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Abstract

Current norms for the teaching and mentoring of higher education are rooted in obsolete
practices of bygone eras. Improving the transparency and rigor of science is the responsibility of
all who engage in it. Ongoing attempts to improve research credibility have, however, neglected
an essential aspect of the academic cycle: the training of researchers and consumers of research.
Principled teaching and mentoring involve imparting students with an understanding of research
findings in light of epistemic uncertainty, and moreover, an appreciation of best practices in the
production of knowledge. We introduce a Framework for Open and Reproducible Research
Training (FORRT). Its main goal is to provide educators with a pathway towards the incremental
adoption of principled teaching and mentoring practices, including open and reproducible
research. FORRT will act as an initiative to support instructors, collating existing teaching
pedagogies and materials to be reused and adapted for use within new and existing courses.
Moreover, FORRT can be used as a tool to benchmark the current level of training students
receive across six clusters of open and reproducible research practices: ‘reproducibility and
replicability knowledge’, ‘conceptual and statistical knowledge’, ‘reproducible analyses’,
‘preregistration’, ‘open data and materials’, and ‘replication research’. FORRT will strive to be
an advocate for the establishment of principled teaching and mentorship as a fourth pillar of a
true scientific utopia.

[working document here: https://tinyurl.com/FORRTworkingDOC]
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The teaching and mentoring of transparent, reproducible and open research practices
is the clearest indicator of the degree to which institutions and/or departments
embody principles of credible science (FORRT, 2019).

Advancing science requires open, transparent, reproducible and cumulative research
practices. Perhaps the oldest support for this adage dates back to the 1600s, when the newly
founded Royal Society, the world’s oldest scientific institution, chose as its motto nullius in
verba (“take nobody’s word for it”). The skepticism enshrined in its motto anticipated that
scientific progress is optimized when the conditions for dissent are maximized. Optimal
conditions occur when researchers — or any interested party — have unrestricted access to study
protocols, data, and analyses. This allows researchers to not only reproduce results and
incentivize replications, but also advance science via investigating the conditions under which
findings hold and put competing hypotheses to the test. These fundamental features of science
(McNutt, 2014; Miguel et al. 2014), gathered under the umbrella term “Open Science” or “Open
Scholarship” (Criiwell et. al, 2019; Hampson, 2019), increase the robustness of scientific claims
allowing for reliable interpretation of results.

Unfortunately, open practices have been shown to be underutilized in practice (loannidis,
Munafo et al., 2014; O’Boyle, Banks, & Ginzalez-Mulé, 2014). Worse, questionable research
and measurement practices are widespread (Flake & Fried, 2019; Fiedler & Schwartz, 2016;
Lowenstein & Prelec, 2012) and coincide with the misalignment of incentives in the current
system of academic publishing (Bakker, van Dijk, & Wicherts, 2012; Higginson & Munafo,
2016). Unsurprisingly, the so-called “replication crisis” ensued when the first replication
initiatives released its findings (Franco, Malhotra, & Simonvits, 2014; loannidis, 2005; Open

Science Collaboration, 2015; Simmons, Nelson, & Simonsohn, 2011).
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Almost 10 years later, the replicability rate is estimated to be around 47%—across six
large-scale replication projects, only 90 out of 190 studies have generated results similar to that
claimed by original authors (Camerer et al., 2016; Camerer et al., 2019; Ebersole et al. 2018;
Klein et al., 2014; Klein et al., 2018; Open Science Collaboration, 2015). Note that we use
replicate to indicate testing the same hypotheses with data from a different sample, and
reproduce to indicate returning the same results with the same data, i.e. by repeating analyses.
These replication efforts have ushered in an era in social sciences where globally distributed
networks of laboratories (e.g., the Psychological Science Accelerator; Moshontz et al. 2018) and
collaborative initiatives (e.g., Mannheim Open Social Science Conference - Crowdsourced
Replication Initiative, Political Science Replication Initiative, and Collaborative Replications and
Education Project (CREP)) are leading in replicating studies across disciplines and countries.

If nullius in verba is the earliest example of the union between science and open
practices, the latest crowning achievement might be that of researchers working at the Center for
Open Science (COS). They proposed three overarching guiding principles to steer social sciences
towards academic utopia:

1. opening scientific communication (Nosek, & Bar-Anan, 2012),

2. restructuring incentives and practices (Nosek, Spies, & Motyl, 2012), and

3. crowdsourcing science (Uhlmann et al., 2018).

Further, they have partnered with DARPA (the United States’ Defense Advanced Research
Projects Agency) to implement ways to systematically and reliably evaluate the credibility of
scientific findings via artificial intelligence. SCORE (Systematizing Confidence in Open
Research and Evidence) is projected to last three years with an estimated cost of $7.6 million

(Center for Open Science, 2019). Taken together, these steps reflect a widespread awareness of,
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and call for, improved practices ushering in the “credibility revolution” (Vazire, 2018). This
revolution includes higher standards of evidence, preregistration, direct replication, transparency,
and openness in the process of science making (e.g. Nosek et al., 2018; Nosek & Lakens, 2014;
Zwaan et al., 2017; Wagenmakers et al., 2012).

In our view, a scientific utopia has a fourth pillar, whose principal goal is to familiarize
students, who are future consumers of science and perhaps themselves knowledge producers,
with the intricacies of the process of science. We believe the teaching and mentoring of
reproducible and open research practices is the clearest indicator of the degree to which
institutions and/or departments embody principles of credible science. This demonstration goes
beyond paying lip service to best practices, and ensures that students are trained to engage in
these practices wheresoever. In this article, we first justify these assertions and then present a
didactic infrastructure designed to recognize and support the teaching and mentoring of open and
reproducible research in tandem with prototypical subject matters in higher education.

The need for integration
Nothing in science has any value to society if it is not communicated.
(Anne Roe, 1953, pp. 17)

The noblest of crafts, teaching is seen as the royal road to learning. It affords
opportunities to guide young minds toward greater understanding while deepening one’s own.
Teachers, in addition to edifying students’ education and future, strive to kindle that primal spark
igniting passion for knowledge. In higher education, this pivotal mission falls on faculty, whose
job description predominantly consists of teaching and research (along with, to a lesser extent,
administrative tasks and service). The view that scholars are better equipped to impart into

students’ knowledge gained through research is enshrined in the academic ethos, and embedded



FORRT: A framework for open and reproducible research training | 6

into universities’ histories, objectives, and institutions. The underlying rationale behind teacher-
researchers is that those on the cutting edge of their discipline provide students a sense of
authenticity and excitement through active involvement and contributions to the field's
advancements. Marsh and Hattie (2002) add teacher-researchers are in better measure to present
a birds-eye view of disciplines and “are more effective at instilling an actively critical approach
to understanding complex research findings rather a passive acceptance of facts” (pp. 604).

We expand this argument to faculty with solely teaching responsibilities, in that these
scholars are also well placed to integrate criticality, and an understanding of the process of
research, into their teaching. We recognize the balance of scholars’ teaching and research
responsibilities varies widely, and we aim to ensure the Framework for Open and Reproducible
Research Training (FORRT) is relevant for all teachers. Suitability as educators stems from
familiarity with the procedures of knowledge generation, not from knowledge of scientific facts
alone. This competence is habitually neglected in higher education — to the detriment of its
students — where it is commonplace to give deference to communicating scientific/technical
information over teaching a way to knowledge. Marks (2009) raises a fundamental question
about science education:

If science is a process of knowledge production, then is science education best expressed

as teaching students the process or as teaching them the knowledge itself? If we focus on

teaching students the accumulated knowledge, the facts of science, then we are not
actually teaching them science. Rather, we are teaching them science’s products, and
indeed we are misleading them by substituting the teaching of scientific facts, as if it

were the teaching of science itself (pp. 22).
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In higher education, it is not sufficient to teach about what scientists know — and it may
be deceiving to do so. Science education inevitably entails learning about how scientists learn
what they know. This education is an instance in which the whole is greater than the sum of its
parts; that is, a collection of scientific evidence (or the unreflective and decontextualized
transmission thereof) does not vyield scientific literacy. Thus, should higher education
institutions, and scholars within, want to fulfill its prescribed goals, the integration between the
teaching of subject matters and the tenants of modern science is condicio sine qua non.

