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Preface

Welcome to the proceedings of the 16th European Conference on Technology
Enhanced Learning (EC-TEL 2021), one of the flagship events of the European
Association of Technology Enhanced Learning (EATEL).

The world faces challenges, which require strong educational responses: globalized
economies undermine achievements of democratic societies; tendencies towards
totalitarian regimes put freedom at risk; the distribution of fake news and conspiracy
theories destroy trust in scientific processes and results; growing global populations and
demographic changes in developed countries hinder the fair distribution of opportu-
nities; and environmental consequences of human activity, such as climate change, lead
to consequences for humanity as a whole. At the same time, new opportunities arise
due to technological developments, increased computational power, the availability of
technological and computational resources worldwide, and new research results and
discoveries.

In response to these tendencies and newly available opportunities, education needs
to outreach to global communities of learners, connect people worldwide, and
strengthen learners in their understanding of science, democracy, economy, ecology,
and freedom. Education needs to help learners, regardless of their individual situation,
to stay involved in continuous learning, in active involvement in learning communities,
and in supporting the transfer of skills, knowledge, and insights into daily activities.

Technological trends can support these needs but also impose challenges on their
own: we observe that the increasingly fast technological developments impact many
aspects of our daily lives and challenge educational routines. Digitalization as one
of the key trends at global scale only very abstractly describes the consequences and
changes routines and processes undergo. Artificial intelligence, increasing computer
power, immersive interactive environments, fast internet everywhere, and synchronous
and asynchronous ways of communication and collaboration enable new work situa-
tions and professional careers.

Likewise, educational technologies emerge in a plethora of forms supporting new
forms of learning, teaching, tutoring, supervising, and collaboration. These technolo-
gies allow us to scale up learning processes, to individualize learning paths, to support
remote, face to face, and hybrid forms of learning, or to better analyze learning progress
and success. They promise to support all stakeholders of the educational ecosystems
(learners, teachers, educational institutions, employers, and whole societies).

How do these technologies help to address the global challenges? Which benefits do
they offer to whom? Which new risks do they impose, and how do we handle these
risks? Addressing questions like these, the European Conference on Technology
Enhanced Learning (EC-TEL) targets the intersection of technological innovation,
educational challenges, and global impact. The EC-TEL 2021 theme of
“Technology-enhanced Learning for a Free, Safe, and Sustainable World” addressed



how emerging and future learning technologies can be used in a meaningful way to
address the global challenges in an increasingly digitized world.

Due to the ongoing COVID-19 pandemic, EC-TEL 2021, while originally planned
to take place in Bolzano, Italy, was held online. As with the online conference of last
year, we embraced this as an opportunity to continue learning and evolving as a
community in the digital era. The committee worked hard to ensure a powerful con-
ference experience where researchers and practitioners could share their knowledge and
experiences.

For EC-TEL 2021, 74 research paper contributions were received. All of these
contributions were reviewed by three members of the TEL community, who also had
follow-up discussions to agree on a meta-review. As a result, 21 research papers (28%)
were accepted and presented at the conference. This shows the high level of compet-
itiveness and the quality of this conference year after year. In addition, 18 posters and
10 demos were presented during the conference to fuel the discussions among the
researchers. Research, poster, and demo papers can be found in this volume. In
addition, the conference offered 12 workshops over two days and a doctoral
consortium.

The last words are words of gratitude. Thanks to the researchers who sent their
contributions to EC-TEL 2021. Thanks to the members of the Program Committee who
devoted their time to give feedback to authors and supported decision making on paper
acceptance. We are grateful to the workshop chairs, Ioana Jivet and Jan Schneider; the
practice chairs, Tracie Farrell and Emmanuel Guardiola; the doctorial consortium
chairs, Mikhail Fominykh and Maria Aristeidou; and the steering committee repre-
sentative, Ralf Klamma. Finally, deep thanks to the local organizers, Claus Pahl and
Ilenia Fronza, who worked very hard to make the second online EC-TEL conference a
success.

July 2021 Tinne De Laet
Roland Klemke

Carlos Alario-Hoyos
Isabel Hilliger

Alejandro Ortega-Arranz
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Abstract. Clear formulation and communication of learning goals is
an acknowledged best practice in instruction at all levels. Typically, in
curricula and course management systems, dedicated places for speci-
fying learning goals at course-level exist. However, even in higher edu-
cation, learning goals are typically formulated in a very heterogeneous
manner. They are often not concrete enough to serve as guidance for
students to master a lecture or to foster self-regulated learning. In this
paper, we present a systematics for formulating learning goals for univer-
sity courses, and a web-based widget that visualises these learning goals
within a university’s learning management system. The systematics is
based on the revised version of Bloom’s taxonomy of educational objec-
tives by Anderson and Krathwohl. We evaluated both the learning goal
systematics and the web-based widget in three lectures at our university.
The participating lecturers perceived the systematics as easy-to-use and
as helpful to structure their course and the learning content. Students’
perceived benefits lay in getting a quick overview of the lecture and its
content as well as clear information regarding the requirements for pass-
ing the exam. By analysing the widget’s activity log data, we could show
that the widget helps students to track their learning progress and sup-
ports them in planning and conducting their learning in a self-regulated
way. This work highlights how theory-based best practice in teaching can
be transferred into a digital learning environment; at the same time it
highlights that good non-technical systematics for formulating learning
goals positively impacts on teaching and learning.

Keywords: Learning goals · Learning goal systematics · Self-regulated
learning · Learning goal widget · User study
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1 Introduction

Teaching and learning in higher education benefit from well-designed learning
experiences based on clearly communicated learning goals. From the instructors’
perspective, defining and setting learning goals is commonly seen as a key fac-
tor for effective and successful teaching [20,23] as learning goals describe what
a learner should be able to do after a specific learning experience. From the
learners’ perspective, pre-defined learning goals can serve as a guideline or focal
point of what to learn in order to complete a course and, if applicable, pass the
upcoming exam [1,18,19].

Most universities recognised the crucial role of learning goals for success-
ful teaching and learning by requiring instructors to state learning goals in the
course description. Although universities usually provide guidelines on how to
formulate clear learning goals, the learning goals available in the course descrip-
tions are often formulated in a very heterogeneous way. This also applies to the
representation of learning goals (when they are explicated at all) in learning
management systems (LMS) of universities. LMS typically present the learning
content in a conventional hierarchical order, but there is a lack in providing
students with sufficient guidance for self-directed learning along learning goals.
To the best of our knowledge, LMS do not provide the possibility of visualising
learning goals of a course or allowing students’ to easily track their own learning
progress.

To address these challenges, we will present in this work a systematics sup-
porting instructors to systematically formulate learning goals. And, we will intro-
duce a widget called “Learning Goal Widget” that visualises the learning goals
of a course in a sophisticated way to support students during their self-regulated
learning journey. In this regard, we investigate the usefulness of the learning
goal systematics and the learning goal widget in an university context. For three
different lectures at the Graz University of Technology, we formulated learning
goals together with the lecturers using the learning goal systematics. Through
the widget, these learning goals were made available for student in the summer
semester 2020 and data regarding students’ usage of the widget as well as their
feedback on the widget were collected and analysed.

2 Related Work

Learning Goals. Providing guidance by thoroughly planning instructional pro-
cesses, assigning relevant learning resources, allowing for meaningful learning
experiences, and monitoring their efficacy is called ‘instructional design’ and
strongly depends on the definition of learning objectives, also known as learning
goals [11,12,20,23]. Learning goals describe what a learner should be able to do
after a specific learning experience (e.g., a university course) [1,18,19].

In higher education, learning goals frequently are a key component of cur-
ricula and serve as basis for assessment and as a facilitator for the applica-
tion of technologies for learning and assessing [10,24]. There are plenty of tax-
onomies and guides addressing the definition and/or classification of learning
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goals (e.g.[1,6,18,19]). However, the quality of learning goals in higher educa-
tion is often poor, particularly in terms of measurability and a common structure
[10,14]. One reason for this could be the relative complexity of most guides that
makes them difficult to handle for instructors with little to no knowledge about
instructional design and didactics. Thus, formulating learning goals in an effec-
tive and efficient way is difficult and requires instructors to invest a significant
amount of effort and time during the planning of a course [6]. Nevertheless,
defining and setting learning goals is commonly seen as a key factor for effective
and successful teaching in higher education [4,20,23].

For learners, pre-defined learning goals provide orientation regarding what
is expected from them and what they can expect to learn [7]. Learning goals
are supposed to help self-regulated learners achieve the required knowledge of
a lecture by approaching their academic tasks in a strategic way and applying
changes in their strategy if it is necessary for succeeding ([21] based on [25]).
Thus, learning goals may serve as a critical focal point of the regulatory learning
process and hence, play a central role in self-regulated learning (ibid). This is also
in line with [14], who state that learning goals may serve as individual standards
upon which students’ make self-judgements and self-evaluations to pursue their
own successive cycles of studying. Goal orientation, often associated with (self-
set) achievement goals, is a significant facilitator for successful self-regulated
learning and academic achievement [27].

Additionally, there are some general relevant advantages of well- and pre-
defined learning goals and why learning goals should be given special considera-
tion. First, learning goals are said to lead to “direct planning, strategy choice and
flexible task engagement” [21], thus providing guidance or serving as a blueprint
for learning. Second, learning goals are a good starting point for monitoring and
evaluating one’s own learning performance and enable timely interventions when
there is risk that a goal might not be achieved, when, for instance, sticking to
the current learning strategy [26]. Third, it is important that learning goals are
of certain quality, i.e. that they are precise, clear and achievable. They must be
defined and formulated thoroughly, but simultaneously kept rather universal in
order to be adoptable by all students in a course.

Learning Goals in Technology Enhanced Learning. In the area of
Technology-Enhanced Learning (TEL), there exists a plethora of educational
technologies that support various forms of learning, teaching, tutoring, aim-
ing at scaling up, scaffolding, structuring etc. the learning process and sup-
porting different types of instructional settings (face-to-face, remote, blended)
and addressing different types of stakeholders (teachers, learners etc.) in various
educational ecosystems [5,17]. Several research areas such as didactics, learn-
ing sciences or educational technologies investigate theoretical and practical
applications of technology-enhanced teaching and learning. Although in these
research fields learning goals are theoretically and practically well investigated
(e.g.[1,7,18,19]), most research on TEL in higher education does not specifi-
cally include learning goals and how they can be explicated with the help of
technology.
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In higher education, technology enhanced teaching and learning is often medi-
ated with the help of learning management systems LMS [15,16,22]. Popular
LMS for universities such as Moodle1, ATutor2, and OLAT3 are rather limited
with regard to how learning goals can be represented. Moodle as a far-spread
open-source LMS only allows to include learning goals in textual format4 or as
part of learning plans5. Additionally, LMS typically present the learning content
in a conventional hierarchical order, but there is a lack in providing students
with systematic guidance for self-directed learning along learning goals.

Other approaches aiming at visualising the students’ learning progress are
related to adaptive hypermedia systems (AHS) based upon user models. Tools
like Quizguide [3], QuizMap[2] or the Mastery Grids system [13] adapt automati-
cally to the users’ learning progress by changing the content of the visualisations
on the fly, however, without taking learning goals into account.

To the best of our knowledge, neither LMS nor AHS do provide the possibility
of visualising learning goals of a course and the students’ own learning progress
in a simple but comprehensive way.

3 Contribution and Research Questions

For evaluating our learning goal systematics as well as our Learning Goal Widget,
we have defined the following research questions:

– RQ1: To what extend does the engagement with learning goals impact teach-
ing and learning?

– RQ1a: How did the instructors perceive the applicability of the learning goal
systematics?

– RQ1b: How did the students assess the usefulness of the visualisation of the
learning goals through the widget?

– RQ1c: How did the students use and assess the possibility to track their own
learning progress in a self-regulated way along learning goals?

The contribution of our work lies in i) presenting how theory-based best practice
in teaching can be transferred into a digital learning environment, ii) showing
that good non-technical systematics for formulating learning goals can positively
impact teaching and consequently learning. Moreover, our work is kept domain-
independent, so that the sytematics and the widget can be applied to any course
or lecture independent of the content.

1 https://moodle.com/de/.
2 https://atutor.github.io/.
3 https://olat.org/.
4 https://docs.moodle.org/310/en/Outcomes.
5 https://moodle.org/plugins/block learning plan.

https://moodle.com/de/
https://atutor.github.io/
https://olat.org/
https://docs.moodle.org/310/en/Outcomes
https://moodle.org/plugins/block_learning_plan
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4 Learning Goals in Lecture Descriptions - An Exemplary
Analysis at Two Universities

According to Bloom et al.’s definition, learning goals should clearly state the
“student behaviours that represent the intended outcomes of the educational pro-
cess” [1]. Based on this definition, we investigated for two faculties, namely one
faculty at Graz University of Technology (U1) and one faculty from the Uni-
versity of Graz (U2), the formulation of learning goals available in the generic
description of the courses. To do so, we extracted for all lectures of type “VO
- Vorlesung” (lecture) the learning goal descriptions available in the winter
semester 2020 and the summer semester 2021 and categorised them according
to Bloom et al.s’ definition. Altogether, we analysed learning goals from 109 lec-
tures at U1 and 136 lectures from U2. From these learning goals at U1, 52 (48%)
were not aligned with Bloom’s definition. These learning goal formulations were
very short such as “Basic theoretical and practical understanding of important
aspects of [the subject]” or just summarised major topics of the lecture. In con-
trast, 56 (51%) learning goal descriptions did somehow follow the definition of
Bloom like for example “Students should be able to implement a classical [topic]
system themselves”. For 1 (1%) lecture no learning goals were defined. The anal-
ysis at U2 revealed similar results: for 64 (47%) lectures the learning goals were
not described in line with Bloom’s definition like “Bringing closer the problem
of [the subject]”, while 68 (50%) learning goal descriptions were well formulated,
like for example “The students are able to structure Europe based on different
geographic and economic characteristics”. For 4 (3%) lectures no learning goals
were defined. These results show that there is a need to support instructors in
systematically defining learning goals for their lectures.

5 The Learning Goal Systematics

We have developed a learning goal systematics (see Table 1) that serves as
instructional guidance for lecturers to formulate learning goals.

The systematics is roughly based on the revised version by Anderson and
Krathwohl [18] of Bloom et al.’s [1] taxonomy of educational objectives for the
cognitive domain of learning, which distinguishes six, hierarchically structured,
levels of performance - Remember, Understand, Apply, Analyse, Evaluate, Cre-
ate (see Table 1, col. 2). For our systematics the goal was to create a simple
version of the taxonomy which is easy to apply even with little knowledge about
didactics. Our approach was to combine certain levels of performance and dis-
tinguish between three types of learning goals: i) knowledge/comprehension-
oriented learning goals that address the levels Remember and Understand;
ii) application/competence-oriented learning goals that target the levels Apply,
Analyse, Evaluate and Create; iii) transfer-oriented learning goals which describe
the demonstration of an application/competence oriented learning goal in a spe-
cific context or for a specific use case. For each of the three categories, we provide
the instructors with a list of verbs - so-called action-components - for construct-
ing the learning goal. For example, to formulate a knowledge/comprehension
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Table 1. Learning goal systematics based on Bloom’s revised taxonomy.

Meta-
categories

Bloom’s
revised
taxonomy

Action components Context

Knowledge/
Comprehension

Remember Define, describe, recognise, list,
name, select, recall, tabulate,
enumerate, locate, quote...

Understand Explain, interpret, paraphrase,
summarise, compare, differentiate,
discuss...

Application/
competence-
oriented

Apply Apply, solve, demonstrate, use,
sketch, calculate, modify, show,
discover, paint...

Analyse Analyse, interpret, contrast,
categorise, discriminate, prioritise,
survey...

Evaluate Reframe, criticise, evaluate,
appraise, judge, decide,
recommend...

Create Design, produce, compose, create,
plan, construct, develop, integrate,
modify...

Transfer-
oriented

Apply,
Analyse,
Evaluate,
Create

Solve, demonstrate, use, sketch,
calculate, modify, show, discover,
paint, illustrate, complete, analyse,
interpret, contrast, categorise,
discriminate...

...for their
project work.,
...in their
research., ...in
their thesis.,
etc.

oriented learning goal the following verbs can be used “define, describe, explain,
compare ...” (see Table 1, col. 3).

For formulating learning goals, we propose a two-step approach. Step 1: The
instructor needs to identify/isolate the main subjects (e.g. theories, concepts,
action fields ...) of the course and representative subtopics - the so-called learning
components. Step 2: The instructor defines what the students should be able to
do with regard to the selected (sub-)topics after s/he has attended the lecture.
This means that the instructor should select a verb (action-component) that
describes best the desired action from the systematics (see Table 1, col. 3). The
workflow of how to develop learning goals is presented exemplary for the lecture
called “Introduction to Interactive Systems and Artificial Intelligence (IDSAI)”.
First, the lecturer defines a list of main subjects s/he wants to introduce in the
lecture e.g. “Data science, rules, logic, graphs, ...”. Then, the lecturer lists learn-
ing components for each of the subjects. For example for “Data science”, learning
components could be “building blocks of intelligent systems” or “definitions of
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intelligence”. Next, the lecturer selects verbs as measurable action component to
define what a student should be able to do at the end of a lecture e.g. “describe,
explain, ...”. Finally, the lecturer brings together the learning components with
the action component and creates a set of learning goals for each subject, e.g.
“At the end of the lecture, students should be able to explain building blocks of
intelligent systems.” (Knowledge) or “At the end of the lecture, students should
be able to apply different definitions of intelligence.” (Application).

6 The Learning Goal Widget

The Learning Goal Widget (see Fig. 1) is a small application that presents main
subjects/topics (inner circle) and learning goals (outer circle) of a course in an
easy-to-grasp way. The widget consists of two views: The “Lernziele”-view (engl.:
learning goal view) presents the learning goals in a grey sunburst visualisation
(not depicted in Fig. 1) and the list of learning goals (see Fig. 1, point 2). When
clicking on one single learning goal either in the visualisation or in the list,
a user is directly navigated to the corresponding learning content (e.g. slides) -
provided that the instructor linked content to the learning goal in the widget. The
“Mein Lernfortschritt”-view (engl.: learning progress view) presents the same
subjects/topics and learning goals but highlighted with different colours (see
Fig. 1, point 1). When clicking on a learning goal in this visualisation, a student
can select and record the own estimated learning progress (options between 0%,
50% or 100% are available). The learning goal arcs in the visualisation get a
colour corresponding to the self-estimated learning progress - from red (0%)
over yellow (50%) to green (100%) - while the colour of the subjects/topics are
automatically calculated based on the average learning goal progress.

Fig. 1. Learning goal widget: coloured sunburst visualisation indicating progress in the
’Mein Lernfortschritt’-view (1) with the list of learning goals (2)
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7 Methodology

Procedure. The study is set up at our university and applied to students attend-
ing one of the three courses: “Fundamentals of Electric Drives” (L1), “Introduc-
tion to Data Science and Artificial Intelligence” (L2) and “Construction Chem-
istry” (L3) in the summer semester, lasting from March to June 2020.

Before the semester started, the lecturers were asked to prepare learning
goals for their lecture. The lecturers from L1 and L3 met several times with one
of the authors to formulate high quality learning goals. Lecturer of L2 defined
the learning goals herself using the learning goal systematics. The learning goals
were made available for the students by integrating them into the widget when
entering the corresponding course in the LMS of our university. In the first unit
of each lecture, the researchers together with the lecturers introduced the widget
and its purpose to the students and the students were asked to use the widget
during the course of the respective lectures. At the end of the semester, in L1
a focus group was conducted in the context of a preparation session before the
exam. After the exam (19th May 2020) a general questionnaire was sent out to
collect feedback from the students of L1 and the same questionnaire was also
sent out after the exam (17th of June 2020) for students of L2. In L3, we used
a more widget-specific questionnaire, which was sent out in autumn 2020.

Evaluation Tools. One author of this paper held the coaching sessions together
with the lecturers of L1 and L3 before the semester started. In these sessions,
they discussed the learning goals of each lecture and the researcher collected
oral feedback about the systematics. The focus group held in L1 (7th May 2020)
was conducted online via the video-conferencing tool WebEx as part of the last
lecture unit. The participants were asked to give feedback about the lecture in
general, the learning goals, and their experiences with the widget. The general
questionnaire consisted of a large section regarding the general quality of the
lecture and a short section with widget-specific questions mostly related to the
usability and perceived usefulness of the widget. Due to the CoVid-19 pandemic
the response rate was extremely low (n = 8), thus, we have to exclude the ques-
tionnaire and its results from our reporting and discuss only the caused impli-
cations in Sect. 10. The widget specific questionnaire consisted of 16 questions
in total, including statements regarding the usefulness of the widget (rated on a
5-point Likert scale from “disagree = 1” to “agree = 5”) in terms of getting an
overview of the lecture, navigating the lectures content in the LMS, tracking the
own learning progress, etc. Additionally, the students were asked to indicate the
perceived ease-of-use of the widget, how frequently they used the widget, whether
they would like to have access to the widget in their other courses and whether
they would recommend using the widget to fellow students. Additionally, the
questionnaire included two open questions regarding positive and improvable
aspects of the widget. The link to the questionnaire was sent out via email by
the lecturer. Finally, we used activity log data for descriptive statistics about
the widget’s usage during the semester. For each interaction with the widget, we
captured the timestamp as well as the activity: click on “Lernziele”-view, click
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on the widget to open the learning content, click on “Mein Lernfortschritt”-view,
or saving the own learning progress.

Participants. Our participants consist of students and lecturers of Graz Uni-
versity of Technology. The Learning Goal Widget was used by three lecturers
and available to 150–200 undergraduate students studying Electrical Engineer-
ing who attended L1, 400–500 students of computer science or software devel-
opment and economics who attended L2, and about 150 students enrolled from
civil engineering who attended L3.

8 Results

8.1 Coaching Session

One of the authors met two times each with the lecturers of L1 and L3 to support
the formulation of learning goals for both lectures. After the sessions, both lec-
turers had formulated measurable learning goals for each subject/topic of their
courses. The oral feedback we received was that they were happy with the sys-
tematics in that it helped them to focus on the most relevant subjects/topics and
made them aware of unnecessary learning content that was thereupon removed.
As a result they decided to rethink and restructure the lecture. However, both
admitted that they had to invest some extra hours not so much for formulating
the learning goals but rather for adapting the course structure and the learning
content accordingly.

8.2 Focus Group

The online focus group (n = 25) conducted in L1 was held to collect general feed-
back about the lecture and to get deeper insights about the learning goals and
the usefulness of the widget. Only a few students stated that they have used the
widget. One student clearly highlighted the value of the learning goals: “Pretty
much one of the only courses where I know exactly what I have to be able to
do to finish positively”, which was agreed to by other students. Furthermore, we
also received some feedback for improving the widget such as relating the widget
with a lecture related quiz, so that the quiz results can be directly integrated
as learning progress into the widget. On the other hand, students admitted to
not have used the widget due to time reasons or individual preferences: “I have
- ‘old school’ like - printed out the script and study with it”.

8.3 Widget Specific Questionnaire

The widget specific questionnaire was only distributed in L3 and we received 22
complete answers. As a first step we examined the internal consistency of the set
of eight statements regarding the usefulness of the widget. The reliability analysis
yielded a Cronbach’s alpha of .923 which indicates high internal consistency of
the scale. Subsequently, we computed the mean score of the scale to depict the
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overall perceived usefulness of the widget. On average (M = 3.55, SD = 0.98)
the perceived usefulness of the widget was high. The most important benefit
the widget provides to the students concerns the overview about the lecture
content. 95.5% of the users agreed or slightly agreed that the widget allowed
them to quickly get an overview about the lecture content. Regarding the ease-
of-use of the widget, 86.3% agreed or slightly agreed that the widget was easy
to use, while 59.1% agreed or slightly agreed that they liked to use the widget.
In addition, 63.6% of the students agreed or slightly agreed that they would like
to have the widget available also in other lectures.

Regarding how often the students used the widget per week, 5 (22.7%) stu-
dents indicated to use the widget more than 2 times a week, 9 (40.9%) students
reported to use the widget 1–2 times a week, while 8 (36.4%) students used the
widget less than once a week. Relating the frequency of usage with the per-
ceived usefulness we see a linear relation. This means that those students who
perceived the widget as useful also used it more often, however, this relation is
not statistically significant, partly due to the low number of participants.

The loyalty metric (n = 21) describes how likely it is that the students
would recommend the widget to others, with a scale from 10 (absolutely) to
0 (not at all). The widget would be actively promoted by 14, 4% (promoters
scale: 9–10), passively recommended by another 38% (passives scale: 7–8) and
not recommended by 47.6% (distractors scale: 0–6).

We got valuable feedback from 8 students of what they like w.r.t the widget
such as “Good overview about the subject areas”. or “Learning Goals”. One stu-
dent highlighted the value of the widget as follows: “Visualises well where you
stand and what comes to the exam [...] You can easily see what is still missing
until you have everything through and thus divide the time accordingly”.

Additionally we asked the students (n = 12) how the widget could be
improved, resulting in two major suggestions. First, the selection of the own
learning progress (n = 3) was mentioned as too limited with the three options
available (e.g. 0%, 50% and 100%). A more fine-grained functionality would be
preferable to track the own learning progress in more detail. In this regard, they
also stated that it is not so easy to estimate the own learning status “Presen-
tation of the assessment of learning progress, as it is often difficult to assess
how well one has already mastered the respective subject area”. Second, linking
the learning material within the widget (n = 12) should be done during course
and not shortly before the exam and should be tailored to the learning goals
and not to the overall lecture topic. However, not all students saw a benefit in
linking smaller chunks of learning material to the widget: “It is actually quite
cumbersome if you have to download the documents for each topic separately. I
find a complete script clearer and more practical”.

8.4 Widget Usage and Log Data

The user interactions we stored consist of the following four interaction possi-
bilities: click on “Lernziele”-view, click on the widget to open the learning con-
tent, click on “Mein Lernfortschritt”-view, and saving the own learning progress.
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Table 2 summarises the interactions registered. Overall, the widget logged 9647
user interactions across the three lectures. Altogether the “Lernziele”-view was
clicked on 2701 (28%) times and in this view 860 (9%) clicks were counted to open
a course content. The click on the “Mein Lernfortschritt”-view was done 3183
(33%) times, while 2903 (30%) times a learning progress was saved. A detailed
look at the distribution per course shows that there are some differences between
the three courses. For L1, 504 (29%) interactions were clicks to open a document,
while this activity was much rarer for the other two courses. The least popular
feature of the widget in L1 was saving one’s own learning progress (13%). In
contrast, in L2 this was the most frequently used feature (38%).

Table 2. Interactions with the widget per lecture and activities

Lecture No. of
students

Overall
activities

Lernziele
view

Lernfort-
schritt
view

Open
Content

Save
learning
progress

L1, L2, L3 About 775 9647 2701 (28%) 3183 (33%) 860 (9%) 2903 (30%)

L1 About 175 1756 523 (30%) 504 (29%) 504 (29%) 225 (13%)

L2 About 450 6244 1595 (26%) 2116 (34%) 180 (3%) 2353 (38%)

L3 About 150 1647 583 (35%) 563 (34%) 176 (11%) 325 (20%)

9 Discussion

RQ1: The Impact of Learning Goals. The quality of learning goals in today’s
higher education is often poor in terms of measurability and a common struc-
ture [14]. This is in-line with our findings of the analysis of the learning goal
descriptions of two different faculties, where the learning goals are formulated
very heterogeneous and where around 50% are not measurable. Learning goals
can be seen as equally supportive for lecturers and students. When supporting
lecturers to formulate their learning goals for their lecture, they informally gave
us feedback that the formulation alone stimulated them to rethink, restructure
and streamline the content of their lecture. This is in line especially with [21,23],
who see learning goals as a key factor for effective and successful teaching. Also,
the feedback we received from the students clearly showed that the learning goals
could be very helpful. Especially the answer given in the focus group, namely
that L1 is one of those lectures where students exactly know what they need to
be able to do to pass the exam, shows the value of learning goals. This is exactly
what [21] stated, saying that learning goals can provide guidance or serve as a
blueprint for learning.

RQ1a: Applicability of the Learning Goal Systematics. Both lecturers
with whom we applied the learning goal systematics during coaching sessions,



12 A. Fessl et al.

confirmed the applicability of the systematics, and indicated that the engage-
ment with learning goals helped them to re-structure their courses and putting
more focus on the relevant topics. This led to the removal of unnecessary learning
material and simultaneously to focus on relevant learning topic. Both of them
teach technical subjects and did not have any formal education in didactics or
similar. However, they are very motivated lecturers and they invested more time
to prepare the lecture in the summer semester 2020 than usual, for which they
received some very positive feedback from their students.

RQ1b: Usefulness of Visualising Learning Goals through the Widget.
The widget-specific questionnaire distributed in L3 confirmed the usefulness of
the widget. The respondents indicated that the widget is useful for getting an
overview of the lecture and that it is easy to use. Also, more than 50% of the
participating students would recommend the widget to their colleagues. These
results give to a certain extend evidence that such widget implemented in a
LMS presenting learning goals is helpful for university students. From the log
data analysis, we could deduce that the widget and all implemented features
were used. Most of the clicks were made to access the “Mein Lernfortschritt”-
view and for saving the own learning progress. This shows some evidence that the
students seem to be interested in being able to track their own learning progress.
The least used feature was the click on the learning goals in the “Lernziele”-view
to directly access the learning content. The reason for this was twofold: While
in L1 every learning goal was linked to respective content, in L2 and L3 this was
only done for some of the learning goals. Additionally, one lecturer added the
links to the relevant learning content only just before the exam.

RQ1c: Self-regulated Learning: Tracking own Learning Progress Along
Learning Goals. By tracking their own learning progress, students approach
their academic tasks in a strategic way as suggested by [20,23] and are on their
way to become self-regulated learners. The usefulness of tracking the own learn-
ing progress along the learning goals presented in the widget could be shown
objectively with the log data analysis. One-third of the log data activities could
be related to the self-tracking feature of the widget. From the widget specific
questionnaire of L3, we also received input that the students appreciated the
tracking possibility. A common wish for improvement was that the selection of
the progress should not be limited to the three options available, namely 0%,
50% and 100%, but should be more generic. This shows evidence that the stu-
dents liked the feature and really thought about how to improve the widget.
Additionally, they stated that estimating the own learning progress is not as
easy as it seems. This proves that the widget initiates students to reflect about
their learning progress [8,9].

10 Limitations of the Study

CoVid-19 Pandemic. The summer semester, in which our evaluation took
place, lasted from March 2020 to June 2020. In Austria, this semester was
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strongly characterised by the CoVid-19 pandemic including the first declared
lock-down affecting the whole country. Consequently, the face-to-face teaching
at our university was transformed to virtual teaching on very short notice. As
a result, students were unsettled and insecure, including if and how they could
continue with their studies during the pandemic. Thus, introducing a new tool
like the widget during the CoVid-19 pandemic was problematic and resulted in
low engagement of students in the evaluation. This could be shown with a general
questionnaire, which we sent to students of the lectures L1 and L2. We received
only 8 complete responses, thus, we left out the description and corresponding
results as they were not meaningful. And although the overall evaluation results
were rather good, we had the impression that only motivated students who coped
well with the CoVid-19 situation participated in the evaluation.

GDPR. The second limitation is related to the log data analysis. Due to very
strict GDPR rules, we did not receive the log data per (anonmyized) user from
the department hosting the LMS. Therefore, we were not able to conduct any
user-related analysis of the interaction data, and thus we do not know, how
many different users used the widget how often per lecture, instead, we could
only provide some overall numbers.

11 Conclusion

In this work, we presented a learning goal systemic and a Learning Goal Widget
that presents learning goals to students in the learning management system
of our university. Our results confirm that learning goals can have an impact
on teaching and learning. From the lecturers’ perspective, the formulation of
learning goals improves the structure of a lecture and to concentrate on the core
topics. From the students’ perspective, the learning goals and the widget can
provide an easy-to-grasp lecture overview and an easy way to track the own
learning progress in a self-regulated way. The contribution of our work lies in
presenting how theory-based best practice in teaching can be transferred into
a digital learning environment and that systematically defined learning goals
positively impacts teaching and learning.
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Abstract. Collaborative learning has grown more popular as a form
of instruction in recent decades, with a significant number of studies
demonstrating its benefits from many perspectives of theory and method-
ology. However, it has also been demonstrated that effective collaborative
learning does not occur spontaneously without orchestrating collabora-
tive learning groups according to the provision of favourable group cri-
teria. Researchers have investigated different foundations and strategies
to form such groups. However, the group criteria semantic information,
which is essential for classifying groups, has not been explored. To cap-
ture the group criteria semantic information, we propose a novel Natural
Language Processing (NLP) approach, namely using pre-trained word
embedding. Through our approach, we could automatically form homo-
geneous and heterogeneous collaborative learning groups based on stu-
dent’s knowledge levels expressed in assessments. Experiments utilising
a dataset from a university programming course are used to assess the
performance of the proposed approach.

Keywords: Collaborative learning group formation · Word
embeddings · Natural Language Processing · Semantic information ·
Artificial Intelligence

1 Introduction

In recent decades, from diverse perspectives of theory and methodology, a great
number of research works have shown that collaboration could help with stu-
dents’ learning processes. Over 1,000 research studies have consolidated and
enhanced collaborative learning theories [1]. Against this background, there is
broad agreement that collaborative learning has a significant impact on the indi-
vidual cognitive growth compared to individualistic learning and standard teach-
ing approaches [1–3]. Collaborative learning has also received considerable trac-
tion in educational systems, in addition to past and current research [1]. In [4],
it is pointed out that knowledge levels and interests in the group could trigger
better interactions. Pedagogical activities based on group interest generated by
c© Springer Nature Switzerland AG 2021
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instructors, according to the work of [5], can also stimulate communications and
cooperations among students. The topic of how to arrange students depending
on their interests and knowledge levels, therefore, becomes interesting.

One of the most crucial procedures in collaborative learning is orchestrating
groups. Traditional manual approaches consist of student formed groups [7],
teacher formed groups [7] and randomly created groups [6]. However, these
approaches face the problem of forming optimal groups [10]. Many researchers
have looked at using computer-assisted methods to improve group optimisation
in collaborative learning. Researchers in [8] tried to classify students by their
knowledge interests and levels into different groups deploying Particle swarm-
based optimisation. In [9,10], genetic algorithms (GA) were utilised to create
collaborative learning groups considering several student attributes such as aca-
demic, cognitive, biographical, and personality characteristics. The effectiveness
of particle swarm and GA-based approaches lies in the fact that experts design
robust mathematical fitness functions. In another track, machine learning-based
approaches have also been investigated. In the work of [11], SKmeans and Expec-
tation maximisation were used to group learners in e-learning based on their col-
laboration competence. Work in [13] involved experimenting with vector-based
modelling of student profiles in order to categorise students based on estimated
vector similarity. These approaches face problems when creating heterogeneous
groups, and additional procedures need to be designed. In [11], the authors first
created homogeneous groups and then sampled students from each group to cre-
ate heterogeneous groups. Genetic algorithms were deployed in [12] as a post
step to assign students with different interests. Manually designed similarity
thresholds in [13] were used to tell the level of difference between students.

We found that the majority of the group criteria come with semantic infor-
mation. For instance, Adventurous, Imaginative could be used to describe a stu-
dent’s personality traits; we could also find topics like function, array, class in a
computer science-related course. However, existing one-hot based machine learn-
ing algorithms ignore semantic information and treat group criteria as one or
zero numerics. In the world of natural language processing, various pre-trained
embeddings like word2vec [14], GloVe [15], and BERT [16] have significantly
improved performance in various tasks of NLP. In [14], word embeddings have
been proved with effectiveness at catching semantic information among words;
the following equation exemplifies the ability to capture semantic information of
word embeddings: vec(Rome) − vec(Italy) + vec(Sweden) ≈ vec(Stockholm).
We argue that word embeddings could be helpful to catch semantic information
from group criteria. Thus, we propose and describe an NLP based approach
that creates collaborative learning groups in terms of students’ knowledge levels
without heavy post-procedures, which could:

– capture semantic relationships among group criteria.
– provide useful pedagogical information for teachers.

To the best of our knowledge, this is the first studies investigating how to
use semantic information in group criteria when forming collaborative learning
groups. The experiment results show that our approach outperforms the tradi-
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tional one-hot based machine learning approach and can generate groups with
good quality.

2 Method Formulation

2.1 Problem Description

We aim to automatically create distinct collaborative learning groups depending
on student knowledge levels. The knowledge levels of students are established by
the topics learned or not learned by the students.

Assume n students s1, s2, . . . , sn enroll in a course with the goal of teaching
k topics. A quiz of k questions is created for the course, with each question
mapping to a topic. When taking the quiz, the student will be given a score of
1 or 0 for each question based on whether or not the correct answer is provided.
The quiz results will show whether or not a student has mastered specific topics.
The teacher might form two types of collaborative learning groups according to
the quiz results: homogeneous learning groups Ghomo and heterogeneous learning
groups Ghete. Members of the homogeneous collaborative learning group should
have similar levels of knowledge and a desire to learn similar topics. The teacher
might provide unique tasks that correspond to the group’s knowledge levels,
allowing the students to work together to tackle comparable challenges. On the
contrary, members of the heterogeneous collaborative learning group should have
mastered a variety of topics. The teacher might plan learning activities in which
students may assist one another by sharing their knowledge for such groups.

2.2 Proposed Approach

Students {s1, s2, . . . } make up a group Gi. Each student in the group has a
mastery list M and an unmastered list L of topics. Topics in L and M are
presented as single or multiple-word text. For example, a student could have
a mastered topic list {parallelism, design, operators, computer thinking, event}
and an unmastered topic list {data, sequence, loop, reuse and remix, condition}.
The homogeneity and heterogeneity of a group are determined by the mastered
topic lists M and unmastered topic lists L among the students. Motivated by the
proven effectiveness of word embeddings at catching rich linguistic information,
we proposed a word embedding based approach to formulate collaborative learn-
ing groups through modelling topics in L and M . The word embeddings we used
is fastText1 from the work of [17] which will map a word to a 300-dimensional
vector.

In a topic list M or L, a certain topic could be mapped to a vector ti ∈ R
1×300

by using fasttext word embeddings. If a topic contains multiple words, the topic
will be the average embedding of these multiple words after removing stop words.
We presume that the average embedding of all topics in the list will capture a
student’s knowledge level because the order of the topic list has no effect on the
1 https://fasttext.cc/.

https://fasttext.cc/
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list’s broad information. As a result, a student could be represented with vector
si ∈ R

1×300 that can catch the knowledge level of the student with rich linguistic
information.

si =
∑Nl

i=1 ti
Nl

(1)

The topic list length is noted as Nl.
The distance between si and sj is measured to determine how different or

similar between knowledge levels of the two corresponding students. Here we
choose cosine similarity as the similarity metric.

Sim(si, sj) =
si · sj

‖si‖ ×∥
∥sj

∥
∥ (2)

Dif(si, sj) = 1 − Sim(si, sj) (3)

We represent knowledge level difference between any two student pairs in
s1, s2, . . . , sn as cosine distance matrices Msim and Mdif .

Msim =

⎡

⎢
⎢
⎢
⎢
⎣

1 Sim(s1, s2) · · · Sim(s1, sn)
Sim(s2, s1) 1 · · · Sim(s2, sn)

...
...

. . .
...

Sim(sn, s1) Sim(sn, s2) · · · 1

⎤

⎥
⎥
⎥
⎥
⎦

and

Mdif =

⎡

⎢
⎢
⎢
⎢
⎣

1 Dif(s1, s2) · · · Dif(s1, sn)
Dif(s2, s1) 1 · · · Dif(s2, sn)

...
...

. . .
...

Dif(sn, s1) Dif(sn, s2) · · · 1

⎤

⎥
⎥
⎥
⎥
⎦

Then we run an unsupervised spectral clustering algorithm [18] with Msim

or Mdif to acquire candidate groups Ginit for the homogeneous or heterogeneous
collaborative learning groups Ghomo, Ghete. The main reason not to use other
clustering algorithms like K-means is that K-means is unsuitable for clustering
different objects together. In contrast, through the use of distance matrices,
spectral clustering may group both similar and dissimilar objects together. For
n students, we set Ginit cluster size as

√
n
2 suggested by the authors in [19].

It’s worth noting that the recommended maximum group size in a collaborative
learning group is eight [20]. As a result, we break down the bigger group with
size exceeding eight in candidates in Ginit into smaller groups. Homogeneous or
heterogeneous groups can be obtained after the optimisation stage, with group
sizes ranging from two to eight. In our approach, the following steps are required
to construct Ghomo or Ghete:

– Using fasttext ti ∈ R
1×300 to represent each topic.

– Calculating average embeddings of the topic list to represent each student by
a vector si .
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– Creating Msim similarity matrix or Mdif dissimilarity matrix.
– Formulating initial candidate groups Ginit by feeding Msim or Mdif to the

spectral clustering algorithm.
– Composing Ghomo or Ghete by breaking big groups in Ginit into smaller

groups.

3 Experiment

3.1 Dataset

We utilised a digital exam from a computer science course at Stockholm Uni-
versity carried in 2020 as the dataset for the experiment. The quiz consists of
16 questions, each of which is labelled with a programming-related topic by the
course teacher., such as class, abstraction, parallelism, operators, increment and
iteration. Each question gives a score in a binary fashion. Overall, the dataset
contains 121 students’ quiz performances. Students’ private information like per-
sonal IDs and names are removed to completely anonymise the data. Consent
for doing this research was received from all students participating through an
online survey in the beginning of the course.

3.2 Group Quality Metrics

Considering that a group Gk in Ghomo or Ghete consists of nSk
students, and

each student can be modelled with an unmastered topic list, thus Gk can also
be represented as a list of unmastered topics Lk = {t1, t2, . . . , tl}, where l is the
overall number of unmastered topics in this group and Lk covers nLk

(nLk
≤ 16)

different topics.
To measure the homogeneity and heterogeneity of Gk, we assess intra-group

similarities and topic coverage. For homogeneous groups, the intra-group sim-
ilarity should be higher because students have comparable levels of expertise.
While for heterogeneous groups, members of the group should lack expertise
in a variety of topics, resulting in a higher number of unmastered topics per
individual. We define the homogeneity and heterogeneity of group Gk as Dhok ,
Dhek :

Dhok =
2
∑l−1

i=1

∑l−1
j=i+1 Sim(ti, tj)

l × (l − 1)
(4)

Dhek =
nLk

nSk

(5)

We calculate the mean homogeneity Dho and heterogeneity Dhe as:

Dho =
∑N

k=1 Dhok

N
(6)

Dhe =
∑N

k=1 Dhek

N
(7)
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where N is the size of the final cluster for collaborative learning groups. Since Chi-
Square χ2 and Log-likelihood G2 could be used to measure the inter-document
distance [21], in this study, inter-group distance is also measured as triangulate
metrics to evaluate group homogeneity and heterogeneity. Assume we consider
the group’s unmastered topics to be features, higher χ2 and G2 scores indicate
a larger inter-group distance and more prominent topic feature patterns for the
group. Lower χ2 and G2 scores, on the other hand, indicate that inter-group
distance is reduced and topic features are distributed equally across groups.

We add a random grouping based approach to create Grd as a comparison
set. Ghomo, Ghete, and Grd are formulated based on 10, 20, 30, . . . , 90, 100
student sizes. We calculate the mean metrics Dho, Dhe, χ2 and G2 for Ghomo,
Ghete, and Grd based on each random sampled student size out of the overall
121 students. We also compare our approach with the traditional one-hot based
approach using the same experiment set.

3.3 Experiment Results and Discussion

The results of the experiment for group quality measurement in terms of Chi-
Square χ2, heterogeneity Dhe, Log-likelihood G2 and homogeneity Dho for each
experiment set can be found in Fig. 1 and Fig. 2

Fig. 1. Average metrics Chi-Square χ2, heterogeneity Dhe, Log-likelihood G2 and
homogeneity Dho comparing with random approach
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Fig. 2. Average metrics Chi-Square χ2, heterogeneity Dhe, Log-likelihood G2 and
homogeneity Dho comparing with one-hot based approach

Ghomo has the greatest chi-square and log-likelihood scores across all exper-
iment sets with varying student numbers, indicating a significant inter-group
distance and patterns in the homogenous collaborative learning groups formu-
lated by our approach. Students in Ghomo share similar knowledge levels, given
that the groups hold the most outstanding homogeneity score. A homogenous
group that share similar knowledge levels will also have fewer different unmas-
tered topics, which is in accordance with the experiment result that Ghomo

obtains the lowest heterogeneity score. Students in a heterogeneous collabora-
tive learning group have varying degrees of understanding on different topics,
which will reflect a small inter-group distance. On homogeneity, Chi-Square,
and log-likelihood, Ghete receives the lowest score. The greatest heterogeneity
score goes to Ghete, indicating that students in a heterogeneous collaborative
learning group generated by our approach might learn more topics from one
other. The result in Fig. 2 shows that our approach achieves more competitive
performance than the one-hot based approach. Specifically, our strategy scored
higher on Chi-Square, homogeneity, and log-likelihood and lower on heterogene-
ity when generating Ghomo. When constructing Ghete, our method scored lower
on Chi-Square, homogeneity, and log-likelihood, and higher on heterogeneity.
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3.4 Pedagogical Information Provided by Our Approach

To investigate what statistical insights could be provided by our approach, we
grouped 30 students to generate Ghomo and Ghete. For Ghomo, five groups were
generated. We calculated the percentage of students for each unmastered topic
for all groups, illustrated in Fig. 3.

Fig. 3. Percentages of students on unmastered topics in Ghomo based on 30 students
(Color figure online)

The x-axis shows the group IDs, and the y-axis indicates each topic labelled
by the course instructor. Warm colours reflect outstanding unmastered topics in
each group. In contrast, cold colours indicate topics that have less impact on the
group patterns. We extracted the top 2 topics that most students lacked in each
group referred to in Fig. 4 which could provide useful pedagogical information.
For example, there are six students in group 2. Five (83%) have not grasped
the concept of event, and four (66%) need to increase their understanding of
abstraction. As a result, the teacher might provide group comments or create
tasks centred on abstraction and event. Similarly, seven (100%) of students in
group 3 lacked knowledge of data, while four (100%) of students in group 4
lacked knowledge of modularization. Data and modularization-focused teaching
and learning activities might be planned, respectively.

Five groups were created for Ghete, with the group information presented
in Fig. 5. We start with group 5, which consists of two students, with id 149
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Fig. 4. Top 2 ranking unmastered topics for Ghomo based on 30 students

Fig. 5. Unmastered topics numbers for Ghete based on 30 students

and 116, whose knowledge levels can be found in Fig. 6. The result from Fig. 6
suggests that they have entirely different knowledge levels in the course and
might bridge each other’s knowledge gap through cooperation.

We created a knowledge-sharing map among students in group 1 (see Fig. 7)
to see how they may fill certain knowledge gaps. The knowledge-sharing map
indicates that unmastered topics encompass 14 of the 16 topics in group 1. The
red-coloured ID represents a student who needs assistance with a certain topic,
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Fig. 6. Knowledge levels for student 149 and 116

Fig. 7. Group one Knowledge-sharing map in Ghete
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while the blue-coloured ID represents a student who can assist with a certain
topic. For example, students 57 and 77 might gain support from students 13, 159,
and 37 on the topic abstraction, while students 57 and 77 might aid students 159,
37 on the topic computer thinking. This knowledge-sharing map demonstrates
that students in Ghete may receive and provide assistance on a wide range of
topics. This information might be used by the teacher to plan knowledge-sharing
sessions.

4 Conclusions, Limitations and Future Work

By deploying word embeddings, we have captured group criteria semantic infor-
mation when forming collaborative learning groups based on students’ knowledge
levels. The development of homogeneous and heterogeneous collaborative learn-
ing groups might help teachers provide group feedback while also promoting suc-
cessful collaborative learning. We also realize that our approach only addresses
the student knowledge level in a binary manner, neglecting that a single topic
can have multiple levels of complexity. We intend to address this limitation in
the future. The application of word embeddings to other group criteria, such as
student cognitive level and personality traits, would be another intriguing path
for future research. We also plan to evaluate this approach in a formal learning
setting.
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Abstract. Schools strive to integrate emerging technologies via innovative TEL
practices to ensure educational change. We examined social practices of knowl-
edge appropriation (Social Practices) as indicators of TEL innovation process
status, drawing data from interviews with 22 teachers who had adopted an inno-
vative teaching method, the use of educational robots in Math, in their regular
teaching practices. Results imply that teachers rely on different Social Practices
in different innovation process stages. TEL innovation has become a part of teach-
ers’ practices after they have intensively adapted the innovation to their needs and
they have started to actively create awareness about the method and formalize
their knowledge.

Keywords: TEL innovation · Innovation process in education · Innovation
process stages · Knowledge Appropriation Model

1 Introduction

Frontier technologies hold the promise to advance civilization while protecting nature
[1]. Schools are encouraged to provide their students with relevant skills, needed to
exploit frontier technologies. These skills are related to social networking, cloud com-
puting, artificial intelligence, big data, machine learning, neural networks, robotics, and
others [1]. In order to address this challenge, schools need to accept novel teaching
strategies (how to teach with a certain technology), technological understanding (how
this technology works), and subject matter knowledge (concepts that could and should
be taught with this technology), i.e. they need to enhance their existing curricula with
Technology Enhanced Learning (TEL) innovations.

Literature suggests that TEL innovations often do not lead to desiredmeaningful edu-
cational changes, being abandoned after the initial effort ends [2, 3]. According to some
authors, planning educational TEL innovations as multistage processes while addressing
certain sustainability factors in different innovation process stages can improve innova-
tion’s chances to become sustained in teaching and learning practices [4, 5]. In addition,
there seems to be an adoption gap, causing otherwise promising TEL innovations to lose
their momentum on the level of individual teachers and to become abandoned [6, 7]. The
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gap refers to the difference between teachers’ existing practical knowledge and more
theoretical knowledge that is related to proposed innovations. Mediation and knowledge
transfer are needed for bridging this gap and for guiding teachers to adopt proposed
innovations. These goals can be achieved by encouraging teachers to become involved
in innovation-related Social Practices of Knowledge Appropriation (Social Practices)
[8, 9].

In this article, we add to our previous work [10] by examining the importance of dif-
ferent Social Practices that manifest during different innovation process stages (Aware-
ness, Acceptance and Adoption). For these purposes, we will examine Social Practices
through the lenses of Knowledge Appropriation Model and study the experience of
teachers who have adopted a certain TEL innovation, called Robomath. By looking at
the whole innovation adoption process retrospectively over the course of three years,
this research lets us to describe the dynamics of the knowledge appropriation practices
over time.

1.1 Social Practices of Knowledge Appropriation

Introduction of an innovation has to consider already existing end-user work practices,
while often significantly changing these and causing newones to emerge, with the goal of
making better use of the innovation. In education, teachers are commonly considered as
the end users of TEL innovations. Relatively short TEL innovation cycles require teach-
ers to become quick learners. Workplace located informal learning is an important way
to develop and acquire innovation-related skills and competencies, relying on existing
workplace practices and social context, and being driven by learner’s work-related inter-
ests [11]. Through teachers’ collaborative Social Practices, an innovation could become
sustained in their everyday teaching practices. For example, teachers create, use, share
and appropriate collaboratively new innovation-related knowledge. Ultimately, these
processes lead to knowledge transformation between different levels of organization
and beyond. These and similar social processes are explained by various social learning
and knowledge creation theories [12, 13]. In the context of this article, the process of
individuals relying on and participating in collective knowledge creation that takes place
in teams, communities, and organizations, is called knowledge appropriation [8].

During knowledge appropriation, several manifesting Social Practices make the
process observable. Many of these practices are prerequisite for successful adoption
and adaption of innovations. Social Practices in the context of innovation adoption are
described by Knowledge Appropriation Model (KAM) (Fig. 1) [8]. Previous studies
have observed associations between KAM Social Practices and increased rates of class-
room adoption of TEL innovations [9]. KAM model presents three types of practices
that characterize learning during innovation adoption [8]: (a) Knowledge Maturation
practices transform individual experience into shared community knowledge, poten-
tially leading to widely available formalized knowledge; (b) Knowledge Scaffolding
practices form a supporting structure, guiding those individuals who request help; (c)
Knowledge Appropriation practices explain how knowledge is arranged into general
patterns that can be later adapted to local needs.
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Fig. 1. Knowledge Appropriation Model to connect knowledge maturation and scaffolding [8].

KAM model supports viewing an innovation as a process with sustained use as its
goal. In this paper, we view how Social Practices, described in KAM, could indicate the
innovation process stage where the teachers currently are.

1.2 Research Question

The aimof this paper is to study the Social Practices, revealed in different TEL innovation
process stages (Awareness, Acceptance, and Adoption), and determine their importance.
For these purposes, the following research question guides this paper:

What Social Practices were, in teachers’ opinion, important during the three
innovation process stages?

In order to answer the research question we will interview the teachers who have
permanently integrated Robomath method to their everyday teaching practices, and
analyze their feedback with KAM model.

2 Method

The population of the study was 189 teachers who had used Robomath method in their
lessons formore than a year. Via a direct email, we asked them to share their retrospective
evaluation on howRobomathmethod became a sustained part in their teaching practices.
Teachers were asked to take part in the study only in case they continued to use the
method. Of these teachers, 20 female teachers and 2 male teachers (sample size n= 22,
average duration of experience 5 years) agreed to give interviews.

Semi-structured interviews were used for data collections. The structure of questions
was loose, and interviewees were encouraged to express themselves freely. The inter-
views were conducted by two researchers during evening hours (18:00–21:00), using the
Zoom videoconferencing software. The exact time and interviewee location was decided
by the participants. The average length of interviews was half an hour.

The course of a typical interview was the following. First, the duration of the
interviewee’s experience with educational robots was recorded. Next, the interview-
ing researcher introduced the interviewee to TEL innovation process stages and factors
that influence this process. The list of KAM Social Practices with examples (Table 1)
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was shown and explained to the interviewee. Subsequently, the interviewee was asked
to point out the practices that were evident in different innovation process stages.

The interviews were recorded with interviewees’ consent, anonymized, transcribed
and analyzed by two researchers. For the qualitative analysis, the retrospective phe-
nomenological approach [14] and KAM framework were used. For quantitative analy-
sis, the content analysis method [15] was used. The transcribed interviews were coded,
using eight KAM categories. Each incidence of a certain KAM category was counted
once per teacher.

Table 1. The list of knowledge appropriation practices with examples, presented to the
participants during the interviews.

Please give specific examples of the practices you used in your school to support the
application of Robomath method

Social practice Description

Seeking help For example, contacting an investigator,
colleague, using FB Messenger, etc., to ask
questions from your colleagues, etc.

Guiding each other in applying the method Guiding and counseling your peers, etc.

Sharing ideas Shared your ideas or knowledge with colleagues
who also tried Robomath

Validating the method in practice Tried the method in your class, created learning
designs, etc.

Adapting teaching materials to your class I used materials created by someone else

Co-creating lesson designs For example, with your colleagues, designed a
Math task, created robotics tasks

Formalizing materials For example, documented innovation-related
materials in a way that these could be shared with
other teachers in your school, wrote an article in
the school newspaper, made changes to the
procedures for using learning technology, etc.

Creating awareness For example, conducted a demonstration lesson,
talked to management or colleagues, etc.

2.1 Robomath Method

Robomath is amethod used inEstonian basic education schools that employs educational
robots in Math lessons. The aim of this method is to connect Math content via robotics
exercises with real-life problems, makingMath more meaningful to students, improving
student learning engagement and learning outcomes [10]. Robomath method is designed
to increase student autonomy and self-regulated learning, peer tutoring, and collaborative
learning (i.e. 21th century skills), with the goal of transforming the learning and teaching
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dynamics in Math lessons [10]. Students work in small 2-member teams, using one
educational robot per team, solving robotics exercises that are based on the lesson’s
Math topic. The focus of the robotics exercises is on using the robot as an agent for
visualizing Math concepts like shapes, time, distance, speed, etc. Programming and
robot building have only secondary importance, although most students become skilled
in these areas also.

3 Results

Our research question was “What Social Practices were, in teachers’ opinion, important
during the three innovation process stages?” We used KAM model (Fig. 1) for system-
izing and describing Social Practices that were present in teachers’ behavior during the
different stages of Robomath innovation process.

The quantitative data (Table 2, n = number of teachers) indicated that teachers
acted remarkably differently in Acceptance and Adoption Stages compared to Aware-
ness Stage. In Awareness Stage, the knowledge appropriation practices were in prac-
tical terms not represented (only two teachers had adapted materials, one had created
awareness about the method in their school and one had tried material in their lessons).
However, their method-related knowledge had started to mature by sharing their ideas (n
= 12) and co-creating (n= 5) method-related artefacts (e.g. lesson designs or classroom
practices). A teacher expressed “I went home alone and was a few days busy with these
exercises. Then I contacted another teacher and asked whether she’d like to join – as
this is such an interesting project.” The practices with the highest presence were the
knowledge adoption practices, namely seeking help (n= 14) and already guiding others
(n = 5).

In Acceptance Stage, the most revealed KAM category was knowledge appropria-
tion practices. Almost all teachers (n = 21) had adapted method’s materials and tried it
in their lessons (n= 17). More than half of them (n= 14) had disseminated the method
in their schools. In knowledge adoption practices, there frequency of teachers guiding
their peers increased greatly (n= 13), almost to the level of seeking help by themselves
(n= 14). In addition, teachers’ knowledge had started to mature: more than half of them
shared their ideas (n = 14) and co-created (n = 13) method-related artefacts. By now,
more than a third of teachers (n= 8) were offering their materials in a formalized format
to other teachers (in open lesson design repositories, etc.). A teacher said: “There was a
lot of helping each other when using the method. Each time we discussed how to arrange
the lesson better. Direct help we did not need anymore. The number of interested teacher
had risen from one to five and I shared my materials with them.”

InAdoption Stage we saw rapid decline of material adaption (n= 10, instead of 21),
whereas in the same knowledge appropriation practices category, validation continued
strong (n = 17) and create awareness had also high presence (n = 17). Knowledge
adoption practices started to lose their importance, especially seeking help (n= 11), but
also guiding others (n= 12). The knowledgematuration practices retained their presence
(compared to Acceptance Stage), with the exception of offering formalized materials to
other teachers (n = 12). A teacher said: “I had prepared good lesson designs, ready to
be used whenever needed.”
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Table 2. Presence of different Social Practices during innovation process stages (number of
teachers).

KAM category Innovation process stage Awareness Acceptance Adoption

Knowledge appropriation
practices

Adapt 2 21 10

Create awareness 1 14 17

Validate in practice 1 17 17

Knowledge maturation
practices

Share 12 14 14

Co-create 3 13 13

Formalize 0 8 12

Knowledge adoption
practices

Guide 5 13 12

Seek help 14 14 11

The information from teachers indicates that in the first innovation process stage
(Awareness) only a few KAM-described Social Practices (sharing and seeking help) are
meaningfully present. In the later stages, all KAM Social Practices become observable
(Table 2). Some practices that stand strongly out:

• Adapting TEL innovation related artefacts to their needs is practiced by almost all
teachers (95%) in Acceptance Stage, and its importance fades remarkably later;

• Need for validating the innovation in practice becomes manifest as soon, as teachers
start trying the innovation out in their classroom. In addition, its importance does not
fade in time.

• The desire to create awareness about the method among their peers strengthens
as teachers become more adept at using the innovation, reaching its maximum in
Adoption stage.

• Seeking help is more practiced by teachers who are just starting to acquire the inno-
vation related skills (i.e. in Awareness and Acceptance stages). The importance of this
practice starts fading only in adoption stage.

The results suggest existence of three general patters for Social practices. First,
essential practices (Adapt, CreateAwareness, andValidate in Practice) seem tomanifest
with almost all teachers in either Acceptance or Adoption stage. These practices need to
be present in teacher’s daily practices if the innovation is to succeed. With the exception
of Seek Help and Share, all other practices have little presence in Awareness stage but
become rapidlymore important in Acceptance and, with another exception of Formalize,
remain at the same level. With Share and Seek Help, the difference between stages is
negligible, with Seek Help fading and Share increasing in time.

These observations suggest that it is relatively easy to deduct whether a teacher is
in Awareness or Acceptance stage: all Social Practices with an exception of “Seeking
help” are little pronounced. It is much more difficult to determine the current stage when
the teacher is in Acceptance or Adoption stage as Social Practices are exhibited very
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similarly in these stages. However, as stated above, four indicators could indicate if
teacher has reached Adoption stage with the innovation in her classroom:

1. Adaption is not intensive anymore, meaning that the teacher has already prepared
the lesson designs and other materials for her own needs.

2. The teacher is actively creating awareness about the innovation, meaning that she
feels confident about her skills and knowledge about the innovation. This is the same
reason why seeking help starts fading in Adoption.

3. The teacher is formalizing her knowledge in order to facilitate others to use it, mean-
ing, again, that she has constructed a usable inner framework about the innovation
and skills related to it.

4. The teacher seeks less help from others.

These four indicators as a set can demonstrate whether a teacher has acquired the
innovation and started using it in their daily teaching practices, giving a positive sign
about method’s viability.

4 Conclusions and Discussion

Addressing certain Social Practices during different TEL innovation process stages may
contribute to TEL innovations sustainability, as these help bridging the adoption gap
between teachers’ existing knowledge and innovation-related knowledge. Using KAM,
we examined the importance of specific Social Practice in different TEL innovation
process stages.

We discovered that teachers rely on different Social Practices in different innovation
process stages. In Awareness Stage, teachers construct the foundations of their knowl-
edge about the innovation – they are discussing innovation-related ideas and reach out to
various sources for help. During this period, all other innovation-related Social Practices
have rudimental presence. All Social Practices become manifest in the later innovation
process stages, when teachers have begun trying out the innovation in their classrooms.
In particular, the increase of co-creation (present from Acceptance stage) and formalize
(having significant presence from Adoption stage) practices corresponds to the notions
made by [16] and [9], implying that the odds of TEL innovation adoption increase when
higher-level knowledge maturation and appropriation practices become prominent. It
seems that TEL innovation has become a part of teachers’ practices after they have
intensively adapted the innovation to their needs, and they have started to actively create
awareness about the method and formalize their knowledge.

Addressing Social Practices could prove valuable for designing targeted support
mechanisms for teachers in the innovation adoption process. Information about the stage
where teachers are at any certain moment makes it possible to scaffold teachers more
efficiently. For example, if the teachers of a certain population are adapting or co-creating
innovation-related artefacts, but are not formalizing these artefacts and are also seeking
help from others, then most likely they are in Acceptance Stage (i.e. they are in the
process of developing their opinion about the innovation). Alternatively, if these teachers
are not adapting the artefacts anymore, are not seeking help, but are guiding their peers
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and sharing their own artefacts in a formalized manner, then most probably they are in
Adoption Stage – the innovation has become a sustained in their practices. In addition,
these observations suggest that if some Social Practices have only minimal presence
in teacher’s practices then this teacher should be supported by providing them with a
relevant teacher professional development program. Such programs are discussed, for
example, in [8].

5 Limitations and Future Work

TEL innovations are based on technologies that may require fundamentally different
approaches. In this paper, we have more thoroughly studied the importance of Social
Practices. For better understanding of the dynamics of TEL innovation sustainability, it
is necessary to conduct further studies that examine the synergy of all innovation sus-
tainability factors. We used robot-supported Math teaching as an example TEL method.
Other TEL innovations could yield different results. The study sample consisted of a
relatively small group of teachers who had successfully integrated the novel method to
their teaching practices. Obtaining results that are more thorough could require addi-
tional examining of the experience of those teachers who had abandoned the method in
some innovation process stage. In addition, the experience of other stakeholders, such
as researchers and school management should be taken into consideration. This paper
is a part of a wider three-year study that took place in Estonia – longitudinal studies in
different national contexts could lead to results that are more reliable.

Based on these notes we suggest that broader international longitudinal studies that
examine sustainability of TEL innovations that are based on different technologies. In
addition, these studies should analyze the experience of different stakeholders in order
to obtain in-depth knowledge about the subject.
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Abstract. This paper describes an accessible web app for mobile devices that
serves as a support tool to teach students with autism the basics of music using a
virtual piano keyboard. Within the app, learning material is presented in a gradual
and structured way, in which each educational unit can be customized according
to students’ needs and preferences; for instance, visual and auditory aids aimed
at special-needs learners can be deactivated over time to make the learning out-
comes independent from them. In order to study and improve both the user and
use contexts for the interface design and interaction mechanisms, we recruited
seventeen adolescents with autism at two different stages of the app development
cycle. By collecting a variety of interaction data, we refined design choices and
iteratively evaluated accessibility, usability, and acceptability aspects of the app.
Results of this process appear to confirm the feasibility of our approach while
providing valuable observational data for other researchers working on similar
solutions. In addition, this work further corroborates the positive role of technol-
ogy in motivating adolescents with low- and medium-functioning autism in their
learning, and highlights the potential of music as a learning object per se, and not
only as a medium for mastering other skills.

