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ABSTRACT

Across the past decade, open science has increased in mo-
mentum, making research more openly available and repro-
ducible. Educational data mining, as a subfield of education
technology, has been expanding in scope as well, developing
and providing better understanding of large amount of data
within education. However, open science and educational
data mining do not often intersect, causing a bit of diffi-
culty when trying to reuse methodologies, datasets, analy-
ses for replication, reproduction, or an entirely separate end
goal. In this tutorial, we will provide an overview of open
science principles and their benefits and mitigation within
research. In the second part of this tutorial, we will provide
an example on using the Open Science Framework to make,
collaborate, and share projects. The final part of this tuto-
rial will go over some mitigation strategies when releasing
datasets and materials such that other researchers may eas-
ily reproduce them. Participants in this tutorial will gain
a better understanding of open science, how it is used, and
how to apply it themselves.
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1. BACKGROUND

Open Science is a term used to encompass making method-
ologies, datasets, analyses, and results of research publicly
accessible for anyone to use freely[6, 14]. This term started
to frequently occur in the early 2010s when researchers be-
gan noticing that they were unable to replicate or reproduce
prior work done within a discipline[13]. There also tended to
be a large amount of ambiguity when trying to understand
what process was followed to conduct a study or whether
a specific material was used but not clearly defined. Open
science, as a result, started to gain more traction to provide
greater context, robustness, and reproducibility metrics with
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each subtopic encompassed under the term receiving their
own formal definition and usage. The widespread adoption
of open science began to explode exponentially when large
scale studies conducted in the mid 2010s found that nu-
merous works were difficult or impossible to reproduce and
replicate in psychology[2] and other disciplines[1].

Some principles commonly referred to as part of open science
and its processes: open data, open materials, open method-
ology, and preregistration. Open Data specifically targets
datasets and their documentation for public use without re-
striction, typically under a permissive license or in the public
domain([8]. Not all data can be openly released (such as with
personally identifiable information); but there are specifica-
tions for protected access that allow anonymized datasets
to be released or a method to obtain the raw dataset it-
self. Open Materials is similar in regard except for target-
ing tools, source code, and their documentation[5]. This
tends to be synonymous with Open Source in the context
of software development, but materials are used to encom-
pass the source in addition to available, free-to-use technolo-
gies. Open Methodology defines the full workflow and pro-
cesses used to conduct the research, including how the par-
ticipants were gathered, what was told to them, how the col-
lected data was analyzed, and what the final results were[6].
The methodologies typically expand upon the original pa-
per, such as technicalities that would not fit in the paper
format. Finally, Preregistration acts as an initial methodol-
ogy before the start of an experiment, defining the process
of research without knowledge of the outcomes[10, 11]. Pre-
registrations can additionally be updated or created anew
to preserve the initial experiment conducted and the devel-
opment as more context is generated.

2. TUTORIAL GOALS

Open science principles and reproducibility metrics are be-
coming more commonplace within numerous scientific dis-
ciplines. Within many subfields of educational technology,
such as educational data mining, however, the adoption and
review of these principles and metrics are neglected or sparsely
considered[9]. There are some subfields of education technol-
ogy that have taken the initiative to introduce open science
principles (special education[3]; gamification[4], education
research[7]); however, other subfields have seen little to no
adoption. Concerns and inexperience in what can be made
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publicly available to how to reproduce another’s work are
some of the few reasons why researchers may choose to avoid
or postpone discussion on open science and reproducibility.
On the other hand, lack of discussion can lead to tediousness
and repetitive communication for datasets and materials or
cause a reproducibility crisis[1] within the field of study. As
such, there is a need for accessible resources and understand-
ing on open science, how it can be used, and how to mitigate
any potential issues that may arise within one’s work at a
later date.

Admitting our own initial lack of proper adoption and re-
producibility first, in this tutorial, we will cover some of
the basic principles of open science and some of the chal-
lenges and mitigation strategies associated with education
technology specifically. Next, we will provide a step-by-step
explanation on using the Open Science Framework to create
a project, collaborate with other researchers, post content,
and preregister a study. Using examples from the field of ed-
ucational technology, we will showcase how to incorporate
open science principles, in addition to practices that, when
implemented, would improve reproducibility.