Current practices and why academics should care
“Being able to identify reproducible research and appreciate openness and rigor is an essential
skill to be a good consumer of research” (Criwell et al., 2018).

Core to science, any science, is a system of methods of inquiry and knowledge
production. While these vary widely from one field to another, contingent on studied phenomena
(i.e., formal, natural, social and applied sciences) and on the use of methods (i.e., qualitative
and/or quantitative), a common thread unites the different flavors of scientific enterprise:
transparent, reproducible and cumulative research practices. Yet, it is still very common that
graduates and undergraduates are deprived of ever hearing about these tenets through their
education. As an example, while there have been several efforts to gauge academics’ awareness
and opinions of best research practices (Baker, 2016; Fanelli, 2018; Harris et al., 2018; Igbal, et
al., 2016; Raheel & Kujan, 2016), so far, only one study estimated its prevalence among
students. Results are concerning. Chopik and colleagues (2018) reported that only 31% of the
students they surveyed had heard of the reproducibility crisis. This finding is not ideal because
hearing about these terms (e.g., reproducibility, credibility revolution, pre-registration, registered

reports, HARKing, etc.) is a reasonable indicator of the quality of science education students are
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exposed to. Insofar higher education institutions aim to prepare students for an increasingly
technological workforce whose advances affect everyone’s lives in ever shorter time spans, its
training ought to provide compulsory knowledge for practical adjudication of scientific output.

Furthermore, the idea that science education is only desirable for future academics is
unbecoming, as good consumers of research should be able to identify reproducible research and
understand the value of openness and rigor in scientific research (Criwell et al, 2018). Since the
majority of higher education students will not pursue academia, and thus will not receive further
scientific training, higher education presents perhaps the last, best opportunity to formally teach
prospective consumers of research how to conduct scientific research. In doing so, scholars not
only increase the chances of leaving a lasting impression influencing students’ beliefs about
science, but also how they envision and perceive science, which ultimately dictates how they will
interact with it in their future.

Consider the rate by which higher education is becoming the norm. In the US, master's
degrees are as common now as bachelor's degrees were in the 1960s, and in Europe, countries
have quintupled, on average, the population with tertiary degrees in the same period (World
Bank, 2010). In sheer numbers, 4.7 million students graduated from tertiary education
establishments in the EU-28 in 2016 and 4 times as many were still studying (EUROSTAT,
2016). Analogously, in the US, between 35-40% of the population indicate some sort of higher
education degree (CPS, 2014). Today’s bachelors and master’s students are likely to be
tomorrow’s decision makers and opinion leaders. Even after leaving higher education, they will
have numerous opportunities to impact science, positively or negatively, as discerning

consumers of scientific research, or as patrons of science via voting and philanthropy.
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Social Justice and Inclusion

Perhaps the most overlooked aspect of the importance of science education, and the
tenets of modern scholarship like transparency and open practices, is that of social justice. The
current model of scientific production and educational practices reproduces global inequalities.
Unfortunately, academia is still a privilege few can afford. Science is built on the same
foundations of society itself, which means that science has inherited many of society’s
systematic barriers hindering the success of traditionally marginalized groups — whether based on
gender, race, ethnicity, origin or social class. In science, wealthy and elite-educated individuals
are over-represented, as are males, whites, and citizens of western industrialized rich countries.

Current academic structures around science communication, prestige-based funding, and
teaching and mentoring practices perpetuate the power imbalances and exploitation of privilege
by failing to address key issues salient to marginalized social and geographical contexts (Siler et
al., 2018) and increasing the inequality around the diffusion of scientific ideas (Morgan et al.,
2018). Known as the Matthew effect (Merton, 1968), it describes how, contrary to popular belief,
the key factors predicting recognition of one’s scientific work are factors like seniority, location,
and institutional reputation — unfortunately, not quality. This then trickles down to funding,
visibility and citations of one’s scientific work (Merton, 1988). For example, Bol, de Vaan, and
van de Rijt (2018) have shown that fund/grant winners slightly over the funding threshold
accumulated more than twice the funding during the subsequent eight years as non-winners, even
with near-identical review scores.

Similarly, junior researchers who co-author with prominent scientists have an ongoing
competitive advantage, including continued co-authorships with top-cited scientists and a higher

likelihood of becoming one themselves (Li et al., 2019). Differences in recognition, reputation
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and scientific productivity may be explained by cumulative advantage and search costs
minimization by journal editors. The parallels with other forms of inequality which are
widespread across societies — e.g., economic inequality wherein economic attainment is often a
function of one’s circumstances rather than merit — are not accidental. Rather, it is a reflection of
societal arrangements over which Academe was built.

To mitigate the detrimental effects on the access to, learning about, and production of
scientific content, it is paramount to create conditions for knowledge to become a public good -
accessible to all members of society (Steltenpohl, Anderson, & Daniels, 2019). One way to
achieve this goal is to integrate the teaching and mentoring of subject matters with open and
reproducible research practices. Higher education institutions, and scholars therein, can then
maximize every student’s likelihood of present and future engagement with resources,
facilitating the acquisition of knowledge and bolster opportunities that would otherwise be
inaccessible to disadvantaged individuals. In leveling the playing field, abiding scholars and
institutions would contribute towards greater diversity and democratization of science, and
improved scientific literacy, consumption, and participation. The burden of implementing these
efforts can be reduced if allied with new and existing initiatives such as open educational
resources (OER), massive open online courses (MOOCs), and websites providing free access to
millions of (otherwise paywalled) research papers and books. There is also a plethora of general
and subject-specific infrastructures to achieve open education through new pedagogies such as
Open Core Courseware, Git-Hub, and freely available statistical suites.

In addition to the lack of open materials and software, high-tech hardware can often
impede the learning and practice of science. Across a variety of fields, hardware is a vital part of

the scientific process, and advances in instrumentation have been central to scientific revolutions
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(e.g., telescopes, microscopes). By adopting principled research and education practices
scientists have gone all-out to provide affordable, reliable, and easy to use instrumentation to
enable as many people as possible to contribute to research (GOSH, 2019). With hopes to make
open-source hardware ubiquitous by 2025, the Open Science Hardware community has emerged
as a powerful movement to reduce barriers obstructing access to high-tech hardware necessary
for the pursuit of scientific knowledge. From 3-D printed micropipettes labware meeting ISO
standards (Brennan et al. 2017) to the sophisticated equipment used at Large Hadron Collider at
CERN, a rich variety of free and open hardware, often exceeding the quality of its paid
counterparts, can be found at the Open Hardware Repository. When providing non-scholars with
similar access to, and knowledge about, deeply intricate scientific content, new scientific
breakthroughs become possible. More than ever, members of the general public are able to
participate in research projects, often in collaboration with, or under the direction of, professional
scientists and their institutions. For example, a study surveying 388 scientific projects on
biodiversity found that between 1.36 and 2.28 million citizen scientists have worked and
meaningfully contributed to these projects generating between $667 million to $2.5 billion
annually (Theobald et. al., 2015).