Keywords: Visual learning ·Web application ·Music · Autism · Graphic design

1 Introduction

Students with autism spectrum disorder may experience difficulty in classic learning
environments; this is especially true for low-functioning individuals, since their attention
and auditory channel may be impaired compared to neuro-typical students, making it
difficult to concentratewithout assistive visual elements and cues [3]. Structured learning
offers studentswith autism a repeatable, predictable and consistent training environment,
which can be tuned to the individual’s needs, reducing anxiety and facilitating mastery
of skills. Data monitoring and analysis enable caregivers to effectively verify progress as
well as any difficulties experienced in the learning environment, and thus to better focus
the intervention. To this aim, new approaches with Artificial Intelligence could also be
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used for automatic scheduling of practice trials in individualized learning paths to achieve
better performance [22]. Intensive and early educational and behavioral intervention
leads to better results, due to the great plasticity of a child’s brain, which can be shaped
more effectively [3]. Clear, predictable and accessible learning objectives reduce anxiety
and prevent self-stimulation; thus, reinforcement is crucial for increasingmotivation and
attention when teaching students with autism.

Literature indicates that music is important for individuals with autism. For example,
music is useful in the treatment of specific symptoms of autism (passive use of music)
[14, 16, 27] and some individuals with autism show greater musical ability than the
average person [15]. Unfortunately, very few studies have analyzed opportunities for
individuals with autism (especially low- and medium-functioning) to learn music in an
inclusive music class environment. Since the language of music is complex and playing
an instrument well requires long training involving many skills, individuals with autism
(especially low- and medium-functioning) often have problems decoding symbols and
tempo, coordinating hands, and so on [3]. Therefore, to empower them it is necessary to
exploit their strengths and mitigate their weaknesses. The use of mobile and web apps is
a promising approach to achieving such empowerment. Indeed, several native and web
apps are already available to teach music to children or novice learners, although none
of them are fully accessible or usable by students with autism, mainly because they are
too rich in stimuli and poorly adapted to their special needs.

Therefore, we have developed a structured, accessible and personalized web app,
Suoniamo, designed for teaching music to students with autism. The main goal of the
app is to deliver structured teaching in small elementary units, avoiding errors and
modulating stimuli. The app’s simple interface and its customization features enable a
better match of the student’s personal learning rhythm and preferences. This is the added
value of the proposed app compared to other solutions currently available, either on the
market or as research products. Moreover, the system will be free (after a longitudinal
test with four schools across Italy) to encourage its adoption by music teachers, parents,
and therapists who want to use music training programs for people with autism.

In the following sections we describe the app’s theoretical background, the related
research aspects and our proposed solutions to these. Then, we focus on the design and
testing phases for assessing the effectiveness of visual elements intended to aid visual
learners. Next, we discuss the main results gathered from the iterative design and testing
process in terms of accessibility, usability, and user experience. Conclusions and future
work end the paper.

2 Background

Autism is a disorder in which each patient is a whole world. The DSM-V [2] identified
five diagnostic criteria and three levels of severity helpful for detecting both common
and different traits among subjects with autism. Low-functioning children, categorized
as Level 3, show severe deficits in verbal skills, and high impairment when interacting
with others in social situations. Additionally, they may express disruptive behavior,
especially in unknown contexts or routine transitions. Differently, children at Level 1
(high-functioning) express normal to high intellectual abilities and have verbal skills but
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may feel stressed when interacting with others or in routine transitions. At all levels,
they may have sensory sensitivity (under or over), mainly auditory, that affects daily life
experiences [2].

Literature reports the positive effects ofmusic in treating specific symptoms in autism
spectrum disorder at all levels [6, 27]. As reported in a recent review concerning music
interventions for children with autism [27], most studies have focused their attention
on music’s influence on communication, socialization and behavior. Typical approaches
included listening to music and music combined with social stories [7]. Other literature
attempts to verify the expression of particular abilities in music perception, and some-
times the presence of higher than average skills, in people with autism [15]. Very few
studies have focused on opportunities for people with low- and medium-functioning
autism to learn music or to be included in music classes, instead mainly focusing on how
to set up the didactic environment and schedule activities [1, 9, 16].

Our contribution is an attempt to fill this gap via a multidisciplinary study on effec-
tive strategies for including students with autism with higher severity levels (low- and
medium-functioning) in a music class that provides accessible music programs via a
web app. Some of these strategies come from literature. Our main point of reference is a
doctoral thesis [17] that investigated how people with autism can have optimal learning
experiences with music. The author used a qualitative approach [12] based on inter-
views with four music teachers who had many years of experience teaching music to
studentswith autism.Among the several theses’ contributions, themost valuable one con-
cerns identifying strategies that can serve as guidelines for music teachers: (i) Concrete
strategies (tools used to accommodate needs); (ii) Stylistic strategies (non-traditional
and flexible teaching approaches); (iii) Attitudinal strategies (greater understanding of
students).

Regarding software for learning music, several native apps are available in online
stores (Google Play, Apple Store) to teach music to neuro-typical children or novice
learners. Two of the most complete, Sinthesia1 and Simply Piano2, rely on colors and
provide visual cues also suitable for teaching individuals with autism to play music.
Unfortunately, both are very rich in stimuli and they lack structured and customized
teaching, which is very important for students with autism.

3 Objectives and Methods

The main objective of this multidisciplinary study is to design an accessible and usable
tool to support music learning in low- and medium-functioning students with autism
by exploiting the potential of web technologies and gathering valuable data to facilitate
designing user interfaces for people with autism in this domain, directly from the users.
Moreover, the tool needs to be attractive enough to be accepted and continuously used
by the target population. In this regard, to identify effective strategies for teaching music
to people with autism using mobile devices, we focus on user-centered design and
participatory design. The participatory design involved four ICT researchers, a music

1 https://www.synthesiagame.com/.
2 https://www.joytunes.com/simply-piano.

https://www.synthesiagame.com/
https://www.joytunes.com/simply-piano
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teacher and a psychologist, as well as two middle-school students with autism. They
were helpful for collecting impressions and feedback at an early stage, in an ecological
model of autism [20], but since both teacher and students already shared music class
experiences, the context was highly predictable. To overcome this bias, we carried out
the entire design and implementation phases with multiple tests involving other students
with autism, as described in the following sections.

4 Research Approach

4.1 Thinking of a Framework

The first aspect of interest regards a potential framework (theoretical or operational)
for teaching music to students with low- and medium-functioning autism via an app.

As previously described, literature offers suggestions for teaching music to students
with autism, but interventions are often diverse and performed with few users, and to
the best of the authors’ knowledge, reproducible and generalizable guidelines are not
available. Nonetheless, effectiveness of any guidelines for teaching music to people with
autism varies from individual to individual, as it depends on the specific user skills and
needs.

Music is part of the Italian school curriculum. In primary school, it is introduced
gradually, with singing and playing a three-octave piano keyboard. Music theory and
notation are introduced in middle school, which is the target age of our study (i.e., age
10–14 years). When students with low- and medium-functioning autism attend music
classes in middle school, they are often assigned to perform small scores on the bass
line to accompany the other instruments (classmates), playing a simple and repetitive
pattern of notes that are easy to reproduce. The videos recorded by the teacher, part
of the research team, show that their students with low- or medium-functioning autism
always play guided by the teacher’s finger, following a stimulus-response approach.

In order to go beyond a stimulus-response pattern, we identified the following four
basic learning units as a framework to help the student familiarize him/herself withmusic
notation and play simple scores autonomously: (i) Note discrimination module to learn
the position of notes on the keyboard. (ii) Note value module to familiarize student with
time duration (4/4, 2/4, 1/4); (iii) Harmonic progression module to familiarize student
with the concept of harmony; (iv) Execution support module, to guide the student in
playing the score. In this target population fine-motor coordination is challenging, so
students usually play using only one finger at a time. For this reason, learning finger
position has not been considered as a learning unit.

4.2 Requirements

The second aspect of interest is the conveyance of such a framework in terms of functional
and non-functional requirements that meet the user’s needs and preferences.

The aim is to create an app to support inclusion, improving current practices in music
classes and offering better opportunities to studentswith autism. Functional requirements
strictly related to the learning environment include: (i) Using alternative augmentative
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communication (AAC) that offers different ways to communicate (mainly visual aids)
when children or adults have severe speech and language problems [29]; (ii) Offering
an errorless environment, meaning that the student’s actions are prompted in order to
reduce occurrence of errors. According to ABA (Applied Behavior Analysis) principles,
an error affects the learning process, breaking down the correct chain and requiring a big
effort to reset the learning path [28]. (iii) Delivering structured and facilitated teaching,
prompting the user when difficulty arises and using reinforcement in the case of positive
behaviors, thus increasing the children’s confidence in solving tasks as well as their
self-esteem.

Besides the app’s functional requirements, we took into consideration non-functional
criteria to define the app’s features -- for instance, how it implements errorless principles
or provides a reward (reinforcement) to model the user’s behavior. These criteria drove
the design of the graphical user interfaces and the user interaction mechanisms within
the identified learning framework, as described in the next section.

4.3 Design and Test GUIs

The third aspect of interest covers the design of the graphical user interface components
and the interaction mechanisms of the student’s working area (WA).

There are a plethora of works addressing computer-assisted learning (CAL) for
students with autism, but only a few take into consideration specific design concerns
(especially graphics) that are crucial to guaranteeing accessible and usable tools for
this target population. Pavlov’s work [23], focuses on the creation of an open book
and indicates several user interface (UI) design recommendations covering different
aspects. Kamaruzaman’s work [18] applies the five principles of Lewis [19] (Clustering
principle, Visibility Reflects Usefulness Principles, Intelligent Consistency Principle,
Colour as a Supplement Principle, and Reduced Clutter Principle) in designing the UIs
of a numeracy app for children with autism. Regarding web interfaces, Eraslan et al.
(2019) [11] suggests that a minimalist design, reducing the number of elements on the
screen, simplifies the interaction by decreasing the cognitive load for people with autism
since they tend to look at details. All these studies offered guidelines for a general design
that must be adapted to the current domain by adequately addressing specific autistic
traits (low- and medium-functioning), besides guaranteeing high interactivity and good
user experience to avoid frustration and preserve music as an engaging learning topic.

Involving Users in the Test Design
Participatory design sessions were performed every 2 weeks (for 6 months) with the
design team members. Given the difficulties in involving users with low-functioning
autism directly in the user interface design, preliminary schemas of UI components had
been defined using a top-down approach starting from existing literature and exploiting
experts’ experience with learners with autism (the music teacher and the psychologist).
Next, we organized cyclic tests (as part of the design phase) involving end users through
an iterative and incremental design approach. It is worth noting that user tests are not
easy to carry out on this target population due to lack of cooperation, low attention span,
possible self-stimulation and problem behaviors. To avoid frustration, it is necessary to
propose only a few tasks in each test session and allow participants to stop whenever
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they want. Therefore, we carried out two sessions of tests at different times, focusing our
attention on one limited set of components at a time and involving different groups of
users: (i) First Level Tests (L1Ts) were performed by a group of seven adolescents with
autismwith the aim of gaining feedback and evaluating possible in-between components
of the UI’s; (ii) Second Level Tests (L2Ts) to validate updated changes, involved ten
participants (not previously recruited), some with musical knowledge, to investigate use
patterns of both novice andmore expert users. In the following, we describe participants,
materials, methods, and results of both the L1Ts and L2Ts.

Participants – Data collection – Materials
Seventeen adolescents with diagnosed autism (age 11–19 years) participated; seven of
them had some musical knowledge, only two played one or more musical instruments,
and all were sufficiently familiar with the use of mobile touch screen devices. Additional
details of the user sample are provided in Table 1.

Table 1. Characterization of participants in L1T and L2T tests

L1Ts L2Ts

User Age Gender Severity
Levela

Music
Knowledge

User Age Gender Severity
Levela

Music
Knowledge

P1 13 F 2 Y P8 12 M 2 Y

P2 13 M 3 N P9 11 M 2 Y

P3 14 M 2 N P10 15 M 2 Y

P4 18 F 3 N P11 16 F 3 Y

P5 15 M 2 N P12 15 M 3 Y

P6 15 M 3 N P13 15 M 3 Y

P7 17 M 3 N P14 14 F 3 N

P15 16 M 3 N

P16 19 M 3 N

P17 11 M 3 N
aLevel 1: “Requiring support”, Level 2: “Requiring substantial support”, Level 3: “Requiring very
substantial support” [2].

All participants performed the test in a natural setting (ten at school, five at home,
and two in a lab where they carry out afternoon study sessions) and he/she could relax by
doing something else for a while. Data collected during tests were mainly observational,
focusing on user behavior while performing the proposed tasks (relevant to the specific
module) and interacting with the UI elements.We also collected automatic data recorded
through the app such as trial errors, successful tasks, task execution time and interactions
with the UI components outside the virtual keyboard. Moreover, the participants were
asked to evaluate their degree of acceptance and ease of use of each learning module
using Likert visual scales. As suggested in literature, a Smiley-meter Likert scale (awful,
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not very good, neutral, good, very good) is an appropriate tool for collecting opinions
from children and young users [13, 26]. Literature reports the feasibility of also applying
this rating scale to users with autism [5, 21]. Questions were presented in a positive way:
Did you enjoy doing this type of exercise? How easy was it to do?

Fig. 1. Smiley Meter – Pleasantness

Materials and procedures were the same for both L1Ts and L2Ts (in L2Ts, the set of
proposed tasks partially overlapped the set evaluated on L1Ts). Each test was performed
using anAndroid Tablet withWi-Fi connection, screen size 10.1". A Smiley-meter rating
scale of five items (Fig. 1) was provided to each participant to collect subjective data on
preferences from the users.

In the following, we will describe the main issues that arose when we proposed
specific tasks to the participants and how they have driven the design process.We focused
on two learning units (propaedeutic to the other ones): Note discrimination and Note
value, containing all the UIs elements and the interaction mechanisms to be used in all
the learning units.

Note Discrimination Module
The objective is learning the position of notes on the keyboard. First, notes are pro-
posed in sequence to help memorize the scale; then the student can move to program
generalization through random notes.

We designed the student’s working area (WA) as a dynamic entity that exploits the
user’s visual channel to convey information, as people with autism are often visual
learners [24, 25]. This WA consists of two sections (as illustrated in Fig. 2) the virtual
piano keyboard at the bottom, and the informative area (IA) at the top, which is dynamic
but not interactive except for the metronome. Depending on the objectives of each
learning unit, the system adds or removes specific interface elements while respecting
the basic scheme of the studentWA. Tests with users helped us to verify overall interface
components’ intuitiveness as a medium to accomplish the proposed tasks.

Number of Octaves - Usability
L1Ts: A virtual keyboard with up to three octaves is a trade-off between the need to
preserve the keyboard’s usability on the target device (10" Tablet) and the typical tonal
range of songs assigned at school to students with autism. Proposing three different
versions of the keyboard did not show usability problems (evaluated observing users’
finger positions on the keyboard).However, one participantwith severity level 3 preferred
the one-octave format.
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Fig. 2. Note discrimination module UIs

L2Ts: One participant (P8) played by placing his whole hand on the virtual keyboard, as
he usually did on a real piano. Since keys on a virtual keyboard are different from those
of a real piano, this leads to clumsy pattern interaction. Another participant (P13) rested
their entire right hand on the keyboard, covering the interface elements; this suggests that
it should be possible to customize elements’ position on the screen. Moreover, some of
these problems might be solved by the use of a physical keyboard that can be connected
to the app via USB port, also allowing to generalize the learned concepts.

Note-Color Mapping: To simplify note identification and positioning on the keyboard
we implemented the note-color mapping that is frequently and successfully used with
neuro-typical children. Moreover, some people with autism have synesthesia, an ability
to associate musical notes with colors, shapes, etc. [4]. Default note/color association
proposes rainbow colors. During tests (both L1Ts and L2Ts), the visual color-based
relation between notes and piano keys seemed intuitive for all participants, who were
able to successfully accomplish the task without prompts. Moreover, when applying two
different prompts (color and note label), which is the dominant one? We verified that
when applying only one prompt at a time, the color prompt is dominant: using a white
and labeled keyboard, 70% of the participants made several errors (on average 7 of 10
trials were unsuccessful). Instead, using the unlabeled and colored keyboard, on average
for all the students only 2 of 10 attempts were unsuccessful.

Workflow – Error
L1Ts: The student’s work environment should guarantee a logical workflow of tasks,
and each task needs to be consistent. How should the system behave in case of error?
How does it convey feedback to the user? The ABA errorless principle suggests avoiding
errors, especially in the initial learning phase [28]. In our context, the error occurs if the
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student presses the wrong key. The L1Ts showed that using additional sound effects to
highlight errors could be annoying and disturbing.

L2Ts: considering the L1T results, the updated WA does not provide auditory error
feedback.During theL2Ts, three out of ten users started touching the keyboard randomly,
making many errors, noticing the absence of sonorous feedback from the UI. However,
in the next interactions, the stimulus-action to produce a sound (playing the correct key
on the keyboard) worked as a motivator for all participants.

Feedback
LT1s: Feedback from the system is conveyed via a visual reinforcement (animated smi-
ley). The smiley icon appears neutral at the beginning (Fig. 2a) and becomes positive
for each successful task completion (Fig. 3a). We did not propose the negative smiley
icon for a failed task in order to prevent user frustration. L1Ts showed a crucial role
of the dynamic smiley icon as instant feedback; participants demanded strong temporal
synchronization between key pressing, sound released and emoticon status change. De-
synchronization (mainly due to connection latency with the server) in fact caused user
confusion and frustration.

L2Ts: Due to the issues observed in L1Ts, we changed the underlying architecture
to a single application page that minimizes communication with the server for better
performance and to allow the users to concentrate on the smiley’s semantic role within
the task. Moreover, during L2Ts, in order to highlight that semantic role, we propose the
negative smiley (highlighted red, Fig. 2b) as negative feedback for a failed task. All L2Ts
participants expected a change in the icon status because of their action on the screen,
confirming to us that previous neutral status could be misunderstood. Seven participants
were highly interested in its dynamic status, two participants seemed uninterested in
the feedback icon (but they correctly performed the task and used the sound itself as a
feedback) while one had some fine-motor-skills troubles, putting their hand on the icon
and thus making it not visible.

Sharp Notes #: How to map sharp notes? Tagging the black piano keys with further
colors could require additional mental effort of the user. Using the two colors of the
closest notes on the keyboard’s black keys made them unperceivable. Therefore, we
chose to use these two colors only in the stimulus (note label) (Fig. 2b). During L2Ts:
Two participants performed the task correctly without external prompts. Five out of
ten participants experienced initial disorientation, but a little physical prompt helped
them localizing the sharp note between the two keys colored as in the stimulus. Three
participants found the task difficult to perform even when prompted.

Note Value Module
This secondmodule is for learning the concept of note value, in terms of relative duration.
An example task request is to press a specific note for a certain time. Moreover, the
learning unit teaches the concept of rests. This module is more challenging since it
requires good inhibitory control; it means thinking before acting. Like other executive
functions, these skills are critical for success in all life’s aspects and often need to be
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trained through specific strategies [10]. Users with low-functioning autism frequently
show a lack of this skill, which affects day-to-day living [8]. Design proposal and tests
of the WA elements are described below.

Fig. 3. Note value and dialogs UIs: Tolerance (a); Rest (b); Metronome (c); Reward Dialog (d)

Time Bar Progression: L1Ts: What is the best widget to convey the idea of time pro-
gression?At the early design stage, some hypotheseswere discarded, andwe oriented the
choice towards a progress bar calibrated on the time signature (the default is 4/4). L1Ts
guided us toward the idea of filling because when utilizing emptying dynamics, users
show anxiety (a sort of countdown effect). Unfortunately, respecting the task request
precisely in terms of key pressure duration is not easy and can induce user frustration.
In L1Ts, all users were disoriented when they received negative feedback for not having
performed the task request exactly.

Tolerance: To attempt to resolve the latter issue, we introduced tolerance value in the
time progression bar (Fig. 3a). L2Ts show a good understanding of the task; two users out
of ten performed the task easily, six users did so after verbal prompt, and the remaining
two participants did not understand the task correctly (overall, 80% of users carried out
the task). L2Ts confirmed that participants’ behavior vs tolerance depends on personal
attitudes; for some of them, the tolerance is initially perceived as an incongruity of
the system behavior, but as they realize the difficulty of perfect timing, they accept
this tolerance. For those who tend to do everything quickly (two participants showed
this attitude in their overall interaction with the app), the tolerance helps minimize
unsuccessful trials and correlated anxiety.

Rest: L1Ts: Is the standard rest symbolwell-interpreted?We tried to add a specificAAC
icon as a task stimulus, but during L1Ts we observed that it was a source of confusion
for all participants. L2Ts guided us to introduce an extra stimulus to indicate stopping
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user interaction with the keyboard. The current implementation exploits the rest symbol
using a soft gray color typically used for non-active elements in graphical interfaces.
Proposing the tasks asking to play random notes including rests (Fig. 3b), LT2s tests
showed that 80% of participants interpreted the concept of a rest very well, immediately
stopping their interaction with the keyboard.

Metronome: How does the user count the time flow during the task? Can we add a
metronome as an additional augmentative component to the WA? In order to better
evaluate positive or negative effects of the metronome, during L2Ts we proposed two
tasks without it (diatonic scale at 4/4 and at 2/4) and two tasks with it (diatonic scale at
4/4 and at 2/4) (Fig. 3c). L2Ts: Four out of ten participants showed they preferred tasks
with the metronome, and its presence seemed to help them perform the task. Two of
them explicitly requested to control the metronome, by starting or stopping it as needed.
Two of ten participants were disturbed by the metronome and its sound and preferred
to stop it. The behavior of the last four participants was indifferent to the metronome’s
presence.

App User Evaluation

Fig. 4. User rating: pleasantness in L1Ts (top); pleasantness and ease of use in L2Ts (bottom)

Overall evaluation from participants regarding both modules, in terms of degree of
acceptance (pleasantness) and ease of use (only for L2Ts) of the WA, was collected
proposing the smiley-meter rating scale of five items as previously described. Results
are summarized in Fig. 4. Most participants gave a positive evaluation; only one user
(P13, who experienced usability problems, covering the interface elements with their
hand) reported poor pleasantness and those tasks were not easy to perform. We plan to
prevent this issue by allowing changing the elements’ position on the screen. Nearly all
participants easily gave their feedback through the smiley-meter; the mediator supported
some users (younger, non-receptive) with additional vocal cues.
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5 Discussion

Since each person with autism “is a whole world”, each user contributed to collected
data with a specific pattern of behavior in response to the proposed tasks. The behavior
patterns observedwere a valuable source of information towards refining design choices,
but their nature is not objective. Considering the goals of the study (Sect. 3), an overall
analysis of results in terms of observed behavior, especially coming from the L2Ts (test
of the improved GUIs), should focus on four main questions:

1. Is the app accessible? As shown in the different app screenshots, we used a min-
imalist design, avoiding background and distractors, using soft or mild colors and
appropriate fonts (clear, sans-serif fonts with contrast between font and background),
as well as a workflowwith clear task requests from the system. These design choices
increase the app’s accessibility for the target users, who are typically visual learners.
All participants showed a good understanding of the proposed UIs: 50% of them
had a clear understanding of the tasks, though in some cases (30%), prompting was
necessary. Most of the selected WA components and the interaction mechanisms
were not sources of disturbance or frustration, and when it occurred (as with the
metronome), they could easily be controlled by the user him/herself, demonstrating
the app’s accessibility.

2. Is the app usable? The app simulates a three-octave piano, so the first usability
request is physical. We tested it with participants of different ages and therefore
different physical sizes, observing that generally playing with a single finger did
not cause usability problems (80%). Physical usability was not satisfied when trying
to reproduce some typical movements playing a real piano (1 user out of 10) or in
the case of specific postural impairment (1 user out of 10). Other elements such as
customizable task difficulty, visual aids, prompts, feedback, and rewards contribute to
a good user experience avoiding frustration. As learned during tests, the latter is also
influenced by instant feedback with no delays which is very important, especially in
time-based tasks such as note-duration and rest training. Therefore, we use modern
WebAPIs tominimize latencywithin the interface and in the communicationbetween
client and server.

3. Is the app well-accepted by students with autism? Apart from positive feed-
back provided by participants through smiley-meter rating, we observed a very high
acceptance and involvement from all of them. Although 70% of the sample nor-
mally exhibit repetitive behaviors and 40% also exhibit problem behaviors, neither
occurred during any of the test sessions described herein (each lasting from 20 to 30
min). This suggests the potential role of the app as a tool to train inhibitory control
[8, 10] – allowing the student to stay focused during learning through inhibition of
mind wandering or external distractions. The app includes a ‘Free play’ module, a
keyboard piano with different types of sound which was offered as a reinforcement
after the execution of each task and was highly appreciated and requested by all the
participants.

4. Among the target users, who could benefit most from this tool? Of the sam-
ple, 64% had a high severity level of autism (low-functioning autism). Typically,
low-functioning users have great difficulty during activities requiring concentration;
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however, as observed during tests, the attractiveness of the mobile device and the
pleasantness conveyed by music could make the application suitable for them as
well. Concerning the didactic content offered, the app seems to be well-accepted
and appropriate even for medium-functioning users who still do not know music,
while high-functioning students and/or students who already play piano may use it
just for fun, due to the elementary learning modules offered.

6 Conclusion

Literature supports the positive effects of both music and digital technology in the treat-
ment of autism. Suoniamo, described herein, is a mobile web app to help adolescents
with low- andmedium- functioning autism (severe autism) learnmusic, beyond its thera-
peutic use. The app’s objective is to offer an accessible and customizable tool to improve
users’ autonomy while learning music, with the ultimate goal of easing integration with
peers during music class. This paper describes early iterative design and test sessions
of this app, conducted with two groups of adolescents with autism (in total 17 users).
These tests helped us collect valuable data to improve the user experience, with atten-
tion to different profiles including severity levels, previous knowledge of music, etc.
Results were positive in most aspects considered at this stage and confirmed the feasi-
bility of this approach for teaching music to adolescents with autism, overcoming the
stimulus-response paradigm. Furthermore, this study might offer valuable suggestions
about research and software design principles to shape educational tools addressing the
needs of users with severe autism in other domains.

For future work, the app will offer an execution support module completely adapt-
able to the students’ preferences through which they can accompany their classmates in
the performance of simple pieces. It is at this stage, playing with others, that the most rel-
evant pedagogical objectives, mastered during training and affecting day-to-day living,
could potentially be exploited: positive impact on concentration times, better inhibitory
control, and reduction of problem behaviors. As a next step, we will investigate the
app’s effectiveness via a six-month test involving students with autism in four secondary
schools geographically distributed around Italy.
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Abstract. This paper presents exploratory research regarding the
design and evaluation of a dashboard supporting the advising of aspir-
ing university students incorporating a black-box predictive model for
student success. While black-box predictive models can provide accurate
predictions, incorporating them in dashboards is challenging as the black-
box nature can threaten the interpretability and negatively impact trust
of end-users. Explainable Learning Analytics aims to provide insights to
black-box predictions by for instance explaining how the input features
impact the prediction made. Two dashboards were designed to visual-
ize the prediction and the outcome of the explainer. The dashboards
supplemented the explainer with an interactive visualisation allowing to
simulate how changes in the student’s features impact the prediction.
Both dashboards were evaluated in user tests with 13 participants. The
results show the potential of explainable AI techniques to bring predic-
tive models to advising practice. We found that the combination of the
explainer with the simulation helped users to compare the predictive
model with their mental models of student success, challenging under-
standing of users and influencing trust in the predictive model.

Keywords: Learning dashboards · Information visualization · Student
advising

1 Introduction

Predicting success of aspiring students in higher education is challenging as suc-
cess in a program of choice depends on a wide variety of aspects such as students’
prior education, motivation, learning and study skills, intellectual capacity, socio-
economic background, and effort level. On the one hand, many higher education
institutes use professionally trained student advisors to coach and advice aspir-
ing students. On the other hand, thanks to advances in Machine Learning (ML),
Educational Data Mining, and Learning Analytics (LA) algorithms are built that
can accurately predict students success [16]. To bring algorithmic outcomes to
end users, Learning Analytics Dashboards (LADs) can be used as they provide
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a visual display of relevant learning data to provide insights, trigger reflection,
and eventually and hopefully impact the educational process. The goal of this
research is to bring predictive models for students success to advising practice by
incorporating them in an advising LAD. The incorporation of predictive mod-
els in advising LADs has the potential to strengthen the data-based support
for advisors and students during the advising process. While predictive models
are powerful, their incorporation and adoption in higher education practice is
still challenging due to legal, financial, and ethical considerations. Exemplary
for the increased awareness around ethical use and privacy is the European
GDPR regulation (Regulation 2016/679) and the “right to explanation” in par-
ticular. ML models underlying predictive models are often “black box” models
who suffer from so-called algorithm opacity [1], which contradicts the “right to
explanation”. The opacity can alienate its users, create mistrust and suspicion,
and hinders their actual adoption and deployment in real-world scenarios. XAI
(eXplainable AI) aims to make the complex internal mechanisms of ML mod-
els transparent for humans and thereby increase understanding or event trust
[20]. The XAI field by itself is fastly maturing as shown in the XAI survey of
Adadi and Berrada [1]. Doshi stresses that explainability is not only a legal
matter [9]. When users, such as advisors and students, cannot match algorith-
mic predictions and recommendations with their mental models they will not
trust, and as a consequence not use, the algorithmic outputs. Adding explana-
tions to predictions can enhance the understanding of the reality, and therefore
give handles to reflect on potential ways to improve. This is particularly impor-
tant in students advising where advisors not only have to provide insights in
strengths and weaknesses of the aspiring student in relation to what is needed
in the program to be successful, but also provide recommendations on top of
predictors [3]. Finally, explanations can support the safety of automatic systems
by providing explanations of algorithmic outputs in a wide variety of scenarios to
create an understanding of where a system works and does not work. A natural
way to obtain human interpretable explanations is through visualizations [20].
More recent work in Visual Analytics systems focuses on using interactivity for
bridging the gap between user knowledge and the insights XAI can provide [20].
Finally, we want to highlight that explanations can serve very different purposes:
justification (e.g. connected to GDPR), control (e.g. understanding where the
prediction works or not), improvement (e.g. improve black-box based on user
feedback), and discovery (e.g. discover features that are important for the pre-
diction) [1]. A large set of research focuses on using explanations to increase
trust in black-box predictions, while this is highly debatable [7]: users should
not over-trust models and underestimate the uncertainty attached to the predic-
tion, especially when the models are not accurate [23]. A shift to “appropriate
trust” is needed.

This paper presents exploratory research with a user study of two advising
LADs combining explanations and interactive visualizations of a black-box pre-
diction of students success, building on students’ prior education and learning
and studying skills.
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2 Background

The use of predictive models in the context of first-year student success has
been intensively investigated. We highlight the studies of Pinxten et al. [16]
and Mothilal [14] that focused on the same higher education context and build
on the same as this paper. They show that nested regression models [16] and
binary decision tree ensembles [14] can be use to predict students success based
on self-reported prior-academic achievements (math background and high school
grades) and Soft skills (motivation, concentration, time management, and study
effort). Dashboards or visualisation tools concerning academic success, take
many forms. Both student-facing dashboards [5,13] and dashboards supporting
live advising sessions [6,8,12] have been studied. The Learning Analytics Dash-
board for Advisors (LADA) of Gutiérrez et al. [12] includes a predictive compo-
nent to classify study plans of students into one of the five categories ranging
from “very easy” to “very hard”, depending on students’ characteristics and the
study trajectories of past students. Explainable student success prediction
models have been the subject of a very recent systematic review by Alamri
and Alharbi [3]. Based on nine dimensions distributed over two domains of stu-
dent performance models (educational level, performance level, problem type,
predictors, predictors’ type) and explainable models (method, stage, scope, and
output type) they analysed 15 research papers published between 2015 and 2020,
revealing the need for studies properly quantifying and evaluating accuracy and
explainability. Interestingly, they found that less than 15% of the papers focused
on predicting student success at the program level, and that the around 2/3th
of the studies used ante-hoc explanations, i.e. they relied on non-black box (and
often less powerful) ML models such as rule-based models that are explainable in
their original format. As a particular example of explainable student success pre-
diction models, we want to highlight the Student Success System, or S3, by Essa
et al. [10], which builds on explanations of the success prediction using Win-Loss
Charts. Each indicator showed if the student is above (green), within (orange),
or below (red) average for a certain feature. They found that the explanations
allowed faster and more efficient detection of problem causes, and provide points
of focus for actions or interventions.

3 Context, Data, Predictive Model and Explainer

This section elaborates on the context, the data, and the prediction and expla-
nation methods of this study. The classification according to the nine dimensions
for explainable student performance prediction models [3] is indicated in italic.

3.1 Context

This research focuses on aspiring students of the first year of the Bachelor of
Engineering Science at KU Leuven, at the higher education level (education
level). The open-admission policy for most university degrees in Flanders, allows
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for every student with a high school diploma to enroll in any bachelor program.
This can cause students to choose a study program for which they do not have
the appropriate knowledge or skill set, resulting in typical drop-out rates of
40%. Another effect is the higher heterogeneity in student background within a
single program [16], challenging teaching and student support. KU Leuven pro-
vides professional student advisors who combine their advising role of aspiring
students with tutoring and coaching of first-year students.

3.2 Data

The input features for the predictive model resulted from self-reported1 data on
prior-academic achievement collected using surveys (Math Hours in high school,
High school grades in math, physics & chemistry, Effort level, and Pressure
Preference) and a validated questionnaire for learning and studying skills (the
Learning And Studying Skills Inventory [22] resulting in Motivation, Time man-
agement, Concentration, Anxiety, and use of Test Strategies). These features
have been shown, despite being self-reported, to be predictive for student suc-
cess [16]. The predictors were therefore: pre-course data and other student data,
and the predictor’s types are categorical.

The outcome variable is the academic achievement of a student after one
semester, operationalized here by the Study Efficiency (SE, percentage of the
booked ECTS credits that a student actually passed) after the first semester of
the first academic year, which means we predicted achievement at the program
level (performance level). This data was collected from the universities data
warehouse. Based on prior research [21] on the relation between SE and the years
needed to obtain the bachelor diploma, the SE was discretized into three target
classes: “no risk” for students with a SE of 75% or higher (622 data samples),
“moderate risk” for students with a SE between 40 and 75% (464 samples), and
“at risk” for students with a SE lower than 40% and dropouts (738 samples).

Data of four academic years, 2015–2016 up to 2018–2019, was collected result-
ing in 2016 student samples. After deleting incomplete entries, 1824 samples
remain. More information on the data collection and the data structure can be
found in prior work [14,16]. As high correlations were found between the three
high school course grades (math, chemistry, and physics), the three high school
grade variables were combined into a two-dimensional variables using a Principal
Component Analysis (PCA), before using them in the predictive model.

3.3 Predictive Model and Explainer

Predictive models were trained to predict the academic achievement of aspiring
students. A Feed Forward Neural Network (method), shown to have potential for
prediction of student success [2], was used to predict if a student belongs to the

1 Due to Flemish regulations, no data on prior academic career is transferred from
secondary to higher education.
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three target classes (“no risk”, “moderate risk”, or “at risk”). We therefore han-
dled the prediction as a classification task (problem type). Students who belong
to the “moderate risk” class can have very diverging study efficiencies. These
are the students for whom no clear prediction can be made yet, since it can still
go either way. Therefore, and based on the recommendation of student advisors,
the emphasis while training the model was on correctly predicting the two outer
classes (“no risk” and “at risk”), where the link between the early academic
achievement and late academic achievement (obtaining the bachelor degree in
nominal time) is strong. Another justification is the higher “damage” when mis-
classifying a student from the outer classes. For example, unfairly reassuring “at
risk” students by erroneously predicting them as “moderate risk” or even “no
risk”, can have large consequences. At the same time, unnecessarily worrying “no
risk” students by erroneously predicting them as “moderate risk” or “at risk”
is also undesired. The data set was divided in a training (1459 samples) and a
validation set (365 samples). Best classification performance was obtained when
using a crossentropy loss with double weights for the outer classes. An accuracy
of 78% and an f1-metric of 68% were achieved on the outer classes.

The Local Interpretable Model Agnostic Explainer (LIME) [17] was used
as an explanation approach. LIME is a model-agnostic approach, which can be
post-hoc (stage) combined with any predictive model. A LIME generates a local
(scope) linear model that approximates the black-box predictive model in the
neighbourhood of the student under investigation. From the approximate linear
model, the contribution of each input feature to the probabilistic classification of
the student can be readily derived. As output, LIME provides for a student and
for each feature and output class, a numerical value indicating the strength of
the feature’s contribution to the predicted output class, which can be visualized,
resulting in a numeric and visual explainable output type.

4 Interactive and Explainable Advising Dashboard

The goal of the dashboards (LADs) developed was to interactively visualize the
aspiring student’s features (prior education and learning and studying skills),
the outcome of the predictive model, and the explanation of the prediction.
Advisors can use the dashboard to gain information about the situation of the
student, trigger discussions, and focus on specific points of interest. The advising
LADs are only meant to be used by advisors in the preparation of an advising
session or during such as session. The LAD is therefore not designed to be
used by students independently. The goal of the explanations in the LADs are
justification, control, and discovery [1].

Two LADs building on two different visualisations were created: the slider
LAD and the rose LAD (Fig. 1). A prototype of each LAD was created in online
design tool Figma and are available online at https://tinyurl.com/yynvqchq.
The advising LADs included interactive visualisations to be able to simulate the
impact of changes in the student’s features on the prediction. This can provide
support when assessing the strengths and weaknesses of a student and finding
the most important features to act upon in order to optimize student success.

https://www.figma.com/proto/204iHRk5IxWPitU4SWCFs2/Gebruikerstest-1.2?node-id=1
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(a) Slider LAD (b) Rose LAD

Fig. 1. Two LA dashboards (LADs) visualizing the outcome of the prediction model
for student success based on an aspiring student’s features. In both LADS, the blue
box contains the bar chart visualizing the outcome of the probabilistic model using a
bar chart with color coding (green for ‘no risk’, orange for ‘moderate risk’, and red for
‘at risk’). Below, the eight features/skills of the aspiring student are visualized on a
linear scale with a slider indicating the skill level (slider LAD) or in a rose plot (rose
LAD). The advisor can simulate changes of the features by clicking the − or + to the
left of each feature (slider and rose LAD) or moving the slider (slider LAD). (Color
figure online)

The slider and rose LADs share the same visualization for the outcome of the
“black box” prediction model for student success (blue box) using a bar chart
with color coding: the green bar represents the probability that the student is in
the “no risk” class, the orange bar represents the probability that the student
is in the “moderate risk” class, and the red bar represents the probability that
the student is in the “at risk” class. The slider and rose LADs use a different
approach to visualize the feature/skill level of the student, the impact of each
feature on the prediction (explainer), and a comparison to the population.

The slider LAD uses a slider to visualize the feature/skill label and level
(Fig. 1a). The mathematics, physics, and chemistry grade in secondary educa-
tion, which were combined into one component in the PCA (see Sect. 3), are
grouped together in a superclass “High school grades”. All features/skills, also
the three features within the “High school grades”, have their own skill level
slider, allowing to simulate changes in the student’s skills and evaluating the
impact on the prediction of academic success. Figure 2a shows the view of the
slider LAD obtained by clicking the “Impact” button (Fig. 1a), revealing the
visualization of the explainer output. The color of each impact circle corre-
sponds to the risk class to which the specific feature/skills makes a positive
contribution. The larger the circle, the larger this contribution. A big red cir-
cle for instance shows a large contribution to the prediction of the student to
the “at risk” class (as the High School math hours in the example in Fig. 2a).
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(a) Slider LAD

(b) Rose LAD

Fig. 2. Visualisation of the explainer output (left) by showing the impact of features
on the prediction (i.e. outcome of the explainer) and comparison to a reference group
(right) for both slider (top) and rose LAD (bottom).

The “Successful population distribution” (right in Fig. 2a) allows to compare
the features of the student to the population of past successful students. The
user can toggle between the full population (all enrolled students) and the suc-
cessful population (all students in “moderate risk”, or “no risk”) as a reference.
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The LAD allows to interactively simulate changes of a student’s features. A
change can be simulated by clicking on the corresponding + and - buttons.
When adapting a feature, the prediction of academic success and the impact
of the (simulated) features are also updated. In the prediction box, the original
success levels are maintained in a lighter color (Fig. 2a). This allows to assess
see the changes, caused by the simulation.

The start view of the rose LAD is shown in Fig. 1b. Each feature/skill has
its own “pie slice” in which the size represents the skill level. Feature labels only
become visible when hoovering over the rose with a cursor. The information of
the explainer, i.e. the impact of a certain feature on the prediction of a specific
risk class, is shown by colouring the slice that belongs to this skill into the
color of the class it contributes to. A high color intensity is connected to a large
impact. Pale coloured slices only have a small impact on the corresponding class.
The most influencing feature for each class, is assigned the maximal intensity of
100%, and the least. As a feature can contribute to multiple output classes, a
different rose is available per risk class, which the user can toggle by pressing the
circle in the corresponding color (see the green, orange, and red circle beneath
the blue box with the predication). Figure 2b shows the impact of the features
on the “No risk” class. The rose LAD offers the possibility of comparing the
current student with an averaged profile of the successful population. This profile
is computed by taking all successful profiles (“Moderate risk” and “No risk”)
and rounding up the averaged value per feature. The option is left open to add
six other specific profiles to compare with (numbers 1–7 next to the prediction
box), which the user can toggle by clicking one of the numbers right of the blue
box with the prediction. Changes in a feature/skill level can also be simulated
by clicking the + or − that appear when hovering over a particular feature/skill
pie slice (see effort in Fig. 2b).

5 Evaluation: Methods and Results

5.1 Methods

The LAD prototypes were evaluated using user studies. Gilpin et al. [11] indi-
cated that humans can evaluate explanations for reasonableness (how well an
explanation matches human expectations), completeness or substitute-task com-
pleteness (explanation enables a person to anticipate the behavior of the pre-
dictive model), and for helpfulness in revealing model biases. Supported by the
recommendation of Davis et al. [7] we focused on the use and utility of the ML
explanation in actual advising practice, rather than on attempting to measure
trust. They argue that the explanations themselves have no intrinsic value, and
that the goal of an explanation is, as for visualizations, to communicate useful
information to a human and that methods to measure utility of visualization
could therefore also be used to measure utility of explanations. We focused on
model selection (which LAD is preferred), and the fit or clash of the explanations
and mental models during advising and its impact on advisors [7].
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A total of thirteen people participated: nine with experience in advising
(advisors) and four with a background of designing and researching LADs
(researchers). All participants were employees at KU Leuven. The user test con-
sisted of an online interview where participants could see and interact with the
LAD prototypes. Beforehand, participants received a document with information
about the research and the two LADs. During the user test, the slider and rose
LADs were compared. To avoid order effects, the order in which the LADs were
shown to the users was alternated between participants. Participants expressed
their train of thoughts out loud (Think-Aloud protocol) and were guided by
directed questions from the interview conductor (e.g. “which information do you
obtain from the visualization”, “does the prediction match with your expecta-
tions”, “what would you advice to students and why?”). After the interview,
participants were asked to complete a survey, containing a version of the Evalu-
ation Framework for Learning Analytics (EFLA) [18] and the System Usability
Scale (SUS) [4] for their preferred LAD (slider or rose). They were also asked to
elaborate on how the LAD would impact students if it was used in an advising
conversation. Interviews and surveys were conducted in Dutch.

5.2 Results

Below, results of both interviews and questionnaires are discussed per topic.
Quotes of users are in italic and were translated from Dutch.

Use and Usefulness in Actual Advising Sessions. The visualisation of the
student features can help to provide a quick overview of the skills, confirming
findings of earlier advising dashboards [6,12]. Especially for the rose plot, users
indicated that it provided a clear, compact, and intuitive overview of the skills
usable in practice: “The large rose is an advantage when talking to a student
since it give a clear overview that can be seen from a distance.” The advisors
appreciate that the visualizations do not only focus on the top-impact features,
but also show the importance of other features: “The rose plot is useful to show
that not only high school grades and hours of math are important. These skills
occupy less than half of the rose, which puts their importance in perspective”.

Advisors acknowledge, consistently with [6], that the visualization provides
them additional convincing power: “The dashboard gives me a tool to actually
show this [student can still improve time management, ...] to a student”. On
the downside, adding explanations also increased the information load: “I would
not use the difference in color intensity to identify strengths or weaknesses of
the student. Showing and explaining the meaning of the intensities would take
up too much time in the conversation. The student can also be confused by the
amount of information and leave the conversation with the wrong impression”.

The overall score of 76/100 of both the slider and rose LAD on the EFLA
questionnaires, which take into account “Reflection & Awareness”, “Impact”,
and “Data”, indicate promising usefulness of the dashboards. The EFLA scores
indicate that advisors believed the LADs will create similar reflection and aware-
ness with advisors and users during advising conversations (around 67 for slider,
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74 for rose) but will have more impact on advisors than on students (sliders 64
vs 58, rose 78 vs 64).

Usability. For the rose LAD, average SUS scores of 88.75 (advisors) and 85.83
(researchers) were obtained. For the slider LAD the average SUS scores were 78.5
(advisors) and 90 (researchers). A score above 80.3 points at a qualitative system
but even the 78.5 of the advisors’ slider LAD lies still far above the average SUS
score of 68. Figure 3 details the SUS scores for the different questions. Looking at
the results of the advisors, a minimum is seen for both LADs in question nine,
targeting the confidence of the participant when using the system. Advisors
believed more than researchers that most people would learn to use the system
very quickly and that the system is not cumbersome to use (Q7 and Q8). In the
interviews users provided many suggestions for usability improvements.

Fig. 3. Average scores on the 10 SUS-questions [4] by advisor (blue, preferring the rose
LAD; green preferring the slider LAD) and researcher participants (yellow, preferring
the rose LAD; red preferring the slider LAD). (Color figure online)

Use of Explanations. The users use the explanations to assess the current
situation of the student and the impact on future student success: “Proba-
bly, this student went through high school smoothly without significant problems.
This prediction gives the possibility to show that the situation is not completely
favourable.”, or “During high school, the student obtained good grades without
having to work really hard. This behavior got him/her through high school easily
but won’t work at university.”, or “The student obtained good high school scores.
And even though he didn’t have 8 h of math, I still believe him to be a model
student. (...) I would tell the student he has a rather high success chance”.

Advisors acknowledge that the visualization helps them to assess the impact
of a student’s features on student success. “When visualising the impact, the rose
plots give an overview per output class (e.g. at-risk) with the slider LAD is easier
to see the impact of a specific feature”. Particular features of the visualization
helped to further focus on important features: “Shades of impact colors are
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really useful. They make it possible to focus on the important features without
wasting time on the ones that have less impact”. Users also warn for possible
wrong interpretations: “Color intensity is not an intuitive way of representing a
level. A large triangle with a bland red color has more visual impact than a small
bright one. This might confuse students”. Similar to [10], users found that the
explanations helped to identify ways for the student to improve: “The student can
still improve Time management, Effort, and Motivation.”, or “Maybe I would
talk about Pressure preference and the Hours of math. I could show options of
trajectories that can help”. The explanations helped advisors focus on important
features: “By looking at the impact circles of all features (slider LAD), it is easy
to focus on the features with a large influence on the prediction. No time needs
to be spent on less relevant skills” Users did not have a clear preference for the
slider or rose LAD for visualizing explanations: five advisors and one researcher
preferred the slider LAD, four advisors and three researchers preferred the rose
LAD. Moreover, the feedback on the visualisation of the impact of the features
on the prediction (explainer) was different between users and still shows room for
improvement for intuitive, compact, yet complete visualizations of explanations
of predictive models.

Trigger for Conversation. Consistent with [6], users indicate that explana-
tions provide a trigger for further conversation: “The students’ effort can still
improve. I would start a conversation with the student to find out why this is low
and how it can be improved”. They also see a conversation as a way to better
understand, disproof, or dig deeper into the explanation of the prediction: “A
high motivation can possibly point to perfectionism but I would ask the student
more questions in order to bring clarity”. Advisors stress the importance of stu-
dents’ background stories when looking at a profile: “The background story of
the student is very important. There can be clear reasons why a certain skill is,
for example “Very low”.”, hereby seeming to warn for the blind use of predictive
models [7].

Interactive Visualization. The interactive visualization was appreciated by
all users and was used in two ways: first, to test to what extent the predictive
model fits with their mental model, and second, to discover features that help
the student to improve their success. For the latter, users express and show a
clear preference for simulating actionable or malleable skills (like Effort, Time
management, and Concentration), and believe that simulating an actionable skill
can motivate students to take action: “The + and − buttons are very powerful to
show to a student and persuade him that improvements can have a large payoff.”.
The focus on actionable and malleable skills complies with the recommendation
to improve the ability to act on LA information [19]. For the features High school
grades and Hours of math, users had different opinions. Some users indicated
it was strange one could still change these features, as the student could not
change their grades or prior education any more: “I would be less inclined to
simulate high school grades. (...) I’d rather use this as a warning for certain
courses, like chemistry”. Other advisors believed that simulating changes in the
features of High school grades and Hours of math could encourage students



Advising Dashboard Opens Black Box of Student Success 63

to enroll in for instance summer remediation courses. Users indicated that the
grouping of features through PCA complicated the interpretation of the impact
of feature while simulating: “Combining high school grades is logical but still a
disadvantage. Even though the use of a combined variable can be explained to
a student, a high math grade can still have a red impact while this is actually
caused by, for example, a low physics grade. This is confusing for a student.”,
and “The use of PCA might be confusing when grades are not lying close to each
other”.

Match or Conflict Between Predictive and Mental Model. Users
reflected on the predictive model and their mental models of student success:
“[...] It makes me wonder more about why exactly a student is classified in a
certain risk class”. Especially when there was a conflict between the predictive
and mental model, users started elaborating: “The student has good grades for
math and had 8 h of math per week. Even given the low score on effort, the
chance of belonging to the at-risk class is too large”. Almost all users reported
somehow that it was “weird” and “counterintuitive” that a feature on which
a student scored high (e.g. high secondary school grade) can contribute to the
“at risk” class according to the explainer, and even reported that it diminished
their trust in the predictive model: “A very high skill having a negative influence
on the prediction, is weird. It makes me question the reliability of the model”.
Advisors spontaneously starting providing possible intuitive explanations for the
prediction: “High motivation can possibly point to perfectionism, which can hin-
der the student”. The fact that features could have a contribution to different
output classes (e.g. both at-risk and medium-at-risk) was considered challenging
to interpret: “At first, it is difficult to give meaning to one skill contributing to
two classes. (...) On the other hand, it can show a student that some skills are
in between of classes and do not have a final impact yet. The future behaviour of
the student can make the difference”. As the interactive visualization was used
to check to what extent the predictive model matched with their mental models,
the interaction triggered additional conflicts: “The decrease in prediction when
decreasing the math score, is too large, compared to my experience. [...] I would
still expect high success levels for this student”.

6 Conclusions and Future Work

This research explored the use of interactive explanations of predictive black-
box models for student success of first-year students in the Engineering Sciences
degree at KU Leuven in a user study with thirteen users. With its evaluation
of both the prediction and the explanation, this study addressed the need put
forward by Alamri and Alharbi [3]. The results obtained through the interviews
and questionnaires show that the interactive explainers can already be consid-
ered to be usable in advising practice and are expected to contribute to the
awareness and reflection of both advisor and student users. Results indicate
that the explanations helped to better understand how the aspiring student’s
features contributed outcome of the black-box prediction model, and to match
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or contrast the user’s mental model to the prediction model. The simulations
with the interactive visualizations, where users could change the students fea-
tures, helped users to understand the behaviour of the prediction model and to
find the essential features the student could be advised to acted upon and. The
explanations and simulations in particular uncovered behaviour of the prediction
model they believed was counter-intuitive and not consistent with their mental
models, challenging their mental models, making them look for plausible expla-
nations, and influencing their trust in the predictive models. Some users warn
for overloading the LAD in case that explanations are added, connecting to the
balance between overview of overload typically occurring in LAD design [15].

The proposed LAD can be introduced in advising practice to investigate
impact on actual advising sessions. While our paper follows the recommendation
of Davis et al. [7] to focus on the utility of ML explanations rather than trust,
future work should use a systematic approach to evaluate if interactive explainers
have a measurable impact on the utility and understanding and trust of the
users in the predictive model. Relating trust of users to the prediction model’s
accuracy is of interest. Finally, more research is needed on how to visualize
predictions relying on features preprocessed with PCA: while PCA is a key in
preprocessing when features are correlated, it leads to less-interpretable features
and predictions, hereby challenging understanding of end users.
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Écublens, Switzerland

{jerome.brender,laila.el-hamamsy,frederique.chessel-lazzarotto,
jessica.zufferey,francesco.mondada}@epfl.ch

2 Mobots Group, Ecole Polytechnique Fédérale de Lausanne (EPFL),
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Abstract. Research has shown that Educational Robotics (ER)
enhances student performance, interest, engagement and collaboration.
However, until now, the adoption of robotics in formal education has
remained relatively scarce. Among other causes, this is due to the diffi-
culty of determining the alignment of educational robotic learning activ-
ities with the learning outcomes envisioned by the curriculum, as well as
their integration with traditional, non-robotics learning activities that
are well established in teachers’ practices. This work investigates the
integration of ER into formal mathematics education, through a quasi-
experimental study employing the Thymio robot and Scratch program-
ming to teach geometry to two classes of 15-year-old students, for a total
of 26 participants. Three research questions were addressed: (1) Should
an ER-based theoretical lecture precede, succeed or replace a traditional
theoretical lecture? (2) What is the students’ perception of and engage-
ment in the ER-based lecture and exercises? (3) Do the findings differ
according to students’ prior appreciation of mathematics? The results
suggest that ER activities are as valid as traditional ones in helping stu-
dents grasp the relevant theoretical concepts. Robotics activities seem
particularly beneficial during exercise sessions: students freely chose to do
exercises that included the robot, rated them as significantly more inter-
esting and useful than their traditional counterparts, and expressed their
interest in introducing ER in other mathematics lectures. Finally, results
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were generally consistent between the students that like and did not like
mathematics, suggesting the use of robotics as a means to broaden the
number of students engaged in the discipline.

Keywords: Educational Robotics · Mathematics · Formal education ·
Secondary school curriculum · Visual programming language

1 Introduction

Research has shown that Educational Robotics (ER) can be used as a tool to
enhance teaching [1] and learning [22], from early childhood [4] to tertiary educa-
tion [3]. ER provides “an experimental platform for practice” [18] and improves
students’ motivation, engagement and learning [26]. While ER can be viewed
as a tool fitting many and varied disciplines [17], it is most commonly associ-
ated with Computer Science [10] and STEM related disciplines [3,18] such as
mathematics [30]. Papert, who instigated the learning theories on construction-
ism1 [24], was one of the first to employ ER for mathematics, in the 80’s. He
used the LOGO programming language to teach geometry and found that ER
improves children’s motivation, learning and interaction in the classroom [24].
Given such premises, it is thus surprising to find that only a limited number
of studies explore the benefits of introducing robotics into formal mathematics
education [11,29]. In 2019, Leoste and Heidmets [21] conducted a longitudinal
study with students from 20 classes, confirming that the use of ER in mathe-
matics lessons improved students’ learning outcomes on a national standardised
assessment. Their results are coherent with recent studies on the use of the
“Concreteness Fading” method in mathematics: Kim [19] found that starting
with physical activities that include manipulatives (such as ER) and “gradually
fading concreteness to access abstract concepts” effectively supports “students
[access to] conceptual understanding in mathematics classrooms”. These findings
suggest that ER could play a pivotal role in a “Concreteness Fading Strategy”
to improve learning outcomes in the formal mathematics curriculum.

Despite its numerous benefits, the use of robots in formal education settings,
as opposed to extra-curricular activities, is still relatively sparse [3], both in terms
of research and practice. A recent review by Zhong and Xia [30] on the use of
educational robots in mathematics education concluded that more research was
required “to further explore the integration of robotics and mathematics educa-
tion”. Progressing in such research requires facilitating the introduction of ER
into regular classrooms. Unfortunately, teachers, who play a determining role
in the classroom, are often preoccupied by time [6,10] and need to be assured
that the use of Educational Robots will help reach the learning outcomes with-
out incurring in a loss of time. Furthermore, the research is well aware of the
importance of providing teachers with adequate guidelines for activity design [14]
and intervention [5], to support the alignment of ER learning activities with the
learning outcomes of the curriculum. However the reality is often far from these
1 The constructionist theory of learning stipulates that knowledge is built more effec-

tively when people are actively engaged in building tangible and shareable artefacts.
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principles, leaving teachers to face the difficulties of integrating ER activities in
their practices alone [8].

In an effort to contribute to the study of effects and modalities of the inte-
gration of ER in mathematics formal education, in this article we specifically
address the following research questions: 1) Should an ER-based theoretical lec-
ture precede, succeed, or replace a traditional theoretical lecture? 2) What is the
students’ perception of, and engagement in, the ER-based lecture and exercises?
3) Do the findings differ according to students’ prior appreciation for mathe-
matics? I.e., can ER help broaden the number of students successfully engaged
in the discipline? The methodology devised to investigate the afore-listed ques-
tions (see Sect. 2), and the results herein reported (see Sect. 3), constitute the
main contributions of this article. Additionally we provide in open-source all the
ER-based pedagogical resources devised2 and used in this study3.

2 Methodology

A key requirement for the assessment of ER learning activities in the con-
text of formal mathematics education is the presence of adequate ER content.
Section 2.1 outlines the learning unit considered for this study and describes the
proposed ER-based theoretical and exercise activities for a geometry lecture.
Details about the study participants and experimental design are provided in
Sect. 2.2.

2.1 Design of the ER Content

In our study, we consider the case of the formal mathematics curriculum at the
level of secondary school in Switzerland. A common practice for Swiss math-
ematics teachers is to start with the theoretical introduction of a concept and
then proceed to paper-based exercises. Students are often free to choose the order
in which to do the exercises. Based on this pedagogical approach, and existing
material, we thus designed an ER-based theoretical introduction lecture for the
curriculum topic of “planar geometric figures” and a set of related ER-based
exercises.

Choice of the ER Platform. All the learning activities we designed rely
on the Thymio II robot [23] (henceforth referred to as Thymio), which was
chosen because (1) its structure and shape is well suited for attaching a pencil
and making it draw geometric figures; and (2) it is presently being introduced
into classrooms in the region [10] and thus already familiar for a number of
teachers. Moreover, Thymio has been successfully employed as an educational
tool in a variety of settings, ranging from primary school [10] to university4. This

2 For the open-source ER-based pedagogical resources devised see here
10.5281/zenodo.4649842.

3 The proposed ER learning activities follow the structure outlined for 11th grade
(15 y.o. students) mathematics in the mandatory curriculum of the Canton Vaud,
Switzerland.

4 https://edu.epfl.ch/coursebook/en/basics-of-mobile-robotics-MICRO-452.

https://zenodo.org/record/4649842
https://edu.epfl.ch/coursebook/en/basics-of-mobile-robotics-MICRO-452
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versatility is rendered possible by the spectrum of programming languages that
can be used with it (including three block-based visual programming languages:
Blockly [23], VPL [23], Scratch [25]; and a text based programming language,
ASEBA [23]). Scratch was selected for the present context as it is particularly
adapted for our target group (15-year-old students) [12] and has already been
used in various studies to teach mathematics [12,16].

ER-Based Theoretical Lecture. The ER lecture was designed starting from
the guidelines for the theoretical introduction of planar geometric figures pro-
vided in the official regional study plan5, and adhering as closely as possible
to the way the teachers in the study introduce new mathematics topics. In
the designed ER lecture, the teacher programs Thymio to illustrate the vari-
ous concepts students are expected to acquire. Specifically, as the students are
expected to understand what a regular polygon is, know its properties and how
to construct it, the teacher illustrates the construction of complex polygons (e.g.
hexagons, octagons...) by programming Thymio and making it draw polygons on
a sheet of paper. Additionally, as the students are also expected to recognise and
name the various angles in parallel lines6, two Thymios are concurrently used to
demonstrate the relationships between these angles. The material prepared for
the lecture is available at 10.5281/zenodo.4649842. The lecture was designed to
last 90 min, which equals the duration of the corresponding traditional theoret-
ical lecture.

ER-Based Exercises. Starting from the 31 exercises present in the curriculum,
we designed 6 robot-based activities which, while functionally equivalent to their
pen-and-paper counterparts, are centred on the programming of, and/or interac-
tion with, the Thymio robot for their resolution. As commonly done for robotics
activities, our ER exercises envision that students work in pairs, a setup known
to foster collaboration and often preferred to individual settings [15]. To detach
the proposed ER exercises from programming, students were provided with pre-
filled code snippets, and thus required only the basic programming skills that
were covered during the ER introduction. Once a code snippet is loaded for
execution on the robot (i.e., assumed by students to be the right answer), its
correctness is immediately and directly assessed by observing the figure drawn
by the robot. This is an interesting feature of ER activities, as the benefits of
feedback mechanisms allowing learners to verify the correctness of their solutions
have been shown in previous studies [2] and are typically lacking in traditional
pen-and-paper exercises.

5 The study plan and learning outcomes outlined for students throughout compul-
sory education in the french speaking region of Switzerland is publicly accessible at
https://www.plandetudes.ch.

6 Facing angles - or vertically opposite angles, corresponding angles, complementary
angles and alternate exterior/interior angles.

https://zenodo.org/record/4649842
https://www.plandetudes.ch
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Validation of the ER Content. The designed ER lecture and exercises
were submitted to 5 teachers with diverse background and experience to ensure
their alignment with learning objectives and methods. Specifically, our experts
included one pre-service teacher, three experienced in-service mathematics teach-
ers and a teacher who transitioned to research on digital education.

2.2 Participants and Study Design

The study was conducted in a public school in Switzerland, with two classes of
grade 11 students (15 y.o.) taught by two different mathematics teachers. A total
of 26 students participated in the study (16 boys and 10 girls), most of which had
no prior experience in robotics, CS or Scratch-based programming. The overall
outline of the study is reported in Fig. 1, with each class being split in two to
avoid a confound between the teacher and the order effect. As anticipated, both
the traditional and the ER-based theoretical lecture lasted 90 min, while the
exercise session (in which students are presented with traditional and ER-based
exercises) lasted approximately 225 min (5 teaching periods), corresponding to
the time allocated to exercises in the official study plan. Details on the assessment
tools used during the study are reported in Table 1. The surveys administered
focused mainly on interest [27] and perceived utility [20] to gain insight into
the students’ intrinsic motivation [27] to introduce ER into mathematics formal
education. Each question is administered on a 7-point Likert scale (score between
–3 and 3, 0 being neutral).

Fig. 1. Study design with each class being split in two to have half the students of each
class in Condition TR and the other half in RT.

RQ1 - Should an ER-based Theoretical Lecture Precede, Succeed or
Replace a Traditional Theoretical Lecture? Our hypothesis is that start-
ing with a concrete experience (i.e. with the ER-based lecture) and moving to a
theoretical lecture helps the students have a better “conceptual understanding”
of geometry. To verify this hypothesis, we designed a between-subjects experi-
ment comparing the condition Traditional-Robotic (TR) (i.e., starting with the
traditional lecture and moving on to the ER-based lecture, shown in purple
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Table 1. Summary of the data collected during the study (tests, surveys and roadmap)

Data Objective Content Answer
format

Test 1 Reference
performance

3 exercises on prior geometry knowledge Paper-
based

Test 2 Performance
after the first
lecture

2 exercises of prior geometry knowledge, 2
on the first theme (polygons), 2 on the
second (angles)

Paper-
based

Test 3 End of unit
performance

Similar to Test 2 Paper-
based

Robotics
theory
survey

ER-based
theory
motivation

I found the theory with robotics 1)
interesting; 2) useful

7-point
Likert

Roadmap ER-based Order of exercise completion Integer

exercises
engagement

Activity type (ER-based done with the
robot, ER-based done without the robot,
Traditional)

Checkbox

The exercises were 1) interesting; 2) useful 7-point
Likert

Perception
survey

Perception of
ER-based
content

1) Interest (I enjoyed doing them, was
interested), 2) Collaboration (I discussed
with my classmate, collaborated with my
classmate to find the answers), 3) Ease (I
found the activities easy, am sure of my
answers, did well), 4) Effort (I was
concentrated, did the activities as well as
possible), 5) Future interest (I would like
to do similar activities in maths, in other
disciplines, would recommend such
exercises to others for maths).

7-point
Likert

Maths
appreciation

I generally like mathematics 7-point
Likert

in Fig. 1) with the condition Robotic-Traditional (RT) (i.e., starting with the
ER-based lecture and moving on to the traditional lecture, shown in orange in
Fig. 1). Differences between the two conditions in terms of academic performance
are assessed at three points in time (see Fig. 1). Test 1, administered prior to the
start of the experiment, assesses students’ knowledge in the geometry concepts
identified as pre-requisite for the considered unit. Test 2, administered at the
end of the first theoretical lecture, assesses students’ understanding of the pre-
sented content, and is similar to test 3, administered at the end of the exercise
sessions. All tests are based on the assessments in the official curriculum. RQ1
was therefore evaluated by checking the learning gains computed for Test 2 and
Test 3 with respect to the baseline provided by Test 1, between the two experi-
mental arms. To mitigate a possible teacher effect, half of each class was placed
in condition RT and the other half in TR, with the responsible teacher giving
the traditional lecture and a researcher (the same for both classes) giving the
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ER-based one. Students were assigned to conditions to ensure they had similar
distributions of competency in the discipline based on their performance in the
course, as assessed by their teachers.

