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Embedding open and reproducible science into teaching: A bank of lesson plans and

resources

Abstract

Recently, there has been a growing emphasis on embedding open and reproducible
approaches into research. One essential step in accomplishing this larger goal is to embed
such practices into undergraduate and postgraduate research training. However, this often
requires substantial time and resources to implement. Also, while many pedagogical
resources are regularly developed for this purpose, they are not often openly and actively
shared with the wider community. The creation and public sharing of open educational
resources is useful for educators who wish to embed open scholarship and reproducibility
into their teaching and learning. In this article, we describe and openly share a bank of
teaching resources and lesson plans on the broad topics of open scholarship, open science,
replication, and reproducibility that can be integrated into taught courses, to support
educators and instructors. These resources were created as part of the Society for the
Improvement of Psychological Science (SIPS) hackathon at the 2021 Annual Conference,
and we detail this collaborative process in the article. By sharing these open pedagogical
resources, we aim to reduce the labour required to develop and implement open scholarship

content to further the open scholarship and open educational materials movement.

Keywords: open educational resources; open science; open scholarship; pedagogy;

reproducibility



Embedding open and reproducible science into teaching: A bank of lesson plans and

resources

Background

Open scholarship (which incorporates open science and open research) is a
framework that aims to improve the reproducibility, replicability, transparency, and
robustness of research (Asendorpf et al., 2013; Criiwell et al., 2019; Kathawalla et al., 2021;
Munafo et al., 2017; Parsons et al., 2021). In the shift towards a more ‘open’ way of doing
research, tools have been proposed to combat questionable research practices by improving
its openness, rigour, and transparency. This includes, for example, preregistration of a study’s
hypotheses and analysis plan prior to data collection and/or analyses (e.g., Lindsay et al.,
2016; Nosek et al., 2015), open data sharing (Houtkoop et al., 2018), considering meta-
analytical perspective (Torpor et al., under review) and a focus on replication studies to
evaluate the robustness of key findings and scientific theories (Open Science Collaboration,
2015; Tierney et al., 2020, 2021). Although this movement has been primarily informed by a
quantitative perspective, qualitative researchers are also considering how they can adopt more
open practices (e.g., Haven & van Grootel, 2019; Haven et al., 2020). Open scholarship has
also prompted a fundamental reappraisal of how we ‘do’ research, by stressing the
importance of a culture that fosters inclusion, representation, and respect (FORRT, 2019;
Hillyer et al., 2017; Nosek et al., 2015; Parsons et al., 2021; Pownall et al., 2021).

To date, the conversations concerning open scholarship have predominantly centred
on improving research practices. However, more recently, there has been a push for
embedding open and reproducible research into undergraduate and postgraduate research
training. There is also a plethora of recent evidence that supports the need for incorporating
this approach into undergraduate and postgraduate training (e.g., Button, 2018; FORRT,

2019; Pownall, 2020). This has led to discussions related to teaching undergraduate students



about the ‘replication crisis’ and researcher degrees of freedom (Chopik et al., 2018; Haas &
Rouse, 2020), a concern for reducing questionable research practices in student research
(Sacco & Brown, 2019; Strand & Brown, 2019; Wagge et al., 2019), and efforts to integrate
this approach across teaching curricula (Frank & Saxe, 2012; Frankowski, 2021; Galati &
Markant, 2018; Hanna et al., 2021; Sarafoglou et al., 2020). Likewise, there have been recent
proposals to respond to these concerns through development of best practice guides (e.g.,
Morling & Calin-Jageman, 2020; Stojmenovska et al., 2019) and dissemination of novel
ways to teach open scholarship methods and concepts (Jekel et al., 2020). An exemplar of
this approach is the Framework for Open and Reproducible Research Teaching (FORRT;
www.forrt.org); established in 2018, FORRT is a community-led group that promotes the
incorporation of open, transparent, and reproducible scholarship in research training at all
levels (FORRT, 2019).
The need for open educational resources