These developments are based on the idea that science is a community endeavor, wherein
open inquiry and public participation is at the heart of the scientific enterprise. Here, the
integration of teaching subject-matters along with open and reproducible scholarship sits at the
very foundation of these advances as it gives students, citizen scientists, and aspiring scholars the
necessary tools to engage with science-making. Furthermore, open teaching initiatives allow for
a wider variety of societal actors — including researchers, citizen scientists, policy makers,

businesses, and third sector organizations — to collaborate and contribute their expertise towards
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a common goal in science production. Ultimately, this means better aligning the scientific
process and its outcomes with principled values, societal expectations and its needs.

In what follows, we advance our ideals about principled teaching and principled
mentoring, which are foundational to the edification of FORRT as framework for open and
reproducible research training.

Principled teaching
The objectives and the methods for the teaching of the responsible conduct of research should be
nothing less than those used for the teaching of other skills and abilities valued within a
discipline. (National Research Council, 2002)

There is something to be said about the ethics of current teaching practices. An increasing
number of scholars have incorporated reproducible, transparent, and open principles to their
research pipeline. However, the associated social and ethical responsibilities towards the
teaching of these principles is yet to be realized. Moreover, when institutions and academics
make efforts to assimilate open science into their educational programs to foster awareness about
the intricacies of the scientific production, it usually is through the “research integrity” lens.
Thus, it is framed more for researchers in the process of making research, rather than for
imparting these lessons to students.

The view that a gap in information is justifiable regarding the intricacies of scientific
production between researchers and non-researchers is not restricted to academics but also
includes scientific institutions, open-science initiatives, and labs adopting best research practices
(e.g. Fischer & Zigmond, 1996; Gifford, 1994; Hensel, 1991). But, there are exceptions to the
rule. In 2002, the National Research Council makes several mentions on the importance of

teaching ‘students’ (unfortunately, unspecified) about integrity in scientific research, whereupon
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they argue that “useful insight into the best practice for education in the responsible conduct of
research comes by analogy to the education of students in the critical analysis of the research
literature in their fields,” and, “education in the responsible conduct of research should be no less
integral to the education of a researcher” (p. 85).

What is more, out of more than 200 actors in the Open-Science Grassroots Community
Networks, only four mention ‘teach-’, mostly to indicate resources’ availability. Similarly, the
literature review we conducted (described later and presented in table 2) to develop the
framework aspect of FORRT, a surprisingly low frequency of mentions of ‘teach’, ‘teacher’, and
‘teaching’ were found in the surveyed readings. Taken together, and while certainly suggestive
evidence, these are indicative that the norm in higher education is to (a) separate students from
aspiring researchers, and (b) omit educating students about the replication crisis, credibility
revolution, and open-scholarship. This oversight is not surprising given that social science
disciplines have historically focused on single studies while relatively little attention is given to
the issue of its replicability (cf., Asendorpf et al., 2013).

It is still common practice to teach subject matters, at undergraduate and graduate levels,
for quantitative and qualitative science, without resolutely emphasizing that scientific claims
should be taken in light of epistemic uncertainty — i.e., the intrinsic incertitude about the validity
of truth claims (including scientific). Perhaps the most conspicuous case is the pervasive belief
that statistical analyses give a ‘seal of objectivity’ to the research conclusions, whereas this
preconception may be ill-advised (Freese & Peterson, 2018). Berger and Barry (1998) argue that
acknowledging data interpretation’s inherent subjectivity allows us to recognize the role
statistical analysis plays in integrating new evidence with existing knowledge. It is not difficult

to find heated discussions in the literature on fine details of model specifications, but harder to
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find discussions on measurement and research design. The late astronaut Neil Armstrong
illustrated this point: “if you are off by an inch on the landing, no big deal. If you are off by an
inch on the takeoff, you miss the moon by a million miles.” Inasmuch as the verity of quantitative
scientific findings hinges on probabilistic uncertainty, research design, measurements and
instruments, sampling methods and representativeness, we should communicate the facts of
science relative to the process by which it was acquired. This idea is enshrined at the core of the
open science movement, the credibility revolution (Vazire, 2018), open access (Nosek, & Bar-
Anan, 2012; Tennent et al., 2016), and better measurement practices (Flake & Fried, 2019).
These notions are not restricted to quantitative sciences. The same tenets are applicable to
the production of knowledge in general. Observational and qualitative research, for example, are
contingent upon methods utilized, analytical choices, and theoretical framework. This is also true
of literary and language studies; Queneau (1947), for example, has shown that it is possible to
tell the same story in 99 different ways, each in a different style. Four centuries before, Erasmus
of Rotterdam (1523), in Copia: Foundations of the Abundant Style, demonstrated 195 variations
on the sentence "Your letter delighted me greatly." The garden of forking paths is an inescapable
metaphor of non-deterministic objective epistemic systems (cf. Tannert, Elvers, & Jandrig,
2007). Merton (1957) asserted that given this path dependency, scientific progress can only
occur through “organized skepticism” — i.e., continuous and iterative debates on the role of
random and systematic errors, competing explanations, or interpretations (Peters & Dunwoody,
2016). Similar issues have been raised for qualitative research and it has been proposed that
preregistration can be used to foster analytic transparency (Haven & Van Grootel, 2019)
Typically, academics are familiarized with, and utilize, heuristics in line with epistemic

uncertainty, especially when it comes to judging the output of each other’s work. Indeed,
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epistemic uncertainty is one key aspect motivating the peer-review system. Unfortunately,
however, science education — i.e., teaching and mentoring — has yet to take heed from the
credibility revolution and realize that the lack of integration between field content and epistemic
uncertainty undermines the paragon of higher education. In addition, it has the unfortunate
consequence of teaching students a false sense of certainty about ‘the facts’ of science, which
can be thought of as misleading, if not unethical (Marks, 2009).

These assertions find normative support in several social sciences’ codes of conduct — we
use psychology as an example, but do not intend to limit focus on any particular field. For
example, the Ethical Principles of Psychologists and Code of Conduct of the American
Psychological Association (APA) stipulates the following guidelines:

¢ When engaged in teaching or training, psychologists present psychological information

accurately (Section 7.xx);

e Psychologists undertake ongoing efforts to develop and maintain their competence

(Section 2.03); and

e Psychologists take reasonable steps to ensure that course syllabi are accurate regarding

the subject matter to be covered, bases for evaluating progress, and the nature of course

experiences (Section 7.03).

Considering the reproducibility crisis, we believe a probable interpretation of these
guidelines involves being supportive of teaching subject-matters while communicating the
possible caveats and uncertainty associated with any scientific work, and to focus on continuous
self-improvement and education as a mean to teach Psychological Science accurately. Indeed,
the ideas instilled on the APA’s Code of Conduct portray the scientific enterprise as a continuous

learning process, whose application in science education not only contributes to a more realistic
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portrayal of the subject matter but also helps shatter the academic glass ceiling - which
ultimately could promote the curiosity and interest of students about the academic profession.
Principled mentoring
“If I have seen further it is by standing on the shoulders of giants”
(Sir Isaac Newton)
Many academic achievements would not have been possible if it were not for exceptional
mentoring and provision of resources. Central to the academic ethos, the relationship between
mentor and mentee is one of scientific genesis, incremental contributions, and personal and
professional development. For mentors, it is a chance to not only guide young minds towards
greater understanding, but also to deepen one’s own. For students, this stage can be liberating
and empowering as, for many, it is only here that they leave the strictly formal, and often
hierarchical, pupil-educator relationship to experience a more collaborative, levelled rapport.
Undeniably, the typical mentorship involves a great deal of idiosyncratic bureaucratic
procedures, but the imprimatur generated on students by coordinating in qualified capacity with
professional academics should not to be underestimated. Exchanging constructive ideas and
mutual feedback provides a unique, and often first, opportunity to be heard in an academic
setting, to feel one can aggregate scientifically. Whether it is on an original project, existing, or
as a part of a coordinated effort of a larger project, they all aim at producing knowledge. This
exceedingly legitimizing academic experience is optimized when intrinsic and extrinsic
motivations align, that is, when students feel they have something with which to contribute, and
the product of it would be valued. One way to achieve this is to expose students to field-specific
(and general) knowledge about the intricacies and procedures of science making, its flaws and