RQ2 - What Is the Students’ Perception Of, and Engagement In, the
ER-based Lecture and Exercises? Our hypothesis is that students would
find the ER-based lecture and exercises interesting and useful, manifesting in
high engagement in these activities and interest to integrate robotics into other
mathematics lessons in the long term [21]. Students’ appreciation for the pro-
posed ER-based activities was assessed with a within-subjects experiment and
via two complementary approaches: an objective assessment of their behaviour
during the exercise session and a subjective assessment of their perception of
the ER-based theoretical lecture and exercises. Throughout the exercise sessions
students are free to decide which (among the 31 traditional and 6 ER-based)
exercises to address, in which order and in which manner. Students could in fact
pick a traditional exercise and solve it without using the robot (referred to as
“traditional”); an ER-based exercise and solve it using the robot to validate their
solutions (referred to as “robotics with robot”); or, lastly, the same ER-based
exercises that the students decided to solve without using the robot (referred
to as “robotics without robot”). In the Roadmap, students were thus asked to
report the order in which they did the exercises and, for ER-based ones, whether
they used the robot or not. Students’ appreciation for the ER-based theoretical
lecture and exercises was measured in terms of perceived interest and usefulness,
respectively with the Robotics theory survey and the Roadmap, which also allows
for the analysis of students’ behaviour. At the end of the experiment, students
were administered a final Perception survey, to evaluate their perception of the
proposed ER-based content from the perspectives of interest, collaboration, facil-
ity (with respect to solving the exercises), effort and future interest (with respect
to including robotics in future mathematics lessons, as well as lessons of other
disciplines). Each of these items corresponded to a minimum of 2 questions, to
acquire a more reliable estimate of the construct from the students [13]. Internal
consistency is calculated using Cronbach’s alpha [7].

RQ3 - Do the Findings Differ According to Students’ Prior Apprecia-
tion for Mathematics? Our hypothesis is that ER would interest students and
help engage those that are generally less invested in the mathematics curriculum,
and thus compensate for differences in terms of prior mathematics appreciation.
To investigate this question, we rely on the data collected for RQ1 and RQ2,
categorising students based on their reported liking of mathematics on a 7-point
Likert scale (13 do, 7 don’t). More specifically, we consider differences in perfor-
mance (learning gain), the level of engagement in the exercise sessions and the
overall perception of the robotics-enhanced geometry lecture.
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3 Results

3.1 RQ1 - Lecture Type and Students’ Learning

Test 1 was administered prior to the start of the interventions and was used to
ensure that the students in both conditions had similar levels of prior knowledge
(Kruskal Wallis test fails to reject H0, p > 0.05). The students’ performance in
Test 2 and Test 3 exceeded 80% for both experimental arms (Test 2: 84 ± 11%
for condition RT, and 84± 15% for condition TR; Test 3: 86± 8% for condition
RT and 87±11% for condition TR). No significant difference was found between
the two conditions (Kruskal Wallis test fails to reject H0, p > 0.05). The finding
thus seems to suggest that the ER-based lecture is equivalent to the traditional
one in terms of students’ learning, with both groups being sufficiently prepared
to move on to the exercises after their first theory lecture. The lack of significant
progress from test 2 to test 3 might be due to a ceiling effect in the test as to its
focus on fundamentals.

3.2 RQ2 - Students’ Perception and Engagement

Figure 2 reports the students’ perception of the ER-based theoretical lecture, in
terms of interest and utility, measured via the Robotics theory survey. Students
in the RT condition, who started with the ER-based lecture, perceived it as
significantly more interesting (Kruskal Wallis p= 0.0073, H =7.3, D =1.43), and,
although not significantly, also more useful than those in the TR condition, who
did it after the traditional lecture. This finding supports the results of RQ1 in
suggesting that the two types of lectures are equally valid in transmitting relevant
knowledge to the students, with those in condition TR thus finding the ER-based
lecture of little interest and utility. Conversely, one of the teachers expressed a
preference towards the TR condition, described as closer to the current practice
and both manifested interest towards ER-based mathematics.

Fig. 2. Students’ interest and utility assessment of the ER-based lecture. Significant
Kruskal Wallis tests are indicated with p-value, H statistic and Cohen’s effect size (D).
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Fig. 3. Order in which the exercises were conducted.

Fig. 4. Number of exercises conducted by each student.

To investigate students’ engagement with the ER-based exercises proposed
during the exercise sessions, we extracted from their Roadmap documents the
order in which the activities were done by students (shown in Fig. 3) and the
number of activities each student did individually (see Fig. 4). In both analyses,
we distinguish between traditional exercises, ER-based exercises solved without
using the robot (“robotics without robot”) and ER-based exercises solved using
the robot (“robotics with robot”). Figure 3 shows that most students started
with “robotics with robot” exercises and finished with the traditional exercises,
with few “robotics without robot” exercises being conducted overall. Since only
6 ER-based exercises were designed, the figure suggests that most students not
only did many of them, but also did them in block, before transitioning to
traditional ones. Indeed, Fig. 4 shows that all the students conducted at least
one ER-based exercise with the robot (“robotics with robots”, µ = 4.15± 1.53),
with only 6 students engaging in “robotics without robot” exercises. Moreover,
since the students who did the largest number of exercises also did all of the
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Fig. 5. Students’ interest and utility assessment of the ER-based exercises. Significant
Kruskal Wallis tests are reported with p-value, H statistic and Cohen’s effect size (D).

“robotics with robot” exercises, it would seem that the time spent on ER-based
exercises was not detrimental for their overall engagement with the exercises. It is
important to note that 5 sessions were allocated to exercises (as per curriculum),
and several students missed one or more of them7, leading to lower-than-average
number of exercises conducted within the allotted time.

Figure 5 reports the students’ perception of the ER-based exercises, in terms
of interest and utility, comparing the ratings of “robotics with robot”, “robotics
without robot” and “traditional” exercises. “Robotics with robot” exercises were
perceived as interesting (µ = 0.5 ± 1.5)), while “robotics without robot” and
traditional ones were rated more negatively (µ = 0.0 ± 0.7, µ = −0.33 ± 1.2
respectively). This contributes to a significant difference in interest between the
ER-based exercises done with the robot and the traditional ones (Kruskal Wallis
test p = 0.0011, H = 10.7, D = 0.64). Similarly, “robotics with robot” exercises
are perceived as useful (µ = 0.6 ± 1.6) and significantly more so than the tra-
ditional ones (mediocre utility, µ = −0.9 ± 0.8) and “robotics without robot”
ones (µ = −0.02± 1.4). “Robotics without robot” exercises are not only judged
less favourably that their “with robot” counterparts, but also perceived as less
useful than traditional activities, which suggests that the role of the robot in the
ER-based exercises was meaningful, allowing for the creation of novel exercises
relying on different modalities to convey and verify a same content.

In the perception survey, students evaluated the ER-based content from the
perspectives of interest, collaboration, facility, effort put in, and future interest
(see Fig. 6). Students had a globally positive opinion of the ER-based content
and reported high interest, facility and effort with respect to integrating robotics

7 also due to COVID-19 regulations concerning in-presence and distance learning.
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Fig. 6. Students’ perception of the ER-based content. Cronbach’s α internal consis-
tency of the scale is calculated for each construct and shown in parenthesis.

in the geometry lecture. Although collaboration and future interest obtained
slightly lower scores than the others constructs, the results remained globally
positive (µ = 0.9 ± 1.9 and µ = 1.0 ± 1.6 respectively). However, some students
observed that the robot “lacked a bit of precision for the constructions”. Indeed,
the robot’s motion accuracy was not-always meeting the requirements of the
application, which, together with some connectivity issues (causing the robot to
skip certain instructions), caused some frustration for the students.

3.3 RQ3 - Effect of Prior Appreciation for Maths

The level of engagement in the exercise sessions (extracted from the Roadmap)
was compared between the students who liked and those who did not like math-
ematics, to verify the effect of this variable on our observed ones. No significant
differences were found between the students in terms of number of “robotics
with robot”, “robotics without robot”, nor traditional exercises they engaged in
(Kruskal Wallis test fails to reject H0, p > 0.05). Similarly, no significant dif-
ferences were found between the students in terms of knowledge acquired, both
at the end of the theoretical lectures and at the end of the unit (Test 2 and
Test 3, see Sect. 2.2), although it is possible that they were affected by a ceiling
effect. Figure 7 compares the responses given to the final Perception survey by
the students who liked and those who did not like mathematics. No significant
differences were found between these groups (Kruskal Wallis test fails to reject
H0, p > 0.05) for collaboration, facility, effort and future interest. Conversely,
students who don’t like math perceive the ER-based content as less interesting
than their classmates who appreciate the discipline, a finding that can be read as
the proof that students were not fooled by the novelty introduced by the robot
and perceived the ER-based content as geometry content. These findings (albeit
limited in validity by the low number of students not liking mathematics) would
seem to suggest that a hybrid between traditional and ER-based content has
the potential to engage students who generally don’t like mathematics as much
as those who do. As a consequence, these students might possibly improve their
competence in and appreciation of mathematics. Indeed, it would be interesting
to verify this hypothesis in a longitudinal study, concurrently tracking students’
perception of mathematics and of Robotics.
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Fig. 7. Students’ perception of the ER-based content depending on prior maths appre-
ciation. Significant Kruskal Wallis tests are reported with p-value, H statistic and
Cohen’s effect size (D).

4 Discussion and Conclusion

This article investigates modes and benefits of the introduction of Educational
Robotics in the formal curriculum of secondary school mathematics, specifically
focusing on the 7-hours long learning unit about planar geometric figures, that
students in Swiss schools address at grade 11 (15 y.o.). The study, involving
26 students from two classes, started with the preparation of a 90-minute long
ER-based theoretical lecture and 6 ER-based exercises, validated by 5 experts
to ensure their alignment with the learning objectives of the unit and state-of-
art teaching practices. Rather than designing a fully robotics-based geometry
course, our objective was to include a limited set of activities where the robot
had an added value. Indeed, robotics should be considered as a tool, an extension
to traditional paper-based methods, but not a total replacement. We specifically
investigated (RQ1) the role of ER-based theoretical lectures, with respect to
traditional ones; (RQ2) students’ perception of and engagement in the proposed
ER-based lecture and exercises; (RQ3) whether the findings of RQ1 and RQ2
differ according to students’ prior appreciation for mathematics.

To investigate RQ1, half of the students started with the ER-based theoret-
ical lecture and the other half with the traditional lecture, and then switched.
Results showed that both groups of students, after their first lecture, reached a
similar (and similarly high) level of competence, suggesting that ER, more often
associated with exercises than theoretical lectures, can be as effective as tradi-
tional means to introduce abstract concepts. While the order in which students
received the two types of theoretical lecture had no impact on their learning,
likely due to the double exposure, the students evaluated the ER-based lecture
more positively when done first. As different hypotheses can be made as to what
caused these differences in perception, future studies should be envisioned to
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further and specifically investigate this topic. Students showed a generally posi-
tive perception of the ER-based content (RQ2), both through their assessment
in terms of interest, utility, collaboration, facility, effort and interest for future
integration and their behaviour during the exercise sessions. Indeed, most stu-
dents started with, and engaged in all of, the ER-based exercises, despite the
limitations of the platform sometimes frustrating their efforts. We hypothesise
that a key reason for this success, to be verified in future studies, is that ER
allows the student to be actively engaged in the exercise and provides immediate
visual feedback that helps avoid the fear of errors and judgement. Lastly, results
were generally similar between students who had declared liking mathematics,
and those who had declared not to (RQ3), encouraging us to investigate in a
future long-term study whether ER could possibly have a positive impact on
students’ competence in, and perception of, mathematics.

In more general terms, the findings highlight the importance of considering,
and doing so as early as possible, the alignment between the learning outcomes
and the robotics artefacts [14], the requirements posed by the classroom con-
text [28], as well as discipline-specific ones (e.g., the need for precise localisa-
tion required by geometry). While our preliminary findings should be verified
in broader and longer studies, the most important result of this study may be
its standing as proof not only that ER can be introduced in formal education,
but also, thanks to the increasing efforts to train teachers [9,10], that this can
be done in a way that allows research and teaching practices to coexist and
mutually benefit from their interplay within a context of translational research.
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Abstract. Engaging students in peer assessment is an innovative assess-
ment process which has a positive impact on students learning experi-
ence. However, the adoption of peer assessment can be slow and uncom-
fortably experienced by students. Moreover, peer assessment can be
prone to several biases. In this paper, we argue that the analysis of
peer assessment interactions and phenomena can benefit from the social
network analysis domain. We applied a graphlet-based method to a
dataset collected during in-class courses integrating a peer assessment
platform. This allowed for the interpretation of networking structures
shaping the peer assessment interactions, leading for the description of
consequent peer assessment roles and their temporal dynamics. Results
showed that students develop a positive tendency towards adopting the
peer assessment process, and engage gradually with well-balanced roles,
even though, initially they choose mostly to be assessed by teachers
and more likely by peers they know. This study contributes to research
insights into peer assessment learning analytics, and motivates future
work to scaffold peer learning in similar contexts.

Keywords: Peer assessment · Temporal networks · Graphlets

1 Introduction

Peer assessment has emerged as a peer learning approach, which is an important
research topic in education [15]. It has been presented as part of the concept
of peer tutoring [27] or peer education [7], which is a specific form of student’s
engagement, having a powerful impact on active student participation [15].

A key way to bring learning and teaching together by engaging students in
peer learning is through the assessment process [14]. Assessment used with stu-
dents has been argued to have a significant impact on what, how and how much
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students study [13] and is therefore an essential element in the learning and
teaching process. Bringing students into interactive learning and peer feedback
around assessment activities is a good way for students to identify the strength-
ens and weaknesses of their work [30]. Allowing students to develop their own
assessment activities is suggested as an innovative assessment practice enhanc-
ing tutor experience [2]. More importantly, engaging students in peer assessment
has a positive impact on students learning experience, and helps improvement
of performance [2]. Despite prior work in this field, the intrinsic mechanisms
and temporal dynamics of peer interactions that drive peer assessment in hybrid
classes remain understudied. A few online tools exist for supporting peer assess-
ment [35], and support for transparent and meaningful peer assessment learning
analytics is lacking [9]. For instance, such learning analytics may allow for reli-
ability check of assessment [9].

This paper aims to provide insights on how students engage in peer assess-
ment and address the following main questions: 1) How peer assessment inter-
actions occur? 2) What are the consequent student roles regarding the peer
assessment process? 3) How the student assessment roles evolve temporally?
To this end, we applied a graphlet-based method, a meaningful and expressive
network analysis approach, to a dataset collected across seven in-class courses
integrating an online peer assessment platform called Sqily. This method allowed
for the description of peer assessment roles students engage with, as well as their
temporal dynamics, leading to a more understanding on how students involve in
peer assessment.

In the following sections, we first present a state of research and practical
issues in peer assessment. We describe the peer learning platform we used and
how it implements peer assessment (Sqily). We also introduce the graphlet con-
cept in the domain of Social Network Analysis. We then describe the graphlet-
based method we adopt to analyse peer assessment interactions, and detect stu-
dent roles and their temporal dynamics. We report our observations, and finally
we discuss our contributions and pedagogical implications of this work.

2 Background

2.1 Peer Assessment Findings

Peer assessment is seen as a powerful tool to achieve evaluation of complex
students’ assignments at a large scale, as in the context of Massive Open Online
Courses (MOOCs) [6,20]. Scalability in the evaluation is achieved since peer
feedback is available in greater volume and with greater immediacy than teacher
feedback [34]. It is also assumed that peer assessment is most generally formative,
with the intent to make students help each other plan their learning, identify
their strengths and weaknesses, target areas for remedial actions, and develop
metacognitive, personal and professional skills [34].

This may seem to be an enriching system, but peer assessment evaluations
can be prone to many biases. As it is reported in [35], biases for students can
include inexperience in grading, but also friendship between peers [8], which
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implies rating friends favourably and making pacts with others [21]. A recent
study [11] revealed that friendship-based favouritism in peer judgements was
one of the most frequently cited by students, as posing a barrier for improve-
ment, and so, a negative aspect of peer assessment. This is closely related to
the problem of reliability and validity of students’ peer assessment, which is one
of the major concerns for both educators and researchers, that is rising in the
literature, and which is mostly dealing with peer grading. For example, [5] found
that when students are given guidance on peer assessment, they take the grading
tasks seriously and their results are highly reliable and as valid as instructors’
assessments. Other studies [17,33,35] indicated that peer assessment is of ade-
quate reliability and validity compared to instructor or teacher assessments,
when the process is carefully prepared and conducted.

It has also been expressed that peer assessment is a time-intensive process,
as it requires students to engage in intellectually challenging tasks, and that stu-
dents can feel socially uncomfortable [24]. The process of peer assessment may
also take time before being adopted by students. It was reported that students,
especially in the initial stages of peer assessment, are often critical of their peers’
ability in assessing their work [1]. However, it was observed that although stu-
dents have doubts and initially tend to resist being involved in peer assessment,
such resistance subsides over time [1].

2.2 Peer Assessment Using the Platform Sqily

One of the objectives of Sqily [26] is to draw benefit from the peer assessment
approach, by providing peer feedback (comments, documentation, ...) and certi-
fying learning skills. Sqily also facilitates interactions between peers, by provid-
ing tools for sharing learning contents and engaging discussions. The platform
enables to define a set of skills that can be certified by completing related assess-
ment activities. An assessment activity can be an open question or an exercise
created by a teacher or a peer. The creator of the activity, based on his or her
own expertise and his own scoring, decides whether or not to validate the asso-
ciated skill for another peer. A skill refers to a knowledge, a know-how or an
ability. Each skill is added to the platform by a teacher or a peer who masters
the related competency. Each learner refers to the platform, to acquire a new
skill by interacting directly with the teacher or the tutor who acts as a teacher
for that skill. Once a learner gets an activity certified, he can himself tutor other
peers.

In the context of a classroom, this enables organising topics, or skills, to
be learned as a tree of learning objectives’ sequences. A learner progression is
explicit, and interactions between peers are organised around skills through an
assessment process. The learner is invited to progress in a learning path which
is not imposed, since students can choose their own sequencing to certify skills
(Fig. 1). Initially, the learning path is set by a teacher, but can be extended by
the learners, i.e. learners are assessed either by teachers or peers, according to
the activities they choose.



Analysing Peer Assessment Interactions Using a Graphlet-Based Method 85

Fig. 1. A learning path in the Sqily platform: the skills coloured in yellow, blue and
grey are respectively skills that have been certified, skills that are being certified, and
skills that are not yet certified. (Color figure online)

The objective of peer assessment using the platform Sqily is to encourage the
learner to adopt a peer tutoring approach: he must mobilise his newly acquired
skills in order to explain them and help other students acquiring them. Thus,
the learner puts himself into the role traditionally assigned to the teacher and
deepens his skills [29]. In summary, students are encouraged to design their own
assessment activities, ask for assessments to acquire new skills or give assess-
ments and feedback on skills they master. Around assessment activities, students
will alternatively assume both tutor (assessor) and tutee (assessed) roles.

2.3 Graphlet in the Social Network Domain and Potential for Peer
Assessment Analysis

Since peer assessment involves social interactions and provides networking data,
it is very worthy to look for the opportunities the domain of Social Network Anal-
ysis (SNA) may provide to analyse peer learning interactions. In fact, SNA is
already known to be powerful at describing and analysing interaction behaviours
in the field of learning analytics. SNA has mostly been applied to analyse student
discussions in forums, a systematic review of literature covers more than 30 stud-
ies that analyse patterns of student discussions [3]. For example, the study [31]
exhibits popular students who provide comments to others, who are reflectors
and good communicators in the learning process. Graphlets have also potential
to provide an automatic way to detect relevant, sometimes, non-obvious config-
urations of interaction inside complex networks [23]. By counting the positions
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in which the nodes appear (position enumeration), the graphlets offer a way to
compare their topological role inside a social network. A previous study on the
Sqily platform data [4] showed the relevance of the graphlet-based approach to
detect roles. However, the limited number of graphlets used did not allow to
differentiate the behaviors of students and teachers and thus to highlight statis-
tically significant changes in behavior.

A social network, represented as an undirected or directed graph, consists,
minimally, of a set of nodes (also referred to as vertices) representing social
actors and a set of arcs (edges or ties) between pairs of nodes, representing social
relations between actors [12]. Recently in the network analysis domain, methods
that explicitly look at the connections between nodes inside subgraphs, called
graphlets or motifs, have emerged [23]. Graphlets have been used in many tasks
such as network comparison, link prediction, and network clustering, mainly
in the computational biology domain (biological networks) [25,32]. On a more
global perspective, graphlets have shown to be able to classify superfamilies of
networks [22,37]. Graphlets are a collection of subgraphs representing all possible
configurations of interconnection between a small number of k nodes, usually k
is set to three in the case of a directed graph. Triadic configurations (directed
graphlets with 3 nodes) represent a fundamental tool for social network theories
and methodologies [12,16,36].

Figure 2 illustrates the process by which positions are enumerated in a
directed graph. In this example, position enumeration is completed by visit-
ing an initial complex graph (social network), to determine all the constitutive
subgraphs of 3 nodes, classify the isomorphic ones and determine and count the
nodes having equivalent positions. Each class defines a new graphlet, which is
distinguished by the way the nodes are connected each other. We can also know
for each graphlet, the number of its occurrences which is given by the count
of isomorphic subgraphs defining the graphlet. An isomorphism between two
subgraphs means that the subgraphs have the same number of nodes and are
connected in the same way. In other words, if the two subgraphs were drawn,
then we would only have to highlight their nodes, and keep the direction of
connection between the nodes to get the exact copies (Fig. 2, (c)). Depicting
the nodes inside each graphlet allows highlighting equivalent positions of nodes
within a graphlet (Fig. 2, (d), (e)).

3 Method

Our work aims to examine interactions between students, that occur during
peer assessment on the Sqily platform. We first consider the student interactions
within the same time baseline, then we vectorise the student peer interactions,
on the basis of their topological positions within graphlets (Question 1). To
obtain student distinct roles, we applied a clustering over the aggregated vectors
(Question 2), and finally we applied a likelihood metric to investigate relation-
ships between two consecutive temporally unfolding roles (Question 3).
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Fig. 2. Example illustrating the position enumeration process: a) initial directed graph;
b) constitutive subgraphs of 3 nodes; c) classes of isomorphic subgraphs expressing the
resulting graphlets, positions of nodes are depicted in shades of grey; d) node “A” in
four positions; e) node “E” in 3 positions. Note that node “E” appears once in the
same position as another node, hence the depicting of 4 nodes.

3.1 Context

The study was situated in seven courses that took place in a classroom using
the Sqily platform in HEP Vaud (Lausanne, Switzerland), a higher education
school that offers a university-level training to future teachers and educators.
The courses were about the fields of mathematics, integration of ICT in teaching,
web exploration and documentation, as well as images and media in teaching.
Each of the courses involved different amounts of students rising from 11 to
171 students per course, and up to 7 teachers per course (this distribution is
specific to the training program and the courses). Each course contains different
assessment activities designed either by teachers or peers. To get involved in a
peer assessment process, students are invited to certify exiting skills or to create
their own assessment activities in the platform. Teachers are creators of skills and
assessment activities, assessors and facilitators. Table 1 shows for each course,
the proportions of assessment activities that have been created by peers in the
platform.

3.2 Data Analysis

A Unique Time Baseline for Interaction Observation. In order to facil-
itate analysis of peer assessment interactions within the different courses and
allow comprehensive comparisons, we first set an observation period to one week,
to get observations with the same time baseline (time discretisation). Then, over
each time period, we aggregate all the interactions between peers, as well as
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Table 1. Number of teachers and students enrolled in each course, and the proportion
of assessment activities created by peers.

Course Nb. teachers Nb. students Nb. assessments Peer assessments (%)

Maths 1 1 16 45 27

Maths 2 1 12 35 97

ICT 1 5 48 243 47

ICT 2 7 151 865 68

ICT 3 6 171 831 79

WebExplo 1 11 24 92

Image&Media 1 13 99 67

between teachers and students, to create a directed graph, where nodes are rep-
resenting teachers or peers, and arcs the assessment interactions, i.e., a teacher
assesses a student or a peer assesses another peer to certify at least one student
skill. The obtained graphs are not weighted, i.e. there is no numerical values
(weights) on the arcs, associated to the count of assessment interactions between
the same individuals, and within the same time period.

Graphlets Shaping Student Interactions. Graphlets provide a meaningful
way to express the student peer assessment roles. In each graphlet, peers are
represented by nodes, the positions of nodes are visually depicted, and the arcs
are directed from the peers taking the assessor role to the peers taking the
assessed role. For instance, the graphlet , expresses a student who assesses
other peers (depicted as a black node), expresses a student who is assessed

by other peers, and expresses a student who assesses a peer after being
assessed by another peer.

In order to be computed, the graph data obtained from the previous step
of time discretisation, is structured using vectors. Each vector stores for each
student, during a period of time, the ratio of the number of appearances of the
student in a given position, with the total number of his appearances in other
positions. More specifically, we defined all possible configurations of graphlets
of size 3, which distinguish teachers (shown as a ) from students (shown as a
). We obtained 20 graphlets allowing highlighting 48 distinct positions for the

nodes, depicted with shades of grey (Fig. 3). Therefore, each student is charac-
terised regarding these 48 distinct positions.

Student Roles. In order to determine peer assessment roles, we applied the
kMeans clustering algorithm over the vectors obtained from the previous step.
Each vector stores for each student information about its enumerated positions
within a period of time. By applying the kMeans algorithm [18,19] to these
vectors, we obtain clusters of similar distributions of positions. The clustering
produced by this algorithm is dependent on its initialisation step and the number
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Fig. 3. The 48 possible positions expressed by 20 directed graphlets of size three,
depicted by shades of grey. In each graphlet, the nodes with the same colour are in the
same position. Students are represented by circles and teachers by stars.

of clusters c that is given as a parameter. Therefore, we ran the algorithm a
hundred times for each value of c between 1 and 20 and kept the best result
according to the silhouette score [28].

Peer Assessments Temporal Dynamics. In order to characterise student
behaviours over time and analyse peer assessment dynamics, we analyse, for each
student, transitions between two different roles at two consecutive time periods.

We applied a likelihood metric named a measure of transition likelihood, as
proposed in [10]. In our context, the likelihood metric is expressed as L(Rt →
Rt+1) (Eq. 1). It measures to what extent the student roles Rt and Rt+1 are
associated, where Rt represents a student role at a current time t, and Rt+1 a
student role at the next time, t+1.

L(Rt → Rt+1) =
Pr(Rt+1|Rt) − Pr(Rt+1)

1 − Pr(Rt)
(1)

The Likelihood metric, looks for association between two states Rt and
Rt+1, using a conditional probability measure Pr(Rt+1|Rt). The expected degree
of association is Pr(Rt+1), because if Rt+1 and Rt are independent, then
Pr(Rt+1|Rt) = Pr(Rt+1). Therefore, the numerator of Eq. 1 is null, and so
L(Rt → Rt+1) = 0, i.e. no relationship between immediate role and next role
[10].

The numerator of the likelihood may be interpreted as the degree of the
association between the two consecutive roles minus the degree of the expected
association between these roles at independence. If Pr(Rt+1|Rt) is lesser than
Pr(Rt+1) then L(Rt → Rt+1) < 0, i.e. the association is less frequent than what
would be expected under the hypothesis of independence (null hypothesis). On
the contrary, if Pr(Rt+1|Rt) is greater than Pr(Rt+1) then L(Rt → Rt+1) > 0,
i.e. the association is more frequent than what would be expected under the
hypothesis of independence.

Likelihood is then averaged for each transition over the student population.
In order to determine whether the average of our sample is statistically different
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from a null likelihood hypothesis, we perform a one-sample t-test (see Eq. 2)
where x̄ is the average of the likelihood for our population, S the standard
deviation of the likelihood for the population, n the size of the population and
µ = 0 our hypothesis statement.

t =
x̄ − µ

S√
n

(2)

4 Results and Discussion

4.1 Student Peer Assessment Roles

The clustering of the aggregated peer interaction data based on graphlets and
positions enumeration led to four different categories of student positions, defin-
ing four distinct student roles (Table 2). Instead of focusing on all 48 possible
positions (see Fig. 3), and in order to describe in a meaningful way each role
category, we only keep the most frequent positions representing at least 75%
of the positions within a cluster. We keep eight positions expressed with eight
distinct graphlets to characterise the student peer assessment roles. Table 2 gives
for each role, the statistical frequency of each of the eight positions, as well as
the size of each role category.

Table 2. Resulting peer assessment roles described with the most frequent positions.
Black depicted nodes represent distinct positions. Teachers are distinguished from stu-
dents by star-shaped nodes.

We interpreted the four distinct roles on the basis of graphlet and position
enumeration, as follows:

– teacher-assessed: This role is defined by a category that includes students
who have been mostly assessed by the teacher (in 92% of cases). This
shows that teachers are significantly present across courses, and that students
choose to be assessed by teachers rather than peers at certain time periods.

– peer-assessed: This role is defined by a category that includes students who
are mostly assessed by other peers (at least in 84% of cases). We note that it is

common for the peers being assessed to have the same assessor (70%), but
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that it is quite rare to be assessed by several peers (7%), or to be assessed
by a peer that has been himself assessed by another peer (a sequence of two

assessments) (7%). This can be explained by the fact that, over one week
of observation, peers remain focused on one learning objective and do not
move to other peer assessment activities.

– assessor: This role is defined by a category that includes peers who are
assessors in 93% of the positions they hold, over a period of time. The majority
of these students assess the same peers (80%), more rarely different peers

(7%), and it is also uncommon that when a student assesses a peer, this

peer assesses in turn another peer (5%). This can be explained by the
fact that students may know each other and favour their friends first in the
assessments.

– assessed-and-assessor: This role is defined by a category that includes stu-
dents who have the most balanced peer assessment interactions. This role is
related to peers characterised by, at least, 42% of assessor positions and 28%
of assessed positions. In contrast to what we observed for the category of
assessor roles, students with this role are more likely to assess different peers

(23%), instead of assessing peers who are being assessed by other students

(10%).
Furthermore, in this role students are more likely to appear as first assessors
of peers that are in turn assessors of other peers (9%). They are less likely

to be assessed by teachers (5%), but they are rather assessed by other

peers. They are assessed by the same peers (9%), or different peers
(8%). They are also assessed by peers that have been assessed before by other

peers (6%). Finally, this role is characterised by the most frequent posi-

tions expressing both assessor and assessed peer interactions (8% of the
cases). These students, therefore, present a role that could be described as
being strongly committed to peer assessment, both by creating assessments
activities, and also mainly interacting with their peers as assessors or to be
assessed and get skills certified.

4.2 Student Peer Assessment Dynamics

Equation 1 was used to compute the likelihood of all possible role transitions
excluding repetitions between roles, leading to 3 × 4 or 12 possible transitions.
Descriptive statistics on the transition likelihood and the results of the t-tests are
presented in Table 3. We performed one-sample t-tests to test whether likelihood
measures were significantly greater than or equivalent to zero, i.e. no relationship
between immediate and next role.

Significance testing led to five transitions that occur above chance (p < 0.05,
x̄¿0), namely (teacher-assessed → peer-assessed/assessed-and-assessor; peer-
assessed → assessed-and-assessor; assessor → peer-assessed/teacher-assessed),
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and three transitions whose occurrence was expected at chance levels (p <
0.05, x̄ < 0), namely (peer-assessed → assessor; assessed-and-assessor →
assessor/teacher-assessed).

The first five transitions expressed an association between specific roles. This
showed that peers assumed different roles as assessed and assessors after being
assessed from the teacher or another peer. They also engage with their peers with
assessed roles after being assessors. On the other hand, the three other transitions
showed that peers engage as assessors more frequently regardless of their previous
peer assessment roles. Moreover, students who are assessed by teachers are not
most likely those who are engaging in peer assessment beforehand.

From these results, we can observe that peers have a positive tendency
towards a more balancing role and engage in the peer assessment process pro-
gressively. We observe that teachers are significantly present in the courses, and
students may need to be assessed by teachers before engaging themselves in
reciprocal activities with peers. Another interesting result, is that students who
are assessing first their friends (assessing frequently the same peers), are not
likely those who have experienced peer assessment in a more balanced way. This
shows that students may need time before feeling comfortable to interact with
new peers, and so the process of peer assessment may take time before being
adopted by students.

Table 3. Descriptive statistics of transition likelihood between two roles and results
of the t-tests. **p < 0.05

Transitions n x̄ S One-sample t-test

t p

From teacher-assessed role

teacher-assessed → assessor 267 −0.000 0.409 −0.02 0.988

teacher-assessed → peer-assessed** 267 0.110 0.590 3.05 0.002

teacher-assessed → assessed-and-assessor** 267 0.061 0.401 2.48 0.014

From peer-assessed role

peer-assessed → assessor** 250 −0.129 0.357 −5.70 0.000

peer-assessed → teacher-assessed 250 0.038 0.624 0.97 0.332

peer-assessed → assessed-and-assessor** 250 0.229 0.475 7.64 0.000

From assessor role

assessor → peer-assessed** 168 0.251 0.578 5.62 0.000

assessor → teacher-assessed** 168 0.105 0.534 2.55 0.012

assessor → assessed-and-assessor 168 0.020 0.425 0.62 0.539

From assessed and assessor role

assessed-and-assessor → assessor** 149 −0.200 0.293 −8.31 0.000

assessed-and-assessor → peer-assessed 149 −0.022 0.616 −0.44 0.659

assessed-and-assessor → teacher-assessed** 149 −0.218 0.411 −6.47 0.000
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5 Conclusion and Implications

In this work, we have presented a graphlet-based method to analyse peer assess-
ment interactions and their temporal dynamics, in the context of hybrid courses
using a peer learning platform called Sqily. The graphlets allowed to shape peer
interactions and provide a meaningful way to detect peer assessment roles, over
the same time baseline. This approach makes it possible to meaningfully observe
how students engage in peer assessment activities. And finally, examining dynam-
ics brings insights on how peers adopt different roles over time. We observed
that peers have a positive tendency to adopt the peer assessment process and
engage progressively in reciprocal activities towards peers. Teacher presence was
observed significantly across courses, and this may lead to enhance initial assess-
ment activities between peers.

This study contributes fresh insights into better understanding how peer
assessment occurs for informing future research. One of the main interesting
empirical findings of this work is that students need some support to engage in a
peer-assessment process, and that a direct guidance from a teacher can help them
to initiate interactions with peers. Another main contribution of this paper con-
sists in the effectiveness and expressiveness of the graphlet-based method used for
analysing and interpreting assessment interactions between peers. This method
has a great potential to address meany state of the art issues regarding peer
assessment, such as friendship based favouritism between peers and resistance
to being involved in peer assessment. This method would also be transferable to
analyse other learning issues in similar contexts, as it allows shaping interactions
between peers. One could focus, for example, on cooperation between students,
such as co-development of learning content or analysing team work [14].

The work presented in this paper is of scholarly and practical implications.
This work brings interesting insights on the design of learning analytics tools that
allow for a meaningful reporting of peer learning dynamics. This may strengthen
formative evaluation and provide learners with quick feedback during their learn-
ing. Future work is motivated to scaffold peer learning. Moreover, further infor-
mation is required to improve peer interaction analysis and better understand
peer learning phenomena. For example, it would be relevant to adapt the size
of the observation time window to the intensity of interactions during a course,
to get more rich information and improve the analysis of peer learning. It would
be also interesting to analyse the quantity and the quality of feedback made to
peers. This can extent the relative research on peer learning and peer assessment.
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Abstract. With the recent COVID-19 pandemic and general school closure,
teachers had to teach remotely in an emergency. This study explores how this
particular context enacts French Primary and Secondary Teachers’ technology
integration, with a specific focus on the virtual learning environment (VLE), by
exploiting 441 teachers’ answers to a survey and 13 in-depth interviews. The find-
ings confirm previous studies: teachers intensified the practices they were already
familiar with. But the need to keep a pedagogical link with students led them to
more active, collaborative, and engaging learning forms. Our multidimensional
analysis shows that teachers integrated technologies into their practices, accord-
ing to two different logics: diversifying interaction with students and improving
self-efficiency. VLE seems easier to use than other digital tools, yet it lacks the
resources to fully support teachers’ professional development. Finally, this article
presents three strategies to redesign the UX and open up the VLE to resource
creation, to promote the integration of digital tools within teachers’ practices.

Keywords: Virtual learning environment · User experience · Teachers’ digital
practices · VLE practices redesign · COVID-19

1 Introduction

For the large majority of OECD countries, the Covid-19 pandemic led to the closure of
schools in March 2020 and several governments chose to use digital tools to carry out
teaching and learning activities, originally planned to be face-to-face, remotely [1]. To
implement this strategy, the French government has relied on a policy of providing digi-
tal workspaces called “Environnement Numérique de Travail” deployed in primary and
secondary schools since 2003 [2]. These digital workspaces follow nationally defined
guidelines [2–4]. Thus, all teachers in France have a comparable solution that was ini-
tially dedicated to the administrative management of students (for example, attendance
and grades) [5]. Over time, this solution has evolved to include communication and
collaboration features, like any virtual learning environment (VLE), such as Moodle.
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The massive use of digital tools provides great versatility and the opportunity for
interaction and to transform learning activities [1, 6]. During the crisis, the main advan-
tage of VLEs, according to teachers, was the ability to gather and foster activities involv-
ing different actors likely to accompany children’s learning (teachers and other educa-
tional staff on the one hand, and children and parents on the other hand [7]). For teachers,
distance learning activities can contribute to redefining their role (from instructor tomen-
tor or facilitator) and, above all, to diversifying instructional and technical means [8].
This finding lines up with the “heroic handiwork” that Félix et al. [9] observed during
this “quaranteaching” [10] period.

But various studies showed that VLEswere, in France and elsewhere, mainly used by
primary and secondary school teachers for basic uses: information and content sharing,
communication (mail, forums) and immediate assessment (quizzes) [11–13].

It is critical to understand how digital tools, and in particular VLEs, have been
used during lockdown in order to adapt their deployment strategies or make design
recommendations towards more useful and usable tools. For TEL researchers, this is
essential since the deployment and use of the VLE is highly developed outside of France.
For instance, in 2013 VLE had been deployed in 87% of Norwegian schools [14], and
its use has been spreading in Lithuania since 2018 [13]). Other countries such as Spain
[12] and Malaysia [11] have been experimenting with VLE use in secondary education
and have observed some traditional class format transformations.

In this study, our first research question asks which tasks did teachers implement
during this period and by what means: the VLE, other digital tools, or non-digital tools
(Q1). Beyond contributing to longitudinal studies on the integration of digital technology
in and for education, our goal is to identify how the injunction to provide distance learning
has affected integration dynamics and how these observations can help formalise support
strategies adapted to teachers’ needs. The second research question is how to describe
and explain the level of digital integration in schools (Q2). Globally, we are seeking to
determine what lessons can be learned from this experience to foster the development
of digital technology in schools (Q3).

We conducted a study from March to June 2020 to describe the teachers’, students’,
and parents’ experiences on the pedagogical continuity regarding digital technology. In
association with Open Digital Education, the company that deploys two VLE solutions
(Neo for primary school, One for secondary schools), a surveywas disseminated through
both VLEs. We conducted in-depth interviews to round off the results. Out of the 5000
answers collected from all actors’ categories, in this article, we propose an analysis of
441 teachers’ survey answers and 13 interviews.

2 Digital Technology in Teachers’ Pedagogical Practices

The Deployment of Digital Technology in Education. Whereas the use of digital
technology is widespread among teachers outside the classroom, especially for class
preparation, its use remains limited within the classroom [15, 16]. There are many
reasons for this.

One of the European Survey of Schools ICT in Education’s [17] main findings is the
consistently demonstrated link between teachers’ experience and technology use. Most
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teachers who integrate digital tools into their classes have at least six years of teaching
experience.When asked about their skills, they declared feelingmore confident (score of
at least 3 out of 4) with communication, information/literacy, collaboration, and safety
tasks. They answered feeling less confident with content creation and problem solving.

Other causes are a lack of equipment or material dysfunctions [16], lack of tech-
nical and techno-pedagogical training [17], inequalities of access, or social inequali-
ties [18]. Besides those external variables, beliefs, opinions, and the diversity of tech-
nology, integration policies [7] have a strong impact on determining the use or non-
use of technologies. In the French context, 5 teacher’s profiles have been identified
by considering the frequency of use and the perceived benefit of technologies [15].
However, depending on the pedagogical approach adopted, studies have shown positive
effects in using digital technology for learning. For instance, teacher-centred approaches
work effectively with younger students for distance purposes [19]. Virtual environments
help to break down spatio-temporal barriers and to promote synchronous/asynchronous
communication [20].

VLE Introduction in French Schools. In 2006, the FrenchMinistry of Education pro-
posed a framework to deploy a solution designed to bring together all the educational
actors in the same environment. Based on this framework, private publishers have
deployed VLE solutions in primary and secondary schools.

Although the solution includes various services and resources, its uses are limited to
certain activities or tasks: mail and planner services remain the most widely used tasks
[4]. These services allow the reproduction of existing traditional practices with other
means [4], which explains its popularity. The feeling of additional workload, the lack of
usability of some services such as the forum [21], or the negative perception that teachers
have of VLEs can explain the low level of use [5]. This solution also competes with
“cobbled together” solutions, preferred by the most enthusiastic teachers [5], because
they existed before the arrival of VLEs [3]. Moreover, the VLE deployment strategies
follow the institutional will to homogenise services, to the detriment of matching the
needs of users with a tool’s functionalities [2].

However, new practices are emerging [20], and VLEs have built up new forms of
enhancing teachers’ work [22]. The VLE seems to contribute to the implementation of
activities inside and outside the classroom [15].

Observation of Digital Uses and Teaching Practices. The observation of teachers’
digital uses of VLEs sets different objectives: producing descriptive studies of uses,
identifying and explaining the factors that condition uses/non-uses, the effects linked to
uses, or modelling and formalising the appropriation dynamics.

When addressing a large scale, surveys through questionnaires are usually represen-
tative of a population’s general trends. They are useful for producing descriptive studies
or appropriation models. They generally question teachers on their sociodemographic
characteristics, professional background, work environment (including computer equip-
ment), and on their opinions and practices about a given type of technological service.
The usefulness, usability, and acceptability [23] is often analysed, with standardised
tests [24], to identify all the “practical” aspects of use [25]. Several studies cited in the
previous section [3, 7, 11] use these factors to explain teachers’ uses/non-uses. These
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methods are also useful for modelling technology integration in order to describe and
understand the innovation diffusion [25, 26].

These methods remain questionable in many aspects. Certain criteria on teachers’
skill levels are poorly formalised. The Technological Pedagogical Content Knowledge
(TPACK) model [27] could be considered because of its differentiating aim. It describes
the threemain fields of knowledge that teachers have tomobilisewhen integrating a tech-
nology (knowledge related to the content, knowledge on pedagogy, and knowledge on
technology). Furthermore, this quantifying use approach tends to ignore the use purpose
that contributes to understanding teachers’ objectives and justifying one service’s choice
over another [21]. Open-ended questions of the “why” type are precious help in under-
standing these motivations (lack of usefulness, lack of technical or techno-pedagogical
skills, too much effort) [17, 28]. Nevertheless, a more systematic analysis of the benefits
[24] or the value constructed by use [29] can be carried out. One last methodological
element is questionable. The linear character of these models does not allow us to under-
stand the use progression that is not unified for all the services or applications considered
[5], and multidimensional classification processes are potentially more suitable [4, 30].

Despite its limitations, the questionnaire, remains the most used form, especially to
situate our study results in a long-term extension of other studies’ results. We propose to
complement classic questionnaires by introducing other information gathered, regarding
the tasks and objectives that motivate teachers’ use, their more precise opinions about
the services and the VLE design, as well as their own evolution in terms of motivation,
self-efficiency feeling and competence at the beginning and the end of the lockdown.
We also propose to use multidimensional classification methods.

3 Open Digital Education-Nunc Study

Context of the Study. The survey1 was proposed to users of the VLE solution provided
by the publisher Open Digital Education between May and June 2020. The invitation to
answer the questionnaire was proposed directly on the VLE. The questionnaire consists
of 3 parts (Fig. 1). The first part addresses the respondent’s profile. The second part tack-
les digital technology and VLE experience: uses of digital technology/VLE for school
tasks, the experience of VLE (UMUX usability scale [24], and preferred services). The
third part concerns the overall experience of the pedagogical continuity period in terms
of motivation, sense of efficacy, competence (characterised according to the TPACK
dimensions [27]), social ties, and autonomy. We considered the feelings expressed at
the beginning and end of this period to calculate the benefits/damages individually. In
addition to the questionnaire, in-depth interviews and a collection of experience stories
were carried out remotely between June and July 2020.

Participants. The corpus of analysis was composed of 441 responses to the teacher
questionnaire (279 in primary school, 162 in secondary school) and 13 in-depth inter-
views. The respondents were mostly women (79%), between 25 and 55 years old (89%),

1 The survey is part of the larger Nunc project, started in March 2020 to understand how families
and teachers adjusted teaching and learning activities to lockdown with TEL.
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Fig. 1. Structure of the questionnaire

with a permanent position (94%), more than 11 years of service in the national educa-
tion system (90%) and working in public institutions (97%). Nearly a quarter (24%) of
the teachers reported that less than 5% of their students did not complete the proposed
activities, while 14% reported that half or more of their students were in this situation.
Teachers’ responses come from different parts of France with a predominance for two
departments (Somme, 24% of teachers, and Martinique, 10%).

Data Analysis. We identified teachers’ adaptation strategies (Q1) by adding up the
answers regarding how they performed (with a VLE, other digital tools or non-digital
tools) or not in 24 school tasks (Sect. 2 of the questionnaire). We regrouped these 24
tasks according to the pursued higher-level objectives (design, transmission, facilitation,
verification, communication, and self-training). Then, we used a K-means classification
method on the tasks answers grouped by objectives in order to identify groups of teachers
that use VLEs, and/or other digital tools for equivalent purposes and to model technol-
ogy integration (Q2). We determined 5 levels for each means in order to respect the TIM
scale of technology integration [30]. For description purposes, we calculated the average
of the objective performed and the number of teachers in each level. Next, to explain the
teachers’ motivation, we conducted a co-variance analysis (significance level at 0.05) of
the integration level with the variables: profile, UMUX VLE, overall experience of ped-
agogical continuity (motivation, self-efficacy, competence, social ties, and autonomy).
All statistical analyses (bivariate or multivariate analysis) were performed using Excel,
XLStat, and Jmp. In this paper, interviews are used to illustrate the results.
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4 Results

4.1 Teachers’ Adaptation Strategies During the Lockdown

Figure 2 presents the answers from primary and secondary school teachers about the
means used to perform 24 school tasks, reorganised according to the pursued higher-
level objectives. The behaviours of primary and secondary school teachers are overall
quite similar. The most performed tasks are transmission, communication, design, and
information retrieval.

Fig. 2. Task completion modalities by primary and secondary school teachers

The transmission of activities concerns courses, resources, and exercises (T3, T6) that
are mostly carried out with the VLE and on a one-off basis (often daily) (T4). “This year
I am using the blog that allows me to deliver content and for the students to interact. This
is the added advantage over the multimedia notebook, they can ask questions through
the comments and also share with each other,” (Primary school teacher, n°8). “Each day
was fully detailed with all the topics. So for each topic, [I wrote] which activity to do
with the reference of the document to be found in the document area,” (Primary school
teacher, n°13). The teachers less often proposed activity sequences (T6) or activities in
groups (T7), sometimes to avoid losing students.

Communication through the VLE is mostly to keep contact with students (T18)
or to manage individual requests (T17), mainly inter-personally. In primary school,
teachers also used other communication means. “There was the textbook which acted
as a messaging system, and the parents’ email addresses which also acted as a double
messaging system, and also the multimedia workbook” (Primary school teacher, n°7).
The teachers do not share questions with other students (T20).

Self-training is mainly performed by searching on the Internet (T24) and exchanging
practices between teachers of the same school via the VLE or other digital tools (emails,
telephone) (T21). Teachers designed activities (T2) using tools available online. “I go
and look for videos on YouTube, I go to the BBC website and then I make a lot of things
myself from images that I look for on the internet. (…) After the videos, I often rework
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them, I split them up, I re-adapt them, I do it to measure for them” (Secondary school
teacher, n°1). For self-training purposes, teachers mostly favour the Internet to the VLE,
except for some primary teachers. “I have many different textbooks, and I create my
sequences from documents that I find in them. I don’t use a particular textbook, and I
create all the sequences, and then I go and look on sites, Spanish sites for articles, videos
that can enrich the sequence, (…) then I look, I create everything by myself” (Secondary
school teacher, n°5).

Verifying the students’ work (T14, 15, 16) is achieved mainly using the VLE in
secondary school and with other digital tools in primary school.

“They would leave in the digital locker the work they had to hand in to me” (Sec-
ondary school teacher, n°2). “I asked students to send me their notebook’s pictures with
what they had done every day, so I can be able to correct them live. So they would send
me all the pictures either on Messenger or on WhatsApp” (Primary school teacher n°9).
Assessing the student work was not generalised.

The least performed tasks are facilitation ones. The teachers mainly used video
resources transmitted directly on or with VLE services to facilitate the lessons. “And
when there was a new concept, for example, ‘What is a verb?’, I put them in a separate
notebook where there are only videos to learn. The video of ‘What is a verb?’ explains
how to look up for a verb and then I put the lesson in. So, every time they had exercises,
they could refer to the video to better understand” (Primary school teacher, n°9). The
other forms of facilitation (collaborativewriting, oralwork, virtual classes, use of specific
tools) remain less developed. However, the VLE allows writing activities (T9) and the
other digital tools organising virtual classes (T12, 13).

4.2 Levels of Digital Technology Integration in Teachers’ Practices

Figures 3 and 4 present the VLE and others digital tools levels of integration produced
with the K-means analysis of the objectives performed. Figure 3 describes the level
of integration according to the objectives completed. The higher the level, the more
objectives the teachers achieve. Figure 3 describe the number of teachers in each level.

Digital Integration Strategies. Integration strategies for VLE (Fig. 3) involve varying
and intensifying the interactionmethods with the students, starting with the transmission
of courses (level 2), and adding verification and communication (level 3) or design, com-
munication and facilitation (level 4). Level 5 corresponds to an intensification of these
five types of objectives. At all levels, the self-training objectives are weak. Conversely,
the integration of digital technologies mainly serves first productivity objectives (levels
1–2–3) (self-training, design) and then increases for interactions purposes with students
(levels 4–5). Most of the teachers are counted at level 5 (139).

Comparing the joint integration of the two means (Fig. 4), we observe 5 types of
behaviours. In green, 3 groups with advanced uses: G1 includes 57 and 80 teachers
using exclusively VLEs at level 5 and other digital tools for design and self-training
(level 1 and 2); G2 includes 63 teachers using only other technologies at level 5 and
G3 includes 51 and 30 teachers having integrated the two ways concomitantly at level
3 or 4. Example for G1: “The blog allowed me to send them the work by inserting PDF
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Fig. 3. Description of technology integration levels (TIM) by objectives completed (normalised
values between 0 and 1)

Fig. 4. Description of technology integration levels (TIM) by number of teachers in the level

attachments, or videos. I used the pad for two things, for registration when I did the
videoconf, because I wanted small groups (…) and I used it for collaborative writing
too. I absolutely wanted to find a way of doing written expression without having 28
copies of 15 pages to correct, so they did stories together (…), and then I published them
in the multimedia book so that everyone could see them.” (Primary school teacher, n°4).
Example for G2: “We used Discord (…) on request (…) of my students. We were able
to chat every day, I was able to motivate those who were dropping out. In short, it was
extremely valuable” (Secondary school teacher, n°1).

Example for G3: “Some students told me, after two months ‘We’re no longer moti-
vated, we don’t feel like it anymore’, so I said to myself, ‘Come on, I’m going to do
something on video to talk to them and motivate them,’ a colleague told me to register
on Zoom” (Primary school teacher, n°9).

In yellow a group (G4) of 93 teachers with limited use of other technologies but
progressing in the integration of VLE in their practices. Only 3 teachers (G5 in red) have
advanced uses with all the tools.

Factors Explaining VLE Integration. The following paragraphs present the variables
that have a significant co-variance (with a threshold of 0.05) with the integration levels.
The linear correlation coefficient r is specified.

The profile variables (age, gender, seniority, characteristics of the institution) of
teachers do not significantly explain the level of VLE integration. The variables that
contributed significantly to the VLE integration were a positive opinion on the VLE
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design (UX) (r= 0.27), knowing that they could count on a community (0.15), realising
that they could discover new practices (r = 0.09), evolve professionally (r = 0.02) and
work autonomously (r = 0.07). Other variables that contributed are realising that using
VLE does not require much effort specially for content design (r = 0.05), that they are
able to produce activities (r = 0.05) that activities are useful to pupils (r = 0.02). “I
am satisfied with the use of the VLE. It had to be set up to handle the large number
of notifications generated because of the lockdown, and I like that I can attach large
files easily” (Secondary school teacher, n°5). “Yes, I think my work has improved in
quality. For me, it’s a very good experience because it forced me to push certain things
further that I wouldn’t have done. It’s going to improvemy preparation work essentially”
(Secondary school teacher, n°1).

The variables that contributed significantly to the non-integration of VLE were a
high level of integration of other digital tools (r = −0.62), feeling difficulties with
digital technology use (r = −0.39), feeling that the effort to produce was too great, in
particular to create content (r=−0.05), and also the fear of losing the relationship with
colleagues (r = −0.01) or parents and pupils (r = −0.01). The correlation coefficient
r = −0.62 shows that when the integration is completed (level 5) teachers keep only
one way of working. These results are consistent with those in Fig. 4 (groups 1 and 2).
During the interviews, teachers explained their difficulties in integrating the VLE due to
design flaws. “Without all these problems of multiple locations, if it was more rational,
I think it would be a good tool” (Secondary school teacher, n°1). Others explained
their practices according to the students’ and families’ digital technology troubles or
previous habits. Primary school teacher n°7 explained how “For those who didn’t pass
the login challenge, I had taken my phone and created a small WhatsApp group so I
would sometimes have two screens, and then I would flip the phone over and show the
reading.” These teachers belong to groups 3 and 4 and choose the technology according
to the context of uses.

To refine the analysis of difficulties in the uses of VLE, we looked at the services that
were preferred by users with the highest level of integration [31]. The results are globally
coherent with previous surveys concerning the massive use of email, textbook, multi-
media notebook, and blog [4]. We can observe a strong progression in the notification
manager’s use, mobile version of the VLE, and news feed, which confirms the VLE’s
interest in organising collective activities. Some services are starting to be reused for
activity design: the blog, multimedia workbook, exercise and evaluation, competencies,
collaborative wall. Nonetheless, even when the user experience is good and the commu-
nity is present, barriers persist for facilitation and self-training purposes. Teachers do not
use the communication and collaboration features of the platform to help each other and
few of them adapt their facilitation practices with the forum, mind map or collaborative
pad proposed in the VLE.

Factors Explaining Other Digital Tools’ Integration. As with VLE, contextual and
sociodemographic variables do not significantly explain the level of digital integration.
The variables that contributed significantly to the integration of digital tools (other than
VLE) were the feeling of having difficulties in creating content or with digital tools
in general (r = 0.12), the feeling that it would be useful to students (r = 0.05), in
particular for creating or maintaining links with them (r = 0.05). These observations
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are consistent with previous findings such as looking for information on the internet
to create content and using the tools that pupils use, to keep in touch with them and
improve their motivation. “So I asked the parents to go to the One VLE, but there were
a lot of them who couldn’t send me back the exercises, I don’t know why, to post the
pictures… so as a result, they were sending me all the pictures either on Messenger or
on WhatsApp” (Primary school teacher n°9).Very few teachers (only 3) have integrated
all the tools in the highest levels.

A positive experiencewithVLE combinedwith the fact of knowing that a community
could help them in the school also significantly improved the integration of digital
tools (r = 0.04). The fact that a positive experience with the VLE reinforces the use
of other digital tools shows its potential as a tool that promotes digital tools in schools
more generally. These teachers combined tools: they designed activities and search
for information via the Internet and used the VLE for transmission, verification and
communication. They represent the group 3 identified in Fig. 4.

The variables that contribute significantly to the non-integration of digital technology
are the fact of already regularly working with VLE (r = −0.62), the feeling of having
to work alone (r = −0.52), the impression of having difficulties with digital tools (r =
−0.13) or that the effort to be made would be too great (r = −0.04).

5 Lessons Learned to Promote the Development of Digital
Technology in Schools

Lessons Learned. To answer the first research question, this study showed that overall,
teachers’ behaviours were quite consistent in terms of practice with what previous stud-
ies have shown: they used the VLE mainly for communication tasks and transmission
of activities [4, 17], and the other digital tools (resources on the internet and applica-
tions on their computer) for self-training and design [16]. The French teachers mainly
used the technologies they were already familiar with, but some teachers develop new
practices to address the imperative need to keep in touch with students, as identified
by Pace et al. [10]. Using the Internet and personal applications fostered a discovery
on new practices and new learning resources (video, text documents, exercises) which
were often directly reused or adapted to create new activities. Students’ and families’
difficulties in using the VLE also led teachers to make more use of their personal email
and instant messaging. Moreover, the VLE has encouraged the emergence of collabo-
rative writing practices with students or the design of activity sequences that integrate
more multimedia resources, or verification. In this sense, the crisis led the teachers who
were more reluctant to technologies to more active, collaborative and engaging teaching
practices. This experience made teachers more confident about their personal effective-
ness and the quality of their professional practice. Like Tække [19], we believe that
this crisis has triggered a significant evolution in teachers’ practices, which can be fully
achieved with better training of teachers in the use of TEL [1, 32]. As with all methods,
data collection by questionnaire sent via the VLE might have induced some bias; the
teachers who responded might also have been those most involved in school activities
and in the use of digital technology in general. The consistency of our observations with
other international studies leads us to believe that this is probably not the case.
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To answer the second question, the integration of digital technology and the VLE are
done jointly. The integration of digital technology was more effective for the VLE than
for other tools. Many teachers quickly developed practices covering several objectives
related to their activity, whereas fewer teachers were able to do so with other tools.
However, this integration could not have been achieved without the use of the Internet or
applications external to theVLE.Both resources stimulate teachers’ creativity and ability
to design new activities or to find resources adapted to students’ and families’ needs. The
Internet pushes the VLE use towards pedagogical innovation (design, facilitation), and
the VLE pushes the collective and collaborative organisation’s activity (transmission,
communication).

These observations on the integration of digital technology into teachers’ practices
must be placed in perspective with the results of the 2016 Profetic annual survey results
[15]. Teachers who have a daily practice with VLE or other digital tools (in this study,
groups 1 and 2) find it easy to access to online resources which may explain their ability
for self-training. Teachers in group 3 share same integration level on VLE and other
digital tools mostly because they try to adapt and diversify resources to students’ and
families’ needs. Finally, group 4 is similar to those Profetic teachers who use digital
technology the least and are less convinced of its relevance. For these profiles, institu-
tional resources, such as the VLE, must be favoured because they are already available
and do not require additional equipment. This might explain the increase in the use of
VLEs and not other digital tools in this group.

Promoting Digital Technology in Schools. Two axes are critical to develop digital
technology in schools: creating new resources (activities, applications, documents…)
accessible on the internet, and improving the VLE UX. The VLE design, as a global
platform, is a strength for stimulating the development of digital schooling because
it integrates a variety of useful services, and the design is rather good. But it is also
a weakness because many services are unnecessary or redundant, and others are still
missing.

As recommended by Pace et al. [10], it would be interesting to offer teachers the
means to personalise the services of their personal or class work-space: by (un)selecting
the services (following a store model) and by proposing a “default” model integrating
only the most relevant services. Teachers should also configure the implementation of
services, for example concerning notifications or storage synchronisation. The VLE
would offer more flexible uses.

Additional studies on pedagogical continuity show that teachers, students, and par-
ents are often lost between the different possible ways of identifying, carrying out,
transmitting, or getting feedback on pedagogical activities [32, 33]. To overcome the
complexity of certain operations, a redesign of the VLE information architecture could
be carried out based on the user path design method to identify ways to better articulate
services (e.g., document management, notification, communication, activity production,
and control/verification), to streamline their access in workspaces by functionality and
also to optimise certain processing (synchronisation of resources in document spaces,
type of notification/alert oriented according to activity).

The third strategy for redesign is to better identify and develop self-training means,
especially in facilitation forms of training. Looking at teachers’ overall strategies (Fig. 2
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and 3), self-training occurs through the search for documentation resources, then through
collaboration within the institution and, to a lesser extent, outside the institution. The
VLE’s only means of self-training are communication with peers (messaging) and the
exchanging of activity models (the library service opened in early March 2020). This
service seems extremely promising but needs to be redesigned to also include other
resources such as training resources or links to external resources. Furthermore, it would
be relevant to open the VLE to academic actors in charge of teacher’s training, such as
referent teachers or inspectors in charge of the digital education mission, in order to
disseminate information related to the training, facilitation and innovation activities of
this community.

6 Conclusion and Prospects for Fostering VLE Use

The pedagogical continuity episode experienced during Spring 2020 was an opportunity
to address digital technology integration into French teachers’ pedagogical practices. A
study conducted among VLE One and Neo users revealed that teachers who intensified
their practices were already familiar with the following tasks: transmission and commu-
nication with the VLE, design and self-training with others tools. Facilitation practices
are less developed, but the imperative need to keep in touch with the students led teach-
ers to incorporate more active, collaborative, and engaging learning forms. By exploring
how teachers integrate technologies in their practices, we have identified two different
logics: (1) diversifying communication channels and working ways with students, and
(2) improving self-efficiency in resources and activities design through self-training.
VLE seems easier to integrate into teachers’ practices than other digital tools. It holds a
privileged place due to its status as a shared work environment with students and parents,
but it lacks resources to support teachers’ professional development using digital tech-
nology. We propose ways for VLE redesign and evolution: personalising, rationalisation
of the user path, and self-training services. These changes will allow better technology
integration in teachers’ practices, where parents’ and students’ contexts are favourable.
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Abstract. Acquiring new learning and assessment styles, maintaining old and
creating new relationships, and learning how to function as independent adults are
some of the stressors that first-year university students face. Yet, we know little
about the transition of students from school/college to distance learning higher
education. This study drew from survey responses of 377 first-year students, aged
18–19, at The Open University, UK. This study aimed to explore the motivations
of students who join distance learning universities and to examine their early expe-
riences. Findings showed that the main motivations for joining distance learning
higher education include flexible study alongside other commitments, earning
money alongside their studies, and demonstrating self-motivation. Motivations
for joining were significantly different among various student groups. Further, the
decision of 22% of the respondents to study via distance learning was impacted
by the Covid-19 pandemic. ‘Course structure’ was identified as the factor that
supported them the most with their transition from school/college to a distance
learning university, while ‘interactions with students’ was identified as the main
area of suggested improvement. This study has gone some way towards enhanc-
ing our understanding of the expectations and needs of first-year distance learning
students. The present findings have important implications for designing suitable
transition and support networks in the distance and online learning environments.

Keywords: Distance learning · Online learning · Higher education · Transition ·
First-year students ·Motivations · Student support · Student retention

1 Introduction

The transition from school/college to the university can cause concerns for many stu-
dents. Acquiring new learning and assessment styles, maintaining old and creating new
relationships, and learning how to function as independent adults are some of the stres-
sors that first-year university students face [1]. Beyond causing significant stress, the
reality of university life can also lead to poor academic performance and increased drop-
out rates, if these issues are not successfully addressed [2]. To tackle the unpreparedness
and unrealistic perceptions of first-year students, a number of studies have been con-
ducted on students’ motivations (and expectations) for joining higher education, and on
their transition experiences.
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Kahu, Nelson and Picton [3] highlight the importance of understanding the students’
interests and goals to trigger situational interest and student engagement, and to further
prevent students from dropping out of university. To that end, a number of studies inves-
tigated the motivations of students for joining higher education. For instance, Lowe and
Cook [4] in their research with 691 first-year students found that most students attended
university because they wanted to enhance their academic and vocational prospects, and
only a few because of reactive decisions (parental pressure and social norms); female,
social and health science students were less likely to make reactive decisions. Similarly,
a more recent study with 77 participants, conducted by Hassel and Ridout [2], reports
that the majority of first-year students attended university with the expectation to receive
help in making decisions about their careers and starting those careers.