Despite the clear pedagogical benefits of embedding an open and reproducible
approach to teaching, the implementation of any new approach often requires considerable
time and resources to implement. Given these costs, efforts to reduce barriers to entry are
beneficial to educators and also contribute to sharing and promoting best practice. Open
educational resources (OERs) are freely-available resources for educators and students that
are designed to be adapted for local unique contexts (Smith, 2009). The creation and sharing
of OERs has been thought to mitigate logistical and accessibility barriers to implementation
of best practice in teaching at local levels (Mishra, 2017). OERs also have a strong emphasis
on improving social justice, accessibility and inclusion (Baker & Sibona, 2020; Conole,
2012). That is, the current (closed) model of scientific production and educational practices
perpetuates existing academic power structures and accessibility inequities, thereby alienating

the socially and geographically marginalised. To mitigate these detrimental effects on the
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access to—and maximize students’ engagement with—scientific content and educational
materials, there have been calls for the creation of "conditions for knowledge to become a
public good—accessible to all members of society" (FORRT, 2019, p. 12).

As Clinton (2019) proposed, OERs in psychology are also beneficial because they
remove the logistical barriers of educators designing their own materials from scratch, which
also serves to democratize access to educational knowledge and resources (FORRT, 2019).
As such, OERs have been championed in the open scholarship conversation. For example,
Egan and colleagues (2020) describe the Principles and Practices of Open Research:
Teaching, Research, Impact, and Learning (PaPOR TRalL) project that aims to develop an
OER for teaching open research through interviews and student surveys. OERs have the
capacity to foster uptake of new pedagogies, promote best practice, and reduce workload
constraints of educators who wish to embed new approaches to teaching and learning. Open
sharing of educational resources is well aligned with the spirit of wider open scholarship
initiatives, particularly when OERs are Findable, Accessible, Interoperable, and Reusable
(FAIR; Criiwell et al., 2019; Wilkinson et al., 2016).

Resources, activities, and lesson plans

We created a bank of pedagogical activities, resources, and crowdsourced lesson
plans that educators can use as stand alone material or as supplementary material within
existing lesson plans to embed an open and reproducible approach to their learning and
teaching practices. These resources and activities were also designed to be embedded in any
teaching context irrespective of the level of open scholarship that already exists in the local
curriculum. The bank was inspired by other articles that share useful resources for
psychology educators (e.g., Beins, 2020; Lilienfeld et al., 2001). The resources and lesson
plans shared here are the product of a three-hour ‘hackathon’ held at the Society for the

Improvement for Psychological Science (SIPS; https://improvingpsych.org/) Annual



Conference in June 2021. Led by members of FORRT (see FORRT, 2019), members of the
open scholarship community collaboratively compiled a bank of existing pedagogical
activities and resources that educators may wish to use in their teaching. Contributors were
from all over the world, at various career stages, all with mixed experiences of undergraduate
and postgraduate teaching in different contexts. These resources include, for example,
interactive activities that demonstrate to students the difference between causality and
correlation, published papers that are ripe for in-class discussions about replication and open
science practices, and open-source software packages that enable students to practice open
scholarship. The resources were compiled from a number of educators’ own teaching
practice, as well as social media, published practice exchanges, and scholarly teaching
articles (e.g., in journals such as Scholarship of Teaching and Learning in Psychology,
Teaching of Psychology, and Psychology Teaching Review).

We then translated this bank of activities and resources into fully-developed, usable,
and accessible lesson plans for educators to adapt to their own unique context. A ‘lesson
plan’, in this context, is a short description of how a given resource could be implemented in
the classroom; for example, outlining different exercises or techniques that can be directly
used by the educator and their associated learning objectives and timings. This focus on
‘classroom ready’ lesson plans is in direct response to concerns that OERs are overly
concerned with content over delivery or implementation of activities (e.g., Knox, 2013). This
is problematic because it still relies on educators grappling with the implementation of
content, and thus does not fully align with the spirit of OERs as ‘classroom ready’ resources.
The bank of resources, activities, and lesson plans can be freely accessed from our Open

Science Framework page: https://osf.io/th254/.



Table 1 details our example lesson plans that were developed as part of this virtual
hackathon, each with distinct learning outcomes and a link to an openly accessible example.
These lesson plans were designed in groups ranging from 1-5 delegates in breakout rooms of
the virtual hackathon. The theme of each lesson plan was left open, and the collection of
lesson plans aimed to cover the breadth of open scholarship and reproducibility. Some of
these centred around specific research skills (e.g., Lesson plan 1; interpreting effect sizes and
confidence intervals), whereas others focused more broadly on teaching open and
reproducible science explicitly (e.g., Lesson plan 2), including covering different

epistemologies and methodologies in science (e.g., Lesson plan 7).