merits. Apropos, open and reproducible tenets serve as an accessory to mentorship pedagogy.
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Principled mentoring — mentorships integrating subject matters and open and reproducible
science tenets — has three advantages: first, it endows students with the ability to discover on
their own the myriad of ways their skillset allows them to do better than previous attempts.
Second, it enables students to see their work and efforts serve a (higher) purpose — to aggregate
and positively impact the scientific community. Third, it contributes to students’ overall
scientific and technological edification, yielding a better trained workforce and consumers of
science.
While FORRT’s ideals operate at the higher-education level, it has a role to play in the
instruction of prospective scholars.
Training Future Academics
“Tout enseignant est enseigné, tout enseigné est enseignant”
(Inscription, Sciences Po, Paris)
As it goes, scholars’ professional success depends on publishing, which, allied with
journal editors’ preferences for novel and positive contributions, effectively inflate the rate of
published false effects. As scientists seek to uncover truth — conditional upon available evidence,
scientific method and vigorous and open dissension — these dysfunctional incentives ultimately
lead to a biased and unchallenged body of literature. In other words, the current structure
contributes negatively to the process of science-making and knowledge accumulation (e.g.
Smaldino & McElreath, 2016).
This notion, while counter-intuitive to scholars themselves, is particularly surprising to
those outside academia, at least in part, because higher education students are largely left on the
dark about the matters of science. The next generation of researchers is virtually unaware of

Academia’s defective structure of incentives, the way it manifests itself (i.e., garden of forking
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paths, researchers’ degrees of freedom, selection bias, HARKing and p-hacking), and its
consequences (i.e., inflated false positive, asymmetric distribution of p-values in publications,
reproducibility crisis). And as these topics are not imbued at the onset of their professional
careers, and as higher-ed students only know what they are taught or exposed to, it is naive to
expect the next generation of researchers will understand, value, and maintain the better
institutional constraints and open research procedures implemented at the dawning of the
reproducibility crisis. For example, if future scholars are not taught about the perils of p-hacking
(a large collection of practices intended to yield a ‘significant’ p-value), why would they care
about pre-registering studies? At best, the lack of proper training delays the onset of best
research practices. The fact that it is still common practice to teach subject matters without
emphasizing that scientific claims should be taken in light of probabilistic uncertainty, research
design, samples and measurements used undermines the beneficial change achieved in recent
years. At the very least, by upholding the status quo in teaching practices scientists risk missing
out on generational leaps of scientific progress - if not a recurrence of the closed and irreplicable
practices that gave rise to the scientific crisis in the first place.

By no means is this discussion representative of the breadth of challenges facing aspiring
scholars. In addition to the filter of inequality (economic, racial/ethnic and geographical), which
fixes both quality and access of opportunities and educational resources: future scholars are only
exposed to field-specific content. Too often graduate program lack adequate training in research
methods, data acquisition, data management, and statistical coding. And often, graduate students
are left on their own in learning about project and time management, publishing strategies and
journal’s idiosyncrasies, teaching skills, peer-review, managing research assistants,

conferencing, applying for funding and granting institutions/foundations, navigating mental
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health issues, and dealing with micro- and macro-aggressions while minority. It is no surprise
that, in 2016, a survey conducted by Nature, researchers identified better mentoring and
supervision as one of the most likely strategies to improve science (Baker, 2016).

It would be easy to blame this unfortunate state of affairs solely on researchers, but here
too, dysfunctional structures are at play. The context is that academic faculty positions are
scarce, and number of applicants vastly outnumbers the available offers. Aspiring academics also
must grapple with the reality that factors beyond the quality of their work affect the chances of
their promotion substantially (e.g., gender, race, rank and prestige of university, journal impact
factor; cf. Morgan et al., 2018; Van Dijk et al., 2014). Also worrisome is that the current
incentive structure seems to favor quantity over quality in terms of published works (Allen &
Mehler, 2019; Flier, 2017; Moher et al., 2018; Naudet et al., 2018), which is to say scholars are
not incentivized to pursue better research practices such open and reproducible science because it
puts them at a disadvantage compared to everyone else. It is under this arrangement that
investigators are told that their job description is to teach and conduct research - as productively
and as efficiently as possible - at the same time (Vicens & Bourne, 2009). But the truth of the
matter is that academics are neither incentivized nor trained in the art of teaching, which in part,
is a reality arises because academia is ultimately a market of prestige, in which administrative
decisions such as hiring and promotion are almost exclusively grounded on research output and
its impact (Fox, 1992; Garvin, 1980). So, researchers’ commitment to teaching are often
sensitive to the competing demands of research, administrative bureaucracy, mentoring,
academic management and teaching.

Science is a community enterprise, which relies on a set of social norms, principles, and

expectations defining a scientist’s ideal conduct. Despite counterproductive structures and
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misaligned incentives, scientists persevere in their efforts to aspire increasingly improved goals.
In the recent decade, academics made strides in steering the production of science towards
scientific utopia, an ideal driving the adoption of transparent and reproducible practices (Nosek,
& Bar-Anan, 2012; Nosek, Spies, & Motyl, 2012; Uhlmann et al., 2018; but see DORA and TOP
guidelines at the incentives level). While there is a long way to go, these developments are
already bearing fruit and substantive improvements were achieved with respect to the adoption
of open and reproducible science practices (TAOS/COS). For example, the Tracking Adoption of
Open Science (TAOS) project aims to provide insight on the adoption and spread of open
science using an easily accessible method of assessment via the use of the OS tool at
www.osf.io. Preliminary results indicate a rate of adherence of 35%, which is higher among the
youngest scholars, and which has been strongest in Australian, the Netherlands and the UK — in

comparison with the US, Germany and Canada (full report here: https://cos.io/blog/rise-open-

science-psychology-preliminary-report/). This movement is heartening, and evidence that

academia can change for the better.

Taken together, we hope to have depicted a revealing portrait of the current demands
placed on teaching practices, its consequences and challenges. We also hope to have reasoned
convincingly that the integration between teaching and mentoring of subject matters and open
and reproducible science is not only desirable, but necessary. And we hope to have established
with our review of implemented initiatives that there is not yet a way for willing scholars to
easily transition from the traditional educational set-up to an integrated, open, and transparent
teaching and mentoring pedagogy. Our project, a Framework for Open and Reproducible

Research Training (FORRT), aims to rectify this.


https://cos.io/blog/rise-open-science-psychology-preliminary-report/
https://cos.io/blog/rise-open-science-psychology-preliminary-report/
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FORRT: from Vision to Reality

The provision of instruction in the responsible conduct of research derives from a
premise fundamental to doing science: the responsible conduct of research
is not distinct from research; on the contrary, competency in research entails responsible
conduct and the capacity for ethical decision-making (NIH, 2012, pp. 84).
In an effort to support this movement’s sustainable development, we propose FORRT, a
Framework for Open and Reproducible Research Training. As the tentative fourth pillar of
scientific utopia, its main goal is to provide educators a pathway towards the incremental
adoption of principled teaching and mentoring practices. That is, gradually integrating discipline
content with open and reproducible science tenets, and opening ensuing materials. FORRT

supports this endeavor through a three-pronged approach:

1. modifying the academic incentive structure regarding teaching and mentoring through
assessment and commendations of principled teaching and mentoring, which in turn
are documentable and relevant to the researchers’ visibility, prestige, tenure and
promotion reviews;

2. providing a comprehensive, straightforward, and accessible didactic framework to
qualify and quantify current adherence to principled teaching and mentoring and
providing a clear perspective going forward; and

3. equipping scholars with the necessary tools to acquire familiarity on open and
reproducible research practices, its accompanying teaching and mentoring resources,
and with successful and implemented pedagogies to help scholars realize principled
education with ease.