Regarding anticipated transition struggles, Lowe and Cook [4] note that students
find themselves unprepared for the more ‘relaxed’ form of teaching at university, while
Hassel and Ridout [2] explain that about half of the students battle with workload and the
fast pace of teaching and learning. These difficulties are suggested to appear due to the
transition from a relatively small-scale and supportive environment of school/college to
a much larger and faceless university environment [5]. However, supporting students in
their transition can be challenging, since it relates to many factors, such as the learners’
profile, their context of prior learning, and the higher education provision in terms of
programmes, disciplines and flexibility [6]. Further to identifying factors that affect stu-
dents’ transition, Whittaker [6] suggests that student retention and progression could be
achieved by involving a coordinated institutional strategic approach, providing university
pre-entry support and longitudinal approach to induction, promoting social integration
and progressive skills development, embedding support in learning, developing a sense
of belonging, and allowing student control and choice.

In light of the Covid-19 disruption around the globe, distance learning has recently
become a critical issue in higher education. However, the transition of students
from school/college into distance learning higher education has not yet been widely
researched. Previous work emphasised the extra difficulties that remote students experi-
ence because of their social transition [4], and suggested guidelines for designing spaces
to provide support to first-year distance learning students. For instance, Winnard and
Eilliot [7] stress the importance of induction in minimising the feelings of isolation,
navigating the online learning environment, familiarising themselves with university
regulations and concepts, meeting tutors and support staff, and initiating a working
relationship with their tutors. Further to the induction, Foley and Marr [8] propose the
creation of extracurricular, collaborative, online spaces that allow distance learning stu-
dents to learn from each other, guided by an academic leader. Likewise, Forrester and
Parkinson [9] suggest developing social cohesion with the group and facilitating a sense
of belonging, as well as running a pre-course diagnosis of students’ IT skills.

The aim of this study is to extend and shed new light on current knowledge of
first-year student transition from school/college to distance learning higher education in
online settings. For this purpose, we explored the motivations and early experiences of
first-year students at The Open University (OU), an institution with a long tradition of
distance learning in the UK. The OU supports an open entry system, and its learning
model includes the delivery of courses via virtual learning environments, online tutorials
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and small tutor group forums. Student performance is evaluated via tutor or computer-
marked summative or formative assessments. Since students at theOUare typically older
than those of campus-based universities, in this study we only focused on the portion of
first-year students that have recently finished school (aged 18–19). The reason for this is
that age has been shown to have a bearing on the nature of issues experienced during the
transition, with younger students found to be less academically oriented [10] and less
focused [11] than older students. To understand the motivations and early experiences
of younger students at the OU we explored the following research questions (RQs):

1. What motivates students, aged 18–19, to join distance learning higher education?
2. Are there any significant differences among student groups (gender, race, disability,

faculty, previous qualifications) in their motivations for joining distance learning?
3. What are the areas that support and facilitate the transition of first-year distance

learning students?
4. What are the areas that need improvement in order to better support the transition of

first-year distance learning students?

Findings from our study contribute to improving the learning design of activities
in technology-enhanced learning (TEL), especially for newcomers in higher education
institutions. Current research on learning design highlights its importance as a driver for
learning and focuses on conceptualising learning design principles (e.g. [12]) and the
outcomes of the design process via student logs and experiences of a particular course
(e.g., [13]). However, there is little work around the early and overall student experience
and transition from the face-to-face school/college environment to a TEL environment.
The learning experiences of university students, who have recently transitioned from
school/college to distance learning higher education, can be used to guide deliberate
choices in relation to the pedagogy and technology used for the delivery of a course.
These choices may include the structure and sequence of learning activities, content,
pedagogy, assessment type and frequency, and mainly the learning technologies used to
better support the overall learning experience.

2 Methods

For the current study, we recruited students, aged 18–19 years old, who joined the univer-
sity in October 2020, to take part in an online survey. Ethical approval was obtained from
the author’s university ethics committee, and participation in the survey was voluntary.
Prior to completing the survey, the respondents were provided with an online informa-
tion sheet and a consent form. The survey was initially piloted with four students, aged
19, who were members of the OU student association, and minor changes took place.
The survey was then administered to a random university-wide sample of students. The
survey ran between 2–28 February 2021 and received 377 responses. The dataset was
anonymised on the 1st of March 2021, prior to initiating the process of data analysis.

2.1 Data Collection

Collected data included student responses in a 5-item Likert scale, ranging from 1
(strongly disagree) to 5 (strongly agree), with an extra ‘not applicable’ (N/A) option,
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exploring motivations for joining a distance learning university (RQ1). The set of state-
ments were developed based on student open-ended responses to previous internal stud-
ies on their motivations. The selection of statements drew from the Self-Determination
Theory (STD) [14], by which people choose to engage in activities because they are
inherently interesting or enjoyable (intrinsic motivation) or because they will lead to
separable outcomes (extrinsic motivation). For example, potential motivations for join-
ing distance learning higher education at the OU included enjoying studying via online
learning (intrinsic motivation), but also savingmoney on living expenses (extrinsic moti-
vation). The final list of motivation statements was reviewed and agreed upon with the
university’s strategy office. Moreover, a closed-ended question gathered information as
to whether the Covid-19 pandemic has impacted their decision for joining.

In order to identify any differences inmotivations for joining distance learning among
student groups (RQ2), student demographics and study information were retrieved from
the university’s database. Table 1 presents the demographics and study information for
all the 377 survey respondents.

Table 1. Demographics and study information of survey respondents.

Demographics Frequency Study information Frequency

Gender Faculty

Female 304 (80.6%) STEM 92 (24.4%)

Male 73 (19.4%) WELS 74 (19.6%)

FASS 145 (38.5%)

BAME FBL 54 (14.3%)

Yes 44 (11.7%) Entry level 12 (3.2%)

No 324 (85.9%)

No records 9 (2.4%) PEQ

No formal qualification 2 (0.5%)

Declared disability Less than A-levels 100 (26.5%)

Yes 73 (19.4%) A-levels or equivalent 261 (69.2%)

No 304 (80.6%) HE Qualification 14 (3.7%)

These included gender; race summarised in Black, Asian and minority ethnic
(BAME) and non-BAME students; declared disability; faculty; and previous qualifica-
tions (PEQ), such asA-levels (the traditional subject-based qualifications that are offered
by schools and colleges in the UK and can lead to university or further studies). Faculty
included Social Sciences and Humanities (FASS); Science, Technology, Engineering
and Maths (STEM); education, languages, health and sport studies (WELS); business
and law (FBL). Two further open-ended questions invited students to report their positive
transition and support experiences (RQ3), and to suggest areas of improvement (RQ4).
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2.2 Data Analysis

In the first phase of analysis, a visualisation of the motivation Likert scale was used
to answer what motivated students to join distance learning education (RQ1). Then, to
determine how gender, race, disability, faculty and PEQ relate to particular motivations
(RQ2), chi-square tests were performed. For the tests, dichotomous variables were used
for each motivation statement, in which option 1 included all the ‘agree’ and ‘strongly
agree’ responses to the statement and 0 all the ‘disagree’ and ‘strongly disagree’. N/A and
‘neither agree nor disagree’ were excluded from the chi-square test analysis. An alpha
level of .05 was used for all the analysis. Groups with chi-square expected frequencies
less than five were excluded from the analysis (i.e., PEQ = No formal qualification,
PEQ = HE Qualification, Faculty = Entry level, BAME = No records).

In the second phase and to answer RQ3 and RQ4, content analysis was used for mak-
ing valid inferences from participants’ open-ended responses focusing on themeaning in
context [15]. The author went through the comments ascribing descriptive codes to each
student comment. The codes represented areas of positive experience (RQ3) and areas
of suggested improvement (RQ4). By coding the data in this way, early frequencies and
patterns were identified, leading to the construction of exclusive categories (themes).
The codes and themes were reviewed and agreed upon with the university’s strategy
office. Once all the data had been coded and categorised into themes, the frequency of
each code and each theme was calculated, and the latter is presented in this study.

3 Results

3.1 Motivations to Join Distance Learning Higher Education (RQ1)

The following graph (Fig. 1) presents the set of motivations for joining the OU that we
shared with the survey respondents. The motivations are visualised in ascending order
of agreement and highlighted findings are also described in mean (M) and standard
deviation (SD), with scores ranging from 1 (strongly disagree) to 5 (strongly agree).

The most popular motivation for joining the OU, selected by 94% of the survey
respondents, was ‘I can study flexibly alongside other commitments’ (M = 4.55, SD
= 0.68). Other motivations selected by at least 4 out of 5 students were ‘I can earn
money by having a job alongside study’ (83% of students,M = 4.57, SD= 0.87) and ‘I
can demonstrate my self-motivation by studying via online/distance learning’ (81% of
students,M = 4.20, SD= 0.91). The least popular motivation was ‘I don’t want to/can’t
move away frommy part-time job’ selected by 23% of the students, and including a 25%
N/A response (M = 3.55, SD = 1.82). Only around 1 in 3 agreed that they had chosen
the OU because they did not have the entry requirements for a selective university (M
= 2.73, SD = 1.76). The latter was also the motivation that scored the lowest.

Further, of the study population, 22% reported that the Covid-19 pandemic impacted
their decision on enrolling with a distance learning university.
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Fig. 1. Motivations for joining distance learning higher education, presented in ascending order
of agreement with each statement.

3.2 Motivations and Student Groups (RQ2)

Our analyses showed that there were significant associations between motivation and:

• Gender: Femaleweremore likely thanmales to select that ‘it is safer to study online/by
distance learning’ (X2[1, N = 377] = 5.87, p = 0.015) and ‘I can gain digital skills
by studying via online/distance learning’ (X2[1, N = 377] = 6.36, p = 0.012).

• Race: BAME students were more likely than non-BAME students to select ‘I can earn
money by having a job alongside study’ (X2[1, N = 368] = 4.12, p = 0.04) and ‘I
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can gain work experience by having a job alongside study’ (X2[1, N = 368] = 4.61,
p = 0.03).

• Disability: Students without a declared disability were more likely than those with a
declared disability to select that ‘I prefer the style of online/distance learning’ (X2[1,
N = 377] = 8.49, p < 0.01), ‘I can demonstrate my self-motivation by studying via
online/distance learning’ (X2[1, N = 377] = 5.67, p = 0.02), ‘I don’t want to/can’t
move away from my part-time job’ (X2[1, N = 377] = 7.90, p < 0.01).

• Faculty: Students in WELS were more likely than students in other faculties to select
that ‘it is safer to study online/by distance learning’ (X2[4, N = 377] = 10.52, p =
0.03), ‘I prefer the style of online/distance learning’ (X2[4, N = 377] = 10.01, p =
0.04), ‘I can gain digital skills by studying via online/distance learning’ (X2[4, N =
377] = 17.03, p < 0.01) and ‘I can demonstrate my self-motivation by studying via
online/distance learning’ (X 2[4, N = 377] = 9.71, p = 0.046).

• Previous qualifications: Students with A-levels or equivalent were more likely than
students with less than A-levels to select ‘I don’t want to/can’t move away from part-
time job’ (X2[1, N = 361] = 4.69, p = 0.03); and students with less than A-levels
were more likely than those with A-levels or equivalent to select ‘I can save on living
expenses by living with my parents’ (X2[1, N = 361] = 4.22, p = 0.04).

3.3 Positive Experiences (RQ3)

The area with the largest proportion of positive mentions (32%) was ‘course structure’,
followed by ‘support’ (21%), ‘course content’ (19%), ‘induction’ (13%), ‘assessment’
(8%), and ‘interactions’ (7%).

Course Structure. This theme included comments reporting the liking of students in the
material being presented in weeks/blocks, the ability to self-regulate and study flexibly
in terms of time (including getting ahead) the clear expectations with checkboxes and
deadlines, the gradation of difficulty, and the easy-to-use website.

“I like the fact it is all online and structured intoweeks (week 1, 2, 3) so this allowsme
to schedule one week’s worth of work around my work schedule and days off” (female,
mixed, no disability, HE qualification, FASS).

Support. Support included mentions of students’ supportive tutors, the availability of
plentiful and accessible resources, the overall support by the university (includingmental
health support and student buddies) and the frequent communication from the university
services.

“Tutor support has been really good, and the support given to independently study as
best you can, has been brilliant” (female, white, disability declared, less than A-levels,
FASS).

Course Content. Students reported positive areas with regards to the course content,
such as a paced start to the course, optional and recorded tutorials with many time
options, easy to understand and interesting content inmultiple formats, a balanced course
workload, access to study skills sections, and overlapping content with A-levels.

“My course had only a few activities in the first weeks, so it wasn’t overwhelming”
(male, white, no disability, less than A-levels, WELS).
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Induction. Induction activities that students found very useful for their transition from
school/college to the university included induction tutorials, freshers’ events, list with
contacts, study planning advice, introduction forums, and an OpenLearn (https://www.
open.edu/openlearn/) course explaining what it’s like to study at a distance.

“The introductory week was very helpful as there were introductory videos on how
to navigate the course websites and how to use Adobe Connect (for tutorials)” (female,
white, no disability, A-levels or equivalent, FBL).

Assessment. The assessment theme included students’ positive comments on good
instructions to assignments and exams, detailed feedback on results, access to assess-
ment templates and booklets so that they have an idea of how the exam will be like or
what they are expected to write in an assignment, deadline extensions, self-assessment
quizzes, assignments to be a good fit to the course content, regular assessment via assign-
ments, the lack of stressful competition, and the ‘pilot’ assignments at the beginning of
the course.

“The guidance for the assignments is very helpful in outlining exactly what is
expected” (female, white, no disability, A-levels or equivalent, FASS).

Interactions. In regard to opportunities to interact with others, students found beneficial
the access to discussion forums and university-organised events, frequent communica-
tion with their tutor, being a part of a small tutor group, joining the Student Hub Live
series of events, and communicating via the OU community (the university’s central hub
for services and events).

“The forums help you talk to a range of people who are going through the same
thing” (female, white, no disability, A-levels or equivalent, STEM).

3.4 Areas of Suggested Improvement (RQ4)

The largest proportion of the student comments (33%) mentioned ‘interactions with
other students’ as the area that needs the most improvements. This area was followed by
suggestions to improve aspects in relation to ‘tutor support and communication’ (18%),
‘assessment’ (16%), ‘induction and support’ (13%), ‘tutorials’ (10%), ‘course content
and structure’ (5%), and ‘younger student-focused issues’ (5%).

Interactions with Other Students. This theme included students’ comments in rela-
tion to improving interactions with other students. Students suggested that the university
could providemore organisedmeetups and face-to-facemeetings, and tomake the events
more visible to students. Moreover, they proposed that meetings could be organised to
invite students of the same age, interest or location. Further to the meetups, students
recommended some improvements to the forum’s structure, and the addition of features
that will allow more course interaction, as well as the use of WhatsApp groups for more
direct communication.

“I find it difficult to putmyself out there tomeet fellow students, I’d like it if resources
were available to help us meet other students and make friendships” (female, black, no
disability, A-levels or equivalent, WELS).

https://www.open.edu/openlearn/
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Tutor Support and Communication. Students expressed their need for more per-
sonalised support and more frequent communication with their tutors. Further, they
suggested that tutors should set up more check-ins with their students.

“More individual support from tutors instead of asking the students to always reach
out to them, I think as a younger student it’s intimidating to do that, especially if I have
a problem because there’s not already a pre-existing relationship there” (female, white,
no disability, A-levels or equivalent, FASS).

Assessment. Students’ suggestions in relation to improving assessment included the
following: supplementing them with more practice questions and assignment examples,
providing them with more explicit instructions and detailed feedback, allowing more
time between assignments, and allowing them access to more detailed marking criteria.

“Examples of how the university would like assignments to look would be helpful”
(male, white, no disability, A-levels or equivalent, FASS).

Induction and Support. This theme comprised induction and support during the first
year of their studies, with mentions of personalised inductions by their tutors and organ-
ised student introductions, more information about how tutorials work, and more course
introduction materials. Furthermore, they suggested being provided with more opportu-
nities for training for academic writing and time management, and to have better sign-
posting for resources and expectations. Finally, students suggested somemore financially
and administrative oriented improvements, such as having access to funding aid, career
advice and support for organising full-time studies.

“Explaining some of the more basic skills when it comes to things like essay writing
- we’re told what they don’t want or what we have done wrong but not how to improve”
(female, white, no disability, less than A-levels, FASS).

Tutorials. Tutorials was one of the suggested areas of improvements with students
proposing the provision of more tutorials, including compulsory and questions and
answer (Q&A) tutorials, longer or with more time options tutorials. Further to the exist-
ing tutorials, students suggested having assisted hours with tutors, and access to tutorials
of other courses that they are not currently enrolled in.

“Maybe some more online lectures with question-and-answer sections” (female,
white, no disability, A-levels or equivalent, STEM).

Course Content and Structure. Mentions in relation to the course content and struc-
ture involved having more visual content and variety, and smaller blocks of learning.

“More range of learning methods e.g. presentations, videos” (female, Asian, no
disability, A-levels or equivalent, WELS).

Younger Students Focused. Several student comments were focusing on aspects
related to the age group of our study population (i.e., 18–19-year-olds). Our partici-
pants suggested the creation of social media groups, forum groups, skill courses and
resources that are particular to students of this age. In addition, they suggested that the
course material could be more relevant to younger students.

“The university could include amore younger student-friendly social media platform
or chat room. The forums and tutorials could be tailored more towards younger people
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(every time I go on, it’s adults talking about their children etc.). It’s also obvious that
the courses and ‘skills’ (such as how to Google, open a new tab, read Wikipedia entries
etc.) are targeted towards the older generation and people with more life experience”
(female, white, disability declared, A-levels or equivalent, FASS).

4 Discussion

While students have a mix of motivations for choosing the OU, the survey suggests that
many in the study cohort are making a relatively ‘active’ choice to study by distance
learning, rather than only choosing it due to open entry, which may have been the case
for a high proportion of younger students in the past. Hence, more than two-thirds of the
survey respondents joined distance learning higher education because of the flexibility
it allows, financial reasons, and the chance to gain work experience in parallel to their
studies. Interestingly, the Covid-19 pandemic was an important factor for 22% of the
survey respondents in their decision to join distance learning, with more than half of
the survey population reporting that studying by distance learning is safer and that
a face-to-face degree doesn’t offer good value for money at the moment. The value of
understandingwhy students joined distance education lies in the evidence-based creation
of activities and policies that, as Kahu, Nelson and Picton [3] suggest, aim to trigger
students’ interest and engagement. Such actions may involve a longer-term strategy to
significantly and actively increase younger students in distance learning universities, as
well as to form the basis for recruiting students in distance learning programmes located
at campus-based universities during or post-pandemic.

Yet, similarly to Lowe and Cook’s [4] research in campus-based universities, moti-
vations for joining distance learning were slightly different for some student groups.
Female students were more interested in the safety and digital skills that distance learn-
ing offers; BAME students selected motivations related to finances and work; Disabled
students were less interested in the learning style, demonstrating self-motivation and
moving away from their jobs; Students in WELS selected motivations in relation to
the learning style, safety and self-development. Finally, both students with A-levels or
equivalent and with less than A-levels were motivated by not changing their location, the
former because of their job’s location and the latter because of living expenses. Insights
into the expectations and drivers of each group could possibly support decision-makers
in the recruitment and onboarding of students coming from specific backgrounds.

The areas that supported students with their transition from school/college into uni-
versity were mainly related to the course structure, university support, course content,
induction, assessment and interactions. In particular, students greatly appreciated the
weeks/blocks format that material was presented, which help them to self-regulate their
studies. Other important aspects involved having frequent communication with their
tutors and university; a slow start to the course andmany tutorial options; many induction
activities and resources; detailed instruction, examples and feedback for their assign-
ments; and opportunities to communicate with their tutor and others. These findings
could form practical solutions to students’ battles with the workload, fast pace, and
issues with self-regulation reported in previous research on anticipated transition strug-
gles of first-year campus-based students (e.g., [2, 4]). More importantly, these findings
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could eventually serve as a stepping stone for the development or alteration of online
and distance learning programmes.

The areas that students thought need improvement to better support their transition
tended to be a mirror image of the areas commented on positively. These areas mainly
related to interactions with other students, and to a smaller extent, to tutor support and
communication, assessment, induction and support, tutorials, course content and struc-
ture, and issues related to younger students. Specifically, students expressed their need
for more opportunities for interaction with other students for learning and socialising,
supporting previous findings in the literature stressing the importance of collaborative
spaces for interaction among students in distance learning [8]. Other popular suggestions
included more personalised communication with their tutors, more assignment exam-
ples, more tutorial options, more visual content, and the creation of social media groups
and skills courses that are particular to younger students. The latter can be attributed to
the reduced domestic commitments, and therefore the more available time that younger
students have, compared to older students [11], as well as the different skill set that they
may have. Overall, students’ suggestions of areas that need improvement have several
implications for research into embedding these aspects into distance learning in order
to support student retention and success.

Insights fromour study corroborate previous research [16] that highlights the need for
learning design in TEL to emphasise not only on cognition activities but also focus on the
social elements of learning.Our findings have also revealed the need of first-year students
to organised and structured socialising with their tutors and fellow students for study
and other purposes. Finally, our study provides some recommendations for good practice
for academic and practitioners involved in the learning design of first-year courses. This
guidance includes the importance of structuring thematerial in blocks/weeks to reinforce
self-regulation and independent learning, and the positive effects of securing a slow start
to the course and providing many tutorial options.

This exploratory study has examined the motivations and early experiences of stu-
dents studying in one distance learning university. Although the OU welcomes a diverse
group of students from different locations, backgrounds and disciplines, the outcomes
should be discussed within the context of this study and the OU’s learning and support
models, and to be interpreted with caution. Future work should concentrate on how these
early experiences of students in distance learning higher education associate with aca-
demic retention, and whether changes to the learning design of first-year courses could
improve their transition experience.

5 Conclusions

This study explored themotivations of 377 first-year students in joining distance learning
higher education, and their early experiences. The evidence from this study suggests
that flexibility and finances are the main drivers for students to join distance learning
education, with the Covid-19 disruption playing an important role in their decision.
However, motivations for joining distance learning were significantly different among
various student groups. Furthermore, considerable insight has been gainedwith regard to
factors that supported students themost with their transition, such as the course structure,
and areas that need improvement, such as student interactions.
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Our findings add to a growing body of literature on the transition of first-year students
fromschool/college into university. Further, this studyprovides an agenda for universities
and policymakers to develop or improve ways that students or particular groups of
students are recruited to distance learning universities and distance learning programmes
in campus-based universities. Findings in this study also highlight areas that programme
leaders, learning designers, and tutors in distance learning could incorporate into or
improve in their programme’s design and teaching.

Acknowledgements. I would like to thank the 377 first-year OU students who took part in the
‘younger students’ survey, and the OU strategy and student offices who contributed their insights
and experiences to the instrument development and data analysis.
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Abstract. Research on online engagement is abundant. However, most of the
available studies have focused on a single course. Therefore, little is known about
how students’ online engagement evolves over time. Previous research in face-
to-face settings has shown that early disengagement has negative consequences
on students’ academic achievement and graduation rates. This study examines
the longitudinal trajectory of students’ online engagement throughout a complete
college degree. The study followed 99 students over 4 years of college education
including all their course data (15 courses and 1383 course enrollments). Students’
engagement states for each course enrollment were identified through Latent Class
Analysis (LCA). Students who were not engaged at least one course in the first
termwas labeled as “Early Disengagement”, whereas the remaining students were
labeled as “Early Engagement”. The two groups of students were analyzed using
sequence pattern mining methods. The stability (persistence of the engagement
state), transition (ascending to a higher engagement state or descending to a lower
state), and typology of each group trajectory of engagement are described in
this study. Our results show that early disengagement is linked to higher rates of
dropout, lower scores, and lower graduation rates whereas early engagement is
relatively stable. Our findings indicate that it is critical to proactively address early
disengagement during a program, watch the alarming signs such as presence of
disengagement during the first courses, declining engagement along the program,
or history of frequent disengagement states.

Keywords: Learning analytics · Early disengagement · Trajectories of
engagement

1 Introduction

Engagement is concerned with students’ participation, efforts and time investment to
learn, develop and optimize their learning outcomes [1, 2]. The society aspirations for
better education as well as the increasing interests in graduating students have prompted
an increasing interest in engagement as a malleable quality that holds the hope for better
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education [3]. Research has consistently confirmed a positive link between engagement
and academic achievement and disengagement has been linked to worse outcomes,
dropout and behavioral problems [4].

Engagement has several temporal dimensions, e.g., engagement with a learning task,
engagement within a course, or engagement through a full program [5]. Longitudinal
engagement –the subject of this study– seems to be the least studied, as collecting data
for the same students over the years during a complete undergraduate study is not a trivial
task and requires exhaustive work over several years [6]. The timeline of longitudinal
engagement is often referred to as engagement trajectory, while a trajectory is a sequence
of engagement states that unfold over time [6]. Research on engagement trajectories of
face-to-face education has shown that engagement has a cross-time correlation pattern,
i.e., engagement states are sequentially alike. Therefore, students who are engaged in a
course, are more likely to be engaged in the next [6]. Research has also shown that the
cross-time correlation varies among subgroups of students (e.g., consistent in engaged
students while turbulent in disengaged students) [7].

While research on online engagement is abundant [8], most of the studies have
investigated engagement within a course or two [9, 10]. Studies in the higher education
context that have studied the longitudinal trajectory of online engagement are almost
non-existent. As online learning has become increasingly common and witnessed an
exponential growth during the COVID-19 pandemic [11], it has become increasingly
important to focus on longitudinal engagement or the lack thereof. Our study addresses
this gap, i.e., investigates the longitudinal engagement trajectory throughout a com-
plete university program over four years. Our interest is in how early disengagement or
engagement unfolds, and how accurately it predicts the completion of the program.

We split students into two groups: Early engagement and Early disengagement.
We then follow the students along their whole program and study their trajectory of
engagement or disengagement, the stability or the lack thereof (transitions between
trajectories), and how these trajectories of student engagement predict persistence in the
program. Our research questions are:

• RQ1:What are the engagement states that students have over a full program and what
are the characteristics of such engagement states?

• RQ2: What are the differences between the early engaged students and early disen-
gaged students regarding their longitudinal engagement trajectory, transitions between
engagement states and stability?

• RQ3: What is the relationship between early engagement and students’ outcome in
terms of graduation (or dropping out) and final grades?

2 Background

The concept of student engagement started to gain mainstream acceptance around the
eighties as ameans for supporting students’ involvement, achievement aswell as prevent-
ing alienation and dropout [1, 2]. Back then, engagement was defined as “the student’s
psychological investment in and effort directed toward learning, understanding, or mas-
tering the knowledge, skills, or crafts that academic work is intended to promote” [1].
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While agreement on a unified definition of engagement may be far from realizable,
there is wide agreement that engagement is a multi-dimensional concept that includes
a behavioral dimension (behavior related to learning activities and learning process),
an emotional dimension (feelings about school, studies, and peers), and a cognitive
dimension (investment in learning and going beyond the required). Such dimensions are
dynamically closely interrelated, e.g., positive feelings about school motivate behavioral
engagement in school activities, and cognitive engagement [2, 3, 5]. Researchers have
demonstrated that all domains of engagement (behavioral, emotional and cognitive) are
significant catalysts of academic achievement. Such relationship has been repeatedly
confirmed in all levels of education [4, 12, 13].

Engagement has obvious qualities that can be observed, tracked and easily under-
stood by teachers [8, 14, 15]. More importantly, engagement is malleable and therefore,
disengaged students are amenable to intervention. Underachievement, and consequently
dropout, could be traced back to events which showed obvious “distress signals” of dis-
engagement [15, 16]. Students may show signs of low effort, truancy, declining grades
that may lead to failing a course or more. Several other distress signals can be observed,
e.g., missing assignments, procrastination or lack of participation, disinterest in school or
social activities [2, 3, 5, 17]. Since persistence in the programor school, and consequently
graduation, are the ultimate goals of educational institutions, strategies at keeping learn-
ers engaged or at prevention of disengagement have gained increasing attention across
the years [3, 18].

2.1 Trajectories of Engagement

Research on the trajectories of engagement is inconclusive. Some studies have shown a
cross-time correlation between engagement states, in which students who are engaged
in a course or an academic year are more likely to remain engaged in the next. However,
these cross-time correlations should not be interpreted as an indication that engagement
is a fixed trait. In fact, research on the dynamics of engagement offers evidence on the
contrary, i.e., that engagement is both malleable and dynamic. Some researchers have
reported that engagement declines with time [19], while others claimed that engagement
can grow with time under optimal conditions [20]. Such variability has been recently
explained by the heterogeneity of students’ subgroups, where subgroups of students
have a stable trajectory, while others have a declining or troubled trajectories [7, 21]. The
previous studies on the trajectories of engagement have all been conducted in face-to-face
settings.

Most of the studies on online engagement have looked into a course or two while
the longitudinal online engagement remains an uncharted territory especially in higher
education settings [22]. Very few exceptions can be mentioned here. Lust et al. investi-
gated students’ engagement with an online learning tool in two consecutive offerings of
a course [10]. They found that students used different strategies in each iteration of the
course. However, the students were different in each iteration. In another recent exam-
ple, which studied a full MOOC program, the authors grouped students into distinct
engagement profiles and followed the changes in such profiles across the program. The
three clusters they identified were 1) consistent: who are engaged are more likely to
remain engaged, 2) get-it-done: assessment-oriented but still able to follow up with the
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program, 3) disorganized: who are mostly disengaged. Similar results were reported by
[23], who identified three trajectories along a professional development course.

2.2 Learning Analytics and Modeling the Engagement

As online learning environments became increasingly common, along with all types of
technology-enhanced learning [24], a wealth of online data has driven interest in learn-
ing Analytics (LA) for understanding and supporting learning and teaching. Research in
LA has produced valuable insights regarding, e.g., engagement patterns, students’ pro-
files and the relationship between engagement and achievement [9, 25–27]. Within LA,
Sequence Pattern Mining (SPM) is among the methods that was established to model
the sequential patterns of students learning [17, 28]. SPM accounts for the chronolog-
ical, time ordered relationships between events [29]. Therefore, the method has been
embraced widely by social scientists in modeling life course studies, e.g., the trajec-
tories of careers, marital status or health trajectories [30]. Our study takes advantage
of the developments of LA, life course studies, and data-mining methods to model the
longitudinal trajectories of engagement.

3 Methods

3.1 Context

The study included a full blended Problem-Based Learning (PBL) higher education pro-
gram. The learning management system (LMS) is the platform for online collaboration
(weekly PBL forum discussions), distribution of lectures, announcements, and interac-
tion with the teachers and peers. The online weekly PBL discussions are mandatory,
in which students in small groups discuss a problem scenario that follows the objec-
tives of the course [31, 32]. The courses are similar in educational underpinning (PBL),
arranged sequentially (therefore, referred to as blocks). Some practical courses are lon-
gitudinal (over the full year) and therefore were excluded as they did not share the same
educational underpinning or evaluation method.

3.2 Data Collection

Every student who joined the program in the academic year 2014–2015 was included in
the study (n = 99). The logs of the students in the 15 sequential courses (1,383 enroll-
ments) over four years of education (2014–2015, 2015–2016, 2016–2017, 2017–2018)
were retrieved from the Moodle LMS. Only learning-related events were collected. We
included only students who completed the first term of the college to avoid including
students who were dis-interested in the type of program or had early problems moving
to the city or any other problems. Seven students were excluded as they early with-
drew during the first course and left the program. Early disengagement (n = 43) group
comprised students who had at least one course with a disengagement state in the first
term (first two courses). This definition was adopted since the first course is introduction
about the teaching and learning methods of the program, whereas the second course is
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the first subject matter course. As such, disengagement in either of these courses could
be cortical. The remainder (n= 56) of students belong to the group ofEarly engagement.

Online engagement in learningwas operationalized following the approach proposed
in [8], through collecting logs of “frequency of logins to website; number and frequency
of postings, responses, and views … or other website resources accessed; time spent
creating a post; and time spent online.” To capture the full breadth of students’ activities
in the program, three types of indicators were collected: I) indicators representing the
frequencies of engagement with the course learning resources: a) frequency of access
to lectures, links to lectures, or course materials (e.g., videos), b) frequency of forum
discussion contribution (posting, updating, or rating), c) frequency of forum reading,
and d) frequency of course browsing and thus getting course updates, announcements,
and links to resources; II) indicators of activity level and regularity of activities: a)
number of active days where the student had at least made one click on learning related
activities, and b) regularity of course access calculated according to [33]; III) general
indicators representing the total time and effort of online activities: a) number of unique
sessions—a session was considered as a an uninterrupted sequence of online actions
(see [33] for details of the computation method)—, and b) the total time spent online
accessing learning related activities. Since the data were collected from several courses,
the indicators were discretized into equal width bins, so all indicators have a similar
measurement scale, are easy to compare, and the outliers are neutralized [34].

3.3 Analysis

To classify students according to their engagement states at the course-level (RQ1),
Latent Cluster Analysis (LCA) was performed using the LMS indicators (frequencies,
activities and time indicators) [35]. LCA offers a robust method for clustering of edu-
cational data (see [9] for a review and advantages). To select the optimum number of
clusters we relied on best Akaike information criterion (AIC), Bayes information crite-
rion (BIC), as well as the separation of clusters with best effect size [9, 35, 36]. Students
were clustered according to their engagement level in each course offering (we refer to
clusters as engagement states). The resulting clusters were compared with Kruskal–Wal-
lis non-parametric one-way analysis of variance (ANOVA) [37]. To test themagnitude of
the obtained results and the quality of separation of clusters, we calculated the epsilon-
squared effect size [36]. Post-hoc pairwise comparisons were also performed through
Dunn’s test using Holm’s correction for multiple testing [38].

To answer RQ2, SPM was performed to study and visualize the longitudinal tra-
jectory of engagement states throughout the whole program, patterns of transitions,
stability of engagement states and the characteristics thereof. The TramineR R pack-
age [39] was used to construct a state sequence object from the chronologically ordered
course engagement states. Sequence distribution plots were used to demonstrate the ratio
of each course engagement state at each time point. Sequence index plots were used to
visualize the longitudinal timeline of engagement states for each single student. Mean
time plots were used to demonstrate the number of courses each student spent in each
engagement state on average. To test how homogenous the sub-groups of engagement
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are, intra-students stability was measured using entropy [40]. Chi-squared test with Bon-
ferroni correction was computed to compare the patterns of transitions of engagement
states in each subgroup.

To find if there are subgroups or pattern within the groups, we implemented cluster-
ing, which a standard sequence mining technique. Each group (the early engaged and
early disengaged) was clustered using agglomerative hierarchical clustering based on
Ward’s method using distances based on optimal matching (see [41] for details of the
method).

To answer RQ3, a Kaplan-Meier (KM) survival curve was performed to estimate
the probability of students persisting in the program (survival). For each group, we
report the number of events (of dropouts) and the survival probability at each time point.
To compare the difference between trajectories, we performed the recommended tests:
Log-rank, Gehan, Tarone-Ware and Peto-Peto [42]. Lastly, a non-parametric Wilcoxon-
Mann-Whitney (WMW) was used to compare students Grade Point Average (GPA) at
the end of the program which is the total grades of all courses [43].

4 Results

The extracted data included 1,052,807 recorded logs, which became 790,956 log records
after removal of non-learning events (e.g., clicks on profile pages). The median number
of students per course was 92 and ranged from 85 to 99. The median number of events
per course offering (in the final data set after removal of non-learning events) was 15,345
and ranged from 3,925 to 36,417. The median number of forum consumption events was
48.5 per student per course offering; the median of forum contribution per student per
course offering was 50; the median of sessions per student per course offering was 48,
and the median duration of online time was 4.99 h per student per course offering.

To answer RQ1, an LCA model was fitted using students’ learning activities. We
tested models with two to ten clusters (similar to [9]). The model with three clusters
had the lowest AIC = 43,748.7 and BIC = 44,891 as well as had clearly separable
clusters and high epsilon-squared effect size (ranging from 0.3 to 0.8). Table 1 shows
the three identified clusters. Throughout this manuscript we will refer to each cluster as
an engagement state as it describes the students’ state of engagement in each course.
They can be described as follows:

• Actively engaged cluster: Students in this cluster had the highest values of activ-
ity indicators (between the 7th and 9th decile), frequent access to course resources,
frequent forum posting and reading. They had the highest frequency of active days,
longer sessions, and the highest regularity. These indicators ranged between the 7th

and 9th decile.
• Averagely engaged cluster: Students in this cluster had moderate (mostly around
the 5th decile) values of activity indicators: average frequency of access to course
resources, forum posting, forum reading, active days and regularity.

• Disengaged cluster: Students in this cluster had the lowest levels of activities that
lied between the 1st decile and the 3rd decile.
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Table 1. Comparison (ANOVA) of the three clusters according to their mean activity indicators

Indicator State Mean SD p ε2

Frequency of course browsing Actively engaged 8.47 1.487 <.001 0.686

Averagely engaged 4.91 1.820

Disengaged 1.95 1.211

Frequency of lecture access Actively engaged 7.31 2.413 <.001 0.304

Averagely engaged 5.17 2.506

Disengaged 2.94 2.057

Frequency of forum reading Actively engaged 7.95 2.074 <.001 0.456

Averagely engaged 4.89 2.218

Disengaged 2.67 1.901

Frequency of forum contribution Actively engaged 7.25 2.421 <.001 0.277

Averagely engaged 5.13 2.509

Disengaged 3.09 2.298

Active days Actively engaged 8.51 1.432 <.001 0.726

Averagely engaged 4.95 1.738

Disengaged 1.79 0.938

Session count Actively engaged 8.71 1.095 <.001 0.796

Averagely engaged 4.87 1.553

Disengaged 1.70 0.851

Total online time Actively engaged 8.02 1.995 <.001 0.500

Averagely engaged 4.94 2.187

Disengaged 2.45 1.663

Regularity Actively engaged 8.15 1.832 <.001 0.609

Averagely engaged 5.10 2.034

Disengaged 1.96 1.032

To answer RQ2, the engagement states were used to construct a sequence object in
each of the two study groups (Early engagement and Early disengagement) which was
mined used SPM. We then compared the two groups and the characteristics of each of
their trajectories.

Early Disengagement Group: The sequence index plot (Fig. 1A) shows each trajec-
tory of a student as a sequence of horizontally colored stacked bars: the colors reflect
their engagement states. The hierarchical clustering (Fig. 1A) shows two distinct groups
of students: G1, a mostly disengaged group (n = 9) who eventually drop out, G2 with
fluctuating engagement trajectories which can be further divided into two subgroups:
G2a with fluctuating engagement trajectory dominated with disengagement states, and
G2b, a relatively stable group dominated with active engagement states. Overall, among
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the group of Early disengagement, the total number of students who dropped-out was
two students at the 3rd course, six at the 6th course, nine students at the 9th course, and 13
students by the 15th course. A noticeable observation that studentswhowere able to catch
up and engage again in the second course were more likely to maintain such an engaged
state (11/13), while students who were disengaged for two successive courses had more
dropouts (11/28). The distribution plot (Fig. 1B) shows the distribution of engagement
states at each time point, highlighting that dropout occurred immediately after the first
term. The mean time plot (Fig. 1C) shows that these students spent an average of 7.7
courses as disengaged or dropout and 7.3 as averagely or actively engaged.

Early Engaged Group: The index plot (Fig. 2A) shows that the students in this group
had more stable trajectories that were dominated with average and active engagement
states with very infrequent disengagement states (an average of 13.6 courses were active
or average engagement per student, Fig. 2C). Twodistinct subgroups can be revealedwith
hierarchical clustering: G1, a subgroup with mostly average engagement with frequent
transition to engagement states, and G2, a subgroup with mostly engaged states with
infrequent transition to other engagement states. The distribution plot (Fig. 2B) confirms
that students in this group were mostly highly engaged or averagely engaged. Only a
single student dropped at the course 12.

Fig. 1. The sequence plots of the Early disengagement group: A) index plot, B) distribution plot,
and C) mean time plot.

The Dynamics of Engagement Trajectories
Comparing both trajectories helps understand the dynamics of events (transitions,
sequences of transitions, stability and persistence. Firstly, we compare the transition
probabilities between engagement states to investigate how each group changes across
time. Secondly, we compare the frequent transition subsequences that are characteris-
tic of each group. Thirdly, we compare the stability of trajectories in each group using
transversal-entropy curves.
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Fig. 2. The sequence plots of the Early engagement group: A) index plot, B) distribution plot,
and C) mean time plot.

Students in the Early disengagement group were more likely to descend from the
“actively engaged” state to the “disengaged” state (transition probability 28%) compared
to theEarly engagement group (transition probability 11%), which highlights the vulner-
ability of the former group of students to transition to disengagement states in the future
(Table 2). Similarly, students in the Early disengagement group were also more likely
to stay in a “disengaged” state with a probability of 59% compared to 39% in the Early
engagement group. The top statistically significant discriminating subsequences in the
Early disengagement group were characterized by persisting in a “disengaged” state,
descending from an engagement state (averagely or actively engaged) to a “disengaged
state”, or ascending to an engagement state.

Table 2. Transition probability matrix among engagement states for each engagement group.

Early disengagement Actively engaged Averagely engaged Disengaged Dropout

Actively engaged > 0.6 0.09 0.28 0.03

Averagely engaged > 0.30 0.55 0.11 0.04

Disengaged > 0.35 0.04 0.59 0.02

Dropout > 0.00 0.00 0.00 1.00

Early engagement Actively engaged Averagely engaged Disengaged Dropout

Actively engaged > 0.65 0.24 0.11 0.00

Averagely engaged > 0.30 0.69 0.02 0.00

Disengaged > 0.45 0.16 0.39 0.00

Dropout > 0.00 0.00 0.00 1.00
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Fig. 3. Top statistically significant discriminating subsequences in theEarly disengagement group

Figure 3, shows the Chi-squared test for discriminating subsequences. The Early
disengagement group had more frequent and statistically significant (Disengaged) and
(Disengaged)-(Disengaged>Actively engaged) subsequences, while less likely to have
(Averagely engaged > Actively engaged) subsequences. In summary, the Early disen-
gagement group were more likely to persist in a “disengaged” state, descend from an
engagement state to a disengagement state as well as showed an unstable trajectory.
These findings add to the previous findings, that not only being in a disengagement state
is an alarming distress signal, but also the persistence or transition to a disengaged state
is similarly alarming.

To investigate the likelihood to persist in the program, we estimate the survival
probability (probability of completing the program) using KM curves, comparing Early
engagement and Early disengagement groups (Fig. 4A). The survival probability of the
Early disengagement group at the end of the 1st year was 0.86 CI (0.76:0.97), at the end
of 2nd year the survival probability dropped to 0.81 CI (0.7:0.94), while it was 1.00 in
the Early engagement group. By the end of the program, the survival probability in the
Early disengagement group was 0.7 CI (0.57:0.85), while it was 0.98 CI (0.95:1.0) in the
Early engagement group. The Log-rank, Gehan, Tarone-Ware and Peto-Peto tests were
all statistically significant at the level of p < 0.001 emphasizing the difference between
the groups. In summary, the Early disengagement group had a higher and statistically
significant probability of dropping out of the program.

Lastly, the results of the WMW test revealed that performance (measured as GPA)
in the Early engagement group (85.15/100) was significantly higher than that of the
Early disengaged group (79.73/100) with a medium effect size (rank-biserial correlation
coefficient of−0.38). The findings indicate that not only does early engagement predict
persisting in the program, but it is also a catalyst of higher performance.
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Fig. 4. A) KM survival curves comparing both groups. B)WMW test comparing the GPA of both
groups

5 Discussion

There are several studies that have addressed students’ online engagement. The majority
of such studies have focused on engagement with a learning task or within a course [8,
9, 25]. Notwithstanding the wealth of insights that we have learned over the years, the
longitudinal engagement remained amuch-needed area of research.Our study has sought
to address such a gap and, in particular, we investigated the longitudinal trajectories of
early engaged versus early disengaged students.

Our RQ1 sought to identify the course-level engagement states of the students over
a full program using LCA clustering method. While few studies have looked into a full
program, the three engagement states at the course level identified in our study were in
linewith the existing literature [9, 23, 44]. Our three identified engagement clusterswere:
1) an actively engaged cluster similar to the intense, highly active groups reported by
others [9, 23, 44]. The actively engaged cluster invests a significant amount of energy
and effort in learning which has been linked to deep learning [5, 15]. 2) An average
engagement cluster, constituted by selective learners investing a moderate amount of
effort. Such cluster is similar to get-it-done cluster reported in other studies [9, 23]. 3) A
disengaged cluster, who invest the least amount of effort, focus on assessed resources,
or use a surface approach to learning [15]. Our clusters may have been more uniform
than which can be explained by the fact that our context has a uniform course design,
homogeneous course structure and similar underpinnings.

Our RQ2 investigated the longitudinal trajectories of early disengaged students in
comparison to their early engaged counterparts. The results have shown that students
in the Early disengagement group are not a uniform group but rather a heterogenous
group with two main identifiable subgroups: a group with rapid declining engagement
that eventually ended by dropping out early in the program, and another group that
maintained a turbulent course with occasional dropping-out. In addition to frequent
disengagement states, this group has shown frequent alarming transitions too, that is,
transitions from an engagement state to a disengagement state (declined). These findings
highlight the importance of course to course transitions as another alarming sign that
should alert educators of the imminent risk that these students may have (dropping out).
The fact that Early disengagement group had a high number of dropouts is an indication
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of the high risk that early disengagement incurs on students’ outcomes. The presence
of alarming signs is a sign of tractability that should be taken seriously. Similarly, the
Early engagement group was not a uniform group of learners, but rather presented two
subgroups with two engagement patterns.

The findings of this study align with face-to-face studies [7, 21] that reported the
presence of engagement heterogeneity among students, as well as the presence of sub-
groups of students with different trajectories. A stable subgroup who remain engaged
most of the program has been reported by [7, 21], those students were referred to as
“Stable High Trajectory” or “Persistent engagement group” and were around 70% of
all enrolled students [7, 21]. A declining trajectory has also been reported by studies in
face-to-face settings, referred to as “Descending engagement group” and were around
17% in [7] and around 8% in [21]. Similar results have been obtained in the scarce
research on longitudunal engagement in online settings [9], where the “consistent” and
“get-it-done” groups to be around 67% of students if combined and a disorganized group
(33%) who are mostly disengagement.

RQ3 investigated the relationship between early disengagement andgraduationusing
survival analysis. The results showed that early disengagement projects a substantial risk
on students’ graduation and is linked to frequent and statistically significant dropout.
Since troubled, unstable or early disengagement have been strongly linked to dropping
out of school, the early identification and support of such students is thus of paramount
importance to educators [2, 3, 5].

This study contributes to the body of the literature regarding longitudinal engage-
ment, an area that is rarely studied. We show that early online engagement—regardless
of the grades—is a significant predictor of persistence in the program.More importantly,
we describe the trajectories of early disengaged students and show that in addition to the
state of disengagement, the transitions and their stability can also be alarming. Another
contribution of this study is a methodological one: we used SPM methods in modeling
longitudinal engagement, a use that is novel in LA and education.

6 Conclusions

This study followed 99 students over four years of college education including all their
course data (15 courses and 1383 course enrollments). The results have shown that early
disengagement is associated with significant higher rates of dropouts, lower scores, and
lower graduation rates. Our findings indicate that it is critical to proactively watch the
alarming signs of disengagement during the first program courses, such as low engage-
ment with the course materials, declining engagement along the program or history of
frequent disengagements. Most of existing approaches to disengagement focus on a sin-
gle course; such approaches are far from optimal as they miss an important aspect of
engagement i.e., program-level engagement. This study points to the dire consequences
of ignoring program-level disengagement and the loss it incurs in terms or attrition and
loss of resources. Therefore, we call for institutions to have program-level monitoring
mechanisms that early identify at-risk students and offer a timely relevant support. It
must be noted that the generalizability of this study is subject to investigation and repli-
cation within different contexts. The quality of data captured from the LMS are far from
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perfect and students’ usage may differ. Therefore, further confirmation with different
samples is required.
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Abstract. The link between the body and mind has fascinated philosophers and
scientists for ages. The increasing availability of sensor technologies has enabled
the possibility to explore this link even deeper, providing some evidence that cer-
tain physiological measurements such as galvanic skin response can have in the
performance of different learning activities. In this paper, we explore the link
between learners’ performance of cognitive tasks and their physiological state
with the use of Multimodal Learning Analytics (MMLA). We used MMLA tools
and techniques to collect, annotate, and analyse physiological data from 16 par-
ticipants wearing an Empatica E4 wristband while engaging in task-switching
cognitive exercises. The collected data include temperature, blood volume pulse,
heart rate variability, galvanic skin response, and screen recording from each
participant while performing the exercises. To examine the link between cogni-
tive performance we applied a preliminary qualitative analysis to galvanic skin
response and tested different Artificial Intelligence techniques to differentiate
between productive and unproductive performance.

Keywords: Multimodal learning analytics · Psychophysiology · Game
analytics · Sensors

1 Introduction

Aristotle says: “Soul and body, I suggest react sympathetically upon each other. A change
in the state of the soul produces a change in the shape of the body and conversely, a
change in the shape of the body produces a change in the state of the soul.” Similarly, in
the 17th century, René Descartes proposed that mind and matter exert causal effects on
one another. It was until the 19th century when William James started to systematically
study this proposition examining the causal links among behaviour, physiology, and
psychology providing the foundations ofmodern psychology [1]. These causal links have
shown to be bi-directional meaning that internal psychological states have an influence
on observable attributes of behaviour such as posture and movements, and also posture
and movements influence internal states [2]. For example, engaging the muscles of a
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smile or a frown has a strong influence on the perception and interpretation of different
scenarios, as well happy or sad states of mind lead to naturally smile or frown [2, 3].

These links are not restricted to basic emotional states. Embodied cognition theo-
rizes that the cognition of humans and other biological creatures is strongly influenced by
physiological aspects that go beyond the brain itself [4]. Executive cognitive functions
such as reasoning, attention control, task flexibility and performance can be undermined
by states of powerlessness that have also a clear influence on behaviour and the physi-
ology of an individual [5]. The levels of stress, which can be inferred by the secretion
of glucocorticoids, have shown to influence different types of cognitive tasks in differ-
ent ways. For example, moderate levels of stress before implicit memory tasks tend to
have a positive influence on performance. In terms of explicit memory tasks, stress has
shown to improve the retention of words with a negative connotation but also leads to
the creation of false memories [6]. Embodied cognition is a very broad area of research
that usually produces mixed results like the aforementioned stress example. While there
is much evidence supporting the embodiment of cognition, the interpretation of results
and their significance is an unsettled topic in the scientific discourse [7].

Traditional interactive e-learning environments such as learning management sys-
tems (LMS) or intelligent tutoring systems (ITS) automatically log the interactions from
learners. These systems offer opportunities to evaluate learning theories, learning tech-
nologies, and the development of future learning applications giving rise to the field
of Learning Analytics (LA) [8]. However, these types of data sources represent only a
small portion of the learning activities and not the whole learning process [9], e.g. the
physiological state of learners is not captured.

To gain a more thorough view of the learning process, inspired by recent technologi-
cal developments such as wearable sensors and Internet of Things (IoT) devices, the field
of Multimodal Learning Analytics (MMLA) emerged [10]. Several studies on MMLA
have explored the link between physiological data and learning performance for multiple
learning tasks such as video game skill acquisition [11], collaborative learning scenarios
[12, 13], inquiry tasks [14], arithmetic tasks [15], physics exams [16], problem solving
[17], etc. MMLA uses the idea that behavioural cues can be considered as “markers of
expertise” in learning context [18].

The data collected, analysis methods, and reported results inMMLA studies attempt-
ing to describe the link between physiological data and learning/cognitive performance
remain heterogeneous. While recent studies like the one in Sharma et al. [19] shows that
it is possible to extract features out of physiological data including Heart Rate Variability
(HRV), Galvanic Skin Response (GSR), Blood Volume Pulse (BVP), facial expressions,
etc., and use them in combination with different machine learning techniques to make
predictions about cognitive workload for a diverse set of cognitive tasks that require
problem-solving, decision-making, and learning processes. There are some other stud-
ies that even the same physiological data and analysis methods produced different results
for different learning tasks. For example, the study in Ryu & Myung [20] showed that
HRV is an indicator for cognitive workload in flying simulation tasks, but not for arith-
metic tasks. Similarly, the example in Larmuseau et al. [17] shows that GSR and skin
temperature (TMP) are indicators of mental effort, but these indicators are not shown
when the complexity of the task changes.
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Regardless of recent advances in MMLA, identifying the link between physiol-
ogy and performance is not trivial. These data modalities are produced at high and
different frequencies, they are noisy, their synchronization is challenging, and several
importantmethodological decisions require high competence and contextual knowledge,
which goes from the treatment of low-level signals to the interpretation of high-level
abstractions, such as features and measurements [21].

To contribute to the state-of-the-art exploration of the connection between physi-
ology and cognition, in this paper we introduce a methodology based on qualitative
analysis and machine learning to establish a connection between physiological markers
of performance in task switching. Task switching is an executive function that belongs
to the concept of cognitive flexibility. It involves the ability to rapidly and efficiently
adapt to different situations [22], and has been associated with academic achievement
[23]. Our methodology makes use of the MMLA pipeline [24], which consists of a set
of methods and Open Source applications. Instead of looking at the overall game per-
formance, in our analysis, we focus on each answer in the task switching game, which
we refer to as one “attempt”. The purpose of analysing the attempts is to identify phys-
iological markers which can represent some precise learning states. In particular, we
are interested in isolating the moments when the learner realises having committed a
mistake. We call these the “D’oh!” moments, referencing the famous expression of the
cartoon character Homer J. Simpson.

2 Method

Task switching is an ability that varies during the lifespan of an individual [25], thus
suggesting that it is influenced by changing factors and leading us to our first research
question:

RQ1:Domeasurable physiological factors influence executive functions such as task
switching?

To answer RQ1 we first need to select appropriate methods and techniques to collect
and make sense of physiological data during the performance of task switching, leading
us to our second research question:

RQ2: Towhat extent canwe use theMMLAPipeline to identify physiologicalmarkers
of performance in individual attempts of a task switching game?

To answer RQ2, we applied the MMLA Pipeline including the LearningHub [26]
for collecting data and the Visual Inspection Tool [27] for manual annotation and visual
understanding of the patterns.

First, we conducted a qualitative analysis of the collected sessions inspecting visually
and manually the GSR of the participants in presence of mistakes. Later, we used the
collected annotations to train various supervised-machine learning models to classify
both the presence of mistakes and the optimal game performance by considering also
the duration of each attempt.
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2.1 Data Collection and Annotation

Our data sample consists of 48 multimodal recordings of 16 participants (8 females and
8 males) aged 19 to 22 years playing the Brain Shift game. Each participant played the
game three times, this means three sessions per participant and each session lasted 60
s. The Brain Shift game requires the user to switch rapidly between two different tasks.
Two cards are presented on the screen. On each attempt, a number and a letter appear
on one of the cards. If the stimulus appears on the top card, then the user should indicate
“yes” if the number is even and “no” if the number is odd. On the other hand, if the
stimulus appears on the bottom card, the user should indicate “yes” if the letter is a vowel
and “no” if the letter is a consonant.

Weused theLearningHub [26] to create themultimodal recordings. Eachmultimodal
recording includes a screen recording of the played game, and the TMP,BVP,GSR,HRV,
interbeat interval (IBI), and 3d acceleration (ACC) that was collected from an Empatica
E4 wristband1.

We used the Visual Inspection Tool [27] to visually inspect and annotate the multi-
modal recordings. The process of annotation consisted of first identifying the time inter-
val for each attempt to select “yes” or “no” based on the shown card. Then annotating
each attempt with a 0 for correct responses and a 1 for mistakes.

3 Analysis and Results

3.1 Qualitative Analysis

To get a first impression of the physiological data collected we first plotted them. Values
from BVP showed a wave function behaviour making it difficult to perceive any details
just by pure visual inspection. Values from HRV, IBI, TMP and ACC, presented no clear
patterns that could be identified through a visual inspection. On the other hand, GSR
values presented patterns that could be visually identified.

Fig. 1. Visually identified GSR behaviours.

We were able to identify four main different types of sessions by examining the GSR
plot: (1) Downhill Slope, (2) Irregular, (3) Small Local Maximums (SLM), and (4) Up

1 https://www.empatica.com/research/e4/.

https://www.empatica.com/research/e4/
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Spikes (see Fig. 1). Table 1 provides a summary of the descriptive values found for the
different types of sessions.

Table 1. Descriptive statistics grouped by the visually identified session type based on the GSR
plot.

Type of
session

No. of
sessions

GSR Avg Proportion
GSR change

Mistakes Avg
Attempt
duration
(seconds)

Game Score Corr. GSR
vs score

Downhill
slope

18 m = 0.817
sd = 0.65

m = −0.0777
sd = 0.12

m = 2.4
sd = 2.12

m = 1.506
sd = 0.77

m = 14292
sd = 8051

R = −0.35
p = 0.148

Irregular 9 m = 2.088
sd = 2.41

m = 0.2483
sd = 0.27

m = 3 sd
= 2.55

m = 1.287
sd = 0.22

m = 14055
sd = 3961

R = −0.68
p = 0.04

SLM 5 m = 1.307
sd = 1.11

m = −0.0004
sd = 0.0003

m = 2.4
sd = 3.05

m = 1.373
sd = 0.31

m = 13860
sd = 2742

R = −0.75
p = 0.13

Up spikes 4 m = 0.611
sd = 0.61

m = 0.0008
sd = 0.0007

m = 4.25
sd = 2.75

m = 1.050
sd = 0.06

m = 18750
sd = 2817

R = −0.73
p = 0.26

All 36 m = 1.179
sd = 1.42

m = −0.0386
sd = 0.146

m = 2.61
sd = 2.29

m = 1.389
sd = 0.58

m = 14604
sd = 6231

R = −0.35
p = 0.03

As seen in Table 1, on average for all the GSR diminished throughout the sessions (m
=−0.0386). The collected data shows a moderate negative Pearson correlation between
the GSR and the Game Score. Results were statistically significant for the aggregate of
all sessions and for sessions that presented Irregular GSR behaviour.

For the SLM, and Up Spikes sessions, we conducted a qualitative analysis with the
purpose to identify explanations for the observed SLM and Up Spikes. Table 2 shows the
summary of the observations before and after the occurrence of an SLM. For all cases,
there was at least one long attempt before an SLM appeared/happened.

Table 3 summarizes the observations of GSR Up Spikes before and after their occur-
rence. We found that before the spike in four of the five cases there was a distinctive
event. Moreover, in three out of the five cases, the spike led to a mistake or a slow
attempt.

3.2 Machine Learning Classifiers

To deepen the exploration of physiological markers of performance in the individual
attempts, we explored the use of different machine learning models. First, we applied
these models for the identification of mistakes (Sect. 3.2.1). The optimal performance
of the Brain Shift has two components, correctness of the attempts and response time.
Therefore, we also conducted a second classification considering the variable of attempt
duration (Sect. 3.2.2).
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Table 2. Observations for Small Local Maximum (SLM).

Session Before GSR SLM After GSR SLM Avg duration attempt
(seconds)

Mistakes

g4_2 Slow attempts 3.1 s,
2.35 s

Slow Attempt 3.4 s m = 1.6 sd = 0.63 0

g4_3 Slow attempt 2.1 s Nothing distinctive m = 1.4 sd = 0.37 0

g4_3 Slow attempts 2.4 s,
2.1 s, 2.1

Nothing distinctive m = 1.4 sd = 0.37 0

k4_2 1 slow attempt (3.99
s)

Nothing distinctive m = 1.1 sd = 0.33 7

k4_2 Erratic GSR readings Erratic GSR Readings m = 1.1 sd = 0.33 7

k4_2 2 mistakes then slow
attempt 2.8 s

Mistake, rapid guess
0.2 s, Mistake

m = 1.1 sd = 0.33 7

k4_2 Slow attempt 2.4 s Nothing distinctive m = 1.1 sd = 0.33 7

m4_1 Slow attempt 3.7 s 1 mistake m = 1.8 sd = 1.02 1

p4_1 Slow attempts 1.9 s,
1.2 s, 1.9 s

Nothing distinctive m = 1.0 sd = 0.44 4

Table 3. Observations for up spikes

Session Before GSR spike After GSR spike Avg duration attempt
(seconds)

Mistakes

h4_1 3 mistakes in 6 attempts Slow attempt 2.8s m = 0.9 sd = 0.17 6

k4_1 Rapid guess 0.2 s 1 Mistake m = 1.1 sd = 0.65 2

k4_1 Mistake, Slow attempt
3.3 s

Nothing distinctive m = 1.1 sd = 0.65 2

n4_3 Nothing distinctive Nothing distinctive m = 1.1 sd = 0.45 3

p4_3 Slow attempt 2.2 s 1 Mistake m = 1 sd = 0.25 1

3.2.1 Mistake Classification

The first analysis for our machine learning classifiers consisted of classifying the pres-
ence or the absence of a mistake using the physiological data as input data. Among all
the annotated sessions, we selected 14 sessions and discarded the ones having one or
more sensor attributes missing. We considered five sensor attributes, TMP, BVP, GSR,
HRV, and IBI. The Empatica E4 samples these attributes at different frequencies. To
overcome the problem of unevenly spaced time series, each attempt was resampled into
a fixed number of time-bins that correspond to the median length of each sample. We
obtained a 3D tensor of shape: 1927, 35, 5 (no. samples × no. bins × no. attributes).
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From the five input signals, we extracted more than 1920 features using the Tsfresh
time-series library2. To reduce the dimensionality of the extracted features and select
the best ones, we used Recursive Feature Elimination using the estimator Decision Tree.
We also set the number of desired best features at different thresholds: 1% (19 features)
and 2.5% (48 features). The 3D tensor was therefore aggregated in a matrix of size 1927,
19 (no. samples × no. attributes).

The target class values and other metadata including the id of the session and the
attempt duration (in seconds) were kept in a separate data frame. Consequently, a cluster
of machine learning classifiers was selected including (1) Decision Trees (DT), Gradient
Boosting (GB), k-Nearest Neighbours (KNN),NaïveBayes (NB), RandomForests (RF),
Support Vector Machines (SVM). The hyperparameters of the classifiers were tuned
using Grid Search on a subset of the dataset to optimise the convergence time.

Since the target class (presence or absence of a mistake) exhibited a highly unbal-
anced distribution (9% mistake - 91% not-mistake) we applied oversampling using the
Synthetic Minority Oversampling Technique using 10-fold-cross validation. We made
sure to oversample only the nine training folds and not the validation fold. The dataset
was between training and testing using leave-one-session-out: we trained the models on
13 sessions and tested on the remaining one, iteratively. We then averaged the results
obtained. Additionally, we applied feature scaling using min-max normalisation with a
range of−1 and 1. The scaler was fitted on the training set and applied on both validation
and test sets.

Table 4. Classification results of the target class “mistake”.

Model No. best features: 19 (1%) No. best features: 48 (2.5%)

Accuracy Precision Recall F1-score Accuracy Precision Recall F1-score

DT 0.793 0.933 0.836 0.880 0.804 0.933 0.847 0.886

GB 0.765 0.930 0.794 0.853 0.796 0.933 0.839 0.881

KNN 0.699 0.926 0.733 0.816 0.688 0.925 0.722 0.808

NB 0.277 0.928 0.234 0.333 0.263 0.922 0.231 0.344

RF 0.839 0.934 0.883 0.903 0.824 0.930 0.868 0.896

SVM 0.653 0.929 0.664 0.764 0.830 0.930 0.885 0.905

HMM 0.931 0.931 1.000 0.963 0.931 0.931 1.000 0.963

All the classifiers mentioned treating the variables as independent and identically
distributed. Although there are no constraints about the independence of the observa-
tions, for example, required by the logistic regression, all these models do not capture
the sequential nature of the physiological signals. For this reason, we considered two
sequential models, Recurrent Neural Networks (RNN) and Hidden Markov Models
(HMM). As the RNNs require high amounts of data, we focused on HMM, adding it to
the stack of our models. In particular, we used the multivariate Hidden Markov Models

2 https://tsfresh.com/.

https://tsfresh.com/
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[28], tuned for supervised machine learning using a multivariate Gaussian distribution.
The transition probability matrix calculated of the HMM is directly inferred by the data
using the Maximum Likelihood Estimation.

3.2.2 Performance Classification

In the Brain Shift game, the presence or absence of a mistake alone is not sufficient to
describe the optimal solution of the game. The duration of the attempt also matters. The
game requires the user to react fast, therefore attempts of long duration are sub-optimal
for the game objective. Similarly, players sometimes lose focus and start selecting their
answer randomly and very quickly. This behaviour is called “random guessing” and
is also sub-optimal for the game objectives. To better separate the optimal from the
ineffective strategies, we introduced a “score” that divides the presence (class 0) or
absence (class 1) of amistake for the duration of the attempt. In these terms, themistaken
attempts will always be 0. The correct attempts will be inversely proportional to its
duration e.g. 1/0.5 s = 2 score, 1/2 s = 0.5 score. A histogram of the scores is shown in
the left plot in Fig. 2.

Fig. 2. Left: score histogram; Right: Gaussian function fitting the distribution.