Table 1. Overview of open and reproducible research lesson plans

Number Lesson plan title Learning outcomes Link

1 Interpreting effect 1. To understand that confidence https://
sizes and confidence intervals are an important addition  osf.io/
intervals to p-value research. 8jmbu/

2. To understand how to meaningfully
interpret confidence intervals.

3. To get hands-on experience with
visualization.

4. To understand the meaning of
effect size and how it is calculated.

2 Registered 1. To understand replication within https://
Replication Reports the scientific method. osf.io/
(RRRs) 2. To distinguish direct/exact and 2znr4/

conceptual replications.

3. To understand contemporary issues
in psychology i.e., the replication
crisis and open science.

4. To critically assess original
research findings and replication

attempts.
3 How to be critical 1. Understand the difference between  https://
(not cynical) critical and cynical perspectives osf.io/
about research evidence. 7qz38/

2. Develop and use criteria for



Introduction to
Open Science

Understanding the
replication crisis
with app activities

Dodgy research
papers

Research paradigms
and open science

evaluating replicability of research
evidence.

. Apply a critical-not-cynical

approach to evaluating research
evidence.

Introduction to (the importance of)
open research practices
Understanding that science is
fallible

Equip students with basic
understanding of methodological
and statistical issues associated
with replicability issues
Understand how p-hacking can
occur, and the impact on the
literature

Examine how low power influences
observed effect sizes and the false
positive rate

Equip students to identify issues
around p-hacking, low power, false
positive rates, optional stopping

Identify methodological and
analytical problems.

Identify associated reliability
and validity problems.

More broadly, learn not to
necessarily trust every published
research paper.

Develop a more holistic and critical
understanding of open science.
Identify and/or address potential
concerns and/or misconceptions
about open science.

Promote epistemological pluralism.

https://
osf.io/
x3m9k/

https://
osf.io/
cwagqj/

https://
osf.io/
hrzwj/

https://
osf.io/
r8ymj/



8 Open data and 1. To understand the challenges of https://
qualitative research applying Open Science principles osf.io/
to qualitative research nyfqx/
2. To critically evaluate the impact of
applying open data principles to
qualitative research

9 Diversity and https://
inclusion in 1. To increase students’ understanding osf io/
(br)open science of the importance of recognising r6qsw/
and celebrating diverse voices in
psychology

2. To appreciate the need for science
to be inclusive and welcoming

3. To address barriers within (br)open
science

Reflections and Future Directions

In this article, we have described and shared a bank of OERs that aim to help
educators embed open and reproducible research into their teaching. Although many of these
resources and activities already exist, sifting through resources and the process of translating
a resource into a lesson plan or class activity requires both effort and expertise. Here, we have
synthesised, simplified, and collated OERs to help other educators who wish to incorporate
this approach. This embodies the expansion from open science to open scholarship.
Furthermore, the process of completing this hackathon has evidenced that power can be
harnessed from groups of people working collaboratively on pedagogical problems.

It is important to note here that we do not consider this bank to be fixed, or even
‘finished’. Rather, we invite other educators to contribute to the bank of resources, take our
lesson plans and mold them to their own unique context, and provide feedback on the current
entries. To facilitate that, we also provide a lesson plan template and editable version of our
bank of resources (https://osf.i0/th254/). These materials will also be featured in the FORRT

lesson plans, as part of the educational nexus of the FORRT project (https://forrt.org/nexus/).
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We welcome ongoing contributors to this project, particularly contributions which grapple
with topics of inclusion, diversity, and accessibility of open scholarship. Similarly, we
acknowledge that whilst the contributorship of this project is vast and international, the
members of this project currently largely reflect White, Western, neurotypical perspectives
that occupy certain privileges. We also, therefore, invite contributions that arrive at open
scholarship from more diverse and intersectional perspectives that differ from the Western
lens of the current bank of activities.

Overall, given teachers’ and researchers’ substantial time constraints, which pose a

challenge to developing course materials and integrating new research practices in teaching,

there is a need to develop strategies and solutions to mitigate time constraints and help
scholars implement open and principled education in their workflows. The focus of these

initiatives for creating resources should not only lie on the simple aggregation of lists and

links but on building meaning between existing materials and ideas, giving them context and

continuity, as well as filling in the gap where no connections exist.
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