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ABSTRACT

Across the past decade, the open science movement has in-
creased its momentum, making research more openly avail-
able and reproducible across different environments. In par-
allel, data mining within education has provided a better
understanding of the behaviors and interactions among stu-
dents and teachers. However, there is a discernible gap be-
tween the understanding and application of open science
practices in data mining. In this tutorial, we will expand
the knowledge base towards open data and open analysis.
First, we will introduce the complexities of intellectual prop-
erty and licensing within open science. Next, we will pro-
vide insights into data sharing methods that preserve the
privacy of participants. Finally, we will conclude with an
interactive demonstration on sharing research materials re-
producibly. We will tailor the content towards the needs and
goals of the participants, enabling researchers with the nec-
essary resources and knowledge to implement these concepts
effectively and responsibly.
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1. INTRODUCTION

Open science and robust reproducibility practices are be-
coming increasingly adopted within numerous scientific dis-
ciplines. Within subfields of educational technology, how-
ever, the adoption and review of these practices are sparsely
implemented, typically due to a lack of time or incentive to
do so [1, 15]. Some subfields of education technology have in-
troduced open science practices (special education [4], gam-
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ification [6], education research [14]); however, others have
seen little to no adoption. Authors have numerous concerns
and minimal experience in what can be made publicly avail-
able, such as datasets and analysis code [7]. Additionally,
research made publicly available is not typically reproducible
without additional effort to fix unnoticed issues [8]. A lack
of discussion can lead to repetitive communication, irrecov-
erable processes, or a reproducibility crisis within a field of
study [2]. As such, there is a need for accessible resources,
providing an understanding of open science practices, how
they can be used, and how to mitigate potential issues that
may arise at a later date.

Following the success of previous tutorials at the 18th In-
ternational Conference on Learning Analytics [10], 24th In-
ternational Conference on Artificial Intelligence in Educa-
tion [12], 15th and 16th International Conference on Edu-
cational Data Mining [16, 9], and 10th ACM Conference on
Learning @ Scale [11] along with an accepted tutorial to be
presented at the 14th International Conference on Learning
Analytics®, this tutorial aims to expand the knowledge base
of participants towards two concepts of open science: open
data and open analysis. First, we will discuss the issues of
intellectual property and licensing within openly available
work. Next, we will provide an overview of data sharing
methods that preserve participant privacy and align with
data collection agreements, through the use of data enclaves
and anonymized datasets. Finally, we will conclude with an
interactive example of how to share materials in a repro-
ducible way using the current best practices. Throughout
the tutorial, we will adapt to the needs and goals of partici-
pants, addressing concerns and providing resources tailored
to them.

2. BACKGROUND

Open Science is a transformative movement that advocates
for the democratization of scientific knowledge. At its core,
Open Science seeks to make scientific research, data, and
dissemination accessible to all, breaking down the barriers

"https://doi.org/10.17605/osf.io/kjasr


https://doi.org/10.5281/zenodo.12730037

of paywalls, proprietary databases, and closed-access publi-
cations. It is built on the principles of transparency, collab-
oration, and shared knowledge. The goals of Open Science
are to advance the pace of discovery but also foster a more
inclusive, equitable, and accountable scientific community.

As with many things, the translation from ideals and princi-
ples into real-world implementation comes with considerable
challenges. For example, open access publication typically
comes with a higher cost for the researcher (in turn damag-
ing goals of equity and accessibility). Similarly, in education
research, data sharing often poses challenges. Data are typ-
ically collected in partnership with educators, administra-
tors, and students, who authorize the collection of data for
a specific study/set of research questions, and often actively
prohibit the distribution of data to third parties. Data can
be deidentified, but given how intrinsically personal educa-
tional data can be, this task can be labor-intensive. Worse,
some of the easier forms of deidentification (such as remov-
ing all forum post data prior to sharing?) lead to data no
longer being usable for a wide range of research and devel-
opment goals.

Sharing data on a by-request basis (e.g., Wolins, 1962 [19])
and carefully crafting data agreements has long been a po-
tential solution, but it is often ineffective. For example,
(Wicherts, Borsboom, Kats, & Molenaar, 2006) [18] con-
tacted owners of 249 datasets, only receiving a response from
25.7%., a response rate similar to that noted in (Wolins,
1962) [19] following requesting data from 37 APA articles
(though many years earlier and prior to email). Within ed-
ucation technology, (Haim et al., 2023) [8] contacted the
authors of 594 papers, only receiving a response from 37, or
6.2%, of which only 19 responded that their dataset is public
or could be requested. Some of the reasons cited were a lack
of rights necessary to release the dataset, personally iden-
tifiable information was present, or that the dataset itself
was part of an ongoing study. The task of sharing data re-
quires a time investment from researchers, typically with no
incentive. Moreover, the process can be stalled by changes
in email addresses or institutions.

Work has been done to address Open Science principles
specifically in education research, through Open Education
Science [17], a subfield of Open Science [5]. This movement
seeks to address problems of transparency and access, specif-
ically in education research, addressing issues of publication
bias, lack of access to original published research, and the
failure to replicate. The practices proposed by Open Educa-
tion Science fall into four categories, each related to a phase
in the process of educational research: 1) open design, 2)
open data, 3) open analysis, and 4) open publication. Of
most relevance to the current tutorial are Open Data and
Open Analysis.

Open Data ensures research data and materials are freely
available on public platforms, aiding in replication, assess-
ment, and close examination. However, there can be chal-
lenges, especially with educational data. There might be ini-
tial agreements that prevent data sharing or issues related to
personal identifiable information (PII) which restrict what
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can be made public.