The histogram in Fig. 2 presents a normal distribution: the peak in the middle reflects
the best and most common scores according to the population. Hence, we fitted a Gaus-
sian curve on the distribution (right-end plot of Fig. 2). The Gaussian curve maps the
scores (x-values) into y-values between 0 and 1. The y-values (right-end plot of Fig. 2)
close to 0 are mistakes or slow correct answers or fast correct answers (probably due
to “random guessing”). These y-values close to 1 are the most optimal answers. We
transformed this range into 2 binary classes, by labelling the values in the range 0–
0.5 with 0 and the values in the range 0.5–1 with 1. This gave a new target class
“score_norm_binary”, distributed 82% positive and 18% negative.We repeated the same
analysis performed with the target class “mistake” in Sect. 3.2.1 and reported the results
in Table 5.
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Table 5. Classification results of the target class “score norm binary”.

Model No. best features: 19 (1%) No. best features: 48 (2.5%)

Accuracy Precision Recall F1-score Accuracy Precision Recall F1-score

DT 0.638 0.819 0.695 0.746 0.648 0.818 0.729 0.763

GB 0.624 0.808 0.695 0.739 0.663 0.799 0.775 0.779

KNN 0.530 0.797 0.566 0.654 0.502 0.805 0.518 0.622

NB 0.384 0.815 0.269 0.361 0.352 0.805 0.242 0.337

RF 0.648 0.810 0.729 0.756 0.649 0.798 0.760 0.767

SVM 0.473 0.761 0.471 0.568 0.656 0.806 0.758 0.775

HMM 0.802 0.804 0.996 0.884 0.757 0.805 0.928 0.841

4 Discussion

In this study, we used MMLA tools such as the LearningHub and the Visual Inspection
Tool together with their corresponding approaches to collect, annotate and support the
analysis of multimodal physiological data to gain deeper insights into the influence of
physiological factors in executive functions such as task switching (RQ1). Results from
our manual qualitative analysis revealed distinctive types of behaviour for GSR during
task switching. It also showed a moderate negative correlation between GSR and perfor-
mance. These results suggest a possible alignment with the findings in Larmuseau et al.
[17] that show a positive correlation between GSR and mental effort. Thus, suggesting
that people that find the switching task easier perform better. Nonetheless, this obser-
vation contrasts the findings from Pijeira et al. [16] where moments of GSR activation
were positively correlated with good grades in physics exams. Therefore, showing that
these findings are task-specific and additional research is needed.

The visual inspection of GSR data conducted in our qualitative analysis, allowed
us to identify several points of interest in the sessions, which on closer inspection dis-
played interesting facts that affected the performance of different task switching attempts
(RQ2). While the occurrences of these points of interest are too small to obtain statis-
tically significant results, our analysis suggests studying these types of incidents with a
larger data sample. This would allow deeper insights into the physiology of the “D’oh!”
moments where the learner recognises having committed a mistake.

The applied machine learning classifiers provided further insights into our research
questions. As shown in Table 4, the multivariate HMM outperforms by a big margin all
other classifiers in terms of accuracy, precision, recall and F1-score, both for the 1% and
2.5% best features thresholds. In our understanding, this proves the idea that Bayesian
probabilistic models are better suited for the proposed supervised classification tasks as
they better consider the temporality of the physiological signals. Among the remaining
andmore traditional classifiers, the best performing ones areRF andDT.When compared
to HMM, they score higher in Precision but lower in Recall, resulting in lower F1 scores.
Both DT and RF are more flexible in accommodating high dimensional datasets and
more transparent in terms of feature importance. Concerning what is the best number
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of features for the classification task, the results suggest that it depends on the model.
For instance, the DT and RF have a higher F1-score with a 2.5% threshold while the
HMM has a better F1-score with a 1% threshold. In sum, we can assert it was possible
to classify correctly the mistakes analysing the physiological responses (RQ1).

When it comes to performance classification, as presented in Table 5, the perfor-
mances follow a similar tendency to the mistake classification. HMM is confirmed to be
the best performing classifier followed by RF and DT. However, the scores are gener-
ally worse when compared to the mistake classification. We think this is because when
participants make mistakes they are presented with visual feedback, green ticks or red
crosses. This feedback is likely to influence their physiological markers and trigger
the so-called “D’oh!” moments. In contrast, adopting the sub-optimal strategies such as
“correct guessing” or taking toomuch time to answer, do not have an immediate negative
reward and are less likely to alter the player’s emotional and physiological state. Never-
theless, the HMM can be used to classify the ideal performance with the ideal amount
of accuracy (80.2%) and F1-score (88.4%). The results of this other analysis suggest
that, in principle, an evidence-based approach based on the analysis of the physiological
signals can be used also to classify successful from unsuccessful question-answering
strategies.

5 Conclusion

In this study, we performed first a qualitative analysis to discover emerging patterns in
the physiological markers examining their influence on performance. Thenwe continued
our analysis by training various machine learning classifiers to distinguish the correct
from incorrect attempts and optimal from sub-optimal performances. From different
perspectives, both analyses allowed us to establish a connection between physiological
factors and their influence on executive functions providing answers to RQ1.

The main limitation of our study relies on the limited number of participants and
sessions played by them. Some interesting points of observation like Up Spikes appeared
only six times, too few to draw any statistically significant conclusion. More data
is needed to be able to distinguish between random effects and true links between
physiology and task switching performance.

While the qualitative analysis shows a correlation between one of the physiolog-
ical markers (GSR) and overall performance, the results seem to be specific for the
task switching case. For this reason, we can neither generalise across different cogni-
tive tasks nor make claims concerning the causal relationships of physiological states
and task performance. However, from the results of our study, we can derive that we
can use physiological markers to distinguish optimal from sub-optimal task switching
performance. This approach could provide feedback in (near) real-time or can trigger
modifications to the environment or the learning tasks to nudge the learner towards the
zone of optimal performance.
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Abstract. Self-assessment is a twofold activity consisting of self-evaluation
and self-explanation, which are considered imperative metacognitive strategies
in learning science. Although the self-explanation effect has been scaffolded
in numerous learning systems, it remains unclear whether the effect can still
occur to students in a voluntary setting of learning such as remote learning that
requires self-regulation to persist in making progress. Furthermore, it is inconclu-
sive what students’ behavioral patterns can be when they exercise self-evaluation
and self-explanation overtime. In this study, we investigate the effectiveness of
self-assessment and the embedded self-explanation by dissecting semantic ele-
ments in the explanations in a multilevel analysis. The result showed that the low-
performing students were challenged by the complexity of topics, which resulted
in an increased error rate when they ventured into more learning opportunities.
However, the self-explanation effect might occur to them and improved their per-
formances, especially when they reflected on the content of questions that were
relevant to the concepts. In summary, this study provides an insight into effec-
tive self-assessment. Specifically, it shows that students can potentially improve
performances by writing compact and relevant explanations over time.

Keywords: Self-explanation · Self-regulated learning · Distributed practice ·
Learning analytics

1 Introduction

Recently, in the community of learning analytics, many researchers have focused on the
theory of self-regulated learning (SRL) and developed various computational models to
trace SRL in students’ learning processes [1]. With the help of learning management
systems, there have been numerous approaches to scaffold students’ metacognitive skills
and engage them in their learning processes consciously over time [2]. One instructional
design based on SRL theories is self-assessment. Self-assessment aims to improve to
develop the students’ metacognitive skills and self-efficacy by a twofold process: evalu-
ation with a standard rubric and reflection to fill the gap between his/her prior knowledge
by explanations. Although explanation-based learning [3] has shown beneficial for stu-
dents to learn in problem-solving activities, it remains unclear whether the progression
of self-explanation in self-assessment improves students’ performances over time.
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Self-explanation is considered an effective strategy that invokes students to learn from
active comprehensions of concepts, actions, and goals in solving problems [4, 5] Many
studies have shown that a good problem solver can follow a sophisticated procedure
to self-explain by examining the relationship between actions and goals, connecting
to principles, and making domain-relevant comments. Essentially, the self-explanation
effect hypothesizes that students can learn better when they explain learning content to
themselves while solving problems [3]. The effect has been found across various fields
of study, e.g., mathematics, physics, geometry, and computer programming [3, 6, 7].
However, a student’s learning is dynamic. For example, s/he may change the schedule,
style, or strategies throughout a course of study due to internal cognitive factors like
interests, self-efficacy, and motivations, or external factors like pressure from other
academic activities. These factors are also correlated to the development of knowledge
and understanding, which could further complicate the effectiveness of self-explanation.

Researchers have developed many reliable research instruments to control and mea-
sure the self-explanation effect in both laboratory and classroom settings. Computational
models in the literature have also provided empirical evidence about how good and poor
solvers construct declarative knowledge [3] and integrate supportive tools into the learn-
ing in self-explanation [4]. These research works indeed advance the use of scaffolded
learning in classrooms by technologies; nevertheless, the relationship between self-
explanation and a student’s long-term development remains somewhat ambiguous and
presumptuous. For example, [5] documented a year-to-year comparison of students who
used thematerialwith self-explanationquestions and thosewhodid not. The results, how-
ever, did not reveal explicitly how the self-explanation effect occurred over time together
with students’ learning activities. Students might lose interest and disengage from the
learning activity, which suggests that they might not learn from the self-explanations in
the way researchers expect.

This work aims to dissect the correlation of the self-explanation effect and students’
learning processes in self-assessment (i.e., a natural and voluntary self-regulated setting).
To develop significant and replicable learning analytics, the research design is grounded
on the Knowledge-Learning-Instruction (KLI) framework and empirical evidence of the
self-explanation effect from learning science. Specifically, the development of this study
is guided by the following research questions:

1. What is the pattern of students’ progression of learning in different programming
topics on the self-assessment platform?What is the relationship between the number
of opportunities taken and students’ performance?

2. Does the self-explanation effect transfer from self-assessment to students’ perfor-
mance in formal exams? What is the difference between high- and low-performing
students in their self-explanation behavior?

3. What are effective and ineffective elements in explanations that affect students’
performance in self-assessment over time?
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2 Related Work

2.1 The Self-explanation Effect in Problem-Solving

The self-explanation effect hypothesizes that students who self-explain examples in
problem-solving activities learn better than those who do not [3]. This effect has been
examined and shown effective in different fields of study like geometry, physics, math-
ematics, etc. Researchers have also found several key differences between novice and
expert students in the ways they self-explain. An early study from Chi et al. [6] showed
that in a self-explanation process, the good solvers were able to fill in the gaps in their
knowledge by making domain-relevant comments that aimed to support the relation-
ship between actions and goals. On the contrary, the “poor” solvers were more likely
to make superficial and less-accurate explanations. These findings were further exam-
ined by a computational model in the following study [3]. It revealed that the good
solvers learned from self-explanation through a sophisticated search control to localize
a defect and derive a piece of knowledge to patch it. In the context of computer science
and engineering, [5] examined in-code commenting activities in computer programs by
cluster analysis and identifiedfive patterns of students’ explanations: goal-based, limited,
principle-based, mechanistic, and original solution. The study pointed out that despite in
different contexts the students wrote different kinds of explanations, the principle-based
approach was linked to high-quality explanations that connected background knowledge
and outcomes.

The results from these studies to some extent cross-validate the self-explanation
effect and show there are discrepancies between good and poor problem solvers in their
ways of self-explanation. They shed light on how to leverage self-explanation and its
embedded elements to support students to learn efficiently and effectively by learning
analytics and systems. For example, [8] elaborated a quantitative coding system iden-
tifying explanation artifacts for algorithms and data structures. The system constituted
an overarching concept of explanation-oriented programming. In a broader context, the
self-explanation effect can also be scaffolded as reflective activities after assignments
(or exams) to improve the students’ metacognition and self-regulation skills [1]. All of
these studies unanimously suggest that it is feasible to design instructions for promoting
and encouraging students to write explanations while they are solving problems. The
underlying assumption is that the self-explanation effect will occur to students when
they are being prompted or instructed to do so. In our work, we inspect when and how
the self-explanation effect occurs in a voluntary setting. The results are expected to
contribute towards and complement literature of self-explanation in the perspective of
scalable, dynamic, and close-to-reality instructional designs.

2.2 Tracing the Relationship Between Metacognitive Skills and Learning
Outcomes

Numerous studies have tried to leverage students’ activities in log data and learning
analytics to trace the relationship between students’ metacognitive skills and learning
outcomes. For example, Cicchinelli et al. explored activity streams from a learning
management system and correlated the students’ self-regulation behaviors including
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planning, monitoring, and regulating, to their performances [9]. Asano et al. investigated
the effectiveness of optional self-explanation scaffolded by two kinds of prompts, which
were shown after online programming homework, in terms of the frequency of writing
explanations, the correctness of problem-solving, and proficiency in the language of
instruction [10]. By long-term tracking on reflection activities, one study also pointed out
that the students’ self-regulation behaviors were highly variable and, therefore, required
adaptive strategies to support [11].

The self-explanation effect, however, has been traditionally analyzed in laboratory
settings that are well-controlled [7]. Although the self-explanation effect and different
modes where students react to self-explanation prompts can be well explained in a
laboratory setting, the correlation between the effect and the development of learning
status is less explored and remains unclear in practice. One relatedwork fromLoksa et al.
who conducted a 10-week study to analyze students’ self-regulation processes by in-situ
observations showed that the students’ reflectionwas highly variable [11]. But their work
focused on a broader self-regulation process instead of the embedded self-explanation
effect. The study from Asano et al. [10] described above was also closely related to our
research goals, but their analysis mainly focused on summary statistics of contextual
variables rather than capturing the continuous learning progress and semantics elements
in written explanations.

Our study aims to fill the gap by using learning analytics to examine how students
write their self-explanations when they solve problems on a self-assessment platform,
which allows us to observe the students’ learning progress and how they react to self-
explanation activities at the same time. We believe this observation is of interest for both
researchers and educational practitioners since the understanding could not only improve
the ecological validity of the self-explanation effect in practice but also suggest potential
factors to improve the design of scaffolded self-explanation in a learning system.

3 Methodology

3.1 Guiding the Research by the KLI Framework

The KLI framework consists of three kinds of events related to student learning: assess-
ment events (AEs), instructional events (IEs), and learning events (LEs) [12]. LEs entails
knowledge components (KCs) which are an abstract representation of cognitive knowl-
edge to learn. The interaction, dependency, and iteration of these events and KCs, either
observable or unobservable, capture students’ learning processes. The KLI framework
can be used to help different groups of researchers elaborate their research agendas
and formulate hypotheses on the same set of constructs. This process ensures that the
yielded results contribute to the potential generality of learning theories analytics. In
this study, we choose to use the KLI framework as the underlying guidance when ask-
ing research questions due to its simplicity and closeness to computational models and
learning analytics [13].

In this study, the subject course (which is an introductory programming course as
described in Sect. 3) focuses on the basics and intermediate topics in the object-oriented
programming of Java. Those topics are a kind of KCs under the KLI framework. A
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practice of self-assessment consists of two parts: assessment and evaluation. The assess-
ment part, as a kind of AE, tests a student’s prior knowledge about the concept to learn.
The evaluation part, as a kind of LE, provides an opportunity for the student to reflect
and learn from his/her success/failure in the assessment. The self-assessment per se is a
kind of IE that is, different from a typical instructional design, scheduled and controlled
dynamically throughout a semester by the student but not the instructor.

3.2 Modeling Self-assessment by the Learning Curve Analysis

The derived instance of the KLI framework pinpoints the unit of analysis in this study
as individual self-assessment activities (i.e., attempts to answer questions and make
self-evaluations). There are many mature statistical tools in the community of learning
analytics to analyze observable events. In this study, we choose to use the learning curve
analysis that embodies the essence of theKLI framework and involves the timedimension
in the analysis [12]. This method not only is close to our research design but also meets
our need to trace the dynamics of students’ learning processes in self-assessment over
time.

To apply this method, the KCs were refined and grouped into five categories of
topics: Basics (e.g., syntax, variables), Arithmetic, Flow Control, Data Structure (e.g.,
arrays), and OOP (e.g., class and object in Java). The IEs were modeled as students’
first attempts to answer questions and treated as opportunities to practice and learn. AEs
were simply represented by the error flag of those attempts, i.e., 1 is incorrect and 0 is
correct. The LEs, or students’ learning processes in self-assessment, were modeled as
learning curves, or more specifically, non-linear curves of error rates over the number
of questions that have been answered by students.

We followed the implementation based on a specialized mixed linear model that is
referred to as Additive Factors Model (AFM) [13]. We evaluated the model performance
by Akaike information criterion (AIC) and Bayesian information criterion (BIC) as
suggested in [14]. Additionally, the self-explanation effect was explained by semantic
features in the written explanations. The features were included as a separate factor in
the AFM model (see the following section for more details).

3.3 Semantics and Elements in Self-explanation

The difference in explanations between good solvers and poor solvers has been discov-
ered extensively in the literature. An early study from Chi et al. is one of the pioneers
in this area exploring the two-way process where a student constructs explanations
and learns from them [6]. The study found that the good solvers involved their prior-
knowledge in self-explanation (relevance), accurately identified their successes and fail-
ures (accuracy), and infrequently but succinctly made references to examples (frequency
and precision of references). Although these findings were based on protocols and obser-
vations made by the researchers, a follow-up study showed that a computational model
could accurately simulate and verify those results with further details of processes that
triggered the self-explanation effect [3].

These findings effectively pave the way for researchers to leverage self-explanation
to support students and analyze the self-explanation effect by computationally scalable
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schema together with other learning analytics. Our study follows this track of research
to understand how students’ self-explanation affects their learning in an introductory
programming class. It is worth noting that explanations have also been found beneficial
in programming learning [5]. The coding schema developed by researchers [7] in the
context of programming and engineeringprovides a domain-specific tool for us to explore
self-explanation activities conducted by our subjects. We adapted their schema for our
research data and used aggregated semantic elements as shown in Table 1.

Table 1. Coding schema and extracted semantic features of explanation content.

Level & element [15] Semantic features Examples (keywords are quoted by
brackets)

None/Outcome (DR) Domain-relevant keywords
extracted from topics in a Java textbook,
e.g., syntax, data, variable, Boolean,
integer, type, comment, statement,
control, if-else, switch, loop, for, break,
continue, object, method, etc.

• “[Syntax] errors occur before one
can compile”

• “The ‘//’ makes the [statement] a
[comment]”

• “I got confused and thought there was
no semicolon after x was
[initialized]”

• “The code means numbers cannot be
outside of those [parameters]”

Shallow/Description (B1) Action verbs in Bloom’s
Remember and Understanding [16]
including recognize, recall, remember,
interpret, exemplify, classify,
summarize, infer, explain, understand

• “I [remembered] there are two for
[integers]…”

• “I know that there are 8 [types] of
[primitive data types]”

• “I [remember] the [main method] by
hear”

Shallow/Description (QR) Relevance to question content a • “That’s not actually a line so no
semicolon anymore”

• “I didn’t know it was object-oriented”

a Measured by latent semantic analysis instead of keyword mapping so no keywords are marked
in examples.

3.4 Experiment Platform and Data Collection

QuizIT [20] was an online self-assessment platform developed by the researchers in
this study. The platform provided opportunities for novice students to self-monitor their
learning status in the study course. The platform released one programming-related,
multiple-choice question a day for the students to practice and review the learning con-
tent. There were two kinds of questions supplied on the platform: concept questions
and code comprehension (i.e., code tracing) questions. The topics of questions included
a range from the basics, like data types and flow controls, to the advanced data struc-
tures and object-oriented programming in Java. When the students attempted to answer
a question, they had an opportunity to self-explain how they reached the answer. This
process was served as a way to reflect on the concept asked by the question. All activities
on the platform were logged as transactions including question content, self-explanation
content, timestamps, and correctness.
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The dataset in this study was collected from an introductory programming course
offered in Spring 2018 at a four-year public university in the United States. There were
249 undergraduate students enrolled in the course. The platform was introduced to stu-
dents as an optional learning tool for them to practice andmonitor their learning progress.
The students were told that their activities on the platform would not be graded, which
primed them to take questions for their benefit but not the requirements of the course.
Throughout the semester we collected in total 2228 transactions from 112 students in
the course.

The analysis focused on the comparison between and within the high-performing
(HP) and low-performing (LP) students. To categorize HP and LP students, we normal-
ized the grades from the three midterm exams in the course and calculated the average
exam grades. The students who achieved 60%or higher normalized grades were grouped
into HP; the others were grouped into LP. In total, there were 51 HP students and 61
LP students. On average, the HP students answered 22.27 distinct questions and the
standard deviation (SD) was 31.64; the LP students answered 17.90 and the SD was
26.62. No significant difference was found in the number of questions answered by the
HP and LP students. This indicated that both HP and LP students probably shared a
similar self-assessment pattern on a macro level since they attempted a similar number
of questions on average.

4 Results

4.1 Mixed Regression Outcomes Between the Error Rate and Learning
Opportunities

Each self-assessment question in this study is considered an opportunity for students to
learn and improve their knowledge in the course. It is intuitive to assume that the more
questions students practice, the more chances they can learn and acquire knowledge,
and as a result achieve better performance in self-assessment (i.e., a lower error rate).
We analyzed this factor by looking at the regression plot between the total number of
questions taken by the students and the error rate as shown in Fig. 1.We found that theHP
and LP students had mixed outcomes. The error rate of the HP students was not sensitive
to the total number of questions they took (a relatively flat regression line in Fig. 1). On
the contrary, the error rate of LP students had a stronger positive correlation, which was
further verified by a significant main effect from the total number of opportunities on the
error rate (F(1, 59) = 7.98, p = 0.01). While the result seemed that the self-assessment
platform favored HP students over LP students (since the more LP students worked,
the higher the error rate they received); nonetheless, it could also be a signal of the LP
students’ vulnerability and incapability.

To look deeper into the root cause, we factored in the topic complexity levels and
found out that the error rates were more sensitive in some topics than the others. The
ANOVA analysis with question topics controlled verified that there was no significant
effect from the total number of opportunities on the error rate. Since the topics of ques-
tions on the self-assessment platformwere alignedwith the progress of the class syllabus,
it was likely that questions released at a later time were coupled with multiple complex
topics that the students were struggling with (or early topics were challenging enough
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since they were novices in computer programming), which therefore resulted in higher
error rates in some topics.

Fig. 1. The relationship between the total number of questions and the error rate. We can see that
LP students have the trend where more attempts resulted in higher error; and the trend from HP
is relatively flat, which reveals some LP students might suffer from ineffective practices.

Overall, this analysis illustrated that the HP and LP students had different levels of
problem-solving abilities. The complexity of questions had an impact on the performance
as the class progressed forwards. However, what the students did in self-assessment that
was correlated to their performance remained unclear. Therefore, we further investigated
their self-explanation activities to find out whether the written explanations made any
difference to the performances.

4.2 Comparing the Number of Self-explanations Between HP and LP

Because the self-explanation part on the self-assessment platform was optional in this
study, we needed to find out whether there was a difference between HP and LP stu-
dents in the willingness of writing optional explanations. We calculated the ratio of
attempts with prior explanations (AwE) to those without ones (AnE) for each student
and compared the values from HP and LP.

The result showed that both groups of students made many attempts without prior
explanations, which was not surprising because the self-assessment platform did not
force students to write explanations. Instead, students were self-regulated by themselves
and decided whether to self-explain for their benefit. It was expected that only a part of
students who were aware of the benefits of self-explanation would do so. However, it
was surprising to see that there was no significant difference found between HP and LP
students in the amount of self-explanation. Both groups had very similar ratios (around
35%). This result indicates that both HP and LP students probably had a similar level of
metacognitive strategies regarding self-explanation.

4.3 Correlating the Error Rate to Self-explanation

After confirming that there was no difference in the number of explanations, we further
compared the error rate between AwE and AnE. When a student attempted on the self-
assessment platform, s/he would get a chance to self-explain how or why he/she chose
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the answer nomatter it was correct or not.We assumed that a student’s attempt to answer
a question would be considered influenced by the potential self-explanation effect if the
student wrote explanations in the prior attempt to another question. We also controlled
the level of questions (i.e., the difficulty) in this analysis because we assumed that the
level of questions might indirectly affect students’ willingness to make explanations. For
example, a student might answer an easy question correctly without the need to further
self-explain how to solve the question.

We found out that the HP and LP students had a very similar pattern of error rate, and
the self-explanation effect was mixed. In most cases, AwE did not have a significantly
lower error rate than AnE. However, in the case where the LP students working on
questions of moderate difficulty, AwE had a significantly lower error (M = 0.24, SD =
0.21) than the others (M = 0.47, SD = 0.32) (t(34) = −2.20, p = 0.03).

To control the level of questions, we conducted anANOVAwith 3 (level of questions)
by 2 (having previous explanations) factorial design. The result showed that for HP stu-
dents, only the main effect of the level of questions on the error rate was significant such
that attempts of easy and moderate questions had lower error rates than those of difficult
questions. (F(2, 1132) = 14.99, p = 0.00). For LP students, the analysis further showed
that the main effect of having prior explanation on the error rate was significant such that
attempts with prior explanations had a lower error rate (F(1, 1088) = 23.27, p = 0.00);
the effect of the level of questions was also significant with a pattern similar to one of
HP students (F(2, 1088) = 14.77, p = 0.00).

Also, there was a significant interaction found between the two variables
(F(2, 1086) = 4.21, p = 0.01) such that for easy and moderate questions, having
prior explanations led to lower error rates. But, for difficult questions, prior explanations
did not affect the error rate. These outcomes indicated that the level of questions was,
unsurprisingly, correlated to the error rate, and the self-explanation effect could occur
to LP students when they practiced questions of certain difficulty.

4.4 Multilevel Semantics: Relevance to Question and Learning Content is
the Key to the Self-explanation Effect

To find out the correlation between the content of explanations and the error rate, we
extracted several semantic features (Table 1) and analyzed them by the learning curve
analysis (Table 2) for their effects on students’ learning progress, andmultilevel ANOVA
analyses for main effects from different levels of semantics.

In the following discussion, we will first explain the detail of extracted semantic
features and report the result from the learning curve analysis. Afterward, we will focus
on analyzing the main effects of different semantic features by multilevel analysis.

LearningCurves fromHP andLP Students were Sensitive to the Level of Questions
and theNumber of Explanations Respectively. As shown in Sect. 4.3, the difficulty of
questions and the existence of explanations had different correlations to the error rate for
HPandLP students. Tofigure out the effect of these two factors,we looked at thefitness of
models that incorporated these two factors. For HP students, the number of explanations
did not improve the model from the baseline and random models. Instead, the level of
questions improved the model and decreased AIC and BIC from the baseline by around
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Table 2. Comparing the performance of different learning curve models.

Factors in the model AIC in HP BIC in HP AIC in LP BIC in LP

(Random) Error ~ (1 | Student) - 1 1374.502 1384.573 1434.384 1444.375

(Baseline) Error ~ (1 | Student) +
(Opportunity | Topic) - 1

1347.982 1373.158 1355.501 1380.480

Baseline + Num of Explanations 1355.946 1381.123 1352.717 1377.696

Baseline + Question Level 1337.188 1372.435 1357.296 1392.266

Baseline + Question-Explanation
Relevance

1318.004 1342.951 1302.280 1326.972

Baseline + Number of
Domain-relevant Keywords

1318.080 1343.026 1304.008 1328.700

Baseline + Action verbs in Bloom’s
Remember and Understand

1317.808 1342.755 1300.207 1324.898

10 and 1 respectively. For LP students, the number of explanations improved the model
but not the level of questions. The improvement from the baseline was around−3 in AIC
and−3 in BIC. Overall, these findings provided another piece of evidence showing that
students’ learning progress was not only related to the number of opportunities taken
but intertwined with the complexity of topics, the level of questions, students’ learning
status (modeled by the student intercept), and the self-explanation process.

Fig. 2. Interaction plots of two multilevel self-explanation processes for LP students. The left
plot shows the process DR + QR. The right plot shows DR + B1. The plots and accompanied
ANOVA analyses indicated that there were significant main effects on the error rate from the
interaction between DR and QR, and the one between DR and LP. In other words, domain-relevant
explanations without question relevance led to a higher error rate; those involving the Remember
and Understand processes led to lower error rates.

Domain- and Question-Relevant Explanations Mattered Especially for LP Stu-
dents. Next, we analyzed the semantics in the students’ self-explanations. In the fitted
models, we found that all semantic features of explanations improved the baseline by
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decreasing around 30 and 50 in AIC/BIC for both HP and LP students, respectively.
This result indicated that the semantic elements in the explanations were somewhat cor-
related to the students’ performances in self-assessment. When examining the marginal
distribution of error rates and the semantics, we did not find a significant main effect
from individual semantic features on the error rate.

When we further examined the interaction of processes, we found that for LP stu-
dents, with the variance from levels of questions controlled, there was a significant main
effect on the error rate from the interaction between DR and QR (F(1, 309) = 6.10, p =
0.01), and another one from DR and B1 (F(1, 309) = 8.19, p = 0.00)). Interpreted
together with the interaction plot (Fig. 2), this result indicated that for the domain-
relevant explanations (DR = 1), no question relevance led to higher error rates; for
domain-irrelevant explanations (DR = 0), whether they had question relevance did not
affect the error rate. Besides, the domain-relevant explanations involving the Remem-
ber and Understand processes led to lower error rates; the domain-irrelevant explana-
tions involving the same sets of processes, on the contrary, led to higher error rates.
To summarize, these outcomes suggested that the LP students’ written explanations in
self-explanation could be effective when they involved the retrieval of domain-relevant
content instead of merely mentioning that s/he remembered or understood the answer
(e.g., “I remembered learning this in the class”). Also, the explanations irrelevant from
the questions would not be effective even though they were somehow domain-relevant.

In terms of HP students, we did not find any significant pattern in the semantics
of explanations but found their explanations contained more domain-relevant keywords
marginally than LP students (F(1, 472) = 17.55, p = 0.00). This result suggested that
HP students tended to include domain-relevant content in their explanations.

5 Conclusions and Discussion

This study aimed to examine the correlation of the self-explanation effect and students’
learning processes in a natural and voluntary setting (i.e., self-assessment). We dissected
the self-explanation effect over a semester by analyzing semantic features in the written
explanations. The result showed that the receptive low-performing students could benefit
more from writing explanations. The questions that were attempted by the student after
explanations had a significantly lower error rate. Besides, the effectiveness of practices
was positively correlated to the domain- and question-relevance from self-explanation,
especially for the low-performing students.

We found that the more questions a student took, the higher the error rate was due to
the complexity of topics and ineffective practices. This outcome answered our RQ1. At
the first glance, the result seemed to contradict the intuition behind “the power law of
practice” [17] and the distributed practice [18]. However, such a result could be the case
that when a student practiced more and more questions, they would eventually exhaust
easy andmoderate questions and failed to solve difficult ones. It could also be the case that
the self-assessment was not easy for the novice students to achieve effectiveness because
effective self-assessment might require not only a sufficient amount of practice but
also the students’ engagement [19], persistence [Author 2020], and other metacognitive
strategies (like the self-explanation effect found in this study).
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When the instructions are less restrictive and schedules are relatively flexible (e.g.
massive open online courses (MOOCs)), students may tend to procrastinate and partic-
ipate less over time, and result in the use of scaffolded SRL becomes imperative. Our
study revealed that it may be helpful for students to learn in such a voluntary setting
by enabling self-explanation opportunities. We found that the high-performing students
had lower error rates than the low-performing students on the self-assessment platform.
Also, the explanations were associated with lower error rates, especially for the low-
performing students. These findings effectively addressed our RQ2 and adhered to the
self-explanation effect which suggests explanations are helpful for students to learn in
solving problems [3].

The literature shows that students who benefit the most from the self-explanation
effect are those who provide high coherence in their written reflection texts [6]. Our
results are aligned with the literature. The students benefited from the self-explanation
effect when they wrote explanations involving high domain- and question-relevance.We
found that as long as the studentsmade explanations includingdomain-relevant keywords
and question-relevant content, plus their own “actions” like understanding or remember-
ing, they were able to achieve better performance. This finding answered our RQ3 and
provided an encouraging implication for supporting more and more distributed learning
environments nowadays, e.g., during the COVID-19 pandemic high self-regulation is
demanded for students to keep progress when they study online. Although an exten-
sive and complex scaffolding may be useful to support students, a rather compact but
consistent design of scaffolding could be as effective.

5.1 Limitations

There are a few limitations in this study. First, our self-assessment platform supplied only
MCQs, even though they included both conceptual and code comprehension questions.
Programming learning requires diverse problem-solving skills that the current system
and the problem set do not offer. For example, actual code writing is not included. This
might limit the scope of topics students could learn on the self-assessment platform and
deterred students who planned to focus on code-writing problems when they practiced
on their own. Second, our analyses did not consider time intervals between attempts of
questions. Some students could practice a lot of questions in a short time (i.e., cram-
ming), some could space their practices evenly over time. The current study follows
the assumption that students would never forget content they had learned through their
attempts to solve questions in self-assessment. This assumption inherently limits our
understanding of the spacing effect in self-assessment and the students’ strategies in
self-regulated learning. Finally, it was noted that there were potential overlaps in the
semantic features. For example, Java’s “class” overlaps the “class” in school. In our
implementation we shortened the keyword lists by removing overlapping words; how-
ever, there could still be multifaceted words across different aspects of the semantics
that we were not fully aware of. This limitation requires future studies to use more
sophisticated natural language models to overcome.
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Abstract. Self-Regulated Learning (SRL) competence is imperative to academic
achievement. For reflective academic writing tasks, which are common for uni-
versity assessments, this is especially the case since students are often required
to plan the task independently to be successful. The purpose of the current study
was to examine different reflection behaviours of postgraduate students that were
required to reflect on individual tasks over a fifteen-week-long higher education
course. Forty students participated in a standardised questionnaire at the begin-
ning of the course to assess their SRL competence and then participated in weekly
individual reflection tasks onGoogle Docs.We examined students’ reflective writ-
ing behaviours based on time-series and correlation analysis of fine-grained data
retrieved fromGoogle Docs.More specifically, reflection behaviours between stu-
dents with high SRL and lowSRL competencewere investigated. The results show
that students with high SRL competence tend to reflect more frequently and more
systematically than students with low SRL competence. Even though no statisti-
cally significant difference in academic performance between the two groups was
found, there were statistical correlations between academic performance and indi-
vidual reflective writing behaviours. We conclude the paper with a discussion on
the insights into the temporal reflection patterns of different SRL competence stu-
dent clusters, the impact of these behaviours on students’ academic performance,
and potential suggestions for appropriate support for students with different levels
of SRL.

Keywords: Self-regulated learning · Time series analysis ·Writing analytics ·
Seasonal decomposition ·Writing behaviours

1 Introduction and Background

In contrast to many face-to-face learning scenarios, in online learning students are not
as restricted in managing their schedules and learning process such as what to study,
when to study and for how long [1]. In this aspect, students who are successful in their
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learning appear to be those who can control their learning process and take an active
role in achieving their academic goals [2]. These students are generally referred to as
self-regulated learners. The theory of Self-Regulated Learning (SRL) views learning
as a self-monitoring and planning process where students monitor the effectiveness of
their learning methods and adjust them to their needs [3]. There are different theoretical
models of SRL that describe regulation phases during learning situations, such as the
one proposed by Zimmerman [4] and Winne and Hadwin [5]. Despite the difference
in their theoretical backgrounds, there are common phases within them: preparation
(forethought), performance and appraisal (self-reflection) [6]. Throughout these phases,
students may adopt different strategies for tackling the challenges posed by the learning
task. The strategies could be grouped into time management, metacognition, effort reg-
ulation, critical thinking, rehearsal, elaboration, organization, peer-to-peer learning and
help-seeking [1]. Literature shows that planning (i.e., organization, goal setting, effort
regulation, etc.) during the forethought phase and following a good time management
strategy during the performance phase are important aspects of SRL that can lead to
an improvement in learning [7]. Many studies in the literature analyse how the level of
student regulation is related to their performance. For instance, in the study byBroadbent
[8] the authors highlighted the importance of time management and elaboration during
a MOOC course and a positive relationship between the SRL strategies used by the stu-
dents and their grades. In another study by Tempeelar, Rienties, and Nguyen [9], it was
found that students who use help-seeking strategies by using examples with worked-out
solutions achieve higher scores.

A significant approach to studying Self-Regulated Learning is throughwriting reflec-
tions. Reflection is an essential learning process by consciously pondering upon past
experience to evaluate and gain new insights which could shape better future actions
[10]. As noted by Schunk and Zimmerman [11], self-reflective practices allow students
to i) assess their learning progress and the effectiveness of their strategies modify such
practices when needed and ii) adjust environmental and social factors to improve their
learning settings. For instance, Baggetun and Wasson’s study [12] analyses students’
use of weblogs for open-ended writing. Specifically, it looks at how SRL manifested
in these writings based on four categories: reflection, motivation, ownership, and cus-
tomization and categorization. The study suggested that weblogging can contribute to
SRL in several ways: allowing students to publicly reflect on a topic and initiate con-
versations about it; building personal knowledge bases by providing relevant links on
certain topics; and, providing solutions to challenges that they have encountered. In
addition, during the study carried out by Nückles, Hübner and Renkl [13], the authors
supported the writing process using prompts to encourage SRL while drafting learning
protocols. Learning protocols are artefacts created by students where they are instructed
to write down their reflections on previously presented learning contents. Moreover,
students should ask themselves what they did not understand and what they could do to
improve it. Students received different types of prompts: cognitive prompts, metacogni-
tive prompts and mixed prompts with and without planning of remedial strategies. The
results show that prompts are very effective in stimulating cognitive and metacognitive
strategies. Providing students with prompts on organisation, elaboration, monitoring and
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planning increases the use of strategies related to these phases of regulation and improves
students’ learning protocols.

As mentioned above, engaging in writing reflection practices about the learning
process may provide benefits for learners, and supporting students during this process
by enhancing their SRL strategies can improve their results. Unfortunately, it is very
difficult for teachers to gain insight into their students’ writing process, which could be
one of the reasons why they only provide feedback on the final product [14]. Therefore,
it is necessary to use tools that can provide meaningful information about the students’
writing process to i) understand students’ reflective writing behaviours, and ii) provide
timely support to the students [14]. There are many tools developed to support writing
instruction and assessment including automated essay scoring systems to assess writing
quality [15], automated writing evaluation systems to provide feedback and correction
suggestions [16] and intelligent tutoring systems that can provide automated feedback
and provoke students’ reflection through questions [17]. Even so, most of the tools
are research-based and therefore, not pervasively available. Moreover, educators and
studentsmight lack experience using educational technology tools that are not familiar to
them or might find it challenges to setting up and implementing these tools in real-world
settings.

In this study, we applied time-series analysis to examine the temporal reflective
writing behaviour of students with varying SRL competence levels (according to their
self-reported data) to better understand their reflection processes. Contrary tomost previ-
ous research, we explored students’ reflective writing behaviours using trace data from
a commonly used, user-friendly and easily accessible cloud platform (Google Docs).
The supportive insights from reflection behaviours could generate a model to predict
students’ performance and therefore pave the way towards educational technology solu-
tions that can provide personalised support and trigger timely interventions aimed at
students with different levels of SRL competence. As noted by Zimmerman [18], there
are different profiles of regulation among students (i.e., experts and novices) and it is
possible to support them according to their regulation level. More specifically, this study
aims to answer the following main research questions:

RQ1) How do students with different levels of SRL competence approach their reflective
writing tasks?
RQ2) To what extent do students with high SRL competence approach the individual
reflective writing tasks more systematically?
RQ3)What is the relationship between students’ individual reflective writing behaviours
and their performance?

2 Context of Study

2.1 Educational Context

The study was conducted within an online selective MA module called ‘Design and
Use of Technology for Education’ (DUTE). Over the 15-week course, students were
introduced to topics related to educational technology design and had to collaboratively
work on their chosen educational challenges and propose a technological solution to
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overcome them. To illustrate, they might select a challenge of an assessment at scale and
propose artificial intelligence (AI) as a solution. Within each week, students had to 1)
read the weekly materials on the weekends, 2) participate in the class debate expectedly
by Monday, 3) study lectures released on Tuesday, 4) organize an online weekly group
meeting preferable between Wednesday and Friday to discuss their design case, and 5)
individually reflect on what they have learnt, what went well and what needed to be
improved via a single Google Docs every week, preferably before the next week started.
This study focused on the 5thweekly task (Individual reflectivewriting task). Themodule
started on 28 Sep (week 1) to 7 Dec 2020 (week 10) with a pause in the middle from
9–15 Nov 2020 (after week 6) known as the reading week. The final submission was on
11 Jan 2021 (5 weeks later). There were nine weeks in total for students to reflect upon
since the first week was an orientation week. This reflection part accounted for 40% of
the students’ overall grade. The feedback was provided twice: formative feedback on
the use of evidence, tone, misconceptions, suggestion for improvement and a balance
between personal experience and academic practice atmid-term (week 6) and summative
feedback of the final grade at the end. Both types of feedbacks were provided andmarked
by three reviewers. For the final grade, thirty-five percent of the students were double
marked, achieving high inter-rater reliability (96%).

Participants. There were 54 students enrolled in the course but only 42 students com-
pleted it. They were mixed gender (65% female vs. 35% male), varied backgrounds
from pedagogy (60%), multidisciplinary (20%), technology (5%) to others (14%), and
based in different time zones. On average, students reported moderate familiarity with
the collaborative writing tool used in this study (Google Docs). At the beginning of the
study, ethical approval was received through the institutional processes.

2.2 Data Collection Tools

As mentioned above, we decided to collect student’s individual reflective writing
behaviours using Google Docs (http://docs.google.com). It is an online collaborative
web-based platform for word processing. There are various platforms for reflective writ-
ing tasks such as Input Log. However, installation and activation are required and this
might not be practical for real-time teaching and learning contexts where reflective writ-
ing happens at students’ personal computers. Google Docs, on the other hand, can keep
track of every change by chronologically storing versions of the file (called ‘revisions’)
in the cloud database. Each revision has a unique and auto-incremental identification
number. However, Google Docs occasionally merges revisions for space optimization
purposes1 which results inminor changes or some revisions lost.Moreover, GoogleDocs
stores revision history as a file that requires pre-processing to extract changes but in com-
bination with Draftback (http://draftback.com), an open-sourced Chrome extension, it
can offer extracted data and save processing time. As a result, given the popularity, the
accessible analytics and student and educators’ familiarity with it, students were invited
to reflect weekly on Google Docs which were processed with Draftback for generating
analytics on students’ writing behaviours.

1 https://developers.google.com/drive/api/v3/change-overview.

http://docs.google.com
http://draftback.com
https://developers.google.com/drive/api/v3/change-overview
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Draftback provides a statistical summary of the writing sessions and visualizations,
namely a timeline of the activity and change locations in the document (see Fig. 1).
Since this plugin is open-sourced, we modified the extension to be able to export the
extracted data in the csv format for further analysis.Draftback data contained information
about: (1) type—of change made whether the contents were inserted or deleted, (2)
starting index—of the document in which the contents were inserted/deleted, (3) ending
index—of the document in which the contents were inserted/deleted, (4) string—the
actual contents that were inserted but this field is blank when the contents were deleted,
(5) revision number—an incremental number recorded by Google Docs to refer to a
particular change, (6) user ID—Google account ID of the person who made the change,
and (7) timestamp—recorded time of when the change was made.

Fig. 1. Statistical summary and visualization provided by Draftback. The top part shows the
timeline of the activity (red dots represent editing actions and the blue shade refers to the document
length) whereas the second part shows the edited location within the document. The bottom part
contains a summary of the writing sessions. (Color figure online)

2.3 SRL Questionnaire and Clustering Students According to Their SRL
Competence

At the beginning of the module, students were asked to fill in a standardised self-report
questionnaire about their SRL levels. Four aspects of SRL namely goal-setting (GS),
effort (E), self-efficacy (SE) and persistence (P) were shown to be together accounted
for the highest variance of learning performance in a well-validated meta-analysis of
SRL and academic performance [19]. Questionnaire items were then selectively gath-
ered fromGS [20], E and P [21] and SE [22] tomaintain optimum length and coverage of
SRL dimensions and were adapted accordingly to the context. The inter-item reliability
was tested per dimension (Cronbach’ Alpha: GS = 0.796, E = 0.879, P = 0.891, SE =
0.902). Students’ scores on these dimensions were clusteredwith theK-means clustering
approach [23] to categorise students with different levels of SRL competence. To maxi-
mize the average centroid distancewith high interpretability of the clusters, three clusters
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(average centroid distance=−0.674) were selected: (1) high SRL cluster (25 students),
(2) medium persistence & effort, low goal setting & self-efficacy group (5 students), and
(3) medium goal setting & self-efficacy, low persistence & effort group (10 students).
Similar to previous SRL competence comparison studies in the field [24], we merged
clusters 2 and 3 into the low competence SRL group and created one high competence
SRL cluster (25 students) and one low SRL competence students (15 students).

3 Methodology

3.1 Pre-processing

Out of 42 students, 2 students were excluded because they did not submit the reflec-
tions via Google Docs. As a result, 40 students remained for processing. Another three
students submitted the weekly reflections through multiple Google Docs, thus merging
was performed. Additionally, the changes that did not belong to the students (e.g., the
reviewer accidentally edited the document) or the changes that were made after the sub-
mission date, were filtered out. In the end, the resulting dataset described approximately
600000 editing actions (revisions) in total.

3.2 Derived Features

Two datasets were created to be investigated: the ‘Activity’ dataset composed of the
actual changes that students have made and timestamps, ‘Student’ dataset contained
information related to students, their SRL level and their grade. For each editing action
described in the ‘Activity’ dataset, two features were added. By integrating timestamp
and students’ timezones, we inferred (1) DayOfWeek_local—day of the week in which
the change happened at the student’s local timezone. By considering the type of changes,
starting index and ending index, (2) strCount—number of letters added or deleted was
counted regardless of the change types. For individual students, seven features were
derived: (1) TotalRev—number of total revisions, (2) FinalStringCount—number of
strings in the final document, (3) AvgRevPerDay—the average number of revisions
made per day, (4) AvgStrCountPerDay—the average number of strings added/deleted
per day, (5) TotalActiveDay—number of days that students havemade changes (possible
99 days), (6) AvgStrCountPerWeek—the average number of strings added/deleted per
week, and (7) TotalActiveWeek—number of weeks that students have made changes
(possible 15 weeks). Apart from the two datasets, a time-series ‘Date’ was created. It
has dates as indexes (from thefirst day of the course to the submission date) and clusters as
columns: all students, students with high SRL competence (cluster 1) and students with
low SRL competence (cluster 2). This time-series data contained an average number
of strings added or deleted per day (AvgStringCountPerDay) for comparison across
clusters.

3.3 Time Series Analysis of Students’ Reflective Writing Behaviours

To answer the research questions posed, we needed an analysis approach to explore
the commonalities and differences between different clusters of students’ writing
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behaviours, and potentially build models that would help us predict their future out-
comes. Such explorations are particularly difficult for time-dependent data. In this study’s
context as students were free to reflect at any particular point in time, these voluntary
and time-dependent behaviours can most appropriately be explored using time series
analysis [25]. Time series analysis is very common for economic forecasting yet rarely
implemented in learning sciences and education despite the time-dependent characteris-
tics of the collected data [26]. Compared to other common techniques in social sciences
such as regression analysis, time series analysis provides an opportunity to explore time-
dependent behaviours such as long-term trends or short-term fluctuation as seasonality
which could further help to identify the causes of the temporal patterns. Two major
characteristics of time series data are trend and seasonality. Trend refers to a long-term
changing direction of the data. While an upward trend refers to an increasing mean over
time, a downward trend conversely refers to a decreasing mean over time. On the other
hand, Seasonality is a recurrent short-term pattern found over a fixed period of time.
Concerning the research questions: RQ1) How do students with different levels of SRL
competence approach their reflective writing tasks?, trends of the reflection behaviours
at multiple frequencies (e.g., day of the week and over the period of observation) will be
explored. For the second research question: RQ2) To what extent do students with high
SRL competence approach the individual reflective writing tasks more systematically?,
seasonality will be extracted and investigated. For the final research question, RQ3)
What is the relationship between students’ individual reflective writing behaviours and
their performance?, a correlation analysis will be used.

4 Results

4.1 Overall Individual Reflective Writing Behaviours

To observe the overall reflection behaviours more clearly, the trend was extracted from
the time series data across clusters using 7-day and 30-day rolling means as shown in
Fig. 2. Visual inspection of the average string count per day showed a steady trend across
14 weeks and increased exponentially towards the final week. Whereas the trend plot
of cluster 1 was steady, cluster 2’s trend showed higher variance and a distinct trend
especially a seasonal increase during week 9.

To investigate further, the average string count per day across 15 weeks and the
two clusters are compared in Fig. 3. This analysis confirmed that the trend of cluster
1 tends to be steadier. On the contrary, cluster 2 revealed a different trend with lower
number of reflections (denoted by the sparser number of asterisks) and a lower number of
edited contents (denoted by the lower magnitude) in general. More specifically, cluster
1 showed more editing frequency (93 times) with a larger amount of edited contents
(M = 7927.07) as compared to cluster 2 (70 times, M = 6945.93). During the 10-week
studying period, cluster 1 reached its local peak on week 7 (the week after the midterm
feedback) whereas cluster 2 followingly reached this peak on week 9. Considering the
break period before the final submission, the global maxima was located at the end of
the course (Week 14) in any group.

Apart fromdaily trends throughout the course, reflecting behaviourswere explored as
weekly interactions to see the overlap between the actual behaviours and the anticipated
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Fig. 2. Plot of average string count per day, 7-day and 30-day rolling mean of cluster 1 and 2

Fig. 3. Average string count per day across different clusters in which the multiple dotted red
lines represent Monday of the week, the final dotted red line refers to the final submission date
and the asterisks (*) show the number of edited contents on a particular day

weekly tasks of the module. Figure 4 demonstrated the average string count on each
day of the week across clusters. In general, both clusters reflected the most on Monday.
While this number dropped significantly to the lowest on Tuesday (lecture day of the
week in the course), it progressively increased towards the end of the week. Among
these days, cluster 1 had a higher amount of average string count than cluster 2 except
on Wednesday where cluster 2’s average string count slightly surpassed cluster 1’s.

Fig. 4. Average string count for each day of the week across clusters (localized time zones)
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4.2 Systematic Reflection Patterns

Apart from the overall trends above, seasonal decomposition as a part of time series
analysis was applied to investigate recurrent short-term patterns of students’ writing
behaviours. The seasonal decomposition of cluster 1 and 2 are illustrated in Fig. 5
(upper) and Fig. 5 (lower), respectively. Aligned with the above results, both clusters
adopted similar trends, yet higher variance was observed in cluster 2’s seasonal model.
When considering the extracted seasonalities in Fig. 5 (upper), cluster 1’s seasonality
had a similar cycle as found in the aforementioned ‘day of the week’ graph (Fig. 4). In
other words, the interaction in terms of the average number of string counts was lowest at
the beginning of the week (Tuesday) and raised towards the end of the week (Saturday).
Compared to cluster 2, the extracted seasonality was more fluctuating which can be seen
as multiple peaks (Fig. 5 (lower)). The seasonality detection should be considered in
accordance with the residuals to ensure its validity. The normally-distributed and zero
mean residuals suggest randomness and hence supports the validity of the seasonality
model extracted.

Fig. 5. Seasonal decomposition of the average string count per day of cluster 1 (upper) and
cluster 2 (lower) which displayed the original, trend, seasonal and residuals components from top
to bottom, respectively. In the seasonal component, red and green dotted lines refer to Tuesday
and Saturday of the week, respectively. (Color figure online)
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4.3 Academic Performance

At last, to investigate the differences between the reflection scores between two clusters,
an independent sample t-test was used. There was no significant difference (t(38) = −
0.047, p = 0.936) in academic performance between cluster 1 (M = 2.04, SD = 0.49)
and cluster 2 (M = 2.05, SD= 0.54). To get a better sense of the relationship between the
individual reflective writing behaviours and academic performance Pearson’s r correla-
tions were calculated. Table 1 shows the correlation coefficients between the reflection
score calculated from two parts of the rubric criteria for reflective writing, and the com-
puted features from reflection behaviours: total number of revisions, final string count,
average revisions per day, average string count per day, total active day, average string
count per week, and total active week. There were moderate and significant correlations
between the reflection scores and the total number of revisions (rs = 0.484, p< .01), the
average revisions per day (rs = 0.423, p < .01) and the total active weeks (rs = 0.417,
p < .01). On the other hand, the reflection scores and the final string count (rs = 0.374,
p < .05) and the total active day (rs = 0.387, p < .05), were found to be statistically
significant yet weakly correlated.

Table 1. Correlation matrix between student performance and reflection behaviours

Reflection
score

TotalRevisions Final
string
count

AvgRev
PerDay

AvgStr
Count
PerDay

TotalActiveDay AvgStr
CountPerWeek

TotalActiveWeek

Reflection
score

1.00 .484** .374* .423** .037 .387* .215 .417**

**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

5 Discussion

RQ1: Howdo studentswith different levels of SRLcompetence approach their reflective
writing tasks?: According to the overall trends, students tended to reflect more after the
reading week in which the mid-term feedback was provided and increased their efforts
towards the end of the course as the submission date approaches. Comparing between
the high and low SRL competence groups, the high SRL group tended to have a higher
frequency of reflective writing behaviours and a higher quantity of contents written
while reflecting. One potential interpretation of these results is that students with high
SRL competence were also able to regulate their reflective writing behaviours better. A
higher amount of interaction after the reading week, when there were no lectures and
students were sent their mid-term feedback on their writing tasks, may be associated
with students’ reactions to their feedback. One interesting observation is that, whilst
these trends can easily be spotted right after the feedback for the high SRL group, such
higher interaction was delayed by two weeks for the low SRL group. Timely reaction
to feedback was a representative behaviour of the high SRL group. According to the
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observation from the reflection data, out of twelve interactions from low SRL students
within week 9, three students reflected on the contents before the reading week, another
three students reflected on the contents of the week before and the last six reflected
timely on the current week.

Looking at the weekly interactions, both clusters of students had the lowest reflection
behaviours on Tuesdays (when the course lectures took place) and gradually increased
their reflective writings towards the end of the week. This aligned with the anticipated
learning activities of themodule in which students were expected to study the lectures on
Tuesdays and reflect during the week. Despite the higher reflection contents of students
with high SRL throughout the week, an interesting reflection pattern was observed on
Wednesdays. Wednesdays were the only day of the week that students with low SRL
outperformed students with high SRL in terms of the amount of reflectivewriting content
produced. Based on a further investigation of the actual reflection contents, we found
out that 5 out of 6 students with low to medium SRL competence showed catching up
behaviours after Tuesday’s lectures in which they reflected on the contents of the week
before rather than the current week. These results are aligned with the SRL theory, which
suggests that students with high SRL competence tend to approach their learning tasks
more timely and strategically to achieve their goals [8].

RQ2: To what extent do students with higher SRL competence approach the individ-
ual reflective writing tasks more systematically?: Based on the seasonal decomposition
analysis, students with high SRL competence exhibited more periodic patterns weekly:
reflecting the lowest on Tuesdays and the highest on Saturdays. However, students with
lower SRL competence showed more random behaviours. In other words, students with
high SRL approached their reflective writing task more systematically. One potential
explanation for this observation is that students with high SRL competence are better at
planning and enacting their tasks by deploying time management strategies. Therefore,
they tend to plan when they will do the task to better ensure task completion rather
than do the task when it was necessary (e.g., right before submission deadlines) [27].
Although the type of data analysis we have undertaken in this study doesn’t help us
answer such “why?” questions, they lead to hypotheses that should be explored with
further qualitative investigations in future research studies. Perhaps, more importantly,
these results highlight the value of structuring individual reflective writing tasks in ways
that would allow students to approach them more systematically. To achieve this, there
are multiple forms of metacognitive scaffolding that can be incorporated into the task
itself such as static predefined questions or dynamic support within the learning environ-
ment [28]. At the learning design level, since the results highlight the value of regularity
in individual reflective writing behaviours, once reflective writing tasks are set, students
can be regularly reminded about the expected contributions as well as being supported
on how to do so (i.e., prompt-embedded templates sent to students every week on certain
times).

RQ3: What is the relationship between students’ reflectivewriting reflecting behaviours
and their academic performance?: Even though there was no statistically significant dif-
ference between academic performance and students’ SRL competence as measured
through self-declared data, there were significant correlations found between academic
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performance and certain reflective writing behaviours such as the total number of revi-
sions, final string count, average revisions per day, total active day, and total active week.
Surprisingly, average string count per day and average string count per week had no cor-
relation with students’ performance. One potential interpretation of this result is that
the reflective writing behaviours that relate to organisational behaviours are more fun-
damental to academic performance than the amount of reflective writing itself. In other
words, high performing students appeared to make more regular visits to their reflective
writing tasks and they spread their writing across days and weeks. However, they didn’t
necessarily write significantly more than low performing students. Recognising the lim-
itations of such correlational interpretations, we suggest that further research in more
controlled designs and with potential content analysis of individual reflective writing
pieces should be conducted to draw more conclusive results.

5.1 Limitations and Future Research

Before we conclude, it is important to note that even though permissions were given, it
is undeniable that collecting log data from Google Docs might introduce privacy con-
cerns for students due to its invasiveness and high granularity of collected data [29].
As a result, multiple methods to ensure transparency have been applied in our study
such as available information on data collection and objectives, choices to opt-in/out
and recognition of tracker (ibid). Moreover, our recent study [30] suggested that par-
ticipants reported concerns over being monitored by the system only at the beginning
of the course and the perceived effects were reduced as the module progresses. More
importantly, as the reflecting engagement was not a part of the summative assessment,
monitoring such behaviours might be neglectable for them. Apart from the ethical issues,
this study involved a relatively small number of students from a single course. There-
fore, the results might not be generalized into other contexts due to the context-specific
nature of the SRL processes. Besides, previous research highlights the potential content-
specific [31] and context-specific [32] nature of students’ SRL behaviours. More studies
are required to explore consistency in the reflection patterns across domains and learning
design. Moreover, the log data captured from Google Docs is limited and might over-
look other significant aspects of the writing process such as duration of pause, document
formatting and mouse movement. Another limitation concerns the selected proxy to rep-
resent students’ reflection behaviours. In this study, the number of strings added/deleted
was used to represent the number of reflection interactions. However, this proxy might
not be a good presenter in situations where students frequently cut-and-paste the con-
tents. Thus, other proxies such as the number of the writing sessions or time consumed
on the tasks could further be explored. Regarding the current analysis, we currently only
focus on the low-level quantity measures of students’ reflecting behaviours whereas
most SRL research infers SRL processes from the contents of reflection which could
provide more information about students’ thinking processes. Their reflective writing
behaviours in combination with reflective contents could reveal more insights into how
students plan and enact the task. This alignedwith the recent participatory research in the
design of the writing analytics tools that the experts expected higher level and content-
related feedback to support writing processes and assessment [14]. Future work should
also focus on analytics from the individual reflective writing contents of students.
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6 Conclusion

This exploratory study investigated the reflection behaviours of postgraduate students
with different levels of SRL competence over the fifteen-weekmodule in an ecologically
valid educational setting. Data on fine-grained reflection writing were retrieved from
Google Docs and analyzed using time series decomposition. The results showed that
students with different levels of SRL competence present different reflective writing
behaviours. Students of high SRL competence carried out the task more frequently,
and produced greater quantities of writing, and did so in line with the expectations of
the modules. Regarding students with lower SRL, they appear to be catching up and
presenting more random reflection behaviours. Moreover, time-series analysis shows
that both low SRL and high SRL competence students’ reflective writing behaviours
fit well in certain seasonal trends with low residuals. This exploration opens up future
opportunities for early prediction of less productive reflective writing behaviours and
timely interventions from educators, learners themselves and/or educational technology.
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Abstract. Education is rapidly evolving from co-located settings to remote and
online learning. However, many proven educational tools are designed for collab-
orative, co-located classroom work. Effective sketching and ideating tools, such
as card-based workshop tools, cannot be applied in remote teaching.

This paper explores how the paper-based card and playboard metaphor can be
digitized for remote student co-creation via video call sessions. Therefore, a card-
based toolkit for co-creating educational games is transformed into a digital rep-
resentation for remote application. In a between-subject trial with two university
student groups (n = 61), it is investigated how users perceive ideation/balancing
support and applicability of the technology-enhanced card toolset compared to
the paper-based variant. Both groups thereby created an analytic game concept
for privacy education.

The results remarkably revealed that remote co-creation using the technology-
enhanced card and playboard in video call sessions was perceived as significantly
more supportive for ideation and game concept balancing. Students also felt more
confident to apply the digitized card toolset independently while being more sat-
isfied with their created game concepts. The designed educational game concepts
showed comparable patterns between the groups and disclosed the students’ pref-
erences on how games for privacy education should be designed and when and
where they would like to play them. Conclusively, design implications for digital
card ideation toolsets were synthesized from the findings.

Keywords: Serious games · Game design · Education games · Co-design ·
Remote co-creation · Design card set · Privacy

1 Introduction

With the transformation of our surroundings in a technology-enhanced environment,
driven by ambient data-processing and data-sharing, humans face continuous privacy
decision-making. One strategy to reach teenagers/young adults who are more likely
to share fake information [1] and make less reflected privacy choices [2], is creating
awareness by video games. Learning by playing games as well as learning through
creating games are well explored and are often applying co-creational activities involv-
ing the card and board metaphor [3]. Research has shown that co-located workshops
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utilizing paper cards facilitate discussion, support generating new ideas/knowledge [4]
and help optimizing concepts [5]. They have also proven to be valuable in co-design
scenarios for eliciting tacit knowledge and integrating the perspectives of multiple disci-
plines/perspectives [6]. These qualities are of particular interest for the design of Serious
Games for educational purposes.

As pointed out by Dörner et al. [7], Serious Games are games with the intention
to entertain and to achieve at least one or more additional goals. In the case of privacy
awareness, for example, factors such as risk-taking behavior [8] or peer pressure [9]
may be assessed in the game to improve both the game experience and the efficacy
of the learning game. Thus, complementing the educational goal with a researching
goal. At the same time, disruption through in-game assessment or extraneous cognitive
influences from interaction design should be avoided in such analytic educational games
to preserve an engaging game flow [10]. While card-based tools have proven helpful
in co-located/classroom education and co-creational design activities, their benefits in
the increasingly important distance learning scenarios are under-explored. This study
thematizes the application and benefits of the card and board metaphor in the case of
co-creating games for privacy education via videoconferencing.

1.1 Card-Based Co-creation of Educational Game Concepts

Considering the educational, analytical, and interactional aspects in a SeriousGame (SG)
from an early stage of game design can help maintain an engaging game experience.
Prior work has shown that participatory approaches to the co-creation of SG concepts
can support ideation of game challenges and help to balance SG concepts.

Fig. 1. Paper-based co-creation toolset for ideation of analytic educational games

A card-based toolset – the Challenge Game Frame (CGF) – that integrated
the perspectives of teachers/researchers with the roles of the player and interaction
designer through affordance analysis has been demonstrating the applicability and bal-
ance/ideation support in a previous study [5]. The paper-based co-creation toolset (Fig. 1)
consists of game design suggestion cards for the player, teacher, researcher and interac-
tion designer roles and an associated board to lay out a balanced Serious Game concept.
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It can be applied in classroom settings with students and teachers for co-creation of
analytic learning games.

The collaborative design approach empowers all involved roles to discuss conflicts
and adapt the game challenge to generate a harmonious game concept. The current
educational game design toolset provides card decks for each role – 12 decks in total.
The role-oriented decks (affordance cards) for the player consist of achieving, acting,
progressing, engaging, and adapting while the teacher decks comprise reflecting and
examining, the researcher card decks cover researching, reporting, and monitoring and
the interaction designer decks include interacting and presenting suggestions.

To set the frame for optimizing the game concept, the toolset additionally features 4
role-independent card decks with design suggestions to define the game’s context, target
group, and educational domain. The design proposals in these decks outlinewhowill play
the game, where andwhen the game is planned to be played andwhat challenging privacy
issue is addressed as the domain goal. Privacy challenges described in detail include, for
example, unnoticed third-party data sharing, the risk of aggregation/profiling, and large-
scale tracking of health or private behavior. Each of the toolset’s 150 cards describes a
suggestion on how to actualize/design a part in the educational game concept. With the
provided design suggestion cards, playing board and stepwise playbook/instructions,
non-game experts such as student groups are supported in collaboratively ideating and
balancing the game concept for engaging privacy education [5].

However, a non-digital toolset is constrained to offline/co-located use cases while
educational institutions are increasingly faced with technology-enhanced remote collab-
oration scenarios. This paper addresses the digitalization of the card-based offline activity
to learn more about remote co-creation with the card and board metaphor. Applicabil-
ity and ideation/balancing support are studied by comparative co-located and remote
co-creation sessions with student groups co-creating educational privacy game concepts.