Indeed, FORRT does not intend to further burden scholars’ packed schedules, but rather
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facilitate the crystallization of open and reproducible tenets across researchers’ professional
activities in a feedback loop between cultivating better research practices, mentoring, and
teaching. Accompanying these rather scientifically-oriented recommendations, FORRT also
hopes to start a conversation on, and encourage debates about, both the ethics and social impact
of teaching substantive topics without regard for scientific openness, epistemic uncertainty, and
the credibility revolution (e.g., educating the consumers of science and potential mitigation of
downstream consequences of current anti-science, anti-climate change and anti-vaccination
movements; for examples for the former and latter, respectively). Lastly, FORRT also advocates
for the progressive opening of teaching and mentoring materials as a means to facilitate access,
discovery, and learning from extant teaching and mentoring pedagogies and materials to those
who otherwise would be educationally disenfranchised. In sum, with FORRT’s consolidation of
the what, why, and how of improving teaching and mentoring practices, it hopes to contribute to
the sustainability of the grassroots movement for the improvement of science and help foster
social justice through the democratization of scientific educational resources and pedagogies.

In the previous sections, we hope to have persuasively discussed the what, and the why of
FORRT. The following sections will focus on the how.
The framework: educational nexus

We conceptualize FORRT as an educational nexus, integrating its diverse components
into an educational infrastructure serving those wishing to learn, adopt, and disseminate open
and principled teaching. FORRT’s e-learning platform is a hub for community-driven initiatives
and resources. The focus lies not on aggregating resources but on making sense of existing
initiatives and materials, and filling in the gap where none exist. Teachers’ and researchers’ time

constraints are substantial, and any time or effort spent on education and learning are likely to
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pose a challenge to other commitments — sometimes deemed worthier, given the lack of
incentives and recognition for quality teaching and mentoring. This challenge motivated FORRT
to develop strategies and propose solutions to mitigate the effects of competing academic
interests and help scholars implement open and principled education in their workflows.
Thematic clusters and sub-clusters. Based on an informal literature review, FORRT
identified six clusters pervading open and reproducible literature: (1) reproducibility and
replicability knowledge, (2) conceptual and statistical knowledge, (3) reproducible analyses, (4)
preregistration, (5) open data and materials, and (6) replication research. FORRT further
specifies its comprising components as a means to draw fuzzy boundaries between clusters while
allowing for diversification and heterogeneity in how each chooses to integrate these sub-clusters
with field content. Under Cluster 1, for example, six sub-clusters were identified: (1)
‘reproducibility crisis and credibility revolution’; (2) ‘exploratory and confirmatory analyses’;
(3) ‘questionable research practices, its theory, and prevalence’; (4) ‘proposed initiatives for the
improvement of science: on statistics, measurement, teaching, data sharing, code sharing, pre-
registration, replication’; (5) ‘ongoing debates’ (e.g. incentives for and against open science);
and (6) ‘ethical considerations for improved practices’. The breakdown of each cluster into sub-
categories provides scholars with useful information on the extant of open science scholarship,

and how they are connected to one another.
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Table 1. FORRT’s Cluster and Sub-clusters.

I. Reproducibility Crisis and

Credibility Revolution II1. Reproducible analyses V. Preregistration

Attainment of a grounding in the
motivations and theoretical
underpinnings of reproducible
and open research. Integration

Reproducible analyses allow the
checking of analvtic pipelines and
facilitate error correction.
Enacting this principle requires

with field specific content (i.e., or students to move towards
grounded in the history of transparent and scripted analysis
replicability) practices
fiti Purpose of preregistration -
. Reproducibility crisis and Strengths of reproducible Kno?v] °s of el distinguishing exploratory and
i i e . Y publication models. Open
credibility revolution. pipelines. blishi . confirmatory analyses,
S P 8. pret transparency measures
. . Preregistrati d registered
Exploratory and confirmatory Scripted analyses compared Reasons to share; for science, cregistratiof anc regls
analyses with GUI and for one’s own practices reports - strengths and
e ’ differences
i prveees (s “heory, and i  Damwrangli Reposiories: 25, OSE, 10
. pr 1y°), t gung FigShare, GitHub YO PTETtEen

prevalence. data?
Proposed improvement science
initiatives on statistics,

iv. measurement, teaching, data Programming reproducible data Accessing/sharing others data,

. ! iv. e code, and ials Writing a preregistration.
sharing, code sharing, pre-
registration, replication.
Ongoing debates, (e.g. C i istration to
v. incentives for and against open v.  Open source and free software. omparing a preregistration

a final study manuscript.

science).

Tools to check yourself and Conductin istered
vi. others; statcheck, GRIM, and S t::;)reregs
SPRITE study.

Ethical considerations for
improved practices.
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Curated readings. The first is FORRT’s entry-level selection of open and reproducible
science literature aiming to convey its basic tenets as succinctly as possible. This provides
unfamiliar researchers a starting point — a guided tour, if you will — of open and principled
education principles. FORRT’s entry-level curated list is designed such that small-time
commitments can yield meaningful improvements in reproducible and open-science teaching. As
shown in Table 4 below, it provides two essential sources for open education, principled
teaching, principled mentoring, and two for each FORRT cluster. These curated lists incentivize
incremental improvements while decreasing informational and time encumberment.

Crowdsourced Resources Nexus. FORRT recognizes the importance to democratize the
access and development of teaching and mentoring materials for open and reproducible science.
For this, FORRT aims to serve as a centralized educational platform (i.e., nexus) for a rich,
diversified, and up-to-date collection of open and reproducible science resources for teaching
and mentoring. These live educational resources collectively provide a comprehensive and plural
library of online teaching and mentoring materials. Currently, it lists approximately 600
resources between publications, books, blogs, syllabi, podcasts, educational videos, OS courses,
OSF projects, software, a variety of websites and other collections of resources.

FORRT verifies all resources therein and adds relevant tags, description, origin, and
appropriate clusters. This massive undertaking is done as a mean to maximize usability and
fulfill its potential. In addition, this database is open to the community’s input. That is, scholars
add educational resources via a Google form that feeds into the live database, which increases its
impact and visibility. The form is straightforward and can be easily filled in with tags so that the

entered resources are appropriately categorized for easier retrieval. FORRT is currently devoting
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resources to transform this database into a ‘back-end’ source for a more functional, scalable and
visualizable educational asset.

Implemented pedagogies. FORRT aims to collect and catalog instances in which
principled education are implemented. FORRT has created a centralized platform aiming to
provide detailed examples of successful pedagogies across social sciences — in teaching,
mentoring, and openness of these materials — in the real world. We hope that interested parties —
i.e., scholars, instructors, educational institutions aiming to develop or reform degree programs
and courses — can use FORRT’s pedagogies as an initial template towards the creation of their
personalized pedagogies. FORRT intends to facilitate the initial costs of integrating field specific
education with open and reproducible science tenets.