This tutorial will build and expand on a prior, successful
tutorial at the 15th International Conference on Educational
Data Mining in 2022'[12] and an accepted tutorial to be
presented at the 13th International Conference on Learning
Analytics and Knowledge in 20232.

3. TUTORIAL ORGANIZATION

The tutorial will occur over half a day and focuses on intro-
ducing some common open science principles and their usage
within education technology, providing an example on using
the Open Science Framework to create a project, post con-
tent, and preregister studies, and using previous papers to
apply the learned principles and any additional reproduc-
tion mitigation strategies. An outline of this tutorial can be
found below:

e First, we will provide a presentation on an overview of
a few problems when conducting research. Using this
as a baseline, we will introduce open science and its
principles and how they can be used to nullify some of
these issues and mitigate others. In addition, we will
attempt to dispel some of the misconceptions of these
principles.

e Second, we will provide a live example of using the
Open Science Framework (OSF) website to make an
account, create a project, add contributors, add con-
tent and licensing, and publicize the project for all to
see. Afterwards, we will provide a guide to creating a
preregistration, explaining best practices, and identi-
fying how to create an embargo. Additional features
and concerns, such as anonymizing projects for review
and steps required to properly do so, will be shown.

e Third, we will discuss reproducibility metrics within
work when providing datasets and materials. This will
review commonly used software and languages (e.g.

"https://osf.io/mTenr/
https://doi.org/10.17605 /ost.io /kyxba

Python, RStudio) and how, without any steps taken,
most work tends to be extremely tedious to reproduce
or are not reproducible in general. Afterwards, we will
provide some mitigation strategies needed to remove
these concerns.

e Finally, we will take some existing papers either from
the author’s own research or from prior education tech-
nology conferences that do not meet some open science
principles or cannot easily be reproduced and apply
what has been learned across the entire tutorial. We
will use a few papers, each containing different issues,
and apply the necessary steps needed to reproduce the
results within the paper.

3.1 Dissemination of Information

The dissemination of information for this tutorial will be
provided before and after the conference. Before the con-
ference, information about the tutorial itself will be stored
on an OSF project, containing references to the papers used
within the final part of the tutorial, any slides to be used
within the conference, and additional resources that could
provide better understanding of the issues and nuances of
avoiding open science and reproducibility metrics. A website
separate to the OSF project will also be set up containing
the following information for ease of consumption; however,
this will only be used as an alternative to the project in case
the website disappears at some point in the future.

After the conference, any resources created or recordings
taken will be uploaded to the project for preservation. Alter-
native links will be provided to separate sites for more formal
hosting (e.g. videos on YouTube). As this tutorial wants to
repeat and expand upon open science and reproducibility
at prior workshops across conferences, an additional project
will be created on the OSF website containing components
pointing to all previous conferences and resources discussed.

3.2 Organizers

Aaron Haim® is a Ph.D. student in Computer Science at
Worcester Polytechnic Institute. His initial research focuses
on developing software and running experiments on crowd-
sourced, on-demand assistance in the form of hints and ex-
planations. His secondary research includes reviewing, sur-
veying, and compiling information related to open science
and reproducibility across papers published at education
technology and learning science conferences.

Stacy T. Shaw* is an Assistant Professor of Psychology and
Learning Sciences at Worcester Polytechnic Institute. She
is an ambassador for the Center for Open Science, a cat-
alyst for the Berkeley Initiative in Transparency in Social
Sciences, and serves on the EdArXiv Preprint steering com-
mittee. Her research focuses on mathematics education, stu-
dent experiences, creativity, and rest.

Neil T. Heffernan® is the William Smith Dean’s Professor
of Computer Science and Director of the Learning Sciences
& Technology Program at Worcester Polytechnic Institute.
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He is the founder of ASSISTments, an online learning plat-
form which provides immediate feedback for students along
with actionable data for teachers. Heffernan has been push-
ing open science with his graduate students in recent years.
He has also started to push the Educational Data Mining
committee to broaden their promotion and support of open
science.
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