1.2 Related Work and Research Gap

Non-digital card toolsets for collaborative idea generation have been studied intensively
over the last decades, as summarized by Wölfel and Merritt [11] and more recently by
Roy and Warren [12] as well as Aarts et al. [13] and Peters et al. [14]. Several card
toolsets address gamification [15] or general game design [16]. Similar to other tools,
the paper-based CGF supports students in on-site classroom settings in the co-creation
process but additionally includes the learning and assessment perspectives. As with
other ideation sets [4, 17], using the card metaphor and a scaffolding board structure
supported discussing, ideating and balancing the concept [5]. However, rapidly evolving
online learning situations and current social interaction restrictions originating from the
covid-19 pandemic prevent much of the utility of physical, co-located ideation. While
many educational institutions shift to online learning and remote seminars, physical col-
laboration toolsets cannot be applied. Yet, there is a paucity of research that addresses
remote co-creation with student groups. Only few researchers addressed remote ideation
or synchronous online co-creation scenarios. One study looked at paper sketching via
Skype [18] and found that face-to-face communication remains important in remote
collaboration. Stockleben et al. [19] point out in this regard that traditional emotional
cues are diminished in remote collaboration and suggest implementing substitutes in the
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online tool. Ho and Tomitsch [20] recently investigated brainstorming tools for collabo-
rative game ideation and foundmost strategies at game jams rely on paper or whiteboard.
They concluded that there is a need for idea sharing and arrangement platforms with
strategies to overcome issues of unguided idea creation sessions. In their integrative
model created from a recent review of electronic brainstorming, Maaravi et al. [21]
emphasize the benefits of clear goal descriptions for ideation. Their suggestions include
assigning quantity and quality goals and setting success criteria. Further, they recom-
mend combining asynchronous and synchronous ideation phases, encouraging working
individually, having explicit discussion guidance as well as rank-order procedures and
mechanisms to maintain motivation. However, the focus of their work was on settings
not using face-to-face communication and idea generation via text messages/typing.

Despite the substantial research on traditional collaborative card ideation, no studies
were found to investigate the transfer of a paper-based card-toolset to a digital rep-
resentation for remote co-creation and the corresponding effects on user support and
applicability.

1.3 Research Objectives

This present study addresses the outlined research gap and investigates the effects of
remote co-creation with digitized cards and playboard. By comparing the co-located
paper-based card toolset and the digitized remote co-creation variant, implications con-
cerning support for ideation, balancing and applicability are researched. Additionally,
the co-created concepts are analyzed for frequency patterns to learn more about the
potential impact of the distinct toolsets and students’ preferred approaches to privacy
games. The research questions guiding the investigation were accordingly:

1. How does remote co-creation with digital cards and playboard support ideation,
concept balancing, and toolset applicability compared to a paper-based co-located
variant?

2. What are the preferred privacy education game patterns co-created by students using
the remote and co-located toolsets?

2 Research Approach

In our work, we followed the cyclic design science research model [22]. The described
paper-based card and board toolset (Sect. 1.1) is thereby transformed in this design cycle
into a digital representation/artefact. The card decks, the role tokens and the playboard
instructions are digitized to an online tool that supports remote co-creation (Sect. 2.1)
of educational game concepts. The digital card-toolset is planned to be applicable in
combination with video chat tools used in distant education settings. In the subsequent
evaluation/relevance cycle, the technology-enhanced version and the non-digital toolset
are evaluated in a between-subject trial. Both variants are applied by student groups for
co-creating engaging privacy education games (Sect. 2.2). The user trials were evaluated
by pre/post questionnaires assessing perceived support for ideation, balancing and appli-
cation of the two toolsets. According to the first research objective, the null hypothesis
established for the empirical investigation was:
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H0: ‘There are no significant differences in perceived support for game concept
ideation, balancing or applicability between co-located and remote card-based
co-creation.’

To address the second research objective, the outcomes of the classroom and remote
co-creation sessions were comparatively analyzed to determine design choice frequency
patterns for each card deck.

2.1 Digitizing the Paper-Based Card Toolset

The following paragraphs describe the transformation of the paper-based toolset to the
technology-enhanced digital tool. The digital cards, board, and instruction process were
designed with the aim to closely retain the card and board metaphor for the online
context.

Technical Background. As the digital toolset is planned to be used together with video
call software and run on all platforms without restrictions, it was chosen to be a web
browser application. However, it should also be possible for future mobile adaption to
build it as an app for all popular mobile platforms. Moreover, flexibility regarding the
visual representations of cards, boards, and roles was an aim since improvements must
be easy to implement during the iterative design science cycles. Therefore, the technical
base was chosen to be the Unity Engine (unity.com). Data storage was realized by secure
communication via https to a MySQL database under the researchers’ authority.

Cards. The card and card deck metaphors were kept in the transformation process in a
general approach of skeuominimalistic aesthetics [23]. Thereby, the proportional shape,
fonts and colored frame of the cards were kept. On the other hand, there was no attempt
to simulate paper card depth with shadows (Fig. 2).

Fig. 2. Selecting paper-based cards and digital card selection

While in the paper-based toolset, blank cards were provided for writing own sug-
gestions, the digital version featured a “+” button to add own ideas to a deck. The
technology-enhanced ideation tool is thought to be used in distant learning and with
video conferences on the desktop/notebook. As not every device in this context pos-
sesses a touch screen enabling swipe gestures, the card browsing featured previous/next
buttons.
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Board. Similarly, the digital playboard was closely oriented on the design of the paper
board. The game concept was presented as one stream from left to right with slots for
each role-oriented card suggestion (Fig. 3). For each card deck, one slot was reserved in
this main game challenge stream (stream A).

Fig. 3. Placing cards on the paper-based playboard and on the digital playboard slots

To encourage card matching and discussion, slots for an alternative stream B were
presented below stream A. Placement of cards in the slots was translated to the digital
board as drag-and-drop action. To ensure that all co-creators could follow the events,
card movements were synchronized over the network.

Roles and Playbook. The role tokens of the paper-based toolset were digitized as dis-
played in Fig. 4. As emotional cues between participants are diminished in remote
settings [19], a mechanism for expressing content/happiness with the current concept
was integrated. Each group member/role was provided with the possibility to state their
happiness with the current concept using a rating slider (0 to 100%). The picture of
the digital role avatar changes accordingly from a neutral to a happier expression. The
combined group satisfaction (mean) for both alternative game concepts (A/B) was also
displayed synchronously for all co-creators. As Maaravi et al. [21] proposed, this may
serve the remotely collaborating group as a quality success criterion.

Fig. 4. Role token in the physical toolset and digitized role token including feedback sliders for
the co-created concept

Clear goal description and stepwise instructions are recommended by several
researchers for non-digital [4, 17] and digital collaborative idea finding [21]. The paper-
based toolset features instructions and time for each step on the bottom of the A0
playboard (Fig. 5, left).

Utilizing the benefits of a digital representation, time for the step was implemented
as a countdown (Fig. 5, right). To synchronize guidance for a group working remotely,
the instructions were announced by a digital instructor character before each step (Fig. 5,
center).
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Fig. 5. Stepwise instructions in the paper-based toolset and stepwise digital instructions

2.2 Co-located and Remote Co-creation of Privacy Education Game Concepts

Both toolsetswere applied in trialswith student groups. Two classes ofComputer Science
students (n = 61) at a Norwegian university participated in the co-creation sessions. In
one class (n = 29) the paper-based toolset was applied by eight co-located groups in
the classroom. The seven groups in the other class (n = 32) were holding physically
distanced remote sessions via video conference and using the digital co-creation toolset
(Fig. 6).

Participants. Before the activity, participants (aged 20 to 29) provided informed con-
sent and indicated their game design and software development skills via questionnaire
on a seven-point Likert scale (1, none; 7, professional). Both classes showed a compa-
rable skill average in game design (remote M = 2.7, co-located M = 2.2) and software
development (remote M = 4.3, co-located M = 4.1).

Fig. 6. Co-located session with the paper-based toolset (left) and remote co-creation using the
digital card toolset (right)

Procedure and Data Collection. The task for the student groups was to co-create an
engaging game that educates about privacy issues with players working collaboratively
together in the game. The co-creation sessions were organized for two hours in total.
Participants were first introduced to Serious Game Design theory and the balancing
process between game goal/domain goal and engagement/assessment. Secondly, the
basic principles of the toolsetwere explained.After this 30-min introduction, participants
filled out the pre-questionnaire to report their skills and proceeded to the one-hour co-
creation activity. Each step of the co-creation process was to be completed in a certain
number of minutes. For the paper-based toolset, these minutes were written on the
playboard, and the lecturer announced when to proceed to the next step. The remote
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ideation tool stopped being interactive when the step time expired, and a defined group
manager could initiate the next step for all participants by clicking a button on the
playboard. Each step time and step instruction were inscribed on the bottom of the
paper-based playboard. For the online toolset, the step instructions were displayed at the
beginning of a step and read out by a voiceover before the group manager clicked the
start button. The steps in both, remote and co-located co-creation were as follows:

1. Pick a role of either player, teacher, researcher or designer
2. Define the context of the game: domain, target group, location/time of play
3. Individually read through role-assigned cards and pick favorites
4. Co-create/balance a game challenge: starting from left to right, discuss ideas from

cards or create custom cards
5. Identify conflicting pairs in the game concept and balance out the potential flow

breaks by discussing alternative picks or another group agreement
6. Agree on the final picks, define a working title and write a game plot summary

Finally, after the co-creation session, all participants filled out the post-questionnaire
individually on their experience regarding tools, activity, and outcome. A seven-point
Likert scale (1, strongly disagree; 7, strongly agree) was used to assess the participants’
judgement. The questionnaire items asked about perceived ideation/balancing support
and perceived applicability of the combined toolset, cards, roles and playboard. While
the ideation and application dimensions consisted of four items each, balancing support
was assessed with eight items. Exemplary items/statements included: ‘Using the cards
helped to focus on ideas’ (ideation); ‘The roles helped identifying conflicts between the
game parts.’ (balancing); ‘I can imagine using the game design tool on my own for
group co-creation’ (application).

3 Results

Data analysis showed that collected data was not consistently normally distributed but
displayed comparable distribution and homogeneity of variance. As suggested by Field
[24], non-parametric Mann-Whitney U analysis (α = 0.05) was performed and showed
significant differences between the two variants. The subsequently reported results con-
cerningH0 were corrected to control false discovery by Benjamini-Hochberg procedure
[25] as multiple pairwise tests were conducted. Nonetheless, following McDonald [26],
the raw p-values of the remaining significant results are stated to indicate authentic
probabilities. In none of the assessed items was the paper-based ideation valued as more
supportive than the digital representation.

Ideation. When first analyzing the ideation support results, the groups co-creating with
the remote tool perceived the digitized cards as more helpful for finetuning ideas than
the groups using the paper-based version (Fig. 7). A majority of 75% of the students
using the remote tool agreed on support through the digital cards, U = 634.5, z = 2.83,
p = .005, r = .36. Contrarily, only 39% of the students in the co-located group were
experiencing help for improving existing ideas from the paper cards.
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Fig. 7. The digital cards were perceived as more helpful in finetuning existing ideas

Balance. Looking next at the support for balancing the game concept, the technology-
enhancedCGFco-creation activitywas perceived in total as significantlymore supportive
(Fig. 8). While 46% of the participants considered the paper-based toolset in general
as helpful for balancing the game concept parts (playing, teaching, researching, and
designing), 80% felt supported by the remote co-creation tool, U = 612.5, z = 2.52,
p = .012, r = .32. In detail, participants expressed more perceived balancing support
from every component of the digitized toolset. The remote co-creation groups felt more
support from the digital cards for balancing the concept between the parts than the groups
using paper cards, U = 653, z = 2.81, p = .005, r = .36.

Fig. 8. The digitized tool was found significantly more helpful for balancing the game concept

Similarly, the paper board was experienced as significantly less helpful than the
digital playboard for balancing the privacy education goal to the game goal, U = 623.5,
z = 2.36, p = .018, r = .30. The groups felt particularly differently about help for
balancing originating from the roles (Fig. 9).

Fig. 9. Digital implementation of the role tokens was perceived as significantly more supportive

The remotely collaborating groups perceived significantly more support from the
digital role representation for balancing the game parts, U = 634, z = 2.5, p = .012, r
= .32, balancing the educational goal to the game goal, U = 659.5, z = 2.88, p = .004,
r = .37, and for identifying conflicts in the educational game concept, U = 649, z =
2.73, p = .006, r = .35.
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Fig. 10. The digital co-creation was perceived as significantly more applicable and enjoyable

Application. When analyzing the two toolset variants’ applicability, three significant
differences between the toolsets were identified (Fig. 10). First, remote co-creation with
the digital CGF was perceived as more fun than the paper-based idea finding sessions,U
= 610.5, z= 2.19, p= .029, r = .28. Second, students were expressing more confidence
to use the digital remote co-creation tool on their own than the co-located paper toolset,
U = 599.5, z = 1.99, p = .047, r = .25. Third, the remotely collaborating groups also
felt more satisfied with their co-created privacy education game concepts than their
colleagues using the paper-based toolset, U = 626, z = 2.41, p = .016, r = .31.

The median (Mdn) value for all the above-reported results was 5 on the Likert scale
regarding the remote co-creation and 4 for the co-located variant. The effect sizes were
hovering around r = 0.3 and thus indicating medium effect sizes for all findings [27].
Statistical analysis consequently suggests rejecting H0 as support from remote and co-
located toolsets was perceived significantly different by the student groups.

Co-created Game Concepts. Finally, the co-created outcome was analyzed regarding
the most frequent game design choices. Table 1 lists the design suggestions per card
deck that were selected more than once.

Table 1. Student groups’ preferred design choices for analytic privacy education games

Card deck (context or role affordance) Groups’ preferred design choices (no. of co-located
groups/remote groups) combined frequency in percent

Who Yourself (4/2) 40%, School Class (1/1) 13%, Group
of Kids (0/2) 13%

Where Home (3/3) 40%, University (3/0) 20%, School (0/2)
13%, Outside (0/2) 13%

When Voluntary Repetition (4/4) 53%, Once/Timeless (4/1)
33%, Repetition (0/2) 13%

Challenging Movement Tracking (1/2) 20%, Aggregation (1/1)
13%, Knowledge Gap (2/0) 13%

Achieving Mission (2/2) 27%, Outwit a Team (2/1) 20%,
Maximize Score (0/2) 13%

(continued)
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Table 1. (continued)

Card deck (context or role affordance) Groups’ preferred design choices (no. of co-located
groups/remote groups) combined frequency in percent

Acting Single Collaboration (3/3) 40%, Team Collab. (4/1)
33%, Team Rivalry (1/2) 20%

Progressing Score (2/4) 40%, Turn Based (2/1) 20%, Mini Quests
(2/0) 13%

Engaging Competition (2/4) 40%, Gaining Awards (1/1) 13%,
Fellowship (2/0) 13%

Adapting Increase Rewards (2/2) 27%, Introduce Elements
(1/3) 27%, Difficulty (3/1) 27%

Reflecting Decision Tree (1/4) 33%, Summary (1/2) 20%,
In-Game Questions (1/1) 13%

Examining Move Patterns (1/2) 20%, Spy Character (1/2) 20%,
Interact./Time Log (2/0) 13%

Researching Risk Behavior (4/3) 47%, Decision Making (4/1)
33%, Presentation (0/2) 13%

Reporting Micro Questions (2/3) 33%, Experience Sampling
(2/3) 33%, Character Asking (3/1) 27%

Monitoring Event Tracing (1/4) 33%, Team Decisions (3/1) 27%,
Interaction Patterns (2/2) 27%

Interacting Point and Click (3/2) 33%, Tap on Display (2/1) 20%,
Location Change (0/2) 13%

Presenting Bird’s Eye View (2/1) 20%, Augmented Reality (1/2)
20%, Dynamic 2D World (2/0) 13%, Real World
Scenarios (1/1) 13%

Note.Card-decks researching/acting were constrained to privacy research and collaborative acting

4 Discussion

4.1 Supporting Remote Co-creation with the Digitized Card/Board Metaphor

When looking at the results with respect to the first research question, the study disclosed
that the technology-enhanced card/playboard metaphor considerably supports groups
with idea finetuning and concept balancing. In fact, remote co-creation with the digitized
toolset was perceived as more supportive, applicable and enjoyable than the paper-based
co-located ideation card activity. The feeling for more support thereby originated from
all investigated parts of the digitized toolset.

First, concerning ideation support, the digital cards were found more helpful in fine-
tuning existing ideas. However, it was the only significant difference between the groups
regarding ideation. From the study findings, the digitized card metaphor as designed in
this toolset comparison can be seen as equivalent for idea finding to paper-based cards
but more supportive for idea improvement. The benefits for idea finetuning with the
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digital cards could result from an improved speed to try out combinations in the game
concept. Compared under Fitts’ law [28], placing cards in the slots on the screen with
drag-and-drop support is more efficient than laying out cards on a big A0 paper. This
is further supported by the fact that the digital cards were found more supportive for
balancing between the game concept parts.

Second, balancing support was found to be significantly better with the digital than
with the paper tool. While the digital cards were found as helpful to balance between
the game parts, the board supported matching of educational goal to game goal. As
the playboard was featuring very similar areas and layout in both versions, the digital
playboard’s advantage likely originates from the more guided approach. The synchro-
nizing effects of time countdown and introductory voice instructions before each step
are guiding structures that could support the balancing process as suggested by previous
research [20, 21]. However, the most improvement for balancing was found with the
digital representation of the roles. The inclusion of emotional feedback for each role in
the remote co-creation scenario can be one factor contributing to this (Fig. 4). It rep-
resents a quality goal [21] that is both an emotional cue and a measure of each role’s
current satisfaction with the overall concept that can help maintain discussion between
the co-creators. Consequently, discussing discrepancies in the satisfaction rating may
support finding conflicts in the concept.

Finally, regarding application of the toolsets, it is remarkable that the digital co-
creation in the remote setting was found as the more enjoyable activity that creates a
more satisfying game concept outcome. Even more remarkably, about 70% of students
would use the digital toolset independently, compared to only 40% for the paper-based
option. The reasons for this might be found in the same digital design factors that are
behind the improved ideation/balance support. Themore guided approach can be a factor
that contributes to this higher applicability. In the same way, the emotional feedback for
the roles can add to a more engaging discussion and, as a result, to a more satisfying
co-creation outcome.

Conclusive synthesis of the results provides design implications for technology-
enhanced co-creation card toolsets:

• The digital card/board metaphor with drag-and-drop interaction supports ideation in
remote settings comparable to co-located paper-based tools and helps improving ideas.

• Feedback options that allow to emotionally rate the overall concept at any time support
balancing between role-oriented concept parts.

• Guiding mechanisms such as a stepwise introduction before each phase and step
countdowns support applicability and concept balancing during remote co-creation.

4.2 Co-created Outcome of Preferred Privacy Education Game Designs

Concerning the second research question, several patterns emerged through frequency
analysis of the co-created game concepts (Table 1). In general, the outcomes of both
card-based co-design activities display similar design choice patterns. The results sug-
gest that co-located and remote card-based co-creation can be employed complementary
or interchangeably for designing educational game concepts. However, further research
with co-creation sessions including students with more diverse backgrounds is required
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to confirm this implication. When looking at the combined frequency patterns, students
revealed a preference of choosing themselves as the games target group and building
a game for continual voluntary/free play at home. A clear alternative pattern, however,
was the university/school context. Selected privacy challenges showed no apparent pref-
erences but addressed movement tracking, data aggregation, data security knowledge
and privacy trade-off behavior.

Design choices for the player role showed preferences for competitive, mission-
oriented games that progress by scoring and adapting by increasing rewards/difficulty or
introducingnewelements. In termsof the teacher parts,most groups suggested encourag-
ing reflection about privacy choices by displaying retrospective decision trees/summaries
and examining progress by tracking time/movement patterns or asking subtle questions
by characters. Looking at the researcher role, most of the students chose to research risk-
taking or decision-making. The groups most frequently suggested investigating these
objectives with monitoring of events, team decisions or interaction patterns while asking
story integrated questions by characters or including micro questions/experience sam-
pling. No strong preferences could be identified for the designer perspective. Game pre-
sentation choices ranged from Augmented Reality to map/bird perspectives or other 2D
presentations. However, most groups chose to design games for classical point-and-click
or tap interaction.

5 Conclusion

The performed study outlined the digitalization of a paper-based card ideation tool and
applied it in a remote co-creation scenario to investigate applicability and user support
compared to using the paper tools in the classroom. The between-subjects trial displayed
that co-creationwith the digital card/playboardmetaphor in a video conference session is
equally supportive for idea generation than using co-located paper tools and significantly
more helpful to improve ideas and balance concepts. In addition, the results showed that
integrating guiding/feedback mechanisms that become available for a digitized toolset
improves balancing support and applicability. Providing options to rate the concept
freely and narrated stepwise instructions showed to increase students’ satisfaction with
the outcome, enjoyment of co-creation and confidence to independently use the digitized
tool.

The design patterns in the co-created privacy education game concepts indicate that
the remote and co-created co-design resulted in comparable game concepts. Students
showed a preference for competitive, mission-oriented games that progress through
scoring, taking turns, or solving mini-quests and adapting to player skill by introducing
new rewards and increasing difficulty. Students also showed a preference to integrate
decision summaries about privacy choices for reflection and examine progress by logging
and subtle in-game questions. Regarding privacy research factors, the student groups
preferred to investigate risk-taking or decision-making by equally unobtrusive strategies.
Future research should extend on these favored game design strategies when creating
privacy education games. As the digitized card toolset has demonstrated applicability
and user support in this study, upcoming research endeavors are encouraged to research
and improve this utility further by dedicated co-creation sessions, including educators
and researchers.
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Abstract. Nowadays, the concept of education for all is gaining momen-
tum thanks to the widespread use of e-learning systems around the world.
The use of e-learning systems consists in providing learning content via
the Internet to physically dispersed learners. The main challenge in this
regard is the high fail rate particularly among k-12 learners who are our
case study. Therefore, we established an in-depth methodology based
on machine learning models whose objectives are the early prediction of
at-risk learners and the diagnosis of learning problems. Going through
this methodology was of a great importance thus it starts by identifying
the most relevant learning indicators among performance, engagement,
regularity and reactivity. Then, based on these indicators, we extract
and select the adequate learning features. For the modeling part of this
methodology, we apply machine learning models among k-nearest neigh-
bors (K-nn), Support Vector Machine (SVM), Random Forest and Deci-
sion tree on a real data sample of 1361 k-12 learners. The evaluation step
consists in comparing the ability of each model to correctly identify the
class of learners at-risk of failure using both accuracy and False Positive
Rate (FPR) measures.

Keywords: At-risk learners · Early prediction · Methodology ·
Learning indicators · Machine learning · Evaluation

1 General Introduction

Many educational institutions are now opting for e-learning by offering their
courses through their own private online Learning Management Systems (LMS).
While adopting a technology-driven approach allows these institutions to main-
tain their competitiveness, it comes with many challenges. Indeed, the main
issues detected in e-learning environments are the high number of no-shows,
early dropouts and low completion rates which lead to a total failure of the
learner [12]. In this paper, we are interested in systems designed for teachers to
help them detecting the potential learning difficulties.

In the context of a fully distance learning institution, data is generally multi-
source as we have more than one application, which may provide us with infor-
mative, heterogeneous and different types of data. The heterogeneity of data is
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explained by having administrative data describing the demographics of learners
profiles, traces of use and interaction between learners and the learning environ-
ment as well as data about the academic performance and assessments. These
learning applications provide a time-independent data that is stable over time
or a time-dependent data type that is evolutive over time. Given the volume
and diversity of data, teachers are no longer able to assist all their learners at
the same time with a pedagogical follow-up adapted to the situation of each
of them. Therefore, teachers need a summary of how each learner’s experience
unfolds through four learning indicators: performance, engagement, regularity
and reactivity. Each indicator is represented by features extracted and com-
puted from learning data sources. The identification of these learning indicators
has more than one intention. They are useful for the prediction of at-risk learners
as well as for the diagnosis of learning gaps of each learner.

In this paper, we propose an in-depth methodology that exploits the numeric
traces generated by learning applications. This methodology is based on machine
learning (ML) models whose objective is the early and accurate prediction of
learners at-risk of failure. The depth of this methodology comes from the fact
that we first start with the identification of the most relevant learning indicators
among performance, engagement, regularity and reactivity. Second, and based
on these indicators, we extract and select the adequate features representing the
activity of an online learner. The last parts of this methodology are for model-
ing and evaluation. Using the False Positive Rate (FPR) measure, we conclude
on the best ML model that correctly predicts the class of at-risk learners. For
this end, we build a real data sample of 1361 k-12 learners following the same
module. We identify the learning indicators and extract features from two avail-
able applications. Then, we follow a weekly prediction approach and formalize
the problem into a 3-class classification problem: success, medium risk of failure
and high risk of failure. The trained and tested ML models in this paper are: k-
nearest neighbours (k-nn), Support Vector Machine (SVM), Random forest and
Decision tree. These models are the most used in literature and show a good
predictive performance. Several techniques of filtering, wrapper and embedded
methods for feature selection are applied. The techniques of filtering and wrap-
per methods give a very promising result. Also, the FPR evolution confirm that
the Decision tree model has a good ability to predict at-risk learners on the first
prediction weeks.

The paper is organized as follows. Section 2 presents the state of art projects
related to our work. Section 3 explains the proposed methodology. Section 4
introduces the application of the methodology in our case study. Section 5
explains the experiments and the results. Section 6 concludes on the study.

2 Related Work

The high dropout and failure rates registered in k-12 are rarely discussed in
the literature especially when it comes to online education and when learners
are in total autonomy. One of the main solutions to reduce failure is to predict
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correctly and at the earliest at-risk learners. Therefore, studies that are inter-
ested in solving this problem start generally by proposing working methodologies
and frameworks. The major common point between all strategies and method-
ologies proposed is the importance of work done on the collection, extraction,
engineering and selection of features to aliment the machine learning models.
[9] proposes an integrated framework to predict the dropout in MOOCs. This
framework includes three main steps: feature generation, feature selection and
dropout prediction. They used an ensemble feature selection method as it does
not depend on a specific learning algorithm for feature scoring. [5] proposes an
analytics framework for Moodle that abstracts out the most relevant elements of
prediction models. This framework goes through the steps of analysing raw data
and dividing it into features and target variable, modelisation and insights given
by some predictions about the learners potential difficulties. These later projects
propose solutions for one specific online learning context which are Moodle and
MOOCs respectively. In addition, they extract data from one application. The
methodology we propose shows the importance of going through almost the
same processes and phases but it is more general and emphasizes the use of
heterogeneous and multi-source data. Other studies of the field focus more on
the relevant and effectiveness of data for the prediction of at-risk learners in the
context of online education. [7] reviews on the most used data types to discover
at-risk students. The learning behaviour data including number of logs into the
course, number of views, clicks and downloads, the time spent on teaching mate-
rials. . . is in the top list of the most used data. Learning network data such as
the number of forums discussions posts, replies and comments is a very used
data type in the state of the art. The third data type is related to the learning
level. It includes data about tests and grades. One other used type is the learn-
ing emotional data which includes non-cognitive assessment, self-efficacy and self
assessed level. Other common used data is related to learners demographics and
characteristics. The Open University (OU) records also a high dropout rate. In
order to solve this problem, the OU project interests in detecting as early as
possible the students who are likely to dropout by identifying the less engaged
ones at an early stage of a course [1]. In addition to demographic data, the
models used features expressing the engagement of a learner and his interaction
with the VLE [11]. Student Success System (S3) is an analytical system based
on ensemble models to identify and treat at-risk students [3]. S3 is based on the
calculation of a generic measure called the success index composed of five indica-
tors: attendance, participation, preparation, completion and social learning [2].
A first step in the approach is developing basic models to predict each indicator.
Thus, simple logistic regression was used for the prediction of presence while
social network analysis (SNA) is more appropriate for the index of social learn-
ing. The methodology we propose and apply shows also the importance of the
performance and engagement learning indicators, gives a new definition of the
regularity indicator and defines the reactivity indicator. These later indicators
are important to follow the learning rhythm of in total autonomy learner.
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3 Methodology

Data is the fuel of ML projects and is the start point of the methodology we
propose. As shown in Fig. 1, the first step in a learning analytics project is the
collection of the different learning traces from the available data sources and
cleaning it. This first phase allows us having the raw data ready to be used and
analyzed in the next phase, which is feature extraction. The overall goal of the
feature extraction is to prepare a new dataset composed of a set of computed
features representing learning indicators. The third step is modeling using ML
algorithms. Each model takes as input the set of features previously computed
and gives as output the predicted class of each learner. The prediction results
are then evaluated according to one general measure, which is the accuracy.
Based on these results, we select for next experiments only algorithms with the
highest prediction accuracy. Then, we go through the feature selection process
to identify the most relevant features as well as learning indicators to predict
the learner class with no accuracy degradation. The selected features are the
input for the second modeling phase. To finally evaluate the ability of models to
predict learners at-risk of failure, we use the FPR measure.

Fig. 1. The in-depth methodology phases

3.1 Feature Extraction

A feature is a representation of raw data [4]. Input features are the most impor-
tant factor for ML models. Therefore, feature extraction is a central task in every
ML project workflow as illustrated in Fig. 1. The idea is to define a learner activ-
ity through learning indicators. First of all, we identify these indicators which
are the basis when extracting features from raw data. An indicator is an observ-
able that is pedagogically significant, computed or established with the help of
observations, and testifying to the quality of interaction, activity and learning.
It is defined according to an observation objective and motivated by an educa-
tional objective. According to this definition, each learning indicator is defined
by a subset of features. The identification of the above learning indicators was
established based on a deep study of the behavioural profile of an at-risk learner
given by the education sciences as well as on the pertinent results of multiple
state-of-the-art projects which are interested in solving this issue. In addition, we
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have taken into consideration the specificity of distance learning available tools
and data and the particular characteristics of an in total autonomy learner:

– performance: it is a very used learning indicator. It represents all features
related to marks and exams that are highly correlated with a learner final
result [1,3,8].

– engagement: it reflects the involvement of a learner toward his work. Features
related to learners participation in the online platforms are frequently used
in literature [11].

– regularity: in the state of the art, the learning regularity was proven to be
highly correlated with the prediction of learners final results. Regularity can
be defined in two domains: actions and time, or a combination of both. Regu-
larity in actions is repeating patterns in user’s actions sequence. Regularity in
time corresponds to repeating patterns in timing of study sessions. Regular-
ity in the combined domains is reflected by the dependencies between action
types and their occurrence time [10]. As it is important to follow the regular
progress made by an in total autonomy learner, we introduce the regularity
of progress.

– reactivity: as far as we know, reactivity has not been used in the literature
as a learning indicator. In fact, unlike face to face education, each online
learner has its own learning rhythm. Reactivity in the context of an online
learning corresponds to the time required to become active in the LMS and to
respecting deadlines for exams submissions. This indicator serves to analyze
the learner behaviour and to compare it to those of his peers.

For each indicator, we extract features from raw data. To obtain such features,
we go through multiple computations of raw data such as composition and com-
binations.

3.2 Feature Selection

ML models need relevant features to give accurate results. However, a high
dimension set of input features could contain noisy, redundant and irrelevant
data. Such a data weakens the predictive performance of the model, causes over-
fitting and increases the error rate. To handle this issue, the feature selection
process aims at selecting a subset of relevant features from the initial set based
on redundancy and relevance [13]. To this end, several techniques are used in
classification problems that fall into three categories:

– Filtering: based on statistical tests, the model selects from the initial set a
k-dimension subset of the most correlated features with the target variable
[13].

– Wrapper methods: features subset is selected based on inductive algorithms.
– Embedded methods: they aim at selecting the best features during the train-

ing phase [13]. The embedded feature selection could use two methods: Reg-
ularization and tree-based methods.
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3.3 Approach

For the early prediction of at-risk learners, the problem is generally formalized
into a n-class classification problem. The classes of learners are usually identi-
fied based on the required results fixed by the grading system of each teaching
institution. Depending on the needs of each project as well as on the frequency
of learners activity follow-up required by teachers, we choose a period of time
after which we make a regular prediction. To represent the activity of a learner
during this learning period pi, all features of learning indicators are grouped in
the same vector X. Thus, on each prediction time pi, a learner is represented by
a vector X composed of features going from f1 to fn and the class y to which
he belongs to. Each learner belongs to one and only class over the year.

X = <f1, f2, ..., fn, y>

Each feature f1 to fn represents one learning activity till the prediction time pi.
For each prediction time pi, the value of one feature is added to that of prediction
time pi−1: we proceed to an accumulation of values.

4 Case Study: CNED

4.1 CNED Presentation

The CNED1 is the french largest national center for distance education. It offers
multiple and fully distance courses to a very large number of physically dispersed
learners. These learners are from different demographic profiles and cannot go to
traditional schools for multiple reasons. Each learner is unique, in total auton-
omy and follows his own learning rhythm and schedule. The only information we
have about him are the exams he submits and the traces of his activity within
the LMS. Learning is also quite specific and provided through more than one
application. It is multi-modal as the courses contents are available online and in
printed papers. Moreover, by relying on traditional teaching methods, teachers
monitor the progress of a large number of heterogeneous learners (up to thou-
sands of learners) at the same time. These methods are no longer effective and
teachers need help as well as new techniques and tools, which allow them a
better tracking of learners performance and an early detection of their potential
learning difficulties. In fact, CNED records among its k-12 learners a high failure
rate every year. K-12 learners are the main focus of this study.

4.2 Data Description

In this project, learning traces are collected from two data sources. The first one
is the LMS, which generates the interaction traces between learners and learning
environment. This data is related to learners actions within the platform and

1 Centre National d’Enseignement á Distance created in 1939.
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their use of its different components. The second one is the students adminis-
trative management application GAEL2. This application provides two types of
data. The first data type is demographic such as gender, age, native country,
place of birth, city of residence, having or not a scholarship, repeating or not the
year. The second type of data is related to modules, exams and their submission
dates, marks, and correctors. The k-12 learners enrolled in the physical-chemistry
module during the school years 2017–2018 and 2018–2019 are the case study of
this paper. The school year starts on September 1 and ends on July 7. It is
composed of 44 weeks. As the registration in CNED is open during the year, the
start activity date t0 of each learner is defined as the maximum date between the
start school year date and the registration date. Depending on t0, learners don’t
have the same number of activity weeks. In addition, study programs for learn-
ers who register after October 31 of each year go through adjustments. In this
project, we focus on learners who subscribed before October 31. According this
information, we collect the learning traces of 663 and 698 learners respectively
from 2017–2018 and 2018–2019. All learners of 2017–2018 and 2018–2019 have
respectively 37 and 35 activity weeks. From these two dates, we have a decrease
in the number of learners per activity week.

4.3 Feature Extraction

In the context of CNED, in addition to the demographic data provided by GAEL,
the activity of a learner is represented by the four learning indicators introduced
in the Sect. 3.1. Based on the available and extracted features from both data
sources, these indicators are defined as follows:

– performance: grades and exams are the current criteria for CNED tutors
to evaluate their learners. The performance of a learner is represented by
3 features. These features are about the academic assessments and grades.
They are evolutive over time.

– engagement: as CNED learners are in total autonomy, the only way to track
their engagement is the online presence. In addition, CNED teachers push
especially the k-12 learners to be more active on the LMS. The engagement
is represented by 36 features. These features are time-dependent and are
about the learner’s use of the LMS and his interaction with its components.

– regularity: it is defined by the progress made by a learner in terms of number
of actions within the LMS and number of submitted exams. The regularity is
represented by 2 features. These features are also evolutive over time.

– reactivity: it is represented by features about the reactivity of a learner to
submit an exam or to connect to the online course. The reactivity is repre-
sented by 7 features. These features are time-dependent, evolve over time and
are computed based on the exams schedule calendar.

Thus, each learner is defined by 10 demographic features (which are constant)
and learning indicators represented by the extracted features. In total, each
learner is defined by 58 features.
2 Gestion Administrative des ÉLèves.
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4.4 Application of the Approach

CNED teachers need to have a regular and frequent tracking of their learners’
activity. Therefore, the temporal granularity chosen here is the activity week
as the period of time to apply the approach. This makes it possible to predict,
for the context of CNED, learners in learning difficulties on a weekly basis and
to compare their reliability over time. The prediction weeks, for each learner,
depend on his start activity day t0. More explicitly, the first prediction week of
one learner is w1 = t0 + 7days, the second prediction week is w2 = w1 + 7days
and so on until wn corresponds to the school year end date. With the exception
of demographic data, which is of course time-independent, the rest of extracted
learning features are therefore weekly updated. Demographic and features of
learning indicators are grouped together in the same vector X to represent the
weekly activity of a learner. The French system allows teachers to give marks
between 0 and 20. The average of 10 in a module generally determines the success
or failure of a learner. However, it is of great importance to have more focus on
learners in the uncertainty zone with an average between 8 and 12. Therefore,
for each module, learners are classified into three classes based on the obtained
marks average by the end of the school year:

– success: when the marks average is superior to 12
– medium risk of failure: when the marks average is between 8 and 12
– high risk of failure learner: when the marks average is inferior to 8.

The Table 1 gives the number of learners belonging to each of the three classes
during each of the school years. As the majority of state of art projects, most of
learners are classified as successful.

The experimental part will focus on comparing the prediction performance
of the following supervised machine learning models: Random Forest, Decision
tree, K-nn and SVM. These models are frequently used showing good prediction
results in the majority of the state of art projects [7,11].

Table 1. Number of learners per class.

School year Learner class

Success Medium risk High risk

2017–2018 488 111 64

2018–2019 538 101 59

5 Methodology Implementation and Results

5.1 Experimental Protocol

The models are tested with 5-fold cross validation and have as input features
those of the vector X. To evaluate the performance of the ML models to give
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an output ypred similar to the ytest, we followed a two-step method allowing the
identification of the models with the best accuracy. First, we randomly select
80% of learners vectors from the 2017–2018 school year to train the models and
use the remaining 20% for the test phase. Then, to be sure of the first obtained
results, we train the models with the school year n − 1 (2017–2018) learners
vectors and test them with those of the school year n (2018–2019).

5.2 Accuracy Results

Comparing the accuracy curves of Fig. 2, SVM, Random Forest and Decision
tree are the most performing models and keep an increasing accuracy evolution.
K-nn has not stable results throughout the school year. On the first prediction
week, the accuracies of SVM, Random forest and Decision tree were respectively
0.729, 0.706 and 0.639. The highest accuracies obtained by SVM, Random forest
and Decision tree were respectively on week 32, 36 and 35. The results of the
second step of the experimental protocol presented in Sect. 5.1 are shown in
Fig. 3. Indeed, SVM, Random forest and Decision tree keep a high and increasing
accuracy during the prediction dates. The selected models are pertinent.

Fig. 2. First step of the accuracy eval-
uation

Fig. 3. Second step of the accuracy
evaluation

Table 2. Models accuracy when using only demographic features.

Evaluation step Model

Random Forest Decision tree SVM

First step results 0.608 0.655 0.756

Second step results 0.713 0.614 0.770

The Table 2 presents the models prediction accuracy when only using as
input features the demographic ones. The first and second rows of the table
are respectively the results of applying the two-step method of Sect. 5.1. These
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results show that the prediction performance of the algorithms during the early
dates given in Fig. 2 and Fig. 3 is due to demographic features. This makes sense
since during the first weeks we do not have enough data about learner’s activity.
We want to gain in dimension, computing time and why not in accuracy. For
these reasons, we proceed to the feature selection process.

5.3 Feature Selection Process

For this study, we follow the accuracy curves of Fig. 2. Then, we apply, for
each model, the feature selection techniques with learners vectors that give the
maximum accuracy. For the next experiments, we train and test models with
the 2017–2018 learners vectors.

Filtering Methods. Two statistical tests are applied as filtering methods: Chi-
square and ANOVA [13]. We set the number of features to be selected to k = 20
which is the optimum value for k. We applied these two tests, on the same data,
with other values for k that did not give better accuracy results. Therefore,
on every prediction week, each learner is now represented by a vector X of
20 features and his success/risk class y. Most of the selected features by both
tests belong to the engagement indicator. These features are about the learner
activity within the LMS. Features related to the performance indicator such as
number of exams and marks obtained up to the prediction week wi are selected
by both tests. ANOVA test selects features of regularity such as the progress
in number of actions and submitted exams made by a learner comparing to
the previous prediction date. The demographic features selected by Chi-square
test are country of residence and city and those selected by ANOVA are having
or not a scholarship and repeating or not the year. Applying the Chi-square
and ANOVA tests, there is no degradation in the models accuracy. The curves
shapes of Fig. 4 and Fig. 5 keep the same properties of those of Fig. 2 but with a
faster accuracy evolution especially during the first prediction weeks. On some
prediction weeks, the input features selected with the ANOVA test seems to
give a higher prediction accuracy of ytest than with the Chi-square test. The
selected learning features by the ANOVA test are relevant and independent of
algorithms.

Wrapper Methods. The Recursive Feature Elimination with Cross Validation
(RFECV) [6] is used here as a technique of wrapper methods. The number of
features selected by RFECV technique with SVM, Random forest and Decision
tree are respectively 13, 10 and 29. With the three models (SVM, Random
forest and Decision tree), RFECV selects features indicating the engagement of
a learner such as the amount of logs. Features of the learner performance given
by the number of submitted exams and marks are always selected. With the
three models, features expressing the reactivity of a learner such as the number
of days between the start of the activity date and the first connection to the
LMS date are selected to confirm their high correlation with the prediction of
ytest. Features of regularity of the progress are selected with SVM and Decision
tree. As for demographic features, place of birth and city are selected by the



An In-Depth Methodology to Predict At-Risk Learners 203

Fig. 4. Accuracy evolution-chi-square- Fig. 5. Accuracy evolution- Anova-

three models. The feature concerning having or not a scholarship is selected by
Random forest and Decision tree. Age and gender are selected by SVM and
Decision tree. The curves shapes of Fig. 6 have the same properties of those of
Fig. 2. In fact, there is no degradation in accuracy and the input features selected
by the RFECV method seems to have a better impact on the prediction accuracy
of the three models. The curves of the Fig. 6 have a faster accuracy evolution
on the first prediction weeks. The RFECV technique gives good results with the
three models. The selected features by the RFECV technique are relevant but
are dependent to the models.

Fig. 6. The accuracy evolution-RFECV- Fig. 7. The accuracy evolution-embedded
method-

Embedded Methods. Due to their powerful structure, tree-based algorithms,
have the feature importance hyperparameter that serves to select the most
important features to make an accurate prediction. In this experiment, the Ran-
dom Forest is the tree-based algorithm used for feature selection. To train SVM,
Random forest and Decision tree and test their prediction accuracy, the tree-
based algorithm selects 8 relevant features. The main selected features in this
case are about the learner performance given by marks and average. Features of
the reactivity of a learner to connect to the LMS are selected too. The demo-
graphic features selected are city, place of birth and age. The curves of Fig. 7 still
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have the same properties as those of Fig. 2. In fact, there is no degradation in
accuracy results. The selected features here are also dependent of the tree-based
model and have generally better accuracy with models of the same category.

Features of the performance indicator are selected by all the feature selec-
tion techniques. Features about the engagement of a learner are selected by the
ANOVA, Chi-square and RFECV techniques. Features expressing the regularity
of progress are selected by the ANOVA and RFECV techniques. Features of the
reactivity indicator are selected by the wrapper and embedded methods.

5.4 FPR Results

Classification performance without focussing on a class is the most general way of
comparing algorithms. Thus, the accuracy measure does not distinguish between
the number of correct labels of different classes. Therefore, opting for a more
specific performance metric is necessary to identify the model which correctly
predicts learners at medium and high risk of failure (at-risk learners). It is with
these learners that the educational interventions will take place. The aim is to
minimize at-risk learners classified as successful. To this end, we propose to track
the evolution of FPR measure during the learning period given by:

FPR =
FP

FP + TN

The lower FPR is, the more the model is qualified to have a significant abil-
ity to predict at risk learners. The Fig. 8, Fig. 9, Fig. 10 and Fig. 11 show that
SVM is the algorithm with the highest FPR during the first prediction dates.
Despite having the highest overall accuracy, SVM doesn’t correctly predict at-
risk learners on the first prediction dates. Decision tree is the algorithm with
the lowest FPR during the first weeks. Decison tree shows a better ability to
correctly predict at-risk learners.

Fig. 8. The FPR evolution-Chi-square- Fig. 9. The FPR evolution-ANOVA-
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Fig. 10. The FPR evolution-RFECV- Fig. 11. The FPR evolution-embeded
method-

5.5 Results Analysis

Going through the feature selection process allows gaining in dimension and
keeping a high prediction accuracy of models. In addition, it shows the per-
tinence of the identified learning indicators particularly the performance and
engagement ones. These indicators serve for the diagnosis of learning problems.
Some techniques are related to algorithms and others are independent of algo-
rithms. The ANOVA test selects features which are correlated with the target
variable independently from the models. SVM is the model with the highest
accuracy and the highest FPR during the first weeks. These results come from
the fact that this model predicts very well successful learners. On the other hand,
Decision tree is the algorithm with the lowest accuracy and lowest FPR during
the first weeks. Decision tree is the best to predict at-risk learners during the first
weeks. Random forest performs slightly worse than decision tree in predicting
at-risk learners but is still much better than SVM. From week 10, all algorithms
show almost the same accuracy and FPR values. From week 20, we predict with
the minimum of error the at-risk learners.

6 Conclusion

The early prediction of students with learning difficulties is one of the most
popular studies in the literature. However, this issue is less discussed when it
comes to k-12 online and in total autonomy learners. The CNED is not an
exception and records a high failure rate every year. Thus, it aims at providing
its instructors with a tool to identify correctly and at the earliest k-12 at-risk
learners. In addition to the challenges of dealing with multi-source, heterogeneous
and of different types data, we proposed an in-depth methodology which gives
ML based solutions to early predict at-risk learners. This methodology starts
with the identification of learning indicators among: performance, engagement,
regularity and reactivity. Then, we extract features from raw data to define each
indicator. The identification of learning indicators is of a great importance as
it serves on one hand for the prediction of at-risk learners and on the other
hand for the diagnosis of each learner situation and learning gap. Then, we
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formalized the problem into a 3-class classification problem and followed a weekly
prediction approach. For the evaluation phase of the methodology, we used the
FPR measure to compare the ability of the used algorithms to well identify the
classes of at-risk learners. The findings show that decision tree is the best model
that correctly predicts at-risk learners especially on the first weeks. Through
these experiments, we also affirmed that the prediction of at medium and high
risk of failure learners is given with the minimum error starting from week 20.
The perspectives of this study are numerous. We have to extend the application
of the methodology on other learning levels and modules. We have also the
intention to evaluate these findings with teachers and in a real learning situation.
To make the methodology more generic and complete, we aim at adding a phase
for the suggestion of academic actions for learners from their teachers.
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Abstract. Despite the drastic change to school environments due to the COVID-
19 pandemic, it is still important that educational technology researchers conduct
school-based research to understand the impact of technology in an authentic learn-
ing context, even remotely. However, the transition to remote research has made
it challenging for researchers to collect classroom data, observe teacher-student-
technology interactions, and facilitate study sessions. To explore how researchers
can effectively plan and conduct technology-based educational studies in the new,
evolving classroom research environment, we interviewed seven US teachers,
investigating their perceptions of participating in remote classroom studies. Based
on the findings and the authors’ experience of running classroom studies, we pro-
pose a framework that educational technology researchers can refer to when plan-
ning and conducting research in the evolving classroom research environment.
Specifically, the framework informs researchers of several types of questions they
can explore with teachers, students, and researchers themselves to be better pre-
pared to address potential confusion, unexpected issues, and practical benefits in
remote classroom research. Our work contributes by providing a practical guide
for running technology-based research remotely, which may remain as a means of
classroom research in the future. Some of the findings and the framework would
also be applied to in-person classroom research setting.

Keywords: Classroom research · COVID-19 · Remote teaching and learning

1 Introduction

1.1 Classroom Studies in Educational Technology Research

For decades, researchers of educational technologies have studied the effectiveness
and use of educational technologies in the context of school classrooms. For example,
researchers conduct “in-vivo” experiments to examine the effectiveness of instructional
approaches embedded in educational software in a classroom context [1]. An in-vivo
experiment in education research is a study conducted in an actual classroom setting, as
opposed to in a research lab setting, in an attempt to maximize both internal and external
validity of the study [1]. Examples of an in-vivo study include efficacy studies using
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learning software and classroom evaluations of AI-based tutoring software where stu-
dents are assigned to use learning software and researchers collect data generated from
the software and other instruments such as online surveys and tests [1, 2]. Classroom
studies are also employed in other types of educational research conducted with practi-
tioners, such as in Design-Based Research and Researcher-Practitioner Partnerships [3,
4]. Classroom studies with educational technologies can take a variety of formats (e.g.,
observational studies, randomized control trials). Regardless of the study format, class-
room studies consider regular classroom features, such as teacher-student interactions
and resources available in the classroom, as part of the study context.

The current paper considers how classroom research with educational technology
can be conducted effectively in the evolving classroom research environment in which
different levels of remote involvement by researchers is possible, brought about mainly
by the COVID-19 pandemic [5, 6]. We believe that remote involvement in classroom
research may continue to exist in some form in the near future due to its advantages (e.g.,
remote classroom research allows researchers to conduct research with schools located
in areas where study participation opportunities are not available) [7]. From among the
various types of classroom studies, we focus on in-vivo educational studies.

1.2 Conducting Classroom Research Remotely

In the year 2020, due to the spread of the coronavirus disease (COVID-19), a vast number
of schools across the globe were forced to make a transition to remote instruction [8].
In response to the shift, researchers were required to pivot to collecting data remotely
using technologies such as video conferencing systems [7, 9]. Conducting classroom
studies remotely, however, can be challenging and can affect study design and outcomes
significantly. First, the mode of teaching at the school and that of researcher participation
affect ways in which communications, data collection, and study facilitation happen.
Figure 1 shows six different modes in which classroom research can be conducted,
the traditional in-person classroom research mode and five remote classroom research
modes. We developed this schematic based on our experience of running in-person
and remote classroom studies at six schools with ten teachers before and during the
pandemic [2]. Compared to the traditional classroom research mode (Fig. 1, A), where
all stakeholders are physically located in the same classroom, remote classroom research
can vary depending on whether the school/class adopts in-person or remote teaching,
synchronous or asynchronous teaching, and whether and how the researcher helps run
the study with the teacher synchronously or asynchronously, including any technical and
logistical support the research teammay provide. For instance, direct researcher-student
interactions are more likely to happen when the researcher, teacher(s), and students are
all synchronously connected in a video-conferencing system than in situations where
students participate in classroom research asynchronously (i.e., completing assigned
study tasks whenever students have time).

Secondly, data collection can be affected by the affordances and constraints of com-
munication technologies used for remotely connecting researchers and participants (e.g.,
video conferencing systems) [5]. For example, in a fully-remote synchronous session
(Fig. 1, D), it becomes difficult to observe teacher-student interactions if the study uses a
platform that allows participants to privately message each other. Also, it is challenging
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to observe students’ gestures and facial expressions since students might not have a web
camera, or even when they have one, students might not turn it on [10].

Finally, it is important to consider teachers’ and students’ experiences (e.g., benefits
and concerns) in participating in research conducted remotely. Classroom studies are
a means for researchers to visit an authentic learning environment and understand the
impact of the technology in situ [1]. Understanding what practical benefits educational
technology research (remote or in-person) can offer to teachers and students, and what
concerns may be mitigated, will help design classroom research as a mutual learning
opportunity between researchers and teachers and students rather than as ameremeans of
data collection. It is particularly important to understand such practitioners’ perspectives
on participating in remote research, caused due to the COVID-19 pandemic. As the pan-
demic has already created and will continue creating many struggles for students (e.g.,
lack of emotional support and device access, increased family responsibilities) [11] and
for teachers (e.g., increased workload, burnout) [12], educational technology research
should not cause any additional burdens and stress to teachers and students. There-
fore, it is critical that researchers understand practical benefits and challenges/concerns
that teachers and students might have and appropriately address them when conducting
research in the evolving classroom research environment.

Fig. 1. Modes of remote and in-person classroom research. “S”, “T”, and “R” represent student,
teacher, and researcher, respectively. Solid lines indicate in-person synchronous interaction, dotted
lines show remote synchronous interaction, and double dashed lines indicate remote asynchronous
interaction. Gray squares show that stakeholders in the square are in the physical classroom.Model
A shows the in-person classroom research model. The authors experienced all six modes in their
classroom research. Hybrid (mix of in-person and remote) teaching mode can be represented by
combining Models B and D (synchronous hybrid class, remote synchronous researcher) or C and
E (synchronous hybrid class, remote asynchronous researcher).

Given these considerations for classroom research conducted remotely, it is essential
that researchers of educational technology understand potential factors that might affect
data collection, communications, and teacher and student experience when conducting
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technology-based educational research. Understanding such pragmatic factors will help
create a sustainable model for running research in the evolving classroom research
environment. Prior related work provides some guidance for how to conduct remote data
collection, such as when conducting co-design activities with children [5] and remote
user studies in the field of Human-Computer Interaction [6, 13]. However, to the best of
our knowledge, there is no prior work that guides remote research studies in (physical or
virtual) school environments. Educational studies in classrooms are uniquely different
from typical user studies or other types of studies that are conducted in a lab, or in
a relatively confined setting. In a teaching and learning environment, interactions are
complex since multiple stakeholders (e.g., teachers, students, and peers) interact with
each other dynamically in unpredictable ways [14]. To inform researchers what aspects
to be mindful of in running classroom studies, particularly in the remote setting, we
conducted interviews with US teachers exploring their perceptions of participating in
classroom studies. Based on the findings and our own experience of running in-person
and remote studies, we propose a framework that researchers can use to help develop
their remote study plans.

2 Method

2.1 Participants

To conduct interviews, we recruited middle-school (n = 6) and high-school (n = 1)
mathematics teachers in theUnited States.We specifically targetedmathematics teachers
because mathematics is the task domain of our on-going research. We targeted teachers
who, in earlier interactions, had expressed an interest in participating in classroomstudies
with us during their remote instruction (March–June 2020). Three of the participating
teachers had remotely participated in a study with us during May–June 2020, prior
to the interview. In the study, their students used an Intelligent Tutoring System for
algebra [2]. One other teacher had participated in classroom research with their students
before the COVID-19 pandemic. The remaining three teachers had not participated in
classroom research before. The teachers were recruited either via teacher groups on
a social networking site or from previous contacts. Their level of experience in using
educational technology varied. Lastly, all teachers’ schoolswere affected significantly by
the pandemic; theywere required tomake a transition to either fully-remote synchronous
instruction (n = 4) or fully-remote asynchronous instruction (n = 3).

Interviewswere conducted individually and remotely using a video conferencing sys-
tem. Each interview lasted approximately an hour. The interviews were semi-structured;
the researchers asked both pre-planned questions and un-planned questions as the con-
versation evolved. The interviews explored teachers’ perceptions regarding participating
in classroom research in general (e.g., “What kinds of benefits do you think participating
in classroom researchwill bring to you and your students?” and “howwould you describe
the study participation opportunity to your students?”) and those specific to remote study
participation (e.g., “What kinds of emerging factors during remote teaching you think
might affect data collection and student learning?”). Three of the teachers participated
in one or two additional sessions to continue the interview. In total, we conducted 11
one-hour interview sessions.
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2.2 Data Collection and Analysis

All interviews were video-recorded and transcribed for analysis. Two learning sciences
graduate students analyzed the data following an Affinity Diagramming approach, a
commonly-used method for analyzing qualitative data through grouping and organizing
quotes and codes into a hierarchy of themes [15]. The graduate students communicated
frequently to resolve any disagreements. We obtained a total of 179 codes, clustered into
70 mid-level themes. We grouped the mid-level themes into seven major themes.

3 Results

Our analysis revealed seven major themes regarding teachers’ perceptions on partici-
pating in remote classroom studies, categorized into benefits and concerns/challenges
(Table 1). In what follows, we describe these themes in the two categories in turn.

Table 1. Benefits and concerns/challenges teachers perceive for participating in remote classroom
studies.

Perceived benefits Perceived concerns/challenges

B1: Teachers appreciate the opportunity to
make a real-world connection by remotely
welcoming researchers to the classroom

C1: Teachers find it hard to calibrate their level
of intervention/facilitation during studies

B2: Teachers consider that remote study
participation can be a motivating activity for
students

C2: Teachers prefer customizability and
flexibility regarding research participation and
content to-be-covered

B3: Teachers will have an opportunity to
understand their students from a different
perspective

C3: Teachers are concerned with the lack of
synchronous, immediate support for students in
remote studies

C4: Teachers are concerned with students’
learning environments during remote teaching

3.1 Perceived Benefits of Participating in Remote Classroom Research

B1: Teachers Appreciate the Opportunity to Make a Real-World Connection
byRemotelyWelcomingResearchers to theClassroom. All teachers strongly empha-
sized the importance of connecting their students with researchers, consistent with find-
ings in prior literature [16]. Teachers view welcoming researchers in the classroom as an
opportunity for students to learn about real-world jobs (e.g., knowing what researchers
do). For instance, one teacher, who participated in a study in June 2020 when the teacher
remotely and asynchronously taught students, stated that their students had had very
limited exposure to the outside world even before the transition to remote teaching:
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[We] are a very small community […] so a lot of kids don’t know what’s out there
[...]. They haven’t been out in the real world. A lot of them haven’t even traveled
beyond our edge of our city. [...]. So I was looking for ways to connect what we’re
doing in math to either like a career field or something in their real life.

Importantly, the need for real-world connections in classrooms has become more
critical during remote learning because students have fewer opportunities to interact
with the world outside the classroom and their homes. As an overall trend, we found
that teachers who teach in a suburban area, including the teacher whose quote is shown
above, shared that remote classroom research gives a meaningful research participation
experience to their students, who used to have limited access to such opportunities before
the transition to remote instruction.

B2:TeachersConsider thatRemote StudyParticipationCanBe aMotivatingActiv-
ity for Students. Teachers mentioned that, as it became very challenging for students
to keep up their motivation and engagement during remote teaching, participating in a
study could be a hugemotivator that would “bring students back to the classroom,”which
they hoped to do but found challenging. Indeed, several of the teachers we interviewed
reported that their virtual class participation rate was only about 10–15%. They also said
that they expect that an opportunity to contribute to the science of teaching and learning
will bemotivating for their students. They told us that they would emphasize that helping
researchers would make the world better and that their students’ effort would be key to
the success of the research.

B3: Teachers will Have anOpportunity to Understand their Students from aDiffer-
ent Perspective. Teachers noted that participating in a study would allow them to view
their students from a different perspective. Specifically, teachers said that they would
appreciate an opportunity to observe how students perform the assigned tasks in the
educational technology used. Teachers stated that watching how their students approach
the task would give them a new point of view regarding individual students that they
would not otherwise gain from their daily instruction. In this sense, teachers are curious
about researchers’ scientific inquiries and keen to learn from research results.

Teachers also consider research participation an opportunity to try new types of
instruction or digital technologies and find out what kinds of educational technology or
tools their students find engaging. Although the benefit of being able to understand stu-
dents froma different perspective couldwell apply to an in-person setting, all interviewed
teachers had a hard time coping with students’ low motivation and engagement and they
were therefore looking for ways to maintain or enhance participation and engagement
more often during remote teaching than before.

3.2 Perceived Concerns and Challenges Regarding Participation in Remote
Classroom Research

C1: Teachers Find it Hard to Calibrate their Level of Intervention/Facilitation
during Studies. As the data collection became virtual, interactions among teachers,
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students, and researchers during the study, including during the study sessions them-
selves, became dependent on the affordances and constrains of the technology used for
having interactions. For example, the use of a synchronous video conferencing system
might facilitate researcher-student interactions; by contrast, if email is the only tech-
nology used for communications, there is no opportunity for synchronous interaction.
Therefore, depending on the type of technology used for running remote studies, a sit-
uation could conceivably happen where, for example, students and researchers directly
communicate with each other without including their teacher. Conversely, researchers
might be able to interact with students only through the help of teachers (e.g., researchers
are not allowed to send emails to students directly). This tension regarding how much
researchers’ and teachers’ involvement are ideal came up frequently during the inter-
views. Although teachers said they would want the researchers to lead the study, they
stressed that it was important that they could be a “facilitator” of the study. They noted
that it is important that researchers describe the study because that would motivate
students but they consider their own involvement essential, especially during remote
teaching. This desire comes from concerns regarding the lack of cues and strategies that
they used to have during in-person teaching as well as limited communication channels
between students and teachers during remote teaching [17].

Another reason that teachers gave for wanting to be actively facilitating research
studies is that they have better knowledge than researchers about which students are
struggling and how to help them (e.g., they know which students regularly ask for help).
Therefore, they would like to be informed or involved when researchers communicate
with students. One teacher shared how much researcher involvement would be ideal:

I do think it’s important to have a teacher being the facilitator of that kind of the
relationship then between [our] students and the actual study. The idea that the
students have formed a relationship with me […]. But on the other hand, it’s not
my project. So I think it’s a good idea for [a researcher] to explain the research
to them […]. I do think it’s good for [a researcher] to be involved […] but also, I
think they are more comfortable if they know that I’m explaining the procedure.

C2: Teachers Prefer Customizability and Flexibility regarding Research Participa-
tion andContent To-be-Covered. Teachers prefer having the ability to customize what
content their students will work on during the study, or at least having a few options for
the task assignment. They also prefer studies that are aligned with their teaching prac-
tices. Customization and flexibility in research design are perceived as a critical factor
for teachers to decide whether or not to participate in the remote study.

C3: Teachers Are Concerned with the Lack of Synchronous, Immediate Support
for Students inRemote Studies. All teachers expressed concern regardingwhat to do if
a student would face technical trouble or struggle with the content in the technology used
in the study during a remote study (e.g., students might have trouble when they log into
the system). Supporting students remotely during such an event would be challenging,
compared to doing so in the in-person regular classroom environment. In fact, teachers’
concern that it would be challenging for their students to learn to use the technology
was a major reason that some of them decided not to participate in our proposed study
during remote teaching, despite having previously expressed interest in doing so.
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C4: Teachers are Concerned with Students’ Learning Environments During
Remote Teaching. Teachers indicated that there are new, unique challenges that affect
student learning during remote teaching. As reported in the literature [11, 12], teachers
stated that their students were struggling due to lack of access to the internet, lack of
parental and peer support, and lack of access to the physical books that they had used. As
both students and teachers found it very challenging to connect with each other to keep
the classroom instruction going [17], in spite of trying hard, teachers were hesitant to
introduce anything new (technology or topic) to their students during remote teaching,
lest it causes their students additional confusion and adds to their workload.

4 Discussion

4.1 A Framework for Conducting Remote Classroom Research

The interviews highlight benefits of participating in educational research in the evolving
classroom research environment and concerns/challenges perceived by teachers. All the
themes we found (except C3 and C4) could arguably be applied to in-person research
setting, but we found that these themes have much greater importance in a remote
setting (e.g., teachers’ desire for students to get exposed to a real-world experience
would still apply to in-person classroom research, but teachers stressed the importance
of it in a remote setting). Despite the unpredictable future, we believe that conducting
classroom studies virtually will remain important as schools may consider a virtual
learning environment as one of the possible teaching modes or researchers may keep
conducting research remotely due to a school’s policy regarding visitors and/or due to
advantages of remote research (e.g., researchers do not need to travel to the study site
and their sample will not be constrained in specific locations).

Based on the interviews, we offer a framework that researchers can use to guide
their research in the evolving classroom research environment (Table 2). The framework
captures factors that researchers need to be aware of when preparing for and running
classroom studies remotely. We think that providing such a framework, rather than con-
crete recommended strategies, would be more useful because of the unpredictable and
uncontrollable nature of remote research [5]. The framework provides guiding ques-
tions that researchers can use to explore needs, preferences, and expectations among
teachers, students, and researchers themselves. The questions help researchers better
address dimensions that we consider are critical when planning and conducting remote
classroom research. During our own remote classroom studies, we found these guiding
questions helped understand the school’s context, teachers’ needs and preferences, and
realize our (researchers’) own expectations. We describe each of the dimensions below.

Study Facilitation. It is important that researchers clearly understand teachers’ expec-
tations and preferences regarding whether and how teachers want to take the lead in
running study sessions. We found that teachers are concerned with how to help run the
study and provide appropriate, immediate support for students. Although it is important
to understand teachers’ and students’ needs and preferences in any classroom study,
including those conducted in-person, it is especially important in remote research. Such
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Table 2. A framework for addressing factors that might affect remote classroom research. Each
question in a cell represents a guiding question that the researcher can ask the corresponding
stakeholder (teacher, student, or researcher themselves). Code in parentheses (e.g., B1) represents
the associated theme(s) that the dimension is drawn from.

Dimension and
Objective

Question for:

Teacher Student Researcher

Study Facilitation (C1,
C3)
- To communicate
expectations and
preferences on what to
do when unexpected
events occur

- What are the teacher’s
expectations and
preferences regarding
who will lead study
sessions, and how they
will do so?

- How would students
feel about
communicating directly
with researchers?

- How critical is it that
the researcher takes the
lead in facilitating study
sessions?
- How can researchers
help teachers be prepared
for their preferred role as
a facilitator?