For example, it has been suggested that one potential solution to the replicability crisis is
to make replication an explicit part of higher education pedagogy (Everett & Earp, 2015; Frank
& Saxe, 2012; Grahe et al., 2012; Hawkins et al., 2018; King et al., 2016; LeBel, 2015; Standing,
2016). So, in addition to formal teaching of courses on replications (Janz, 2015), mentorship
offers an important avenue into the dissemination of open and reproducible research principles.
One strong example of principled mentoring is a consortia approach (Button et al., 2018) in
which students collaborate on an overarching project (while still ensuring sufficient
independence). Importantly, students are mentored through a research process that maps more
effectively to best practices; studies are typically pre-registered, they are sufficiently statistically
powered to address the core research questions, and open research practices are followed
throughout. Similarly, individual courses can be leveraged to mentor students through open and
reproducible practices. For instance, the Collaborative Replications and Education Project

(CREP; Grahe et al. 2018) offers students with training opportunities to conduct large-scale
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collaborative replication research projects, and training and support for teachers wishing to guide
their students through these projects. Thus, principled education can leverage the aforementioned
ideals to teach and train students (open to all students, not only those pursuing a career in
academia) the procedures of science and its intricacies along with hands-on-approach to relevant
concepts (such as reproducibility, replication, pre-registration, analytical flexibility, etc.),
involving tasks addressing the broad range of skills that they will need as professionals, such as
understand and communicate data insights (collect it or perform experiments), precise and
complete record keeping, accurate reporting of results, and a commitment to oral and written
presentations and publication.

The framework assessment: thematic clusters, sub-clusters, breadth and depth

We set out to design a pedagogic assessment framework enabling a nuanced perspective on
the degree of open and reproducible research teaching and mentoring. Ideally, such a framework
should be — at the same time — comprehensive but uncomplicated, informative and expedient. For
this, FORRT conducted a literature review on open and reproducible practices, which is
presented in Table 2.

Pedagogical Assessment. In the first instance, we aim that teachers use the FORRT
assessment to benchmark current teaching and mentoring practices. We have developed a survey
to collect this information. There are no pre-requisites to take the survey. The survey was
designed to be self-explanatory, but both during the survey and in FORRT’s website

(https://forrt.netlify.com) there are instructional materials and videos (via platforms such as

YouTube and Vimeo) with which scholars can further inform themselves. The working version
can be found in the supplemental materials (see appendix ). The assessment process is

straightforward. The survey starts with a debriefing along with a consent form, after which they


https://forrt.netlify.com/
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are redirected to a page explaining FORRT’s what and the why. Here, respondents are provided
with links to FORRT’s framework (website, manuscript, resources, social media). What follows
is a simple questionnaire on personal information such professional affiliation and teaching and
mentoring experience. Respondents are then given the opportunity to choose to evaluate their
teaching, mentoring or both. The questions format and content are identical — except that, for
teaching, the questions allow for more granular assessment. This delineation is included so to

facilitate comparisons between these two essential educational aspects.
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Table 2. FORRT’s associated literature, descriptions, organized by Cluster and Sub-clusters.

Cluster Description Sub-cluster Papers and Initiatives
- . - Munafo et al. (2017); Vazire, S. (2018); Chambers (2017);
. Repmd“c'b";ggl’l'j'izs“d credibility - iwell et al. (2019); Merton (1968; 1988); Baker (2016):

.
Reproducibility
Crisis and
Credibility
Revolution

Attainment of a
grounding in the
motivations and
theoretical
underpinnings of
reproducible and
open research.
Integration with
field specific
content (i.e., or
grounded in the
history of
replicability)

V.

Vi.

Exploratory and confirmatory
analyses.

Questionable research practices (its
‘theory’), and prevalence.

Proposed improvement science
initiatives on statistics, measurement,
teaching, data sharing, code sharing,

pre-registration, replication.

Ongoing debates, (e.g. incentives for
and against open science).

Ethical considerations for improved
ractices.

Edwards & Roy (2017).

Wagenmakers et al. (2012); Lin & Green (2016);
Chambers (2017); Wagenmakers, Dutilh, & Sarafoglou
(2018).

Simmons, Nelson, & Simonsohn (2011); John,
Loewenstein, & Prelec (2012); Wicherts et al. (2016);
Gelman & Loken (2013); Smaldino & McElreath (2016).

Klein et al. (2018); Cruwell et al. (2019); Peng (2015);
Munafo et al. (2017).

Pashler & Harris (2012); Fanelli (2018); Bahlai et al.
(2019); Chen et al. (2019); Drummond (2018); Fell
(2019).

Chopik et al. (2016); Bol et al. (2017); Edwards & Roy
2017); Jones (2007); Fell (2019).
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Table 2. FORRT’s associated literature, descriptions, organized by Cluster and Sub-clusters.
Cluster

Description Sub-cluster Papers and Initiatives
I.  Strengths of reproducible pipelines. ATEEITIRAS GCa:rdreun(ir(2016); SO
RO Scripted analyses compared with P
analyses allow the  ii. P y P Gandrud (2016);
checking of LU . . .
R https://qupsych.qgithub.io/data_skills/; (Fox)
analytic pipelines ... . - — .
v . Data wrangling https://www.youtube.com/playlist?list=PLmvNi
and facilitate -
m : hjFsoM5hpQdgol7onL40XDSQ0ym8
‘ error correction. Wilson et al. (2017); Gandrud (2016); Software
Reproducibl Enacting this ' C’arpentry' ’
e analyses . Programming reproducible data https://learningstatisticswithr.com/book/;
students to move iv. s - :
analyses. https://sites.trinity.edu/osl/; (Fox
towards . i .
transparent and https./_/Www.youtube.com/playl|st. list=PLmvNi
. . hjFsoM5hpQdgol7onL40XDSQ0ym8)
scripted analysis ;
. V. Open source and free software. Chao (2009);
practices _
vi Tools to check yourself and others;

statcheck, GRIM, and SPRITE
Knowledge of traditional
publication models. Open access
publishing, preprints

Nuijten et al. (2017); Brow & Heathers (2016);
van der Zee, Anaya & Brown (2017);

Reasons to share; for science, and
for one’s own practices

Repositories; e.g. OSF, FigShare,
GitHub
Accessing/sharing others data, code,
and materials

IV. Open
data and
materials

Ethical considerations

Examples and consequences of
accessing un/open data



https://gupsych.github.io/data_skills/;
https://gupsych.github.io/data_skills/;
https://gupsych.github.io/data_skills/;
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Table 2. FORRT’s associated literature, descriptions, organized by Cluster and Sub-clusters.
Cluster Description Sub-cluster Papers and Initiatives

Purpose of preregistration -
distinguishing exploratory and Nosek et al. (2018); Wicherts et al. (2016); Dal-Re et

Preregistration

entails laying out confirmatory analyses, transparency al. (2014); Lin & Green (2016)
a complete _ Measures
methodology and Preregistration and registered Chambers et al. (2013); Chambers, Feredoes,
analysis before a ‘ reports - strengths and differences Muthukumaraswamy, & Etchells (2014);
Prere \i/s'tration study has been i When can you preregister? Can you  Chambers et al. (2015); Mertens & Krypotos (2019);
g undertaken. This ’ pre-register secondary data? Haven & Van Grootel (2019); Kirtley et al. (2019)
facilitates . - N https://cos.io/prereg/; https://cos.io/blog/10-
transparency and V. HETIINE & [ IR preregistration-tips/;
removes several Comparing a preregistration to a . - ;
potential QRPs. V. final study manuscript. Wiley's Reviewing Registered Reports

Vi. Conducting a preregistered study.



