most common worry about preregistration is that it stifles creativity and discovery by barring exploratory analyses. This is false, as well-articulated
by Wagenmakers et al. (2018). Exploratory analyses are perfectly acceptable in preregistered studies, you just have to
clearly specify that the analyses are exploratory, and you
cannot reframe exploratory analyses as though they had always been confirmatory (e.g., HARKing; Kerr, 1998). Another common concern is that you will make mistakes by preregistering the wrong thing or realizing a better approach
after the fact. The fact is, you will make mistakes (Rouder
et al., 2019), but fortunately preregistration is not a binding
contract. You can always create a new registration of
changes, depending on when in the research cycle they occur, or, alternatively, just be transparent about these
changes in your write-up—the key is to be transparent
about what you did. Remember, you do not need to cover
every detail of your study in your preregistration and you
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dations that are current and consistent with best practice
in open science. Additionally, the American Psychological
Association has published Journal Articles Reporting Standards for quantitative studies (Appelbaum et al., 2018) and
qualitative/mixed method studies (Levitt et al., 2018). Importantly, transparent writing does not actually begin with
the writing phase. It is helpful to maintain a log that documents all decisions made in the project across all phases.
Often decisions will be made in meetings or through email
and keeping these all in one place can really help when it
comes to writing.
Worries. A common worry is that writing transparent,
detailed manuscripts will take more time and slow down the
research process. Although following standards may involve
including more detail than one would normally, it may save
time in the revision process. Additionally, it can feel embarrassing to report, for example, that experimenter error resulted in missing data for some measures, or that funding
ran out, so the sample is smaller than intended. Further it
may feel vulnerable to report that, although you had a certain analysis in mind, after reading more you realized another method was better. However, being open about these
things will normalize the humanness of research and help
others designing similar studies, and good reviewers will
appreciate this.
Following these transparent recommendations may result in the paper being too long, either for a journal’s length
requirement or just for your own taste. If you are worried
about this, some additional information can be uploaded
as supplementary materials (e.g., a detailed description of
the procedure including materials; results from robustness
tests, etc.). As long as this is signposted clearly in the paper,
and openly available (e.g. on the OSF project), then this is
perfectly fine, and certainly preferable to the alternative of
not providing the information at all.
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can decide how detailed you would like to be. For those just
starting out with preregistration, we suggest creating a simple plan focused on the research questions, hypotheses, and
how you will test them.

Registered Report (Level: Difficult)

Conclusion: This Is Just the Beginning
In the preceding sections, we have detailed eight specific
open science behaviors that students can engage in right
now. The behaviors vary from easy to difficult, but they are
all doable. Indeed, our definition of “difficult” is in the context of a novice open science practitioner. In the context
of the full open science movement, there are many more
behaviors to engage in across the research cycle, some of
which are quite advanced, including using RMarkdown to
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What? Most journals in psychology, as well as other sciences, make decisions about whether to accept articles
based on the pattern of results. In contrast, Registered Reports seek to shift the selection process to make acceptance
based on sound conceptualization and design (Chambers,
2013; Chambers & Tzavella, 2020). Registered Reports involve a two-part submission process, where authors first
submit a Stage 1 proposal, which includes the introduction,
method, and analysis plan—all before data collection and/or
analysis has been done. This Stage 1 proposal is what is submitted for peer review, with the ultimate outcome being an
“in-principle acceptance” (IPA), which means that the journal guarantees to publish the article, regardless of the results, so long as the accepted plan is followed and executed with sufficient quality. Upon completion of the project,
the results and discussion sections are added to the Stage
1 manuscript and re-submitted to the journal as a Stage
2 manuscript, which is then reviewed to ensure adherence
and quality. Registered Reports are related to preregistration in that they involve making plans prior to beginning
the project, but Registered Reports are even more detailed
and undergo the review process before data collection and/
or analysis. We rate Registered Reports as difficult as they
take the most time; they involve a frontend time commitment, require the most cooperation from advisor/s and/or
collaborators, and involve a lot of time management and
planning to ensure enough time for reviews, participant recruitment and testing, analysis, and the final write-up..
Why? Publication bias, wherein articles are disproportionately accepted for publication based on meeting a specific threshold (e.g., p < .05) or because they fit with prevailing wisdom, is a major problem in psychology (Scheel et al.,
2020). Registered Reports help to reduce publication bias of
only significant results by guaranteeing publication regardless of the substantive outcome. They are intended to center studies that are informative regardless of the outcome
through strong conceptualization and design. Additionally,
the Registered Report process is almost certain to lead to
a stronger project, as the design and analyses are peer reviewed at a stage when changes can actually be made and
not just relegated to the limitations section, preventing “fatal flaws” that could doom the manuscript from publication
altogether. For these reasons, Registered Reports may make
the most sense for those who wish to stay in academia, as
they lead to a guaranteed publication.
How? We strongly encourage readers to consult
https://www.cos.io/rr, which contains a wealth of resources,
including an extremely informative FAQ, and Kiyonaga &
Scimeca (2019), who have created a helpful practical guide.
In terms of graduate students submitting Registered Reports, there may be different considerations for different
types of programs. Worldwide, there is variation in how research is conducted during a Ph.D. program. In many countries the thesis/dissertation consists of a series of studies