Open Analysis, on the other hand, emphasizes that ana-
lytical methods should be reproducible. This is commonly
achieved by sharing the code used for analyses. Such code is
typically shared on platforms like GitHub or preregistration
websites. But there is a catch: the code is often of lim-
ited value without the associated data. Simply put, without
Open Data, achieving Open Analysis can be tough. More-
over, there are challenges like "code rot” and “dependency
hell” [3], where changing libraries can render older code un-
runnable.

3. TUTORIAL GOALS

The tutorial focuses on introducing some common open sci-
ence practices and their usage within education technology
along with some interactive examples on how to apply the
concepts in research. The target audience is researchers,
as the practices offer structure and robustness. Based on
past tutorials, we anticipate 5-10 participants and will de-
sign an interactive session tailored to their experiences and
questions. This approach will allow us to present a respon-
sive tutorial and foster additional community around open
science topics.

3.1 Prior to the Conference

Prior to the conference, we will be compiling and organizing
all relevant materials and resources. These will be published
on a dedicated website, ensuring participants have easy ac-
cess both during and after the tutorial. In addition, we
will request all registrants to complete a pre-survey (using
the participant registration list following the author regis-
tration/early registration deadlines). This survey aims to
gather insights about participants’ prior experience with the
topics and their specific expectations from the tutorial. This
data will be instrumental in allowing us to customize the tu-
torial, ensuring it meets the individual needs of participants
and fostering an engaging and interactive session.

3.2 During the Conference

Our tutorial session will be an interactive and responsive
session split into three sections. These sections are outlined
below:

1. We will begin the tutorial by discussing how Intellec-
tual Property (IP) intersects with the Open Science
Framework. We’ll tackle any questions or concerns
from attendees about this topic. Our focus will be
on code licensing, guided by the principles from Cre-
ative Commons. We will discuss why licensing code is
important, strategies to safeguard a researcher’s intel-
lectual property, and provide guidelines for both Tech
Transfer and University IP protection.

2. In the next segment of our tutorial, we discuss Open
Data relative to the needs of participants. We antic-
ipate opening this section by again addressing partic-
ipant concerns to frame our future discussion. This
will include identifying personal, moral, institutional,
or legal concerns regarding open data.

Participants will be introduced to the concept of Data
Enclaves. This will cover understanding the primary



objectives of sharing data (including identifying the
goals of the individual research team, the relation-
ship between Data Enclaves and GDPR/Privacy legis-
lation, and real-world examples of accessing informa-
tion via these enclaves. Furthermore, we will provide
valuable resources on establishing and efficiently using
Data Enclaves.

We will also discuss how researchers can share data
sets after they have been anonymized, ensuring the
identity of participants remains confidential. We will
also provide insight into the creation and sharing of
synthetic datasets that mimic real datasets without
using actual data.

As part of this section of the tutorial, we will also ex-
tend the discussion from EDM 2023 surrounding the
right to erasure (commonly referred to as “the right
to be forgotten”) and how this may impact Open Sci-
ence goals [13]. This discussion will complement the
discussion of data enclaves, but also encourage atten-
dees to consider how the Open Science guidelines and
mandates (e.g., NSF) may be juxtaposed with privacy
legislation (e.g., GDPR).

We will close this segment of the tutorial with a general
discussion, weighing the advantages and drawbacks of
each of the aforementioned approaches. This will not
only deepen participant understanding but also help
them draw parallels to their own research objectives
and needs. Throughout this section, we will emphasize
that there is not a “one size fits all” solution and that
researchers should make choices based on individual
goals and requirements.

3. Finally, we will provide instruction towards sharing
materials in a reproducible manner, including best prac-
tices on storage, documentation, and privacy. This
will be demonstrated with an interactive example us-
ing development containers via Visual Studio Code®
and Docker*. The specific example used will depend
on information gathered from the participants in the
survey prior to the conference.

3.3 Following the Conference

After the conference, all additional resources created for
the tutorial will be uploaded to the project’s homepage for
preservation. As this tutorial wants to repeat and expand
upon open science and reproducibility at prior tutorials across
conferences, an additional project will be created on the OSF
website containing components pointing to all previous con-
ferences and resources. A post-survey will be available at the
end and after the tutorial to obtain feedback about the pre-
sentation for future use. An aggregate of the response will
also be made public on the project’s homepage. A commu-
nity group on Discord will be created to collect, communi-
cate, and discuss open science and reproducibility following
the tutorial.

4. ORGANIZERS

Aaron Haim® is a Ph.D. student in Computer Science at
Worcester Polytechnic Institute. His primary research fo-
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cuses on reviewing, surveying, and compiling information
related to open science and testing, documenting, and fixing
the reproducibility of papers published at education technol-
ogy and learning science conferences. His secondary focus is
on developing software and running experiments on crowd-
sourced, on-demand assistance in the form of hints and ex-
planations.

Stephen Hutt® is an Assistant Professor of Computer Sci-
ence at the University of Denver. He has previously stud-
ied or worked in departments of computer science, cognitive
science and education. His research is at the intersection
of Artificial Intelligence, Learning Science, and Cognitive
Science. Specifically, he considers how we can use state-of-
the-art techniques to examine the complex internal cognitive
and noncognitive processes commonly experienced in learn-
ing. He uses these insights to develop dynamic and adaptive
learning technologies as well as contribute to broader theo-
ries.

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. He
co-founded ASSISTments, a web-based learning platform,
which he developed not only to help teachers be more ef-
fective in the classroom, but also so that he could use the
platform to conduct studies to improve the quality of edu-
cation. He has been involved in research papers containing
some of the largest openly accessible data and materials in
addition to convincing the Educational Data Mining confer-
ence to use the Open Science badges when researchers are
submitting papers.
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