https://authorservices.wiley.com/Reviewers/journal-reviewers/how-to-perform-a-peer-review/reviewing-registered-reports.html
https://www.psychologicalscience.org/publications/replication/ongoing-projects
https://www.psychologicalscience.org/publications/replication/ongoing-projects
https://slate.com/technology/2019/06/science-replication-conservatives-liberals-reacting-to-threats.html
http://blogs.discovermagazine.com/notrocketscience/2012/03/10/failed-replication-bargh-psychology-study-doyen/#.XRImMehKiUk
http://blogs.discovermagazine.com/notrocketscience/2012/03/10/failed-replication-bargh-psychology-study-doyen/#.XRImMehKiUk
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Breadth and Depth. In addition to distinguishing thematic categories, FORRT created
an assessment that (a) can gauge the least and most levels of adherence to principled education —
and thereby able to incorporate newcomers and experts; (b) is applicable to both teaching and
mentoring; (c) delineates a steadfast route frontward, per knowledge area; and (d) differentiates
between information versus application. FORRT operationalized these competing requirements
by combining the extent to which students are exposed to thematic content (i.e., not yet enacted,
opportunities for some, course requirement) and the level to which students are required to
engage with it (i.e., not yet enacted, knowledge, practice, application), within each thematic area.
FORRT termed these as breadth and depth, respectively, as shown in Tables 2 and 3.

Assessing one’s teaching materials (along with our devoted resources) can become a
learning experience in itself, particularly for those whose knowledge about open and
reproducible research practices are not yet solidified. To encourage this learning, the survey is
designed in a way that allows respondents to save and continue at a later point, and to go back
and forth inside the survey. These features are also aimed at galvanizing sharing of educational
materials (e.g., syllabi, slides, lab manual, etc.) which may require some time to prepare. While
non-mandatory, during the assessment, teachers and mentors will be able to upload supporting
materials or provide links containing these materials as a mean to (a) foster open education; and
(b) support the self-assessment, which will be verified. With this, FORRT hopes to fortify the
normalization and institutionalization of open and reproducible scientific tenets, and foster open
educational practices. On the last stage of the survey, there are two small modules about

demographics and open and reproducible practices applied to respondents’ research pipelines.
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Table 3. Description of breadth and depth of teaching and mentoring.

Breadth describes how widely teaching is distributed and takes three levels:
Not yet enacted, minimal breadth, or no evidence: Although the principle
may be discussed, it does not form part of a course / module component.
Opportunities for some: The principle is taught, for example, as part of an
optional course or elective or workshop.
Course requirement for all: The principle is taught to all students, for
example as part of the core course, compulsory module, or practical
workshop.

Depth describes the degree to which students interact with the core principles and

takes four levels:
Not yet enacted, minimal depth, or no evidence: the curricula does not
formally include teaching on the principle in question. Although
instructors might mention the principle, it is not covered in depth and/or
does not feature as part of the syllabi.
Knowledge: Students are taught about the principle and are required to
demonstrate sufficient understanding.
Practice: In addition to acquiring a knowledge base in the principle,
students also put this understanding into practice in practical exercises, e.g.
as part of a workshop or technical exercises.
Application: In addition to acquiring a knowledge base in the principle and
practical skills; students are required to apply this understanding and skill
set in a research project.

FORRT personnel will then proceed to authenticate logged details and verify its accuracy
in relation to shared educational materials, after which respondents will then be awarded a
teaching or a mentoring badge. FORRT will provide in its website a list containing those abiding
by principled and open educational practices. Ideally, FORRT adopters would be able to revise
their statements as course content changes, with the lofty ideal of moving towards required
application of open and reproducible science practices.

Community feedback and institutional grassroots advocacy. As the details of self-report
teaching and mentoring practices are logged and verified, FORRT will have at its disposal a
database that combines mentoring and teaching evaluations with its possible causes and

correlates. Not only it provides the community with a birds’ eye view into current practices, but
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it may also help elucidate the factors behind the emergence, development, and sustainability of
scientific integrity, principled teaching and open education. For example, in coordination with
institutions like the UK’s Reproducibility Network, the German Open-Science Network (NOSI),
and the Dutch NWO — all of which share a common mission: investigating factors that contribute
to research integrity, robust research practices, promoting training activities, and disseminating
best practices — FORRT’s assessment may provide these stakeholders data with which to inform
and substantiate policy proposals and advocacy. Indeed, FORRT is in a prime position to
mediate the demands between empirical and normative components on a range of emerging and
contemporary (politico-)scientific debates. FORRT hopes to work with national and regional
‘open science and education’ institutions — and agencies, organizations, groups and individuals,
both in wider society and the local community — to ensure that FORRT’s potential is useful and
impactful beyond its main educational scope, and to all those seeking to engage the scientific
community.

Taking stock. The presented assessment protocol — i.e., clusters, sub-clusters, width and
breadth — translates educational ideals into a tangible and coherent framework. This
operationalization aims at enabling FORRT to fit under its umbrella a wide array of courses,
mentoring styles, and their respective pedagogies. This asssessment allows for a granular
quantification and qualification of open and principled education into FORRT ideals. For
example, one course might include a few lecture slides on the importance of replication research
whereas another might require that students complete a replication study. Both are important
contributions but by observing these qualitative differences FORRT communicates an ideal to
strive towards. We acknowledge that it is possible for all courses to score the highest levels of

adherence to the FORRT pedagogical assessment (i.e., application). To a certain extent, that is
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precisely the point: to guide and incentivize scholars towards better teaching, to the extent it is
within their control, and afterwards use FORRT’s resources to advocate for institutional change
allowing for the full realization of principled education. As with Science, cumulative
development in teaching is indispensable.

The upshot of FORRT’s assessment framework is the production of high-quality data on
open and principled education, which can be used to evaluate current practices and substantiate
evidence-based policies and advocacy of scientific organizations/agencies.

Building the fourth pillar of scientific utopia: FORRT advocacy

We envisage a scientific utopia in which openness and reproducibility is considered the
normative practice. In order to realise this true scientific utopia we need a fourth pillar -
principled teaching and mentoring — to ensure these principles are taught to all prospective
researchers. To achieve this, academia must do more to value, support, and incentivise teaching.
Imagine a scientific culture in which open teaching materials are recognised for their cumulative
and community value. Imagine a scientific culture in which academics share, applaud, and cite
these resources as we would an empirical research article — a culture in which teaching
contributions are as valued for hiring and promotion as research papers. This is the pinnacle of
FORRT’s vision for a scientific utopia.

Cultural shifts in academic practices require both top-down and grassroots initiatives. We
can see both when taking stock from the credibility revolution. From the top-down, we see
research-funding councils requiring data sharing and journals offering the registered report
format. From the ground-up, we see individual researchers engaging in open and reproducible
research, and many early career led initiatives leading the proliferation of reproducibility

knowledge. All of these efforts have been strengthened — and in some cases made possible by —



FORRT: A framework for open and reproducible research training | 36

advocacy for rigorous and transparent research practices. FORRT aims to provide a platform for
this advocacy — towards building a scientific utopia supported by a fourth pillar of principled
teaching and mentoring.

How FORRT will advocate

For teachers seeking support. We do not expect teachers to shoulder additional
burdens, nor do we advocate all teaching materials be adapted to adhere to FORRT principles.
The educational NEXUS will be a platform for teachers to Find, Access, Interoperate, and Reuse
(FAIR; Wilkinson et al., 2016) teaching materials. FORRT will act as a pedagogical resource,
including information about, for example, context and prior knowledge, class assignments and
assessments, class delivery, and student expectations and outcomes. Our intention is that
resources are maximally useful to teachers wishing to use and adapt them. FORRT will advocate
for the sharing of these valuable resources that can reduce some of the burden on teachers
looking to incorporate open and reproducible research principles into their teaching.