that are pursued across the course of study. Because some of
the studies may need to be published prior to defense, time
can be a major concern in such programs (but see below).
In contrast, Ph.D. dissertations in the U.S. typically consist
of a single well-designed study, or series of studies, undertaken towards the end of the program. Interestingly, most
such programs split the dissertation process into two parts.
The first is a proposal, where the student submits the introduction, method, and planned analysis section to a committee for review and approval. The second part is the defense,
where the student reports on the findings. This sequence
is almost identical to the Stage 1/Stage 2 process of Registered Reports, and thus dissertations in the U.S. are very
well-suited for the format.
Regardless of the program structure, to submit a Registered Report as part of your Ph.D., it will be important to
plan ahead. You should talk to your advisors as early as possible in your graduate program, and if they are new to Registered Reports, be sure to review the resource links beforehand to know some answers to worries/questions they are
likely to have. For additional resources visit the accompanied OSF project page (https://osf.io/w5mbp/).
Worries. Preparing a Registered Report may be complicated if your advisor/s, committee members, or collaborators are not supportive of the idea. They will need to be
committed to the idea, as it is not something most students
can do on their own. What students can do is make sure they
are as informed as possible about the benefits of Registered
Reports and responses to common worries and try to respond to whatever their specific worries are. For those students in the U.S. or other countries that use a similar model, reminding them that the process is the same as how they
approach dissertations could be useful to help them see the
value.
As noted, time can be a major concern. Preparing a Registered Report means needing to write a manuscript-length
document and submit it to an appropriate journal, then
waiting and working through the review-revision cycle until
you get an IPA and can conduct the study. This can certainly
take some time, however a substantial amount of time is
saved on the back-end: the analyses are already planned
out, and you know that the manuscript will be accepted
and, thus, you do not need to submit to multiple journals,
waiting through the review process of each until the paper
“finds a home.” Moreover, while the Stage 1 proposal is under review, students can finish preparing everything needed
to get started with the project upon receipt of the IPA. Nevertheless, it is important to keep in mind whether the Registered Report timeline makes sense for when you would be
able to collect data and complete the study.
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write reproducible manuscripts (Mair, 2016), pushing
analysis code to Github (https://github.com/) or some other
repository, and developing preregistration plans that include full analysis scripts based on simulated data (for additional examples see https://www.osc.uni-muenchen.de/
toolbox/index.html). The purpose of this tutorial is not to
overwhelm you with possible practices, but rather to present a few practices that can help ease you into open science. But remember, engaging in any of these practices is
a personal decision that only you can make in a constantly
changing research culture.
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