Resource Access (B2,
B3)
- To understand and
address the needs and
desires of participants
regarding resource
access

- What data, resources,
and tools, would the
teacher want to use for
their own teaching or
for understanding their
students better?

- What data, resources,
and tools would students
find useful if they were
given free access?

- How to make the data,
resources, and tools open
enough so that
participants can use them
outside the research
context (e.g., platform
choice, customization)?

Motivation (B1, B2)
- To understand and
address participants’
motivations for
participating in the
research

- What would the
teacher want to learn
about students, the
research, and the
educational technology
used?
- What would the
teacher want students to
gain from participating
in the study?

- What would help
motivate students to
participate and engage in
the research?
- What kinds of
real-world connections
would students be
interested in making or
hearing about?

- What would the
researcher want the
teacher and students to
gain from participating in
the research?
- What kinds of
real-world connections
could the researcher
provide to students?

Study Logistics and
Context Alignment
(C2, C3)
- To make the study
participation easy and
straightforward
- To ensure that the
study is aligned with the
classroom practice

- What tool does the
teacher use that could be
integrated into the
research (or that the
research could be
integrated into)?
- How closely is the
study topic aligned with
classroom teaching?

- What tools are students
already familiar with?
- Are there topics that
students are interested in
(e.g., out-of-school
interests) that could be
integrated into the
research?

- What are some possible
ways that the study
activities can be
streamlined and made as
simple as possible so that
participants can carry out
these activities easily?

(continued)
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Table 2. (continued)

Dimension and
Objective

Question for:

Teacher Student Researcher

Equity in Participation
(C4)
- To understand
individual differences in
participants’ learning
environments

- What does the teacher
know about their
students’ learning
environments and about
how to effectively
support students during
remote learning?

- What kinds of learning
environments and
support (e.g., from
parents, and siblings) do
students have access to?

- How can the research
address/consider
students’ learning
environments?
- What are alternative
ways for students to
participate in the research
if they do not have
adequate learning
environments?

understanding will help researchers develop a study plan that the teachers and students
feel comfortable with and that can accommodate unique situations that might happen in
remote setting. For instance, researchers need to ensure that teachers understand what
to do when a sudden internet or electricity outage happens in a remote study because it
can be challenging to make decisions dynamically in such a situation [5].

Resource Access. Teachers like to be informed about study results to better under-
stand their students. As well, they are curious to learn about research-based instructional
knowledge and possibly incorporate it into their practices. Understanding these needs
of practitioners will help researchers share resources that are most useful for the prac-
titioners. For example, teachers might not only want access to students’ learning data
that researchers typically provide but might also appreciate receiving other types of
data, such as how frequently students access the system in an asynchronous setting, to
get insights into their students’ behaviors that the teachers would not otherwise know.
Also, if teachers and students are interested in further customizing study resources, it is
important that researchers provide access to their resources in a customizable way (e.g.,
use an editable file and an open license).

Motivation. To maximize practical benefits for teachers and students, we recommend
that researchers understand teachers’ and students’ motivations for participating in class-
room research. As the interview findings suggest, teachers find it hard to motivate and
engage their students especially during remote teaching. Remote classroom research, if it
adequately addresses participants’ motivation, can be a powerful motivating experience
for them. Exploring participants’ motivation will help researchers find ways to address
these motivations. For example, when students are curious about what it is like to be
a researcher, researchers can consider setting aside time for students to ask questions
about the researchers’ background and future career goals.

Study Logistics and Context Alignment. Researchers need to ensure that the tech-
nology used can be navigated intuitively with no technical bugs. They also need to
be prepared for unexpected events during remote studies [5] such as sudden internet
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outages and technical difficulties (e.g., students cannot log into the system in an asyn-
chronous setting). Also, researchers are expected to make a study plan that allows for
flexibility regarding multiple aspects of the study (e.g., the difficulty of the problems
assigned to students) to accommodate any needs or preferences that the teacher or stu-
dents have. Understanding such needs and preferences will help make study participa-
tion easier, more streamlined, andmore aligned with classroom practices and curriculum
requirements.

Equity in Participation. We suggest that researchers consider equity in student partic-
ipation as a core component of the studies they design for remote classroom research. As
the findings of the present study aswell as other recent work [11, 12, 18] suggest, the shift
to remote learning due to COVID-19 has exacerbated existing inequalities regarding the
support and resources students have access to, including access to learning technologies,
increased family responsibilities, and lack of support from parents and peers. These gaps
among students might affect study participation, engagement, and learning in remote
classroom research [17]. Exploring what kinds of inequalities researchers need to expect
will help them make the study more accessible. For instance, by understanding individ-
ual differences in device access among students in advance, researchers can adjust their
study design, develop an alternative study participation plan for students with limited
access to internet and devices, and design ways for assessing variability in students’
learning environment to appropriately consider any potential influence such differences
may have on study results.

4.2 How Would the Teaching Mode Affect Remote Classroom Research?

The proposed framework offers guidance for how researchers could prepare for remote
classroom data collection, but the teaching mode and that of researcher participation
(Fig. 1) would also significantly influence the planning. We propose that all five dimen-
sions in the framework need to be considered in accordance with the modes of teaching
and researcher participation (Fig. 2). Based on our interviews and prior work [7, 13,
14, 19], we think that, as the mode of teaching and researcher participation become less
connected (i.e., fromphysical to remote, from synchronous to asynchronous interaction),
the importance of considering the dimensions will increase.When communication chan-
nels are limited, it becomesmore challenging to intervene and support students (e.g., hard
to observe what students are doing and offer help in a timely manner) [7, 10, 19]. There-
fore, in a less-connected classroom research environment, it would be more important
to carefully consider study facilitation strategies, develop ways to motivate participants,
give sufficient access to resources for students’ individual learning, streamline study
procedure and consider the alignment between the study and classroom practices, and
offer an opportunity to participate in the study for students who have limited internet
or device access. On the other hand, when the study is conducted in a more connected
setting (e.g., Fig. 2, B), it would be easier to have direct, synchronous communications
and provide support, it would not be as hard to motivate participants, and there would
be strong need for resource access for classroom use (by teachers, rather than access
for students’ individual learning). Researchers could also consider more complicated
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study designs and could expect narrower gaps among students regarding their learning
environment since they are all joining from their classroom synchronously, instead of
their own home environment [7].

Fig. 2. Amodel of how the teaching mode can affect remote classroom research. As the teaching
mode becomes less connected (from B to F), more careful planning and coordination are needed
between researchers and the classroom teacher (and students) to ensure that students can participate
in and complete the study and benefit from the study participation experience.

Finally, it is important to note that the framework and many of our findings could be
generalized to in-person in-vivo classroom research where it is equally important to con-
sider practitioners’ viewpoints. In fact, practical considerations in classroom research,
especially in the in-vivo research context, are underexplored [20]. Also, even after some
challenges might be mitigated after the chaotic time in 2020–21, many of the proposed
considerations would still be useful as remote classroom research may continue to exist
as a means of classroom research. Therefore, although the proposed model is designed
for remote classroom research based on teacher interviews during the COVID-19 pan-
demic, we think that there are elements that will be useful for remote and in-person
classroom studies conducted when schools are back to normal.

5 Conclusion

The transition to a new learning environment has forced educational technology
researchers to make a transition from in-person to remote data collection, which cre-
ated new challenges. Our interviews with teachers illustrated that teachers perceive both
benefits and challenges in participating in remote classroom studies. Our framework for
conducting remote classroom research provides guidance for how educational technol-
ogy researchers can plan and facilitate remote classroom research, whichwould continue
to exist. We acknowledge, however, that our findings with seven mathematics teachers,
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who already had an interest in participating in research, may not cover a full range of
potential benefits and challenges that teachers and students might experience, and their
perceived benefits and challengesmight not reflect the actual benefits and challenges they
would receive. Also, the small sample is not likely to be representative of school teach-
ers as a whole; it is, however, representative of teachers interested in using educational
technology. Our work contributes to the educational technology research community by
offering a practical guide that can be used widely by researchers.
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Abstract. Self-regulation skills are critical for students of all ages in
order to maximize their learning. A key aspect of self-regulation is being
aware of one’s performance and deficits in self-evaluation. Additionally,
a clear consensus has not been reached regarding the age one can start
learning these self-regulation processes. In order to investigate the pos-
sibility to raise awareness to some self-regulation deficits in 5 to 8 years
old children, we have introduced two prompts triggered randomly after 1
out of 15 exercises into a literacy web-application for primary school stu-
dents, to evaluate perceived difficulty [Too easy, Good, Too difficult] and
desired difficulty [easier, same level, harder]. Comparing students’ actual
performance with their responses to self-regulatory prompts can provide
information about their ability to self-regulate their learning, in partic-
ular in terms of self-evaluation and self-efficacy. We collected 2,600,142
responses from 467,116 students for our experiments. The goal of this
paper is to assess the impact of two different remediation strategies to
reduce the two types of deficits initially measured in students.

In a first study, we measured the impact of a gauge (resp. an audio
recording) showing (resp. telling) the number of correct and incor-
rect answers to help students evaluate their actual performance during
answers to the self-regulation prompts. In a second study, we measured
the impact of giving self-evaluation and self-efficacy remediation to stu-
dents who showed a deficit in self-regulated learning abilities from their
answers to the self-regulation prompts.

The results show (a) a significant reduction of self-evaluation deficits
when answers were supported by a visual gauge, (b) no significant impact
on self-evaluation deficits when answers were supported by an audio
recording, (c) a significant reduction of future self-evaluation deficits
when giving students audio feedback advising them not to repeat a
detected deficit.

This underlines the possibility of scaffolding self-regulated learning
skills in a web based application from a young age while learning another
skill.
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1 Introduction

Children’s self-regulated learning (SRL) skills are a key component of their aca-
demic performance, as self-regulated students generally know better “how to
learn”, which can have a positive impact in all disciplines [15]. The earlier chil-
dren begin to develop these skills, the greater the impact on their overall school-
ing, and self-regulation training programs for elementary school students have
already been developed for this purpose [4]. Nevertheless, it can be difficult for
teachers to provide individualized help to each student, both in terms of the task
at hand (e.g., learning to read) and in terms of their self-regulation skills.

The SRL scaffolding using computer tools has also been studied: a meta-
analysis of SRL support implemented up to 2016 shows their significant positive
effect on progression [14]. However, these tools have several limits: firstly, they
only targeted older students (beyond 5th grade), secondly they focused on the
performance phase (one of the three phases of the SRL cycle described, along
with the anticipation and self-reflection phases [15]), and thirdly they measured
whether the student’s progression was improved by the SRL support, rather than
whether the student was improving their SRL skills. Thus, SRL is mostly seen
as supporting learning, not as a skill to be evaluated and trained in itself.

Previous work has shown that among young students, self-evaluation and self-
efficacy deficits are two prevalent issues [12]. In this paper, our goal to investigate
how to train self-evaluation and self-efficacy through scaffolding (helping the
student to assess their level) and feedback (suggesting what to do in the future),
and to measure the impact of these two strategies from a data analysis point of
view. More particularly, we investigate the following research questions:

(RQ1) Can scaffolding help students in correcting their self-evaluation
deficits?
(RQ2) Can a remediation feedback help students in answering to future self-
evaluation and self-regulation prompts?

The remainder of this paper is organized as follows: in Sect. 2 we will present
briefly some related work on self-regulation support in particular for younger
children. In Sect. 3 we will introduce the experimental context, the designed
prompts and the data collected. We will then describe the two experiments led
to answer to RQ1 and RQ2 respectively in Sects. 4 and 5, before concluding with
a discussion.

2 Related Work

SRL is a three-phase cycle that repeats itself with each new task the learner is
confronted with [15]. First the learner prepares for the task (anticipation phase),
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then they perform the task and can monitor their progress (performance phase).
Finally, they assess the effectiveness of their learning to draw conclusions for
future learning (self-reflection phase).

As previously mentioned, some SRL training programs have been shown to
have a significant positive effect in primary school children [4] but outside of a
computer-based context. Some works have already tried to assess the effect of
self-regulatory prompts to show their positive effects on self-efficacy [10]. For
instance, Müller [7] showed that prompting university students had an immedi-
ate impact which did not transfer over time. Hoffman [5] also showed a positive
impact of prompting for self-efficacy but before accomplishing the task and mea-
sured the impact on performance more than in self-efficacy itself. More generally,
a meta-review [9] has shown that self-assessment has a positive impact on learn-
ers self-efficacy.

It is worth noting that although young children’s abilities to use SRL strate-
gies may be more limited than in teenagers, they seem to have comparable
monitoring skills [11]. Indeed, recent work on a dashboard supporting SRL in a
mathematics software program for 9–10 years old (only slightly older than our
targeted students) showed a significant improvement in SRL skills for students
in the dashboard group compared to those without the dashboard [6]. Finally,
young students not detected as having a self-evaluation deficit seemed to rely
mainly on their success rate when asked to self-evaluate [13].

3 Experimental Context and Data Collection

3.1 A Literacy Software

Lalilo is one of the many web applications used by teachers in the classroom to
help them implement differentiated instruction strategies. At the beginning of
2021, it is used by 40,000 English and French speaking kindergarten and primary
classes every week to strengthen literacy through series of exercises adapted to
the students’ level. It also provides the teacher with a dashboard to evaluate
the students’ activities and progress. It is therefore a relevant testing ground
for attempting to correct students’ SRL deficits and measuring the impact of
different strategies. A typical session lasts 20 min (on average) with the student
performing around 15 short exercises with 3 to 7 questions each, chosen by an
adaptive learning algorithm, as pictured by Fig. 1. Student activities (e.g. logging
in, time spent on a question/exercise, mistakes) are traced and we focus here
only on students’ answers to an exercise, thus calling trace only the answers to
a set of questions of the same type.

3.2 Self-evaluation and Self-efficacy Prompts

To assess some aspects of students’ SRL skills, we introduced two self-regulatory
prompts [1] which are randomly shown successively once every fifteen exercises
when a student finishes an exercise (i.e. a student answers them on average once
per typical learning session). First, the perceived difficulty prompt asks the
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Fig. 1. Chronology of a typical student session

student “How difficult was this exercise for you?” with 3 possible answers: “Too
hard”, “Just-right”, “Too easy”). Then, if we don’t detect any self-evaluation
deficit (which are described in the next subsection), the student is asked to
reply to the desired difficulty prompt “I would like exercises that are...” with
3 possible answers: “easier”, “the same level”, “harder”. The perceived difficulty
prompt aims at measuring the self-evaluation ability of the students, i.e. their
ability to correctly estimate the difficulty of the questions they just answered.
The desired difficulty prompt aims at measuring their self-efficacy, i.e. how they
would react to their representation of the difficulty. The visuals for these two
prompts are displayed in Fig. 2. Before introducing the assessments, we checked
qualitatively in a classroom using Lalilo that prompts were understood by 1st

grade students (details not presented here).

Fig. 2. Perceived (left) and desired (right) difficulty prompts

3.3 Data Collection

We collected traces from Kindergarten, 1st grade and 2nd grade classes based
in France, Canada and USA learning in French (FR) or English (EN) between
January 18 and April 8, 2021 on the Lalilo platform. We kept only the traces for
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which students had answered to self-regulation prompts (i.e. on average 1/15th

of all traces) and hereafter we call trace the answers to the exercise with the
associated answers to SRL prompts.

3.4 Data Preprocessing

Deficit Tagging. As a trace registers answers to each exercise question as well
as to the two SRL prompts, one can compute the success rate of a trace defined
as the number of correct answers over the total number of questions of the trace.
From the success rate, we can determine a performance tag of a trace with
one of those three values: excellent (all answers are correct), poor (34% or less of
the answers are correct), and medium (for the remaining cases). We have chosen
a threshold of 34% for “poor” performance so that traces that have only one
correct answer out of 3 are considered poor. Indeed, the expected probability of
succeeding questions is always at least at 1/3 which means students having a
success rate of 1/3 or less do not perform better than chance. It is also worth
noting that the “excellent” tag is quite conservative, as one could argue that a
student who answered correctly to 6 out of 7 questions could be considered as
having a very good performance as well.

From the performance, the perceived difficulty and the desired difficulty, we
generate the so-called trace deficit tag displayed in Table 1. The “Desired
difficulty” column is empty for the first four listed trace deficits: these deficits
are self-evaluation deficits and in these cases students were not asked the desired
difficulty prompt. Indeed, we considered that if the student did not have a proper
representation of the difficulty of the exercise, it was not relevant to ask them
the desired difficulty prompt.

Table 1. Trace deficit tag determination

Actual performance Perceived difficulty Desired difficulty Deficit

Excellent Too hard Underevaluation

Excellent Just-right Slight underevaluation

Poor Too easy Overevaluation

Poor Just-right Slight overeval

Excellent Too easy Easier/same Avoiding difficulty

Poor Too hard Harder/same Seeking difficulty

4 Impact of a Gauge or an Audio Recording During
Answers to Self-evaluation and Self-efficacy
Assessments

4.1 Method

To answer to our first research question on how scaffolding can help with self-
evaluation deficits, we focused only on the deficits involving self-evaluation only,
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i.e. only the four first deficits in Table 1. In order to measure the impact of
visual cues on the answers to the perceived difficulty prompt (=self-evaluation
prompt), students were randomly given one of two visuals for the prompts: one
similar to the initial prompts (Fig. 2) and one with an additional gauge display-
ing the number of correct and incorrect answers in the past exercise (Fig. 3).
Additionally, in order to measure the impact of auditory cues, students were
randomly given an audio recording stating their number of correct answers and
total number of answers in their last exercise: e.g. “In the last exercise, you
found three correct answers out of four questions”. This sentence is read instead
of shown to not bias answers simply because younger students may not be able
to read it well. For the same reason, every text displayed on the screenshots is
also read aloud to the student, and they can replay the instruction using the top
right-hand button. The choice of alternative modalities is therefore only because
of the particular audience (young students who are not necessarily fully literate
yet), and not because of an hypothesis on learning styles which have been proven
to be a neuromyth [8].

Overall, when a student got a self-evaluation prompt, they were assigned
randomly in one of four options: (a) no gauge and no audio recording (control
condition); (b) gauge and no audio recording; (c) no gauge but audio recording;
(d) gauge and audio recording. Our hypothesis was that visual or audio cues
could support self-evaluation for students.

Fig. 3. The gauge shown for scaffolding, visible above both SRL prompts

4.2 Results

In this experiment, we only kept the first answer of students to the self-evaluation
prompt so that our data would not be interfered by students answering repeat-
edly to the self-evaluation prompt and sometimes having visual or audio support
or not. This also allows us to isolate the effect of the gauge and audio recording
alone. We then selected traces with excellent performance (100% success rate
as described above) and computed the answer deficit distribution using Table 1
depending on the presence of the gauge and audio recording. The results are
summarized in Fig. 4. We can observe that there is a significant difference in
the answer deficit distribution if there is a gauge or not: students with excel-
lent performance having a gauge as a visual support are less likely to show an
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underevaluation (d = 0.05, p < 0.001, two tailed hypothesis). There is also a
significant difference between the answers with an audio recording support or
not: however the effect is that students with excellent performance having an
audio recording are more likely to show an underevaluation.

Fig. 4. Self-evaluation deficit distribution depending on gauge and audio recording
presence for excellent performance answers with confidence interval at 95%. N(“audio”)
= 136,210, N(“no audio”) = 137,156; N(“gauge”) = 136,716, N(“no gauge”) = 136,650.
No “avoiding difficulty” as it is not a self-evaluation deficit.

Similarly, we selected traces with poor performance (less than 34% success
rate as described above) and computed the answer deficit distribution using
Table 1 depending on the presence of the gauge and audio recording. The results
are summarized in Fig. 5. We can observe that there are significant differences in
the answer deficit distribution both when there is a gauge (d = 0.06, p < 0.001,
two tailed hypothesis) and auditory support (d = 0.04, p < 0.001, two tailed
hypothesis), and both impact lead to less over-evaluation by students.

We can note that the baseline percentage of deficits is a lot higher for poor
performance than excellent performance traces (51% against 34%). This is con-
sistent with the fact that students who got an excellent performance are more
likely to correctly self-evaluate. Moreover, the effect size - which measures the
impact of the intervention - is larger for traces with poor performance than
for traces with excellent performance, which indicates that students who had a
poor performance seem to benefit more from visual or auditory support than
those who had an excellent performance. As the impact of the gauge is positive
and significant for both excellent and poor performance traces, we measured the
impact of having the audio or not when there was a gauge to support a student’s
self-evaluation. The results are summarized in Fig. 6. They indicate that having



228 T. Sergent et al.

Fig. 5. Self-evaluation deficit distribution depending on gauge and audio recording
presence for poor performance answers with confidence interval at 95%. N(“audio”) =
35,700, N(“no audio”) = 36,394; N(“gauge”) = 36,048; N(“no gauge”) = 36,046. No
“seeking difficulty” as it is not a self-evaluation deficit.

Fig. 6. Self-evaluation deficit distribution depending on audio recording when there is a
gauge for poor (left) and excellent (right) performance answers with confidence interval
at 95%. For the poor performance answers, N(gauge + audio) = 17,698, N(gauge + no
audio) = 18,350. For the excellent performance answers, N(gauge + audio) = 68,068,
N(gauge + no audio) = 68,648.

an audio recording stating the number of correct answers over the total number
of questions (e.g. “In the last exercise, you found three correct answers out of
four questions”) had a significant impact on decreasing the number of student
overevaluating when the students performance was poor on the last exercise
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(d = 0.05, p < 0.001). There was a significant impact on increasing the num-
ber of student underevaluating when their performance was excellent (d = 0.03,
p < 0.01).

Overall we can therefore answer positively to RQ1 as the provided scaffoldings
seem to have helped students in reducing their self-evaluation deficits.

5 Impact of Audio Remediation Feedback
on Self-evaluation and Self-efficacy Deficits

5.1 Methods

To answer to our second research question, we designed four possible remediation
feedback recording (cf. Table 2) to be played after the student displayed one of
the four deficit tags from Table 1. Students who displayed a slight overevaluation
or slight underevaluation did not receive any remediation feedback. We did the
randomization so that half of the students would always get a remediation when
they showed a self-evaluation or a self-efficacy deficit (remediation group) and
half of the students would never get it (control group).

Table 2. Audio remediation recordings. See Table 1 to get the corresponding answers
to the perceived and desired difficulty prompts.

Deficit tag Audio recording

Underevaluation You said it was too hard, but you did great! It seems like this
exercise was actually pretty easy for you!

Overevaluation You said it was too easy, but you made some mistakes.
That’s okay! Maybe this exercise was a bit too hard for you
right now

Avoiding difficulty You said it was too easy and that you wanted easier
exercises. You can challenge yourself next time and ask for
harder exercises. You’re doing great!

Seeking difficulty You said it was too hard, and you’re right, this was a tricky
exercise. That’s okay. You can keep trying. Instead of doing
something harder, you can ask for an easier exercise to help
you practice

5.2 Results

Impact of Underevaluation Remediation. In order to measure the impact
of the underevaluation remediation, we selected the traces with excellent per-
formance for students in both the control group and the remediation group. In
these traces, we selected students whose first trace with an excellent performance
showed an underevaluation (see Table 1 for the definition of deficits). We then
computed the answer deficit distribution on their next trace with an excellent
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performance where they got a self-evaluation assessment. The results for both
groups are shown in Fig. 7 (left). We remind that all students had shown an
underevaluation deficit on their first answer to the self-evaluation assessment.
We notice that the number of students showing again an underevaluation is
significantly smaller for students in the remediation group than for students
in the control group (d = 0.17, p < 0.001, two-tailed hypothesis). Conversely,
there are significantly more students for whom we detect no deficit. There are
also significantly more students for whom we detected a slight underevaluation,
which corresponds to students for whom the deficit was partially addressed only
(indeed, students with slight underevaluation did not receive any feedback, so
there is no reason to expect a change otherwise).

Impact of Overevaluation Remediation. We did the same analysis to mea-
sure the impact of the overevaluation remediation. In these traces, we selected
students in both groups whose first trace with a poor performance showed an
overevaluation. We then computed the answer deficit distribution on their next
trace with a poor performance where they got a self-evaluation assessment. The
results for both groups are shown in Fig. 7 (right). We remind that all students
had shown an overevaluation deficit on their first answer to the self-evaluation
assessment. We notice that the number of students showing again an overeval-
uation is significantly smaller for students in the remediation group than for
students in the control group (d = 0.18, p < 0.001, two-tailed hypothesis). Con-
versely, there are significantly more students for whom we detect no deficit. Also
there are significantly more students for whom we detect a “slight overevalu-
ation” which means they had a poor performance but declared the difficulty
of the exercise they got was “Just right”. We can interpret these students as
students that may feel close to succeeding at this exercise, even though their
current performance is not good yet. For example, a student that had 3 ques-
tions in the last exercise and got two wrong answers and then a good answer
may feel the difficulty is “Just right” as their last answer was correct, though
their performance is considered “poor”.

Impact of Avoiding Difficulty Remediation. We conducted a similar anal-
ysis to measure the impact of the avoiding difficulty remediation. We selected
in both groups the traces with an excellent performance and in these traces, we
selected students whose first trace with an excellent performance showed they
wanted to avoid difficulty. We then computed the answer deficit distribution on
their next trace with an excellent performance where they got the SRL assess-
ments. The results are shown in Fig. 8 (left). We can notice that the number of
students detected as wanting to avoid difficulty (see Table 1 for the definition)
decreases drastically the next time students are asked the SRL assessments in the
remediation group, when compared to students in the control group (d = 0.30,
p < 0.001, two-tailed hypothesis). However, we also detect an increase in the
number of students showing some underevaluation which will be addressed in
the discussion section.
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Fig. 7. Left: self-evaluation answer distribution of the 2nd trace with excellent perfor-
mance of a student when the 1st one was a underevaluation depending on remediation.
N(remediation) = 11,397, N(no remediation) = 11,196 Right: self-evaluation answer
distribution of the 2nd trace with poor performance of a student when the 1st one was
an overevaluation, depending on remediation. N(remediation) = 11,513, N(no remedi-
ation) = 11,476.

Impact of Seeking Difficulty Remediation. Finally, we conducted a sim-
ilar analysis to measure the impact of the seeking difficulty remediation. We
selected in both groups the traces with a poor performance and in these traces,
we selected students whose first trace with a poor performance showed they
wanted to seek difficulty (see Table 1). We then computed the answer deficit
distribution on their next trace with a poor performance where they got the
SRL assessments. The results are shown in Fig. 8 (right). We can observe that
there is no significant difference between the answer distribution of the remedia-
tion group and the answer distribution of the control group (p > 0.05, two-tailed
hypothesis), therefore we cannot conclude that the seeking difficulty remediation
that we designed had any effect.

Overall, thanks to remediation there is a significant reduction in the number
of students showing overevaluation or underevaluation. As we only do the analy-
sis on the second trace with excellent (resp. poor) performance of a student and
students were randomized into the two possible conditions, we can infer a causal
relationship between the presence or not of the remediation and the difference
in the answer distribution to the self-evaluation prompt. Moreover, as the self
regulation prompts are only given with a probability 1

15 after finishing an exer-
cise, the impact of one remediation is seen not immediately after it was given but
later, suggesting lasting effects of remediation. We can therefore answer partially
positively to RQ2.

6 Discussion and Limits

In the first experiment, we noticed that the audio recording seemed to have a
positive impact on students who had a poor performance and a negative impact
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Fig. 8. Left: self-evaluation answer distribution of the 2nd trace with excellent per-
formance of a student when the 1st one was “avoiding difficulty”, depending on reme-
diation. N(remediation) = 10,913, N(no remediation) = 10,908 Right: self-evaluation
answer distribution of the 2nd trace with poor performance of a student when the 1st

one was “seeking difficulty”, depending on remediation. N(remediation) = 2,145, N(no
remediation) = 1,939

on students who had an excellent performance. This indicates that the audio
recording could allow a potentially distracted student to focus again after a
poor performance. Conversely, it could distract a student who was focused after
an excellent performance.

The most reliable way to assess SRL deficits is through direct questions to
the students [2] and currently the frequency of the SRL statements is one out
of fifteen. On the one hand, increasing the frequency of SRL remediation could
improve SRL skills, however constant prompting can lead to an overall degraded
perception of the learning environment [3]. Moreover SRL skills training should
not come at the expense of literacy training which remains the main goal of the
software. On the other hand, once we are able to detect that a student has good
self-evaluation and self-efficacy skills, we could consider reducing the prompts,
precisely so as not to waste time unnecessarily, paving the way for adaptive
prompting.

The results of our second experiment showed that self-efficacy deficits (avoid-
ing difficulty and seeking difficulty) are not ideally tackled with the audio reme-
diation we designed. For the avoiding difficulty remediation, the number of stu-
dents showing an underevaluation is higher in the remediation group than in the
control group. Therefore, there should be a trade-off in the implementation of
this remediation so that it does not impact students’ self-evaluation negatively.
In other words, it appears that some students who were self-evaluating well but
avoiding difficulty seem to resolve this contradiction not by asking harder exer-
cise, but by declaring they did not feel like they were doing so well after all. This
behavior could indicate either that they were not so sure in their self-evaluation
in the first place, and that challenging their assessment made them hesitate, or
that they are somehow “gaming the system” by thinking that answering differ-
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ently to the first question would prevent the system from raising the difficulty
too much, which would be confirming the diagnosis of their difficulty avoidance
behavior.

For the “seeking difficulty” deficit, we didn’t detect any significant effect.
We can notice however that the sample size is smaller here than in previous
analysis, so it possible that with a similar number of samples, an effect would
appear. Nonetheless there can also be explanations why this behavior is not as
easy to impact as the other one, as “seeking difficulty” is a behavior consistent
with a form of overconfidence, and discarding a system feedback is also consistent
with overconfidence. For these students, a teacher intervention might be more
appropriate. Alternative strategies could involve letting the student feel that they
are incorrect by actually giving them a much harder exercise, or also asking them
before an exercise how well they think they will succeed to confront their actual
performance with their own self-evaluation a priori (and not only a posteriori).

Finally, we focused only on the first and second answers to students to the
SRL prompts which are very local metrics. This allows us to measure precisely
the impact of features on students’ answers. However, we did not describe the
global SRL state of each student and its evolution over time after the first two
SRL answers.

7 Conclusion and Future Works

In this work, we studied the answers to ponctual self-evaluation and self-efficacy
prompts of primary school (K-2) aged students on a literacy platform. We deter-
mined, using local metrics, the impact of visual and audio cues while answering
self-evaluation prompts. The impact of visual cues (a gauge) is always signifi-
cantly positive by decreasing the number of self-evaluation deficits. The impact
of audio cues is mixed: it helps decrease the number of overevaluations but
increases the number of underevaluations. Therefore it should be triggered only
for poor performance students.

We also determined the effect of a remediation that was triggered when
self-evaluation and self-efficacy deficits were detected. We manage to reduce
significantly these deficits for some students with our actions locally (for self-
evaluation more than for self-efficacy). Future works include the study of how
remediation lasts in time or if it has to be reinforced regularly. We limited our
scope to self-evaluation and self-efficacy in the SRL skills because we considered
that these skills were measurable and could possibly be improved for students
from Kindergarten to grade 2. Future works thus include the study of other SRL
skills in primary school aged students.

This work underlines the possibility of scaffolding self-regulated learning skills
in a web based application from a young age while learning another skill.
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Abstract. Fake news is an increasing problem for many areas of the social life,
prominently for politics and democracy. Falling for fake news is largely due to
deficient cognitive processing of online news, which we address as fake news illit-
eracy. One of the many ways of combating fake news consists of training media
literacy with a focus on online news. Currently, there are few examples of fake
news literacy training approaches. Against the background of a brief research
overview on the cognitive processing of online news, we aim to generate and
propose ideas for approaches to online fake news literacy training. To achieve
this, we exploit the expertise and creativity of graduate students of educational
sciences who were asked to design and carry out such pilot programs. This study
provides an analysis and overview of 12 successfully conducted training pro-
grams, focusing on the cognitive processing aspects they address, intervention
types, instructional designs, and the use of technologies. We conclude by point-
ing out productive directions of this development and suggesting corresponding
educational technology development.

Keywords: Fake news literacy · Online training · Instructional design ·
Educational technology

1 Introduction

Fake news poses an increasing problem as social life can be compromised by a misin-
formed public [1]. People’s susceptibility towards fake news is regarded as a synthesis of
various deficits in the cognitive processing of fake news—the so-called fake news illit-
eracy [2]. So far, educational interventions against fake news illiteracy remain limited,
hence the necessity to develop further interventions and specific training approaches.
Online environments are essential for fake news literacy training, because this is where
most fake news is found and many fake news consumers can be reached. To approach
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fake news literacy training, we aimed at harnessing student expertise and creativity gen-
erating ideas for pilot training programs in the context of the Covid-19 lockdown and
consequential online learning.

The remainder of this paper gives an overview over current psychological and educa-
tional fake news research with a focus on the cognitive processing of fake news and cur-
rent intervention approaches. Identifying a research gap, we address it with our research
questions, describe the employed methodology, present and discuss the findings. We
draw conclusions on development directions for fake news literacy training and suggest
subsequent development of educational technology.

2 Theoretical Background

Fake news is defined as verifiably false statements that are intentionally misleading [1]
and politically polarizing [3]. Furthermore, it “mimic[s] news media content in form but
not in organizational process or intent” [4]. Whereas media literacy [5] should provide
a safety net against fake news, we believe that news consumers need a more specialized
fake news literacy to overcome their own oftentimes flawed cognitive processes when
dealing with online media content.

The cognitive processing of (fake) news can be broken down into four different lev-
els: reception, information acceptance, cognitive integration and sharing [2].At reception
level, fake news needs access to recipients’ cognition, therefore to captivate news con-
sumers’ attention. This may happen out of interest towards a certain topic, and can also
be enhanced by negativity bias that makes humans focus more on negative information,
which a vast amount of fake news is comprised of. This can be further exploited by
emotional framing, i.e. the intentional activation of certain, usually negative, emotions
(e.g., fear) through specific language [6].

At acceptance level truth evaluation becomes the main focus. New information can
be evaluated in various ways: not at all [7], intuitively through “gut instinct” [8], or
analytically by applying truth evaluation techniques such as fact checking. Intuitive
truth evaluation is prone to bias in several ways. The illusory truth effect [9] makes
repeated claims more likely to be believed than completely new ones. Relatedly, the
mere exposure effect [10] implies a positive evaluation of information that has already
been encountered before. Analytic truth evaluation can be subjected to confirmation
bias [11]. In line with Festingers’ [12] cognitive dissonance theory, humans tend to
actively search and accept information that is consonant with their pre-existing beliefs,
and dismiss dissonant information. In addition, emotional content such as fake news
is remembered better and therefore reinforces confirmation bias [13]. Technologically,
filter bubbles reinforce both confirmation bias and naïve realism. They emerge from
algorithms recommending new content based on internet users’ history, i.e., in line with
their pre-existing interests, knowledge and current beliefs [14].

Once accepted, fake news is cognitively integrated resulting in hard to correct mis-
conceptions [15]. Should news recipients, still influenced by the confirmation bias, aim
to uphold their misconceptions, they may end up in a state known as naïve realism [16],
where humans believe their view of the world to be objectively true, with opposing
opinions being assessed as irrational, ill-informed, or—ironically—biased [17].
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Finally, at sharing level, filter bubbles and their social equivalents, the echo chambers,
promote an environment where alternative facts and fake news stories are shared among
like-minded individuals [18] and perpetuate a naïve worldview highly resistant towards
counteracting interventions.

Interventions aimed at combating fake news follow two main directions: the pre-
emptive inoculation approach and the more reactive fact-checking methods. According
to the inoculation theory [19], people can be inoculated against the effects of certain
messages by being exposed to a weaker version. Inoculation may be promising at the
reception, acceptance, and integration levels by making news consumers aware of com-
monly used fake news design elements, its framing, and its effects [20]. Fact-checking,
which falls under the relatively broad umbrella of information literacy, mainly addresses
the acceptance level where analytic truth evaluation can increase the likelihood of recog-
nizing fake news as such [21]. A more elaborated form of fact-checking, lateral reading,
was proven to enhance students’ ability to choose reliable news sites when looking for
new information [22]. This may also come in handy at the sharing level, where such
techniques can stop the spread of fake news.

Specific instructional design can sustain fake news literacy interventions that
involve news consumers in complex learning activities with higher cognitive require-
ments. In first line, learning motivation needs to be stimulated. This requirement is met
in problem-based learning [23], either in its basic form, or in more elaborated versions
such as experiential learning [24], goal-based scenarios [25], game-based learning [26],
or cognitive apprenticeship [27]. The development of complex cognitive skills is promi-
nently fostered by instructional designs such as cognitive apprenticeship [27] or 4C/ID
[28]. Finally, the transfer of knowledge and skills to real world situations is promoted
by authenticity [29] as provided in constructivist problem-based learning environments
[23].

The Role of Educational Technology. In the last three decades, an important line of
educational research was dedicated to the implementation of instructional designs as
those mentioned above based on information and communication technology. This for-
warded the development of educational technology from lab prototypes to standard tools
included in content management systems. For instance, moodle integrates an increas-
ing number of ubiquitous educational tools. Some technologies are, however, closer to
fake news and still hard to find in technology-enhanced learning contexts. Automati-
cally assessing and attaching warning labels to dubious news articles [30] are first steps
towards automatic fact-checking [31]. As fake news predominantly spreads through
social media and social bots [32] or user profiling [33], such technologies could also be
borrowed and further developed for fake news literacy training.

Generating Technology-Based Fake News Literacy Training Approaches. While
generic approaches for fake news literacy interventions might appear obvious, concrete
educational applications remain scarce [2]. As one of the many methods to generate
ideas and develop concrete intervention approaches, we analyze in this study pilot online
training sessions developed by graduate students. Methodologically, this was inspired
by projects harnessing student creativity [34] and by the expert interviews method [35].
We believe that graduate students are familiar with the online medium and its specific
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technologies and tools, and familiar with a first target group, undergraduate students, that
iswidely involved in educational studies. Furthermore,we perceive our graduate students
as holding in-depth knowledge of educational sciences and related domains, engaged
with current political themes, and highly creative. Therefore, we chose them as actors
for generating ideas of fake news literacy training. This has been already done in diverse
contexts. As Bairaktarova [36] observes, “attempts to harness the power of creativity in
the engineering classroom aremorewidespread than formal literature indicates. Creative
faculty find ways to let our students take risks, collaborate, and create.”

3 Research Questions

As explained above, the purpose of this studywas to investigate how graduate students of
educational sciences conceive, design, and carry out online fake news illiteracy training
programs. This resulted into four specific research questions, as follows:

RQ1: Which fake news illiteracy aspects do the graduate students find appropriate as a
starting point for literacy training?
RQ2: Which interventions do they find appropriate?
RQ3: Which instructional designs do they find appropriate?
RQ4: Which technologies do they find appropriate?

4 Methodology

ResearchDesign. Weconducted an explorative studyutilizingbasic qualitativemethod-
ology inspired by techniques such as expert interviews [37], Delphi interviews [38],
paired with content analysis of text-based products in the form of the course papers.

Setting. This studywas conducted as part of the “TrainingMethods” course for graduate
students of the educational sciences. The course was offered during the winter term
2020/2021 and aimed at giving students an insight into training conception, design, and
implementation with the topic being the ever-relevant fake news problem.

Participants. A total of N = 55 graduate students (51 female, 4 male, aged 24 on
average) took part in the course in the first semester of their masters’ program. The
participants built 12 small groups each with their own training project.

Treatment. The graduate students were tasked with developing and conducting a pilot
fake news literacy trainingprogram.Their traineeswerefirst-year undergraduate students
of educational sciences. There were 5–10 freshmen in each pilot training. Due to the
Covid-19 pandemic and social distancing measures, both the Training Methods course
and all pilot training had to be conducted entirely online. At term end, the graduate
students were asked to synthesize their work in a course paper.
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Instrumentation. We applied content analysis to students’ course papers and coded
the collected material based on the RQs (see Table 1): fake news illiteracy aspects
addressed in the training (e.g., confirmation bias), type of intervention (inoculation or
fact checking), instructional design (e.g., cognitive apprenticeship), technology support
(moodle, zoom, and specialized tools).

Procedure. The course opened in week 1 with a short introduction to the fake news
topic, an overview of the course goals, and the small group building. During weeks 2–4,
students searched for, and synthesized research literature on the three main topics: fake
news cognitive processing, intervention approaches, and instructional design. In weeks
5–6 the graduate students developed their training concepts, and subsequently submitted
them for feedback in week 7. The undergraduate students used week 8 and the winter
break to revise their training concepts according to the instructor feedback. After the
winter break, each group presented their revised training concepts in week 9 before
implementing them in weeks 10–12, during which they worked with the freshmen. In
weeks 13 and 14, each student group presented their training results and experiences, then
submitted their course papers in week 15. The papers featured a conceptual framework,
a description of the online training design, and a summary of the training results. Shortly
after the course papers were submitted, the content analysis began with two instructors
coding the text.

5 Findings

All 12 groups could design and develop fake news literacy training pilots as assigned.
Moreover, the training sessions could be completely conducted as planned. In terms of
fake news illiteracy aspects, the graduate students mostly chose to focus on filter bubbles
(4 of 12 groups), confirmation bias (3 groups), combinations of these, and single, further
effects. In terms of interventions results, 6 groups chose fact-checking, 5 groups inocula-
tion, and one group combined the two approaches. The array of instructional designs was
more diverse, however the majority (4 groups) chose to utilize cognitive apprenticeship
[39] and 3 groups chose goal-based scenarios [25]. Regarding the technology support,
students were somewhat constrained to the standard platforms provided by the univer-
sity, i.e., moodle as content management system and zoom as video conference tool.
While all groups used the generic moodle and zoom for their pilot training programs,
3 groups combined the moodle tools in a more advanced way: two groups developed
an online computer game inspired by “Bad News” [20] and one group developed a role
playing game. A more specific overview of the pilot training design in all groups is
provided in Table 1.

To provide a more in-depth insight into graduate students’ work, we describe in the
following two of the pilot training approaches, one based on inoculation, and the other
on fact checking. Each intervention was used by several student groups; from these, we
chose two examples we deemed most representative.

Group 1 explained the fake news effects by confirmation bias. They chose inoc-
ulation as an intervention. Exposing their training participants to a weaker fake news
version was achieved by asking them to play a game in which they had to create fake
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news posts. First, the trainers (graduate students) demonstrated the participants’ (fresh-
men’s) confirmation bias by presenting fake news and asking for the freshmen’s opinions
on the fake news themes. Then the trainers inoculated their participants with a game in
which the participants had to create their own fake news post for a social media plat-
form utilizing journalistic techniques such as polarizing or emotionalizing, which had
to be learned first. As learning such journalistic techniques can be very demanding,
both explicit information and instructional support had to be provided and the cognitive
apprenticeship design [39] was applied. The training was hosted in one synchronous
session via the video conference software zoom. First, they were shown how to cre-
ate fake news (modeling) always being encouraged to discuss every step (articulation).
After that, the participants had to create their own fake news post for a social media
platform utilizing fake news techniques such as polarizing or emotionalizing language
to learn these mechanisms while receiving support by the trainers (coaching and scaf-
folding). After presentation and feedback on their results they created fake news posts
again, receiving less support by the trainers (fading). This training made use of several
technologies as moodle and zoomwere a key part of the intervention as well as the game
that was created by the trainers.

Group 5 explained the impact of fake news as illusory truth effect. To cope with this
effect, the source was checked without reading it thoroughly, but using lateral reading.
As this approach relies heavily on third-party sources about the news website, it is not
always applicable on lesser-known sources. Therefore, it sometimes had to be combined
with fact-checking the text. The resulting goal of this training was to enable the partic-
ipants to correctly apply fact-checking as well as lateral reading. Group 5 applied the
4C/ID design, because the tasks required for fact-checking and lateral reading consist of
both routine and non-routine aspects. First, the tasks were demonstrated by one of the
trainers. Then, supporting informationwas provided to deal with the non-routine aspects.
After that, procedural information consisting of a checklist was given to solve the routine
tasks during fact-checking. Following the input phases, the training participants prac-
ticed identifying fake news by following the beforementioned strategies. This training
was provided in a live and in an asynchronous version. Technology usage included the
software platforms Zoom andMoodle to create a training that fit the participants’ needs.

6 Discussion

This study aimed at harnessing graduate students’ expertise and creativity to generate
approaches for fake news literacy training. In a graduate course of educational sciences,
the students designed and developed 12 pilot training programs, all of which could be
entirely caried out with freshmen as trainees. The training design was based on diverse
cognitive theories explaining the effects of fake news, mainly filter bubbles [14] and
confirmation bias [13]. The intervention approaches were quasi equally divided between
inoculation [19, 20] and fact checking [21, 22]. Inoculation was mainly positioned at
information acceptance level, mainly addressing confirmation bias and related phenom-
ena such as filter bubbles. Fact checking was often positioned at cognitive integration
level, addressing naïve realism and illusory truth. While several combinations of these
were possible and occurred in some of the 12 projects, not all combinations were con-
ceptually possible, for instance fact checking was not considered to be compatible with
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Table 1. Overview of student projects

Group Fake news cognitive
processing approach

Intervention
approach

Instructional
design

Supporting
technology

1 Confirmation bias Inoculation Cognitive
apprenticeship

Moodle & Zoom,
computer game

2 Naive realism Fact checking Goal-based
scenarios

Moodle & Zoom,
role play

3 Mere exposure Fact checking Goal-based
scenarios

Moodle & Zoom

4 Confirmation bias Inoculation Goal-based
scenarios

Moodle & Zoom

5 Illusory truth Fact checking
(lateral reading)

4C/ID Moodle & Zoom

6 Confirmation bias Inoculation Experiential
learning

Moodle & Zoom

7 Filter bubbles, echo
chambers

Fact checking Basic
problem-based
learning

Moodle & Zoom

8 Filter bubbles, echo
chambers

Inoculation Game-based
learning

Moodle & Zoom,
computer game

9 Filter bubbles, illusory
truth

Fact checking Cognitive
apprenticeship

Moodle & Zoom

10 Filter bubbles Inoculation,
Fact-checking

Basic
problem-based
learning

Moodle & Zoom

11 Emotional framing Inoculation Cognitive
apprenticeship

Moodle & Zoom

12 Filter bubbles Fact-checking Cognitive
apprenticeship

Moodle & Zoom

confirmation bias, because the fake news consumers will probably avoid the cognitive
dissonance resulting from information aimed to correct their misconceptions [12].

In terms of instructional design, inoculation was done in most cases using problem-
based approaches such as goal-based scenarios [25], probably because these build upon
authenticity [29] and stimulate learning motivation [23]. Fact checking required analytic
truth evaluation [8], thus more complex cognitive activities and corresponding skills,
which were trained in many projects by cognitive apprenticeship [27]. All training pro-
grams utilized the available moodle platform and the video conferencing tool zoom,
thus confirming the versatile applicability of these technologies. However, in special
cases additional technologies were needed. Complex, problem-based training activities
such as games and role plays [25, 26] called for more advanced technology that was not
integrated in the standard moodle. Both instructional designs aimed at training complex
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cognitive skills, cognitive apprenticeship [27] and 4C/ID [28] required diverse forms
of instructional support at levels adapted to the momentary performance level reached
by the trainees—adequate technologies were for the graduate students of educational
sciences not accessible or not available. Technologies that were more directly related to
fake news, such as automated fact checking [31], social bots [32] or user profiling [33]
were missed, as well.

7 Conclusion

While this exploratory study demonstrated that fake news illiteracy can be combated
using various cognitive approaches and available technologies, the training design and
development was limited by technological factors. This clearly suggests that specific
technology needs to be developed in order to support the educational efforts aimed at
fostering fake news literacy. Standard content management systems would profit from
integrating more flexible tools (e.g., based on learning analytics) that assess student
performance, paired with more flexible instructional support (coaching and scaffolding
[27]). Thus, adaptive training environments could be more easily deployed which, in
turn, would enable the implementation of complex instructional designs like cognitive
apprenticeship [27]. Content management systems for higher education may also profit
from gamification and simulation tools that may better support experiential and game-
based learning [24, 26]. In the same vein, automated content and sentiment analysis may
be used for identifying and labeling emotional framing, thus inoculating news consumers
against falling for fake news [2]. Furthermore, for future course iterations a broader set
of tools could be made available to the students, such as the InVID Plug-in, a web-video
verification tool for browser [40].

Indeed, such technologies may be available, though not standard. Beyond standards,
a challenge for educational technology may be to develop tools that are closer to the
current fake news technology. For instance, how can an average user track and visualize
cookies, and thus grasp filter bubbles?
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Abstract. Formative assessment aims to improve teaching and learning by pro-
viding teachers and students with feedback designed to help them to adapt their
behavior. To face the increasing number of students in higher education and
support this kind of activity, technology-enhanced formative assessment tools
emerged. These tools generate data that can serve as a basis for improving the
processes and services they provide. Based on literature and using a dataset gath-
ered from the use of a formative assessment tool in higher education whose pro-
cess, inspired by Mazur’s Peer Instruction, consists in asking learners to answer
a question before and after a confrontation with peers, we use learning analyt-
ics to provide evidence-based knowledge about formative assessment practices.
Our results suggest that: (1) Benefits of formative assessment sequences increase
when the proportion of correct answers is close to 50% during the first vote; (2)
Benefits of formative assessment sequences increase when correct learners’ ratio-
nales are better rated than incorrect learners’ ones; (3) Peer ratings are consistent
when correct learners are more confident than incorrect ones; (4) Self-rating is
inconsistent in peer rating context; (5) The amount of peer ratings makes no sig-
nificant difference in terms of sequences benefits. Based on these results, recom-
mendations in formative assessment are discussed and a data-informed formative
assessment process is inferred.

Keywords: Technology-enhanced formative assessment · Learning analytics ·
Peer instruction · Decision-making

1 Introduction

Formative assessment aims to improve learning by providing teachers and students with
feedback designed to help them to adapt their behavior. However, according to Ander-
sson, formative assessment is often used in an informal and approximate way [1]. Ellis
also emphasized the difficulty of capturing all learning interactions in a face-to-face
context [14]. Providing practitioners and students with meaningful and effective feed-
back is thus a complex task, especially in large scale settings where the amount of
learning interactions to capture increases with the number of learners.
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To address this challenge and to support the growing number of students in higher
education, Technology-Enhanced Formative Assessment (TEFA) and its interactive vot-
ing systems emerged. Such systems implement different processes offering teachers the
opportunity to conduct formative assessment sequences. Among them, a group of pro-
cesses, namely the “two-votes-based processes”, requires learners to vote twice dur-
ing the sequence. Peer Instruction, as described by Mazur [9], is one of the earliest
forms of two-votes-based formative assessment processes. Basically, a two-votes-based
sequence includes the following phases: (1) Teachers ask a question; (2) Students give
their first answer; (3) Students reflect on peers answers and think about their own knowl-
edge; (4) Students give their second answer to the same question; (5) Teachers discuss
with students about the results. With two-votes-based processes, the number of students
providing the correct answer at the fourth phase is expected to be higher than at the sec-
ond phase. When this is the case, we qualify such sequence as beneficial because it
means that students understanding of the topic has been enhanced [34].

These five phases comprise a wide variety of learning interactions. However, due to
the lack of data related to two-votes-based processes [3], little work has explored how
to use these interactions to bring new knowledge about formative assessment. Hence, in
this paper, we address the following research questions: Which meaningful information
can be inferred from the analysis of data gathered from a tool implementing a two-votes-
based process and used in authentic contexts? How can such information contribute to
facilitate two-votes-based process orchestration?

The three main contributions are the followings:

– findings about formative assessment, based on a dataset gathered from the use of a
formative assessment tool in authentic learning contexts in higher education;

– recommendations to assist designers of formative assessment systems;
– recommendations to assist teachers when orchestrating two-votes-based sequences.

The paper is structured as follows. Section 2 introduces formative assessment and
emphasizes limits of prior TEFA initiatives. Section 3 describes the formative assess-
ment system used as the data provider of our study, as well as the dataset. Section 4
details the analysis we conducted and gives the main results. Starting from these results,
Sect. 5 proposes an orchestration model of formative assessment sequences imple-
menting the two-votes-based process. Section 6 discusses the limitations of our study.
Section 7 concludes and discusses future work.

2 Related Works

2.1 Formative Assessment

Although assessment is often used as assessment of learning, it can also be used as
assessment for learning [22]. On one hand, summative assessment is used to evaluate
student’s level of achievement at the end of an instructional unit. On the other hand,
formative assessment is crucial to make teachers able to evaluate students’ understand-
ings and adapt their lessons [11]. Hattie highlighted formative assessment as one of
the most efficient methods to improve student achievement [17]. In 1998, Black and
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William suggested the following definition: “Formative assessment is to be interpreted
as encompassing all those activities undertaken by teachers, and/or by their students,
which provide information to be used as feedback to modify the teaching and learning
activities in which they are engaged” [4]. This definition emphasizes the importance of
collecting data to provide feedback designed to improve learning and teaching.

For instance, in face-to-face settings, Meltzer and Mannivan reported on the usage
of visual artefacts (such as pieces of papers or cardboards) to allow students to answer
questions asked by teachers [25]. Thanks to this feedback, teachers can collect learn-
ers’ answers at a glance and adapt their teaching. However, this method hardly fits large
scale educational settings since collecting and processing several answers is time con-
suming. Technology is then needed to collect and process interaction data efficiently,
making Learning Analytics relevant for improving formative assessment.

2.2 Technology-Enhanced Formative Assessment

TEFA is one of the emerging solutions for delivering formative assessment with imme-
diate feedback [33]. Since questioning an audience enters in the frame of formative
assessment [4], Classroom Response Systems (CRS) are one of the most commonly
used systems supporting TEFA in face-to-face context [2].

A generic formative assessment process of CRS is implemented by web-based plat-
forms such as Poll Everywhere [8]. It allows teachers to ask a question, and learners
to vote for the correct answer. Histograms or pie charts are then immediately displayed
as feedback in order to show the distribution of votes and help teachers and learners
engage in a debriefing phase. Several platforms such as Kahoot [18] support the same
process. However, beyond the overview of learners’ vote for the question, they pro-
pose a feedback providing teachers with the answers of each learner regarding all the
formative assessment sequences she has been involved in.

Activating learners as instructional resources is an efficient way to implement for-
mative assessment [5]. Student performance over a course of an academic programme
can be significantly affected and positively influenced through a series of feedback
processes handled by peers [26]. Hence, a richer formative assessment process imple-
mented by ComPAIR [31] lets teachers ask open-ended question, while learners provide
textual answers. Afterwards, learners engage in a peer review loop. They are asked to
give a textual feedback about two peers answers, but also to justify why one answer is
more relevant than the other. During and after this phase, teachers are provided with a
feedback about each learner interaction such as her chosen answer, the textual feedback
she provided, and the comparisons she submitted for the presented pair of answers.

Elaastic [13,30] and myDalite [6] offer even richer processes with even more inter-
actions. Both systems implement the two-votes-based process illustrated in Fig. 1. The
processes proposed by Elaastic and myDalite consist in asking learners to vote a first
time and to provide a written explanation (also called “rationale”) to justify their
choices. Then the process allows learners to vote a second time. At this point, both
platforms differ. On one hand, myDalite allows learners to select one rationale as their
second vote. Then, it provides teachers with a feedback detailing how many learners
went from being wrong to right, right to wrong, wrong to wrong and right to right.
On the other hand, Elaastic engages learners in a peer rating phase before they submit
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their second answer, as they are asked to rate several peers rationales. At anytime of
the sequence, Elaastic can display first and second votes of learners and provide teach-
ers with each learner written explanation and the mean rate attributed by peers (see
Sect. 3.1).

This section showed that advanced technology-enhanced formative assessment pro-
cesses such as two-votes-based processes offer a wide variety of interactions. Previ-
ous quantitative studies emphasized the benefits of such interactivity-rich processes
[23,29,34]. Furthermore, qualitative works about the usage of a two-votes-based pro-
cess emphasized learners’ growing sense of self-regulation and awareness of their own
explanation [6]. According to Crouch and Mazur [9] and to the ICAP framework [7],
this process cognitively engages students at different levels. Finally, based on Black
and William’s theory of formative assessment [5], we argue that two-votes-based pro-
cesses have a very satisfying coverage of formative assessment requirements [32]. Con-
sequently, we tackle our research questions by (i) identifying hypotheses based on a
review of literature, and (ii) applying various data mining techniques to evaluate these
hypotheses and infer relevant information about formative assessment.

3 Design of the Dataset

We present here the formative assessment platform used for our study, together with the
dataset gathered from its usage in authentic learning contexts in higher education.

3.1 Elaastic, a Technology-Enhanced Formative Assessment Tool

Elaastic is a web platform [30] used since 2015 in different higher education contexts
across various disciplines such as computer science, physics or project management.

During phase 1, teachers ask learners to answer a question. If the question is closed-
ended, it can be either a multiple- or exclusive-choice question. Phase 2 requires learn-
ers to answer the question and provide a written rationale to justify their choice(s).
They are also asked to provide their confidence degree about their answer on a four-
items Likert scale (see Fig. 2). This scale has 4 items because a neutral value would
be difficult to interpret [27] regarding confidence degree. Phase 3 engages learners in a
peer rating activity. As shown in Fig. 3, they are provided with peers’ rationales or their
own and are asked to evaluate each of them by reporting their level of agreement using
a five-items Likert scale (1= “Strongly disagree”, 2= “Disagree”, 3= “Not agree and
not disagree”, 4= “Agree”, 5= “Strongly agree”). To avoid middle response bias [19],
learners can also select a null response option (“I’m not giving my opinion”). Teach-
ers can configure the number of rationales (up to 5) evaluated by each learner. Then,
phase 4 begins and learners have the opportunity to vote a second time for the correct
answer(s). Finally, teachers can start the phase 5. The distribution of learners scores, the
rationales and their mean rate are displayed for a debriefing.
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Fig. 1. The 5 phases of the two-votes-based process.

Fig. 2. Elaastic: submission form of first vote.

Fig. 3. Elaastic: submission form of second vote.
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3.2 The Dataset

We conducted our analysis on data gathered from the use of Elaastic in higher education
from 2015 to 2019. Until now, we collected 623 sequences conducted by 53 teachers
where 1769 learners provided 8757 answers and performed 9256 peer ratings.

A sequence is characterised by a learning context (i.e. face-to-face, distant or
hybrid), the answers of the first and second votes, as well as the number of participants.
For each answer, the following data are collected: the learner identifier, the content of
the rationale, the score and the selected choice(s) when applicable. If the answer is a
first vote, it is characterised by additional data such as the mean grade assigned by peers
to the rationale associated with the answer, and the confidence degree of the learner who
provided the answer. Questions are described by their statement, their type (e.g. open
ended, multiple- or exclusive-choice) and, in case of choice questions, by the number
of different choices proposed to learners. Finally, for each evaluation resulting from the
peer rating activity, the following data are collected: the rated rationale, the identifier of
the rater, and the rate she assigned.

4 Data Analysis

The whole dataset has been filtered in order to reduce influential external factors and
outliers. First, we only considered choice questions so as to be able to evaluate correct-
ness of answers. In our analysis, in order to classify an answer as right or wrong, we
considered answers as incorrect if the score is lower than the maximum score that can
be obtained (i.e. 100). Also, since the asynchronous nature of distant and hybrid execu-
tion contexts in Elaastic doesn’t require full orchestration from teachers [30], we kept
face-to-face sequences only. Then we removed sequences where there were less than 10
participants because we wanted to focus on large scale settings. Finally, we considered
the variables p1 and p2 which are the proportion of learners who answered correctly
at the first and second vote respectively. Sequences where p1 = 0 were removed, since
the confrontation can not operate under these conditions (there is no rationales for cor-
rect answers to convince incorrect peers). Sequences where p2 = 1 or p1 = 1 were
removed as well, as they point out questions that were too easy to measure an effect
size. After cleaning our data, we obtained 104 sequences conducted by 21 teachers
where 616 learners provided 1981 answers and performed 4072 peer ratings. For our
analysis, even though our sample does not follow a normal distribution of the variables,
we consider it as large enough to conduct analysis with parametric tests [16].

4.1 Benefits of Sequences Increase When the Proportion of Correct Answers Is
Close to 50% During the First Vote

In 2001, Crouch and Mazur defined [35%–70%] as the desired interval of p1 for opti-
mal benefits of formative assessment sequences [9]. Later works suggested [30%–80%]
as the threshold values [20]. Finally, in 2010, Watkins and Mazur [23] noticed that their
implementation of Peer Instruction is of high benefits for students when between 30–
70% of their first answers are correct. Based on these statements, we make the hypoth-
esis that benefits of a sequence are linked to the distance between p1 and 50%.
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In order to verify this hypothesis, we measured the effect size between the first and
second votes. To this end, we used the estimation of Cohen’s effect size d proposed by
Parmentier [29]: d = 0.6ln

(
p2

1−p2
1−p1
p1

)
. Based on this estimation, we define sequences

as beneficial when d > 0 (since it implies that p1 < p2). Figure 4a shows the mean
effect size depending on the distance between p1 and 50%. As an example, the first bar
represents 37 sequences where the distance of p1 to 50% is between 0% and 10%. In
other words, when p1 is comprised between 40% (50%− 10%) and 60% (50%+ 10%),
the mean effect size is close to 0.4. The chart suggests that the effect size of a sequence
decreases when the distance between p1 and 50% increases.

The Pearson correlation between |p1 − 0.5| and d is −0.31 with p-value= .001 and
a 95% confidence interval equal to [−0.48:−0.13], which supports our hypothesis.

The distance between p1 and 50% is a useful indicator to predict benefits of a two-
votes-based sequence. In other words, benefits of peer interactions are maximized when
correct and incorrect answers are equally represented. We argue that too few correct
answers may indicate that learners lack understanding or knowledge to engage in pro-
ductive discussions, whereas too many correct answers may indicate that the question
is too easy and does not require discussions.

Recommendations for system designers: Formative assessment systems imple-
menting a two-votes-based process should provide teachers with the proportion
of correct answers at the first vote. They should also feature flexibility regarding
the way to conduct the sequence, especially according to the proportion of correct
answers at the first vote and its distance to 50%.

As Lasry stated [21], the threshold values of the ideal percentages of correct answers
are indicative. In our context, the interval that best suits our result is [20%–80%].
Indeed, Fig. 4a suggests that when p1’s distance from 50% is greater than 30%, the
effect size is significantly lower.

Recommendations for orchestration: If there are too few correct answers at the
first phase (p1 < 20%), teachers should either provide detailed explanations and
restart the sequence, or provide learners with hints before engaging learners in a
confrontation phase. If there are a lot of correct answers (p1 > 80%), teachers can

interrupt the sequence and provide learners with a brief explanation. 1

4.2 Benefits of Sequences Increase When Peer Ratings Are Consistent

Double et al. argue that reflecting on peers answers is expected to lead to a higher
percentage of correct answers [12]. Since correct learners are expected to convince
incorrect learners, we make the hypothesis that the consistency of the peer rating phase
is linked to the sequence benefits.

In order to measure the consistency of peer ratings in a sequence, we used ρpeer
which is the correlation between the level of agreement given by peers to a rationale,
and the correctness of the matching answers (self-rating included). Since these two
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variables are latent [15], the polychoric correlation is the adequate tool [28]. More pre-
cisely, ρpeer will tend to be close to 1 if the rationales matching with correct answers are
positively evaluated by peers, whereas those matching with incorrect answers are nega-
tively evaluated. Conversely, ρpeer will tend to be close to −1 if the rationales matching
with incorrect answers are better evaluated than those matching with correct answers.
Figure 4b shows a plot diagram of the effect size d depending on ρpeer.

The Pearson correlation between ρpeer and d is 0.34 with a p-value < .002 and a
95% confidence interval equal to [0.14:0.52], which supports our hypothesis. Let us
note that ρpeer is not significantly correlated to the distance between p1 and 50% (p-
value = 0.25). Consequently, this subsection and Subsect. 4.1 identified two indepen-
dent predictors of the benefits of a sequence, namely ρpeer and |p1 − 50%|.

Fig. 4. d given |p1 − 50%| and ρpeer.

When ρpeer < 0, it means that incorrect answers are more popular than correct
answers which should be addressed by teachers.

Recommendations for system designers: Formative assessment systems imple-
menting a peer rating process should provide teachers with the consistency of peer
rating and feature flexibility regarding the selection of the rationales in the focus
of the discussion (phase 5), especially according to the consistency of peer rating.

Recommendations for orchestration: If peer rating is inconsistent (ρpeer < 0),
teachers should focus on incorrect rationales during the discussion. Else (ρpeer ≥
0), teachers should focus on correct rationales during the discussion. 2
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4.3 Peer Ratings Are Consistent When Learners Confidence Degrees Are
Consistent

Back to the first vote, Curtis used the confidence of learners about their answers as
a way to identify misinformed learners [10]. More precisely, he defined misinformed
learners as confident but incorrect learners. Starting from this research, we propose an
indicator to measure the consistency of learners confidence degree given the correctness
of their answers. Since correct learners are expected to be more confident than incorrect
learners, we believe that misinformed learners are not able to consistently rate peers
rationales. As a consequence, we make the hypothesis that consistency of peer ratings
is linked to the consistency of learners confidence degree.