For teachers sharing materials. FORRT’s educational NEXUS aims to adopt a format
not unlike data or software articles — in which data or code are attached to a paper that describes
them in detail. The key implication FORRT will advocate for is that these resources are not only
used, but cited and recognised. Future teachers should be able to build on the shoulders of giants,
alleviating burden and improving the quality of teaching. FORRT will support and recognise
these giants; in the current academic landscape, citing teaching resources would help begin the
transition to the scientific teaching utopia we have described.

For diversity and equality in academic contributions. FORRTSs advocacy is not only
for the merging of subject teaching with teaching about the process of science (including

transparency, reproducibility, and rigour); our advocacy efforts will also aim to elevate the
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standing of principled teaching in academia and nurture a culture of sharing, developing, and
valuing open teaching materials. FORRT will advocate that these teaching contributions —
particularly open teaching materials, such as the excellent pedagogies included in the NEXUS —
be given a similar standing to research contributions. This inequality does no justice to the
teaching of open science. FORRT will advocate for bridging this divide.

To achieve this goal, we will collect data from FORRT assessments as described
previously. The aim is to curate a large representative dataset capturing the current state of open
and reproducible teaching practices. We hope that this data will provide an indication of what
best practices in principled teaching are out there, and what areas are best placed for
improvements and curation of further teaching materials. Our aim is that FORRT, alongside
national and international open science organisations, will use this data to advocate for further
integration of openness and reproducibility into teaching courses — and to raise the profile of

principled teaching and mentoring across academia.

Final thoughts

FORRT was inspired, in part, from existing realizations of the credibility revolution, such
as the Transparency and Openness Promotion Guidelines (TOP; Nosek et al. 2015) so that
journals are able to evaluate and promote the eight TOP standards in research practice
(including: preregistration, data transparency, design and analysis transparency, and replication).
TOP’s continued aim is to align these critical features of a mature scientific discipline with
practices required by journals and funding bodies through incremental levels of implementation
of each standard: disclose, require, and verify. This enables journals to select which level of each

standard is most appropriate to their needs before implementation. The bar for entry is relatively
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low, and the levels offer guidance on how the journal may become more transparent and open in
the future.

At the time of writing, over 5,000 journals and organizations have become TOP
guidelines signatories, of which over 850 have implemented TOP (see https://cos.io/our-
services/top-guidelines/ for a list of current signatories). We hope to achieve a similar goal with
FORRT in providing a tool to incentivize and evaluate the teaching and mentoring open and
reproducible science alongside the necessary resources. While TOP targets journals and funders,
other efforts, such as the San Francisco Declaration on Research Assessment (DORA;
https://sfdora.org/) target institutions and individual researchers. DORA advocates that academic
institutions support improvements in research practices in research assessment. DORA proposes
that institutions consider the scientific quality of all research outputs (e.g. datasets and software,
in addition to journal articles) over metric-based assessments, such as the number of
publications, impact factors, or H-indices.

Among other initiatives, TOP and DORA are important steps to incentivize and support
researchers to engage in open and reproducible research practices. These guidelines highlight
that improvements in research practices can be evaluated and incentivized. The onus is shared
between journals, funders, and academic institutions to promote improvements in research
practices. It is then the responsibility of individual researchers to remain up-to-date with these
advancements and to meet these improved standards of open, transparent, and reproducible
research. We hope that FORRT will meet the pressing need to evaluate and incentivize the
teaching and mentoring of these practices that has not yet been the focal point of other initiatives.

When achieved, principled teaching and mentoring benefit students, teachers, science and

society. For students, it exposes them to a more honest educational process, especially with
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respect to epistemic uncertainty and its consequences to the facts of science; it breeds an
atmosphere of constructive curiosity and problem-solving; it bequeaths first-hand practical
experience in probing the production of knowledge which in turn trains students to be good
consumers of science; and it helps shatter the academic glass ceiling and promote engagement
with the academic profession.

For teachers, FORRT offers a didactic entry-point for both newer and older generations
to better research practices; it foments researchers’ continued development and gradual
implementation of open and reproducible teaching practices; it hopes to connect scholars, their
general and field-specific insights to facilitate the transition into principled teaching and
mentoring and facilitate the discovery of content, tools and implemented pedagogies; it cuts time
and streamlines the education pipeline by simplifying access to (a) a curated and vetted list of
open and reproducible science resources and (b) providing a platform for the centralization of
educational, research and teaching materials and its implemented pedagogies.

For science, FORRT has the potential to positively influence the reproducibility and
overall quality of researchers’ works via a feedback loop between class content/discussions and
practice; it galvanizes and accelerates the dissemination of reliable, rigorous, replicable, open,
reproducible science to a previously uninformed population: undergraduate and graduate
students.

For society, FORRT creates the conditions for knowledge production and its process to
become a public good, accessible to all its members, either through their formal tertiary
education, or through internet connectivity; it is one more safeguard against the harmful effects
of unsubstantiated beliefs by non-experts in today’s public discourse impacting public opinion

and policy on heavily researched and consensus issues like vaccination and climate change; it
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helps mitigate structural and geographical inequalities in the access of cutting-edge scientific,
teaching and mentoring materials, which ultimately fosters the democratization of science and
bolster students’ (and interested parties’) opportunities that would otherwise be inaccessible to
disadvantaged individuals.

With FORRT, scholars now have an unprecedented opportunity to shape the minds and
future of the consumers of science and the next generation of academics. Numerous scholars
consider contributing to the next generations’ edification and professional development a
significant part of their responsibilities. Scholars would also agree that if the time they spend on
teaching and mentoring meaningfully influenced a student’s life — i.e., broadened their horizons,
imparted expertise into the acquisition of knowledge independently, fostered the conditions to
discover connections of seemingly unrelated phenomena, helped develop the self-confidence to
challenge outdated dogma — all would be worth it. In this sense, At its best, FORRT should be
the answer to the question, “What are the best conceivable educational practices in higher

education and how to achieve it?”
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FORRT Contributors

FORRT is operated as an open contributorship — we welcome meaningful contributions
from all, and all of these contributions will be recognized. Our current contributions taxonomy
(adapted from CRediT; https://casrai.org/credit/) includes the following roles. Our only request is
that credited contributions are meaningful. Specific contributions should include a note of the
contribution, e.g. “Dissemination (Teaching Conference 2019)”. If you are interested in
contributing to the manuscript, a google doc version can be found here:
https://tinyurl.com/FORRTworkingDOC

e FORRT Ambassadors: Coordination of FORRT activities, oversight and leadership
responsibility,
e Conceptualisation: Ideas; formulation and/or evolution of overarching project goals and

aims

e Writing — Original: Preparation, creation, and writing of the initial draft of the FORRT
manuscript

e Writing — Feedback: Providing useful feedback for the improvement of the FORRT
manuscript

e Writing — Revisions: Contributing to the editing and revising the FORRT manuscript

e Website development: Contributions to developing and maintaining the FORRT website
in all capacities

e Resource curation: Assisting with the management, organization, and annotation of any
of the FORRT teaching resource collections

e Submitted teaching resources: Submitted own teaching resources for curation

e Completed FORRT self-assessment: Submitted a FORRT pedagogical self-assessment
of one’s own course(s)

e Dissemination: Presenting FORRT at meetings/conferences; dissemination internal and
external to one’s own department/institution; social media engagement

e Feedback on project / manuscript: We want to recognize all feedback and critical input
across the entirety of FORRT. Even if simply to act as a signatory in support of FORRT.

e And many more other valuable contributions: We will add to the contributor roles as
necessary and as the project develops.
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