Similarly to ρpeer, confidence consistency ρcon f can be computed by using the poly-
choric correlation between learners confidence degree and correctness of their first
answers. If correct learners are confident whereas incorrect ones aren’t, ρcon f will tend
to be close to 1. Conversely, if incorrect learners are confident whereas correct ones
aren’t, ρcon f will tend to be close to −1. Figure 5a is a plot diagram of ρpeer according to
ρcon f . The Pearson correlation between ρcon f and ρpeer is 0.38 with a p-value < 4e − 4,
and a 95% confidence interval equal to [0.18:0.55], which supports our hypothesis.

Recommendations for system designers: Formative assessment systems imple-
menting a two-votes-based process should provide teachers with the consistency
of learners confidence degree. They should also feature flexibility regarding the
way to conduct the sequence, but also regarding the selection of the rationales in
the focus of the discussion (phase 5) according to this consistency.

ρcon f is an adequate measure of learners understanding of the concept targeted by
the question. Beyond learners correctness, their confidence degree allows teachers to
obtain more precise feedback, including the proportion of misinformed learners (incor-
rect but confident) and lucky learners (correct but not confident). Similarly to ρpeer,
when ρcon f < 0, it means that incorrect answers are more popular than correct answers.
This may indicate that some misconceptions need to be addressed by teachers.

Recommendations for orchestration: When there are too many correct answers
in the first vote, teachers should focus the discussion on incorrect rationales if
learners are inconsistently confident (p1 > 80% and ρcon f < 0), and on correct
rationales if learners are consistently confident (p1 > 80% and ρcon f < 0). When
there are too few correct answers, teachers should provide detailed explanations
and restart the sequence if learners are inconsistently confident (p1 < 20% and
ρcon f < 0). If learners are consistently confident (p1 < 20% and ρcon f > 0),
teachers should provide learners with hints before starting the confrontation phase.
3

4.4 Self-rating Is Inconsistent in Peer Rating Contexts

Regarding peer interactions-related factors, some studies about self-rating [12,24] pro-
vide support for its use as a formative practice to improve academic performances.
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Fig. 5. ρpeer given ρcon f and d given the proportion of self-grades

Fig. 6. Stacked bar chart of the grade attributed depending on the type of rating.

Consequently, we make the hypothesis that there is a relationship between the number
of self-rated students and the benefits of a sequence.

Our results suggest that self-rating tends to nullify the effect size (see Fig. 5b). We
explored the data and found out that learners who rated themselves during the con-
frontation of viewpoints tend to give their rationale the highest grade whether they
where correct or not. We compared grades given when learners rated themselves with
grades given when learners rated peers (see Fig. 6). The difference in means was signif-
icant (95% CI = [−1.68:−1.014] and p-value < 10e − 11). Furthermore, self-rating was
less consistent (ρsel fr = 0.139) than peer rating (ρpeerr = 0.219).

This result rejects our hypothesis and suggests that self-rating does not benefit learn-
ers within peer rating contexts. An informal discussion with 9 learners has been con-
ducted and allowed us to make three hypotheses. First, learners stated that they logically
agree with themselves. This implies that they do not revise their own answer based on
peers rationales as expected. Second, learners know that rationales with the highest
grades are more likely to be noticed. Therefore, learners game the system in order to
receive oral feedback from teachers during phase 5. Third, learners perceive this activity
as competitive and, therefore, want to obtain the highest mean grade.
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Recommendation for system designers: Peer rating activities in formative
assessment systems should not include self-rating.

4.5 The Amount of Peer Ratings Makes No Significant Difference in Terms of
Sequences Benefits

Group discussion in formative assessment is a challenging task. Depending on the con-
text (e.g. the physical location of learners or the nature of the course), different ways to
confront learners’ viewpoints can be found in literature. Some implementation paired
learners with their neighbour in classes [34], whereas others involved teachers in the
collective discussion [35]. Therefore, we want to explore the impact of the number of
learners involved in group discussions. With Elaastic, the number of learners involved in
group discussion is represented by the number of peers rationales rated by each learner.
We believe that the effect size depends on such a number.

Since there were not enough sequences with 1 and 4 rates given, we ran a t-test with
various grouping methods (see Table 1). According to our result, the number of learners
involved in peer interactions has no significant impact, which rejects our hypothesis.

Table 1. Results of the two sample t-test with various grouping methods.

Group 1 Group 2 Two sample t-test

nb rates given mean sd nb rates given mean sd 95% CI p-value

1, 2 0.18 0.39 3 0.26 0.42 [−0.3:0.13] 0.42

1, 2 0.18 0.39 4, 5 0.29 0.34 [−0.31:0.08] 0.25

3 0.26 0.42 4, 5 0.29 0.34 [−0.2:0.14] 0.73

1, 2 0.18 0.39 3, 4, 5 0.28 0.38 [−0.09:0.29] 0.29

1, 2, 4, 5 0.25 0.36 3 0.26 0.42 [−0.17:0.15] 0.88

1, 2, 3 0.23 0.41 4, 5 0.29 0.34 [−0.2:0.09] 0.44

Recommendation for system designers: Formative assessment systems should
feature flexibility regarding the number of peers involved in group confrontation.

Recommendation for orchestration: Teachers can decide the number of peers
involved in group confrontation.

5 Resulting Orchestration Model

Figure 7 summarises our recommendations for orchestration of formative assessment
sequences. The presented model is derived from Vickrey’s model designed to support
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orchestration of Peer Instruction [36]. When sequences are not beneficial, deep and
detailed explanations are needed from teachers during the oral feedback. Consequently,
we added the following recommendation to our model:

Recommendation for orchestration: After the second vote, teachers explana-
tion should be more detailed if the proportion of correct answers did not increase

(d ≤ 0). 4

6 Limitations

Our main limitations come from the dataset itself. The 104 sequences that we analysed
addressed mainly STEM topics from higher education classes. A more refined study of
sequences from various topics and educational levels could lead to broader findings.

In the context of multiple choice answers, if a learner obtains a score of 33/100 dur-
ing the first vote and 66/100 during the second vote, both her answers are considered
as wrong, and the information stating that she improved is lost. Even though multiple
choice questions are only a small portion of our sample (�10%), a deeper study address-
ing this distinction would be a more adequate way to refine our results.

Moreover, as stated earlier, Elaastic does not capture all learning interactions in
a face-to-face context, thus making us unable to identify every decisive aspects of a
formative assessment sequence such as its context (i.e. the subjects and themes of the
questions) as well as oral and informal interactions between learners and teachers.

Finally, we consider rationales associated to correct answers as correct rationales.
However, learners can answer correctly and provide incorrect rationales. As an example,

Fig. 7. Orchestration model of two-votes-based processes based on [36]. Each white number rep-
resents the matching recommendation for orchestration.
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if learners give a low rate to an incorrect rationale corresponding to a correct answer,
ρpeer will decrease even though this rationale was rightfully given a low rate. Such a
possibility is not addressed by our works regarding the quality of peer interactions.

7 Conclusion and Future Works

This paper focused on formative assessment and emphasized the challenge of its appli-
cation in face-to-face contexts. We introduced TEFA as the solution that emerged to
perform face-to-face formative assessment and also introduced rich formative assess-
ment processes generating a lot of meaningful interactions. Based on literature and on
a dataset gathered from the usage of a two-votes-based process in an authentic learning
context, we proposed to study these interactions to (i) highlight new understandings
of formative assessment; (ii) provide system designers with evidences intended to help
them to design a formative assessment system; (iii) identify meaningful indicators to
assist teachers when orchestrating a face-to-face formative assessment sequence.

Future works will implement our orchestration model within Elaastic while taking
in account the explainability issues regarding our indicators. After the first vote, teach-
ers will receive textual description to help themmake decisions regarding the next phase
to engage. After the second vote, teachers will be provided with recommended learners’
rationale to address during the discussion phase. Then, we will measure this evolution’s
impact on teaching and learning thanks to a qualitative and quantitative analysis.
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Abstract. Orchestration tools may support K-12 teachers in facilitating student
learning, especially when designed to address classroom stakeholders’ needs. Our
previous work revealed a need for human-AI shared control when dynamically
pairing students for collaborative learning in the classroom, but offered limited
guidance on the role each agent should take. In this study, we designed storyboards
for scenarios where teachers, students and AI co-orchestrate dynamic pairing
when using AI-based adaptive math software for individual and collaborative
learning. We surveyed 54 math teachers on their co-orchestration preferences.
We found that teachers would like to share control with the AI to lessen their
orchestration load. As well, they would like to have the AI propose student pairs
with explanations, and identify risky proposed pairings. However, teachers are
hesitant to let the AI auto-pair students even if they are busy, and are less inclined
to let AI override teacher-proposed pairing. Our study contributes to teachers’
needs, preference, and boundaries for how they want to share the task and control
of student pairing with the AI and students, and design implications in human-AI
co-orchestration tools.

Keywords: Classroom · Human-AI collaboration · CSCL · HCI · Design
orchestration tools

1 Introduction

While teachers need to facilitate students’ collaborative activities and monitor their
progress, these activities can be cognitively demanding for teachers [1–4]. Orchestration
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broadly refers to the planning and real-time management of learning activities in the
classroom [5]. Various orchestration tools and prototypes have been designed to help
lessen teachers’ load of classmanagement or allow them to focus on teaching and helping
students [3, 4, 6–8]. Recently, much work focuses on “co-orchestration,” referring to
technology that is explicitly designed so that the orchestration responsibilities are shared
across multiple agents (e.g., teachers, students, and AI systems) [4, 5, 7].

Much research has focused on designing tools to support teachers orchestrating
either individual (e.g. [9]) or collaborative learning scenarios [2, 10]. These tools have
typically been designed with the assumption that students progress through activities
in a pre-planned, relatively synchronized manner. By contrast, little work has focused
on supporting fluid social transitions (with recent exceptions [3, 6, 11]). Fluid social
transitions, as defined byOlsen et al. [3], refer to transitions between classroom activities
that “occur asynchronously between students - not all at the same time for everyone in
the class.” Different from the static, planned transitions, fluid social transitions may be
needed in technology-enhanced classrooms, to support students toflexiblymovebetween
activities at a pace that suits their specific circumstances and knowledge level. It is a
hypothesis that technologies that support fluid transitions can better support students’
learning [3]. To be able to test this hypothesis, the high-level goal for the current study
is to design a co-orchestration tool to help teachers easily and effectively manage fluid
social transitions in class. Specifically, we focused on dynamic pairing, which means
teaming up students opportunistically based on unfolding learning situations [3, 11].

To design effective tools that can help K-12 teachers co-orchestrate their students’
learning activities in classrooms, it is critical that the tools “support the needs and
respect the boundaries of both teachers and students” [12]. Researchers have begun
exploring questions such as: How should orchestration responsibilities be divided among
different classroom stakeholders?Who should be accountable for particular instructional
decisions?How should such hybrid control adapt to context and learning scenarios [5, 11,
12]? Our previous work reveals that classroom stakeholders have nuanced preferences
regarding the co-orchestration of classroom activities. From design research with K-
12 teachers, researchers found “a delicate balance between automation and respecting
teachers’ autonomy”, and that “over-automation risks threatening teachers’ authority in
class and flexibility to set their own goals, yet under-automation may burden teachers
with tasks they’d rather not perform” [12]. Similarly, Olsen et al. found from design
research with primary school teachers that instructors prefer to “maintain an elevated
position above AI systems and need to have some degree of accountability and control”
[3]. Echeverria et al. found from a Wizard-of-Oz technology probe in K-12 classrooms
a need for hybrid control between students, teachers, and AI systems over dynamic
transitions from individual to collaborative learning. They also found a need for such
hybrid control to be adaptable to classroom contexts, such as class size and students’
prior knowledge.

This study investigates the following questions: In co-orchestrating dynamic student
pairing, how do teachers want to share control with AI systems and students, regarding
proposing, evaluating, and deciding pairings? (RQ1) What criteria do teachers prefer
when dynamically pairing students? (RQ2) In the current study, we designed storyboards
of possible scenarios of human-AI co-orchestration of dynamic pairing. We surveyed
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54 math teachers’ preferences on them, in the context of using adaptive AI-tutoring
software for individual and collaborative K-12 math learning.

2 Methods

2.1 Study Design

The overall goal of the research project, that the current study is part of, is to design a co-
orchestration tool that helps teachers manage fluid transitions back-and-forth between
individual and collaborative learning in the classroom.This study concerns finding teach-
ers’ needs and preferences on one key aspect in managing fluid transitions: dynamically
teaming up students (i.e., dynamic pairing). Dynamic pairingmay not happen at the same
time for every student, and managing the process in real-time may be overwhelming for
teachers.

Many design-based research activities, such as user interviews, can require signifi-
cant time input from researchers, often resulting in a relatively smaller participant pool.
Surveys, while being easily scalable, are often hard to adequately convey the nuanced
designs to the participants. To concisely communicate potential designs to a larger user
population, we incorporated storyboards into a survey.We created storyboards that illus-
trate different co-orchestration tool features in the context of different dynamic scenarios.
We surveyed teachers’ opinions on these scenarios, to make sure the tool we design can
be aligned with teachers’ needs and preferences. These scenarios take context in two
intelligent tutoring systems (ITSs) that support learning of middle school math alge-
bra, specifically, equation solving. The individual ITS, Lynnette, has been proven to
improve students’ equation solving skills in several classroom studies (e.g., [13]). The
collaborative ITS, APTA, extends Lynnette’s functionality to support reciprocal peer
tutoring.

Using storyboards is a standardmethod in human-centered design. Storyboards show
how users interact with different versions of a proposed system in specific contexts [14].
According to Davidoff et al., in the need validation process, storyboards may “help
designers prioritize user needs, more clearly map spaces for innovation, and use that
focus to narrow the design space for potential applications” [14].

Fig. 1. Agents (left) and Tasks (right) in Human-AI Orchestration of Dynamic Student Pairing
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Co-orchestration Scenarios and Survey Design. To inform the design space, we
reviewed literature at the intersection of orchestration tools, dynamic pairing, fluid social
transitions, and computer-supported collaborative learning (CSCL) [3, 11, 15–17]. As
shown in Fig. 1, for co-orchestrating dynamic pairing, there are three main agents and
three main tasks. The three main agents are teacher, AI, and student (Fig. 1, left), and
the three main tasks are how the student pairings are proposed, evaluated, and decided
(Fig. 1, right). The design space for dynamic pairing co-orchestration is about which
agent(s) have control over each task.Two authors collaboratively brainstormed 22 design
concepts for potential co-orchestration scenarios.We used our past research on teachers’
needs in pairing co-orchestration [3, 11] to prioritize scenarios that teachers may find
more useful. We also included scenarios that push social boundaries or maybe contro-
versial among teachers, as it may help to uncover where these boundaries lie [14]. We
went through four rounds of clustering and refining the 22 design concepts, and finalized
five co-orchestration scenarios, described in Table 1 (first column).

Based on these five scenarios, we designed a survey that had three sections: 1)
teachers’ demographics and teaching experience, 2) five co-orchestration scenarios and
related questions, and 3) teachers’ general preferences on pairing co-orchestration. The
five scenarios were presented in a random sequence for every participant, to reduce bias
and carry-over effects. Each scenario has 1) a three-panel storyboard with a short title
with a simple visual and description (e.g., Fig. 2), 2) a seven-point Likert scale question
asking how likely it is that the teacher would use the technology shown in the storyboard
in their classroom, 3) a follow up open-ended question asking why or why not, 4) an
open-ended question askingwhat improvements or changes teacherswouldwant tomake
to the scenario, 5) 1–2 focused seven-point Likert question specific to the main design
element in the scenario. In addition, some scenarios had 6) 1–2 multiple choice probing
questions. The complete survey questions can be found in supplementary materials.

Fig. 2. Storyboard Example (Co-orchestration Scenario 3)

Procedure. The survey was hosted online using Qualtrics and available for seven days.
Teachers were introduced to the context and asked to consent to the research. Before
large-scale deployment, researchers conducted 8 pilot sessions including 2 think-aloud
studies, with math teachers and researchers with 5+ years experience in classroom
orchestration. Based on results from the pilot, researchers iteratively refined the survey
and storyboards to ensure clarity.
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Participants. 54math teachers (36 females, 18males)were recruited frommath teacher
groups on social media. They were asked to complete the 20 to 30-min survey and paid
$10USDAmazonGift Card.Most teachers (75%) taught inmiddle school and had taught
math for 4 or more years (88%). Participants weremostly white (80%) andmainly taught
in the United States of America (96%). At the time, 52% were teaching fully online or
remote settings, 41% were in a hybrid mode of online and in-person teaching, and only
2 teachers (4%) were teaching fully in-person. Most teachers (85%) used collaborative
learning activities in their classrooms for 50% of the time or more. Other demographics
can be found in the supplementary materials.

Table 1. Co-orchestration Scenario Descriptions and Teachers’ Stated Likeliness of Use

Scenario titles and descriptions Co-orchestration roles Stated likeliness of
use

M (SD)a Median

S1. Teacher Informs Automated
Pairing: Teacher entered information
for the AI to use when making
student pairings

Proposes: Teacher and System
Evaluate: N/A
Decides: AI

4.96 (1.58) 5

S2. AI Auto-Pairs When Teachers are
Busy: AI paired students up on its
own because the teacher was busy
and in “Do not disturb” mode

Proposes: AI
Evaluate: N/A
Decides: AI

4.70 (1.59) 5

S3. AI Explains Pairing Suggestions:
AI paired students up, explained to
the teacher why it paired them up and
asked the teacher to approve or reject
the pairing

Proposes: AI
Evaluate: Teacher
Decides: Teacher

5.89 (1.13) 6

S4. AI Identifies Risky Pairs:
Students proposed a partner, the AI
reviewed the pairing and notified
teachers of potentially risky pairings
for teachers to approve or reject

Proposes: Student
Evaluate: AI+ Teacher
Decides: Teacher

5.33 (1.41) 6

S5. AI Reviews and Decides:
Teachers paired students up, the AI
evaluated the pairings, and changed
risky ones without notifying teachers

Proposes: Teacher
Evaluate: AI alone
Decides: AI

4.00 (1.76) 4

aLikert Scale Labels: 1 - Definitely No, 2 - Very Unlikely, 3 - Probably not, 4 - Neither likely nor
unlikely, 5 - Probably yes, 6 - Very likely, 7 - Definitely yes

2.2 Data Analysis Approach

To ensure response quality, we manually reviewed survey responses, and filtered out
duplicate or invalid ones (e.g., coming from the same IP address).
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For the quantitative analysis, we computed the mean and SD for each seven-point
Likert scale questions (e.g., how likely teachers thought it was that they would use the
technology depicted in the storyboard), and analyzed teachers’ responses to each of the
multiple-choice probing questions (e.g., what student information the system should
consider in dynamic pairing). For the qualitative analysis, we analyzed a total of 540
open-ended teacher responses to the two open-ended questions: 1) why they would or
would not use the technology in their classroom, and 2) what they wish to see changed
or improved. We conducted iterative affinity diagramming [18], where two members of
the research team grouped and regrouped individual pieces of data (i.e., raw teachers’
response to the two questions above) to find common themes representing teachers’
opinions. These teachers’ comments were iteratively clustered into 117 first level themes
and 63 second-level themes.

To synthesize findings,we laid out all the analysis resultswithin each scenario, which
allowed us to see, fromquantitative data, how teachers’ preferences on design elements in
the co-orchestration toolwere distributed, andwhy they felt this way fromqualitative data.
We then organized the quantitative results and qualitative themes across different sce-
narios according to research questions. Based on this organization, we then formulated
insights regarding teachers’ co-orchestration preferences, attending both quantitative
distribution and qualitative sentiments.

3 Results

In Sect. 3.1, we report quantitative and qualitative results, organized by scenario, regard-
ing teachers’ needs and preferences for co-orchestration of dynamic pairing. In Sect. 3.2,
we report teachers’ opinions on hybrid control in proposing and deciding who to pair.
The supplementary materials contain complete survey questions and detailed statistics
for all Likert scale questions responses.

3.1 Quantitative and Qualitative Results for Each Scenario

Scenario 1 Results. In the first scenario (S1), teachers can enter information about each
individual student, which the AI uses to make student pairings later that week. S1 was
third-highest regarding teachers’ stated likeliness of use (M = 4.96, SD = 1.58). The
survey then askedwhether teachers wanted to spend the time to enter student information
that the AI could use to pair up students. In answer to this question, 37% of teachers
chose “very likely” or “definitely yes” in the seven-point Likert scale (M = 4.65, SD
= 1.85). In response to the question asking whether different students should be paired
using the same or different criteria, the majority of teachers (70%) wanted different
(personalized) pairing criteria for each student, 26% wanted to have the same pairing
criteria for all students, and 4% chose “other”. When asked what factors the system
should consider when pairing students, and given a list from which they could select
multiple factors, almost all teachers thought the system should consider students’ level of
knowledge mastery (98%). Other factors included students’ error rate (76%), students’
pairing history (76%), students’ personality (66%), number of collaborative sessions
students already did (64%), students’ friendship/ relationship (52%) and gender (34%).
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Qualitative analysis from scenario 1 showed that teachers generally like that the
technology could pair students in a data-driven way and that it may increase their work
efficiency and reduce orchestration load (N = 7)1. They also liked the fact that such a
system may allow them more work flexibility because they could front-load the prepa-
ration work for students pairing prior to class sessions (N = 6). However, some teachers
were hesitant to use such technology in their classroom, mainly because they were con-
cerned that manually entering students’ information would be time-consuming (N =
12). Such concerns were amplified for teachers with larger classes: “I would not spend
even 5 min entering a bunch of data about individual students to be used in pairing later.
I have 130 students - I can’t imagine how time-consuming that would be” (T3). Some
teachers mentioned privacy concerns (N = 2), e.g., “I am also concerned about the type
of data the system will ask for in regards to students. Personality? Friendships? I do not
think this is appropriate information to enter into an educational software system.” (T3)
Accordingly, teachers wished for a more efficient, less burdensome way to achieve the
same effect as manually entering the information (N = 7). For example, some teachers
prefer “the system to collect the data rather than enter it myself.” (T7) or “students taking
a self-assessment” (T19).

Scenario 2 Results. In the second scenario (S2), theAI systemauto-pairs studentswhen
the teacher turns on a “Do not disturb” mode in the orchestration tool, to signal they
are busy helping a student. In other words, in this scenario, the AI sometimes has full
autonomyover pairing decisions. S2 has the second-lowest stated likeliness of use among
teachers (M = 4.7, SD = 1.59). There was substantial variability in teachers’ answers to
the question of whether teachers think the system should pair students without asking
teachers’ approval when they are busy. Only 37% of teachers chose “agree” or “strongly
agree” (M = 4.35, SD = 1.78). The survey also asked when teachers preferred the AI
to pair students up without asking for their approval. Most (57%) teachers chose when
helping other students, 22% chose when they are off work, and 9 teachers (17%) chose
never.

From the qualitative analysis, we found teachers generally think that auto-pairing by
the co-orchestration tool when the teacher is busy could help reduce interference and
distraction in teachers’ work (e.g., “It can effectively reduce the disturbing information
for teachers” [T46]). They also opined that it could improve their work efficiency (N =
19). They also liked the fact that such a system may help students to get help sooner,
(e.g., “I like the fact it can partner students without teacher action” [T41]), engage better
in class, and learn collaboratively (N = 8). However, many teachers had reservations
about a possible auto-pair feature (N = 32). Specifically, some teachers did not want
the system to have such a high degree of control over the pairing process and wished
to be able to review the pairing, and change or override the system’s pairing decisions
when needed (N = 26). As one teacher described “If a computer can pair students at
random, then what is the point of a teacher being present? This seems to undermine the
authority of a teacher in the classroom” (T54). Some other teachers (N = 7) thought
this feature “seems needlessly complicated” and preferred that the system “just give[s]

1 N refers to the number of teachers’ comments.
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a notification to the side that’s unobtrusive” (T10) or “quickly ask[s] me for approval,
even if I’m doing something else” (T14).

Teachers wanted to be able to review and change the tool’s proposed pairings because
they wanted to ensure the pairing choices were good (N = 9). They thought “there may
be recent social changes that [affect] the effectiveness of the pair the software may not be
able to decipher or be aware of yet” (T11). If the system auto-paired students, teachers
still wanted to be able to distinguish auto-paired students from those already approved
by teachers (N = 4). Teachers suggested that the tool might “put the pairing in yellow to
show that [they] would not have gotten paired if the teacher was not busy” (T26). Along
with the teachers’ preference for being able to front-load preparation tasks, teachers said
they wanted to be able to set up restricted pairing (i.e., “pairs that should not happen
no matter what.” [T8]) and pre-approved pairings (N = 5). Teachers also wanted to
monitor students’ pairing status and collaboration progress (N = 4), “It would help to
not only see who students are working with but also what they are working on” [T5].

Scenario 3 Results. In the third Scenario (S3), the system proposes a student pairing,
shows the teacher details of why these students might work together, and asks the teacher
to approve or reject the pairing (Fig. 2). S3 was the most favorable scenario among
teachers (M = 5.89, SD = 1.13). The survey asked in a seven-point Likert scale question
whether the system should explain its reasoning behind the suggested pairing. 77% of
teachers agreed or strongly agreed, and only one (2%) teacher disagreed to some extent
(M = 6.07, SD= 0.93). The survey probed further intowhat information teacherswanted
to see when approving or rejecting a pairing. Most teachers responded they wanted to
see students’ math skill mastery (94%), the problem each student is working on (92%),
and students’ recent errors (88%). They were much less interested in seeing factors such
as students’ personality (40%), friendship (32%), and gender (27%) when approving
proposed pairings.

Qualitative analysis showed that teachers’ overall attitudes towards the scenariowere
overwhelmingly positive. Themajority of teachers (N = 38) liked the idea that the system
would suggest pairs and give reasoning and justification for the suggested pairs. One
teacher expressed, “THIS IS AMAZING!!! If the system shows me reasonings based on
evidence on why [I should] pair some students I would consider it. I love this idea!”
(T43). Teachers found explanations (the scenario did not specify the particular type of
explanations) to be valuable as it “might be something the teacher doesn’t realize” (T1)
and could “provide another pair of eyes” (T12). Teachers liked that the technologymight
ensure pairing quality and thought it could increase their work efficiency (N = 10). They
also liked the idea that in this scenario, even though the system would suggest a pairing,
teachers would have full control to make final decisions, and the ability to approve or
deny the pairing (N = 11).

Some teachers (N = 13) expressed ideas to further improve this scenario, such as
the ability to change pairings occasionally. They also wanted the tool to provide an
easy way to find an alternative partner for a student (N = 2), such as providing “a
list of other students who would be good pairs” (T3), or “a button where I can ask
the program to suggest another pair in case I don’t like the pair that it suggested”
(T9). Teachers also wanted the system to be accessible (e.g., providing both English
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and Spanish translation), and compatible with their current contexts and practices (e.g.,
“…be able to run on tablets, phones and computers [T43]” (N = 4).

Scenario 4 Results. In the fourth scenario (S4), students suggest their preferred partner,
the AI reviews the pairing and notifies teachers of potentially risky pairings (i.e., pairings
that may not lead to fruitful collaboration). The teacher then approves or rejects risky
pairings and the system pairs all students based on the teacher’s decisions. This scenario
has the second-highest likeliness of use among teachers (M = 5.33, SD = 1.41). One
of the survey questions asked teachers whether they thought the AI should notify them
when student pairings are potentially risky and ask them to decide. Most teachers (70%)
agreed or strongly agreed (M = 5.72, SD = 1.19). The survey further asked how teachers
wanted students to be notified when they (teachers) rejected student-proposed risky
pairings. Some teachers (28%) wanted students to simply be paired with a different
partner without further explanation. A similar number of teachers wanted students to be
told that teachers and AI together rejected the pairing (30%), or the teachers rejected
their pairings (20%). Some teachers (15%) want students to be told the AI rejected their
pairing, even though it was, in fact, the teachers who would do so, showing some of
themmay prefer students to “blame” the AI instead of teachers for not being paired with
their preferred partner.

Qualitative analysis showed that teachers’ generally viewed the technology used
in this scenario in a positive light (N = 37). They especially liked that this technology
valued students’ voice in proposing peer tutors (N = 16) and that the systems could act as
a safety net and detect if the student-proposed pairings are risky (N = 13). Similar to S3,
teachers liked the fact that they can make final decisions to approve and reject pairings
(N = 8). Although teachers thought students’ voices were essential (N = 16), some
were concerned that students’ pairing decisions may not be ideal for their learning (N =
13). Moreover, many teachers were concerned that rejecting student-proposed pairs may
“affect the relationship between teachers and students and cause unnecessary trouble”
(T53). For example, one teacher thought that “students should not be able to request
in the program. This can lead to many problems in a middle school classroom. Misuse,
hurt feelings, etc.” (T1). Teachers also wanted to see the pairing history and results from
analysis (N = 9; e.g., “It is hoped that the history of student matchmaking can be added”
[T46]).

Scenario 5 Results. In the fifth scenario (S5), the teachers pair students to work col-
laboratively, and the AI system reviews teacher-proposed pairings. The AI changes the
teachers’ proposed pairing when it detects a risky pairing without notifying teachers. S5
was the least favorable and most controversial scenario, having both the lowest mean
likeliness of use and the highest SD (M = 4.00, SD = 1.76). To separate design elements
teachers like and dislike, the survey then asked teachers on a 7-point Likert scale if the AI
should review their proposed student pairings. To this, 47% teachers agreed or strongly
agreed (M = 4.87, SD = 1.64). However, when asked whether the system should over-
ride teachers’ proposed pairing if it determined a pair was potentially risky, only 15%
agreed or strongly agreed, and 44% of teachers disagreed or strongly disagreed (M =
3.39, SD = 1.86).
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Qualitative analysis showed that teachers’ preferences regarding the technology used
in the scenario were very divergent. Some teachers liked the fact that the technology
could serve as an extra pair of eyes and help them make reasonable pairings (N = 7).
About one-fifth of teachers expressed that a system that changes risky pairs for teachers
can increase teachers’ efficiency (N = 10). However, the majority of teachers indicated
they would decline to use this technology design in their classroom because it would
give them too little control (N = 53). Specifically, teachers want to have the final say
and ultimate control over student pairing; they think they know their students the best
and trust their judgment more than the system’s (N = 10). One teacher explained, “As a
teacher, I will decide what to do and not to do. System modifying without notifying is not
the service I am seeking for” (T5). Instead, teachers wanted the system to notify them
when it would change their proposed pairings, and allow them to override the system’s
decisions (N = 21).

3.2 Other Results on Teachers’ Preferences on Hybrid Control in Pairing

We report how teachers want to share the control of proposing and deciding with AI and
students (RQ1), as stated in the general preferences section of the survey.

Regardingwho should propose pairings, most teachers (90%) think teachers should
be involved. Interestingly, more teachers thought the system (76%) should be involved
than students should be involved (53%). In addition, 80% of teachers thought suggesting
or proposing student pairing should be shared. Among them, the two most popular co-
orchestration choices were sharing control between teacher, student, and system (41%),
or between teacher and system (30%). Regarding who should make the final decisions
about pairings, 95% of the teachers thought teachers should be the ones to do so. Only
two teachers (4%) thought students should make the final decision about student pairing,
and only one thought the system should.

4 Discussion

4.1 Insights Related to the Research Questions

We discuss the roles teachers think each agent (i.e., teacher, AI system, students) should
or should not take when co-orchestrating dynamic pairing (RQ1), and their preferences
regarding dynamic pairing criteria (RQ2).

Teachers’ Role. Across all scenarios, teachers prefer to prepare for student pairing
before class, make final pairing decisions, and customize the orchestration tool. Firstly,
teachers want to contribute knowledge to help pair up students and to front-load such
preparation work prior to class. They want to set pairing restrictions (i.e., identify stu-
dents who should not be teamed up) and pre-approve pairings. However, many teachers,
especially those who teach large classes, do not want to enter information into the
system to help the AI pair students, as it may have privacy concerns, or maybe too time-
consuming. Given the survey question did not specify either the type or the amount of
student information teachers would need to enter, it seems possible that many teachers
might bewilling to enter a small amount of information, in linewithOlsen’s finding from
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co-design studies with teachers [19]. Thus a simple and time-efficient design that allows
teachers to set restricted and pre-approved pairings may be needed. Secondly, teachers
want to be able to review and modify student pairings proposed by other agents; they
strongly want to have the final say. Thirdly, teachers want to be able to customize and
configure the co-orchestration tool (e.g., pairing criteria, frequency of changing pairs),
to fit their classroom context.

AI Systems’ Role. Teachers like the AI to propose personalized pairings, explain the
reasoning behind proposed pairings, help evaluate proposed pairings, and lessen teach-
ers’ orchestration load. They do not want the AI tomake final pairing decisions. Teachers
like for the system to propose pairings that are personalized to each student’s character-
istics. The top three factors that teachers think the system should consider in dynamic
pairing are students’ knowledge mastery, overall error rate, and past pairing partners.
Teachers consider students’ friendships, relationships, and gender to be less important
in pairing. Most teachers want to use different criteria for different students, suggesting
students’ characteristics may be weighed in the pairing decision in a manner that varies
by situation.

Additionally, teachers want to see reasoning and explanations for why the AI pro-
poses to pair two students or considers a pair to be risky. Teachers want the AI system
to act as an extra pair of eyes to review and evaluate proposed pairings, no matter if they
are student-proposed or teacher-proposed. Furthermore, teachers want the AI system to
lessen their orchestration load, increase work flexibility (e.g., by allowing them to front-
load pairing preparation tasks), and minimize distractions while working with students.
Interestingly, while teachers want to reduce students’ time waiting for their help, they
do not all agree that the AI should auto-pair students even when they are busy. Though
teachers like being assisted by the AI, most teachers rejected the idea for the AI to pair
students without teachers’ review or approval.

Students’ Role. Teachers see value in allowing students to have a say in the pairing
process and provide feedback on pairing, as “students are more likely to be productive if
they are given the opportunity to have a sense of ownership in their partnership” (T23).
One teacher mentioned it may be helpful to notify teachers if “one partner was unwilling
to work [with another student]” (T41). Compared to teachers’ and AI’s roles, teachers
made fewer comments about the role that students should have, which may be explained
by the fact that we have more scenarios describing teacher-AI co-orchestration than
student-AI or teacher-student-AI.

4.2 Design Challenges and Directions

Design Challenges. Our findings uncover several design challenges. First, teachers’
wish to reduce students’ waiting time and avoid being the bottleneck blocking students’
progress suggests that some degree of system autonomy may be needed. The design
challenge is to do so without letting teachers feel their authority in class is threatened.
Secondly, there may be a tension between teachers’ desired awareness and control, and
their desires to avoid interference and distractionwhenworkingwith students. Relatedly,
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since teachers often need to make fast decisions when teaching and managing classroom
activities, there may be limited time for them to “consume and digest” explanations
systems give. It may be necessary to investigate what information will be most helpful to
teachers in these explanations and create a design that provides interpretable explanations
at a glance. These explanations should take teachers minimal time to read and interpret,
and still give teachers enough evidence to support their decisions (e.g., approving or
rejecting pairings). Finally, it may be hard for a co-orchestration tool to allow students
to have a say in pairing decisions and ensure teachers have the final say while avoiding
harming teacher-student relationships if students’ proposals are rejected.

Design Directions. In connection with the three tasks in dynamic pairing - propose,
evaluate and decide pairing (Fig. 1, right), our study three design directions, including
having the AI system be a teacher’s helper that explains its reasoning (Propose), be an
extra pair of eyes (Evaluate), and notify instead of deciding (Decide).

Firstly, it may be fruitful for the AI system to monitor the class and help teachers to
prioritize their attention to those who need it the most. For example, if the AI can keep
track of students’ working progress and pairing needs, and display the class’ status to the
teacher in “a queue with time of any students not already being paired” (T8), it may help
teachers to prioritize so students get help sooner than when no AI-monitor is involved.
A promising direction is for the AI helper to explain its reasoning when proposing or
suggesting certain educational decisions.

Secondly, while teachers want to have the final say in educational decisions (e.g.,
student pairing), theywant theAI to provide an extra pair of eyes, capture things that may
escape teachers’ consideration, and augment teachers’ memory as a form of “distributed
cognition.” For example, given an AI can keep track of student pairing history, it may
suggest to teachers whether or not two students should be paired again. The AI can base
its suggestions on the total number of times students have been paired and perhaps their
past collaboration quality, information that teachers may not readily have.

Lastly, our study suggests that it may be fruitful to use the AI systems to notify teach-
ers of worrying classroom activities that are worth their attention (e.g., risky pairings or
unproductive students), and ask them tomake final decisions. Thismay provemuchmore
preferable for teachers than if the AI makes decisions, as it ensures teacher awareness
and control. More iterative work is needed to design the orchestration tool, attending to
both teachers’ preferences and practical feasibility of different pairing policies [20] for
pairing students in a given classroom.

4.3 Implications and Outlook

Firstly, this study confirmed, with larger sample size, findings from prior design research
and classroom studies [3, 4, 11, 12] that teacherswant to: 1) have the final say over pairing
students, 2) enable students to get help from other sources when teachers are busy,
3) flexibly front-load preparation tasks for collaborative activities before class, and 4)
minimize interruptions and orchestration load during class. Secondly, we uncover new
insights into teachers’ needs regarding how to share aspects of dynamic pairing with
the AI and with students. The insights include 1) teachers want to see brief reasoning
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given by the system in at least two situations: when the AI system proposes a pairing,
and when it detects a risky pairing. 2) Although teachers want to contribute to student
pairings, they are concerned that entering student information into the system may be
time-consuming. Thirdly, this study explored how teachers’ preferences of orchestration
control may depend on certain dynamic contexts, including when teachers are busy,
when risky pairings occur, when the teacher (S5), system (S2,3), student (S4) proposed
pairings.

Future Work. Future work may explore 1) how the dynamic pairing criteria can be
personalized based on factors such as class context, students’ characteristics, or teachers’
demographics and expertise, 2) how co-orchestration tools may afford customizability
and adaptability in areas where teachers have varied opinions, e.g., whether and how
students should be “allowed” to propose pairings, and 3) whether teachers’ opinions
would change under the time pressure when using the tools in the classroom (e.g.,
whether and how teachers still wish to review explanations from AI).

5 Conclusion

As researchers start envisioning more sophisticated and personalized interactions in
future smart classrooms, fluid social transition become an interesting issue to study
[20]. We contribute to the literature of orchestration for fluid social transitions and
dynamic pairing. Based on results of the user-centered, mixed-method research through
surveying 54math teachers, the current study extends and complements prior research in
human-AI co-orchestration by validating teachers’ preferences with a larger sample size,
revealing new, nuanced, and context-dependent needs and preferences, and proposing
design implications. As the community increasingly adopts a co-orchestration lens to
leverage human and AI’s complementary strength to achieve synergy, we are hopeful
that teacher needs validated and uncovered in this study can help inform future design
and research of tools.
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Abstract. The usage of educational technologies does not necessarily
imply the adoption of the pedagogical approaches they are designed to
support. Existing works analysing learning design practices often focus
on the usage metrics of the authoring platform, the authoring process or
structural aspects of the designs themselves. While such usage metrics
are useful to understand technology adoption, to understand pedagog-
ical adoption we need to take into account the content of the designs
created by practitioners as well. For example, in the case of inquiry-
based learning, such content-related aspects include whether the learn-
ing designs scaffold the inquiry, promote engagement and collaboration.
This paper proposes a concrete content-oriented design analysis approach
for inquiry-based learning, which can be applied to digitally-authored
inquiry designs. To illustrate its application and usefulness, we have
applied this framework to learning designs created within Go-Lab (an
initiative to promote inquiry learning in primary and secondary school).
More concretely, we manually analyzed 44 learning designs published by
Estonian practitioners using content analysis. Despite the small scale of
the illustrative case study, the results from the content analysis show the
potential of our analytical approach to inform teacher training and the
development of authoring tools.

Keywords: Learning design · Inquiry-based learning · Content
analysis · Conceptual framework · Pedagogical adoption

1 Introduction

Critical thinking is an essential skill for citizens to face current global challenges
like fake news and misinformation. To promote such critical thinking, we can
guide learners to apply the scientific method, helping them to make informed
decisions in a systematic way [23]. Inquiry-based learning (IBL) can be especially
valuable in this regard, helping learners to develop their questioning skills, make
hypotheses, design experiments, and extract conclusions from the data gathered,
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and to reflect on its implications and the learning process itself. Although this
pedagogical approach has many benefits, it is notoriously demanding for teach-
ers, who need to scaffold the inquiry process to be more effective [16], promote
engagement [3], and often combine individual and collaborative work [13].

There have been attempts in the field of Learning Design to support teachers
in implementing IBL, providing them not only with guidelines [10] but also
with digital platforms that scaffold the design process (e.g., nQuire, weSPOT,
WISE, Graasp, and TraceReaders). While we often measure the adoption of
these platforms by looking at usage metrics or amounts of artifacts created, these
numbers do not necessarily tell us whether and how practitioners are actually
adopting the pedagogical approach itself. In fact, while technology may play a
supportive role, what leads to better learning is how those platforms are used [1].
Existing work in the area of Learning Design has also analysed the authoring
process, for example, to understand how social practices relate to IBL adoption
in the classroom [19]. Other authors have investigated the structural components
of teacher IBL designs, looking at, e.g., the kind of media and apps included in
them [9]. Yet, in order to understand pedagogical adoption, it is also necessary
to look at the specific content and activities proposed by teachers in the designs,
analysing scaffolding [16], engagement [3] and collaborative aspects [13]. The
results of such content-oriented analyses would help IBL tool providers to identify
the most challenging aspects of the pedagogy, and to design technologies and
training that can better support teachers in IBL implementation.

To reach that goal, this paper proposes an analysis approach to better under-
stand the adoption of core IBL aspects, within teacher-generated (IBL) designs.
To illustrate its usefulness, we have carried out a case study in the context of Go-
Lab, a European initiative devoted to promote IBL in primary and secondary
schools. In Go-Lab, thousands of teachers from around the world can create,
implement and share their designs. More concretely, we have analysed the learn-
ing designs published in the context of one European country (Estonia), looking
at whether they scaffold the inquiry, promote engagement and collaboration.

The paper is structured as follows: Sect. 2 provides an overview of existing
research analysing learning designs and on core aspects of IBL designs to be
included in our analytical approach (Sect. 3); Sect. 4 focuses on the illustrative
case study of applying our analytical approach; and finally, Sect. 5 provides a
wrap-up of the main implications and future work.

2 Related Work

2.1 Learning Design Analysis

There exist a plethora of tools developed to support the learning design process.
Systematic literature reviews on the adoption of learning design tools concluded
that tool evaluations have mainly focused on the effectiveness of the methods pro-
posed to support the design process, as well as on technical aspects (e.g., usabil-
ity) [4,17]. However, they also note that the underlying pedagogical approaches
and practitioners’ actual design practices remained under-explored. To better
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understand the pedagogical adoption of learning design tools, researchers have
recently analyzed elements of the authoring process itself, as well as structural
components of its end product (i.e., the learning design artifacts).

For instance, various authors have also analyzed learning designs elements
to evaluate the impact that pedagogical decisions had on students’ performance,
such as Toetenel and Rienties [25]that analyzed the types of learning activities
included in the designs, or Nguyen et al. [15] that analyzed the configuration of
the designs over time. Based on the analysis of traces from the design process
and the structure of digital design artifacts, de Jong et al. [9] found that designs
that practitioners had shared or co-created with peers, tended to be richer in
content (e.g., being more pedagogically mature, or including more resources).
In a parallel example, Rodrguez-Triana et al. [19] analyzed digital traces of
practitioners’ social practices during the design, and how they related to the
adoption of specific pedagogical approaches (such as IBL). They concluded that
practices of scaffolding (i.e., when teachers require/receive guidance) and mat-
uration (e.g. when teachers exchange ideas and collaborate during the design)
were positively related to the usage of those learning designs in the classroom.
Yet, they acknowledge that there is still a need for complementary research
that qualitatively analyses the content of the design artifacts [19]. Such content-
oriented analyses, when guided by relevant theoretical models and frameworks,
may inform about practitioners’ design practices and needs which may promote
(or impede) adoption. In the following subsections, we discuss several such mod-
els and frameworks that are particularly relevant for IBL design analysis.

2.2 Pedagogical Guidelines for IBL

In traditional educational approaches, the responsibility for the learning process
rested on the teacher and learners played a passive, receptive role. In contrast,
constructivist approaches to learning, such as IBL, highlight the importance
of transferring part of that responsibility to the learner, who should be actively
involved in the learning process [27]. In this line, the ICAP framework categorizes
engagement into one of four modes [3]: interactive1, constructive, active2, and
passive (see definitions and examples in Table 1). These four modes are organized
hierarchically, meaning that interactive behaviors subsume constructive behav-
iors, constructive behaviors subsume active ones, and active behaviors subsume
passive ones. According to the studies carried out by Chi and Wylie [3], when
learners become more engaged with the learning materials, from passive to active
to constructive to interactive, their learning increases. But as the authors men-
tion, the framework has instructional implications, being necessary to encourage
and lead the learners to engage in making sense of the learning activity.
1 Note that “interactive engagement” refers to dialogues (between humans or a human

and a computer agent) where both partners’ utterances are constructive, and there
is a sufficient degree of turn taking [3].

2 Note the difference between “active engagement” (motoric actions that require learn-
ers to manipulate the learning material [3]) and “active learning” (the constructivist
approach where the learner is actively involved in the learning process [27]).
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Hattie and Donoghue [6], based on a meta-analysis of existing educational
literature, highlight less favourable effect sizes for forms of active learning (like
IBL) when they are introduced in the curriculum when the necessary surface
knowledge has not yet been acquired. Also, Schneider and Preckel [21] in their
meta-synthesis of research studies, found that prior instruction is a moderator
variable for the effectiveness of engaged forms of learning such as problem-based
and inquiry learning. It seems, therefore, likely that IBL needs to be a guided
process [8,11,22]. However, providing such guidance to IBL is not straightfor-
ward. It requires more advanced competence and knowledge from teachers. Pro-
viding practitioners with best learning design practices and adequate technical
solutions is paramount to promote effective adoption [22].

In order to guide IBL, the learning process is often organized into inquiry
phases similar to those in the scientific method. In their review, Pedaste et al.
identified five typical inquiry phases: orientation, conceptualization, investiga-
tion, conclusion, and discussion (see their description in Table 1) [16]. All phases
could interleave communication [1,16] or collaboration [1,13] with peers, teach-
ers, etc. Among other purposes, these interactions allow learners to co-design an
experiment, receive feedback about their learning process, share their domain-
related outcomes and process-related ideas with others. In terms of the social
nature of the learning, Lakkala et al. identified four categories: individual activi-
ties, individual products, collective activities, and collective products [13]. Also,
looking at the kind of activity carried out, learners may be requested to talk,
work, or share materials with others3.

3 A Content Analytic Approach for IBL Designs

How to analyze a learning design to understand whether the learning experience
will be an effective inquiry (and hence, whether the designing teachers have
successfully adopted the IBL pedagogy into their practice)? Drawing from the
strands of IBL guidelines mentioned in the previous section, we can define four
main aspects to be analyzed in the designs:

1. Whether the designed learning activities actually guide learners through the
phases of a scientific inquiry (orientation, conceptualization, investigation,
conclusion and discussion) [16]. This requires not only to look at the labels of
the design’s structure (e.g., a design section called “investigation”), but also
to corroborate that what is asked of students in that activity is of the appro-
priate nature (i.e., that it really asks students to investigate a phenomenon,
including, e.g., data collection).

2. What level of engagement do the learning activities proposed by the teacher
actually require from learners? Let us remember that IBL cannot be passive,
it requires active engagement (and even more, constructive and interactive
engagement) [3]. Again, an in-depth look at what activities are proposed by
the teacher in the design, is needed to determine this issue.

3 IPAC framework: http://www.mobilelearningtoolkit.com/app-rubric1.html.

http://www.mobilelearningtoolkit.com/app-rubric1.html
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3. Following the work of Lakkala et al. [13], we can delve into whether the
teacher-designed learning experience is social in nature, by looking at whether
the activities and/or the learner-generated products, are individual or collec-
tive.

4. Communication is a critical, cross-cutting activity in any inquiry [16]. There-
fore, we can also look at the nature of the collaborative activities featured in
the IBL design, analyzing whether learners are asked to talk with each other,
share material, or rather go into more constructivist activities where they
work together to create or modify content.

These four dimensions can be operationalized into, e.g., a coding scheme for
content analysis by researchers or IBL platform providers. Table 1 provides an
example codebook for such a content analysis, outlining the dimensions above,
common codes, their definitions and typical examples of IBL design elements
that would be categorized under those codes.

It is worth noting that, although such content analysis will be most likely
performed manually by humans (as in the illustrative case study that follows).
Yet, the real potential and usefulness of this approach for IBL platforms and
initiatives is to be able to eventually perform platform-wide automated analyses
of learning designs using similar schemes. Recent advances in automated content
analysis, exploiting natural language processing (NLP) and machine learning, are
starting to make such automated approaches a very tangible possibility (e.g., the
automated analysis of mobile learning designs featured in [18]).

4 Case Study: An Analysis of Estonian Learning Designs

To illustrate the application of our analytical approach, this section presents how
we used it in a case study to better understand the adoption of IBL among prac-
titioners publishing their learning designs in Go-Lab, in the Estonian context.
The section is structured as follows: first, we briefly present the context of the
case study and the methodology used; later, we summarize the results obtained
from the content analysis process. The section ends with a discussion of the main
findings and implications of applying this approach, for the particular case study
context.

4.1 Technological Context: Go-Lab

Go-Lab is a European initiative to promote IBL in primary and secondary
schools. The Go-Lab ecosystem is made up of two platforms: Golabz4, a reposi-
tory where teachers can find apps, labs, learning designs ready to be used, and
support materials; and Graasp5, a platform for authoring and implementing
learning designs in the classroom.

4 Go-Lab repository: https://www.golabz.eu.
5 Go-Lab authoring tool: https://graasp.eu.

https://www.golabz.eu
https://graasp.eu
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Table 1. Codebook for the content-oriented analysis of IBL designs.

Category Code name Code description Code examples in an IBL design

E
n
g
a
g
e
m

e
n
t[

3
]

Passive Learners receive information from

instructional materials without
overtly doing anything else related
to learning.

Listening, observing, reading, watching an

animation.

Active Learners do overt motoric action or
physical manipulation. It does not
necessarily entail the creation of a
learning product.

Making notes, talking, answering a quiz,
playing a video, using a lab/app, using
instruments (e.g., an observation sheet)
and devices (e.g., meters, scales,

chronometers ...).
Constructive Learners generate externalized

products beyond what was provided
in the learning materials.

Creating a concept map/hypothesis,
elaborating the answer to a question

Interactive Learners dialogue with another

person or intelligent system. It does
not necessarily entail the creation of
a learning product.

Being in a dialogue, arguing, discussing,

answering a quizz that provides automatic
feedback.

S
o
c
ia

l
n
a
tu

re
[1

3
]

Individual
activities

Learners are asked to accomplish
certain activities individually, not
necessarily involving the creation of
a learning product.

Reading a text, watching a video,
measuring temperature/distance/...

Individual
product

Learners are asked to produce an
individual product.

Collecting data, making observations,
writing down answers, reporting results.

Collective

activities

Learners are asked to accomplish

certain activities with other people
(e.g., peers, teacher, parents, ...),
not necessarily involving the
creation of a learning product.

Brainstorming, discussing, doing

coordinated activities, presenting
ideas/results in group, providing feedback
to each other.

Collective

product

Learners are asked to produce a

collective product with other people
(e.g., other peers, teacher, parents,
...).

Co-creating learning products such as

reports, slides, concept maps, ...

C
o
ll
a
b
o
ra

ti
v
e

a
c
ti

v
it
y

Talking Learners are asked to talk (but not
necessarily share material or work
together) to achieve a certain
learning goal.

Brainstorming, discussing, providing
feedback

Sharing

material

Learners are asked to share material

with other peers (but not necessarily
to talk or work with them) to
achieve a certain learning goal.

Sharing learning products such as concept

maps, observations, pictures, reports,
presentations, ...

Working

together to
create or
modify
content

Learners are asked to work together

to achieve a certain learning goal.

Coordinated activities where each student

has to do a different task (e.g., measuring,
taking notes, ...), and joint creation of
learning products (e.g., answer questions,
concept maps, ...).

In
q
u
ir

y
p
h
a
se

s
[1

6
]

Orientation The process of stimulating curiosity
about a topic and addressing a
learning challenge through a
problem statement.

This phase usually contains: textual
descriptions, pictures or videos presenting
the problem; the motivation/purpose/goal
of the learning design; and/or an

introduction to the activity.

Conceptuali-
zation

The process of generating research
questions and/or hypotheses
regarding a stated problem.

This phase usually contains: apps to
create hypotheses, research questions or
concept maps.

Investigation The process of planning exploration
or experimentation, collecting and
analysing data based on the
experimental design or exploration.

This phase usually contains: guidelines to
conduct the experimentation or a request
to design the experiment; online labs or
descriptions about the physical materials

for the inquiry; apps or descriptions of the
instruments for data gathering.

Conclusion The process of drawing conclusions
from the data, comparing inferences
made based on data with hypotheses

or research questions.

This phase usually contains apps to
extract conclusions, establishing
connections with the previously posed

hypotheses/questions and the gathered
evidence.

Discussion The process of presenting findings to
others and/or engaging in reflective

activities.

This phase usually contains apps to
report and reflect on learning process.
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In Go-Lab, learning designs are by default structured according to the differ-
ent phases of an inquiry process (orientation, conceptualization, investigation,
conclusion and discussion, see Pedaste et al. [16]). Teachers can later modify this
structure depending on their particular goals. Also, teachers can enrich each of
these phases with multimedia content, apps and labs, to scaffold the learners’
work (e.g., proposing hypotheses, designing an experiment, interacting with a
virtual lab, collecting observations of a phenomenon, and justifying their con-
clusions).

As of January 2021, there were 69,835 users from 175 countries registered in
Graasp, out of which 25,438 had created at least one learning design, and 4,020
had implemented a learning design at least once. By that date, teachers and IBL
experts had already published more than 1,300 learning designs in Golabz, in 31
languages6.

4.2 Methodology

While thousands of learning designs have been created by teachers in Go-Lab, to
test drive our analytic approach we have chosen a set of learning designs that are
publicly available (due to pragmatic concerns). Given the depth of (qualitative)
analysis involved, we decided to analyze all published learning designs done by
Estonian teachers (where the authors’ research team is based). Analyses at the
country level are especially relevant in Go-Lab and similar platforms, since this
is the level at which most of the training and other actions are planned and
implemented (i.e., more direct practical implications).

While this dataset of published Estonian inquiry designs is probably not rep-
resentative of the typical pedagogical adoption of IBL in the Go-Lab platform,
it represents, in theory, an interesting high-end reference subset of the inquiries
designed by teachers in Go-Lab. In terms of knowledge maturation theory [14],
formalized designs (i.e., those designed and published to be reusable by other
teachers outside the narrow group that created them [19]) are the most mature—
hence should abide the most by the IBL guidelines suggested in Sect. 2. Further-
more, Estonia is one of the countries with highest PISA scores in the science
subject (actually, it is the top European country in this particular ranking [20]).
Thus, our hypothesis at the outset of the case study was that the inquiry learning
designs under analysis would have high levels of pedagogical (IBL) adoption.

To guide the content analysis, a codebook was created to support the coding
team (similar to Table 1). The coders (one senior researcher and four master
students) analysed the content of each phase of a learning design according
to the aforementioned analytical framework. The coding process was organized
in four rounds, with inter-coder reliability checks after each round. Each coding
round was followed by a joint meeting where coders discussed the disagreements,
reached an agreed decision, and modifications were made accordingly to the
codebook (e.g., when ambiguities or new criteria for inclusion into a code arose).
While English-language learning designs were analysed by all coders (in rounds

6 Complete list of published learning designs: https://www.golabz.eu/spaces.

https://www.golabz.eu/spaces
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1 and 2), Estonian- and Russian-language ones were coded by only two coders
(based on the language skills of coders).

Once an acceptable level of inter-coder agreement was achieved in the fourth
round, and in order to determine the “ground truth” of whether a particular
designed inquiry phase adheres to a particular IBL guideline/dimension in the
proposed approach, the final labeling of all coders has been taken into account.
Rather than use a simple majority vote, we have used “fuzzy” or “non-binary”
codes, to explicitly account for the inherent uncertainty of assessing pedagogical
adoption of a guideline by a teacher, by just looking at a learning design artifact.

To understand the level of pedagogical adoption of IBL in this subset of (the-
oretically highly mature) Go-Lab designs, simple descriptive summaries have
been performed of the resulting codes, at the phase and learning design levels.
Furthermore, to account for the fact that different IBL phases are expected to
display activities of very different nature (e.g., discussion phases are more, in the-
ory, likely to involve communication, than orientation ones), similar summaries
have been taken for IBL phases of each kind. Given the non-binary codes used
as the ground truth mentioned above, such summaries can include fractional
numbers, as shown in Tables 2 and 3 (signifying that phases in which coders
disagree, are considered less likely to actually represent pedagogical adoption in
that dimension, than those in which coders agree).

4.3 Results

In November 12th 2020, we identified a total of 44 learning designs published
by Estonian practitioners (27 of them in Estonian language, 9 in Russian and
8 in English). All in all, these 44 designs contained a total of 259 phases, i.e.,
close to 6 phases per design, on average. In this section, we present the results of
applying the analytic approach described in Sect. 3, at two granularity levels: at
the individual phase level, and at the learning design level (i.e., for each inquiry).

In relation to Chi and Wylie’s hierarchy of engagement and its relation to
the learning outcomes [3], in Table 2 we can see that:

– Most phases (91%) include activities requiring passive engagement (e.g., in
the form of texts or images to be read by the learners), whose learning out-
comes are often associated with minimal understanding.

– 49% of the phases present activities promoting active engagement (such as
videos to be played or labs to manipulate), which the ICAP framework relates
to shallow understanding;

– 68% of the phases contained activities envisioned to trigger constructive
engagement (e.g., asking learners to create a hypothesis, a concept map, make
observations, extract conclusions, etc.), which is associated with deep under-
standing and potential for learning transfer;

– 24% of the phases also include activities requiring interactive engagement
(e.g., collaborating or discussing ideas with other peers), thus aiming at a
deepest understanding with potential for novel ideas.
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– Higher levels of engagement are rarer than lower levels in our dataset. Yet,
looking at the learning design level, we can see that all analyzed designs
reached the constructive level at least in one of their phases. Interactive levels
of engagement were only reached in a part of our dataset (66% of the designs).

Regarding Lakkala’s classification of social nature of learning [13], the results
presented in Table 2 show that:

– Most phases include either individual activities (e.g., reading, playing a video,
measuring, or interacting with a lab) or the individual creation of products
such as hypotheses or conclusions.

– Only 9% and 3% of the phases include collective activities or products (e.g.,
a discussion or joint concept map, respectively).

– At the phase level, practitioners are more prone to include activities than to
request the creation of products.

– At the learning design level, it is interesting to see that all designs include
individual work, but close to 40% also involve some kind of collaboration in
at least one of their phases.

– Similarly, all designs contained both activity and product creation (either at
the individual or collaborative level).

In terms of collaboration, Table 2 shows that:

– Most phases containing collaborative work focus on talking with other peers,
while sharing and working together are less frequent.

– Looking at the learning design level, we can observe similar trends.

Looking at the phases from an inquiry perspective, i.e., based on the phases
proposed by Pedaste et al. [16], we can observe that:

– As shown in Table 2, some types of inquiry phases were more prominent than
others, e.g., all designs contained orientation and investigation phases, 98%
contained conclusion phases, 90% contained conceptualization phases, and
discussion phases were somewhat less frequent (75% of analyzed designs con-
tained one).

– In several cases, we observed overlapping between IBL phases (e.g., orienta-
tion and conceptualizations are sometimes joined in a single phase).

– We also detected that 29% of the designs contained phases devoted to pur-
poses beyond inquiry-related ones, such as: suggesting further work, providing
support or reference material, evaluation, and teacher feedback.

– Looking at how each type of IBL phase was designed in terms of engagement,
Table 3 shows that, while all types of engagement appear to some extent in
all IBL phases, the ratios vary widely. For example, 97% of conceptualiza-
tion phases include some kind of interactive engagement, while only 32% of
investigation phases do (indeed, it is the rarest of engagement levels there).
Also, constructive engagement is most frequent in investigation and conclu-
sion phases. Active engagement, on the other hand, is especially high in con-
ceptualization and investigation phases.
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– Based on the social nature observed in each IBL phase, we can see in Table 3
that all types of IBL phases include individual activities very frequently. Indi-
vidual products were mainly associated with the conceptualization, investiga-
tion and conclusion phases, where students are normally requested to formu-
late research questions or hypothesis, provide evidence, and extract conclu-
sions. At the collective level, the most prominent was the appearance of collec-
tive activities in orientation, investigation, and discussion phases, prompting
learners to brainstorm, collectively interact with labs, and discuss their con-
clusions.

– In terms of collaborative work, Table 3) shows that sharing material was the
least frequent option, while talking with peers the most predominant type of
collaborative work across all IBL phases.

Table 2. Overview of individual phase- and learning design-level analyses of engage-
ment, collaboration and types of IBL phases.

Category Code Phases (N = 259) Learning designs (N = 44)

Engagement Passive 236.3 (91%) 44 (100%)

Active 126.1 (49%) 44 (100%)

Constructive 176.9 (68%) 44 (100%)

Interactive 61.3 (24%) 28.9 (66%)

Social nature Individual activities 242.1 (93%) 44 (100%)

Individual product 188.6 (73%) 43 (98%)

Collective activities 22.2 (9%) 17.2 (39%)

Collective product 8.7 (3%) 7.7 (18%)

Collaboration Talking 19 (7%) 15 (34%)

Sharing material 7.2 (3%) 7.2 (16%)

Working together 8.2 (3%) 7.7 (18%)

IBL phase Orientation 79.7 (31%) 44 (100%)

Conceptualization 65.7 (25%) 39.6 (90%)

Investigation 79.4 (31%) 44 (100%)

Conclusion 60.3 (23%) 42.9 (98%)

Discussion 53.1 (21%) 32.9 (75%)

Others 18.5 (7%) 12.7 (29%)

4.4 Discussion

While initially learning designs should aim at higher levels of engagement [3],
exclusively using highly complex learning tasks would yield excessive cognitive
load for the learners, having a negative impact on learning, performance, and
motivation [24]. Thus, the results of our case studyanalysis seem to align with
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Table 3. Analysis of engagement and collaboration per type of IBL phase.

Orientation Conceptualization Investigation Conclusion Discussion Others

Number of phases 79.7 65.7 79.4 60.3 53.1 18.5

Passive 78.7 (99%) 61.7 (94%) 74.7 (94%) 52.2 (87%) 49.7 (94%) 10.6 (58%)

Active 43.9 (55%) 61.7 (94%) 70.7 (89%) 24.2 (40%) 23.8 (45%) 4.7 (25%)

Constructive 40.3 (51%) 34.1 (52%) 63.3 (80%) 50 (83%) 35.6 (67%) 7.8 (42%)

Interactive 29.5 (37%) 63.6 (97%) 25.1 (32%) 17.4 (29%) 19.4 (37%) 1.3 (7%)

Individual activities 77.9 (98%) 65.5 (100%) 79.1 (100%) 54.3 (90%) 49.8 (94%) 11.5 (62%)

Individual product 42.1 (53%) 62.3 (95%) 70 (88%) 55.7 (92%) 41.6 (78%) 9.6 (52%)

Collective activities 12.9 (16%) 8 (12%) 13.4 (17%) 8.5 (14%) 11.8 (22%) 0 (0%)

Collective product 6 (7%) 4.3 (7%) 3 (4%) 1.3 (2%) 6.5 (12%) 0 (0%)

Talking 13 (16%) 9 (14%) 12 (15%) 13 (22%) 16 (30%) 0 (0%)

Sharing material 6.2 (8%) 3.2 (5%) 0 (0%) 1 (2%) 6.2 (12%) 0 (0%)

Working together 7.2 (9%) 4.2 (6%) 2.5 (3%) 1.5 (2%) 7.2 (14%) 0 (0%)

the common approach of moving progressively from relatively simple to more
complex learning tasks [26], requesting in each IBL phase different levels of
engagement so that activities are complex enough to provide learners with new
information and, on the other, easy enough so that they can integrate such infor-
mation [1]. Also, we can observe that the distribution of engagement modes varies
across IBL phases in our dataset, fitting generally the kind of work expected in
each type of IBL phase. The main unexpected result from our case study’s analy-
sis of engagement was the small proportion of learning designs explicitly including
interactive engagement, especially in the discussion phase where communicating
with others is highly recommended [16]. Nevertheless, it is also possible that,
when the learning design is implemented in the classroom, oral discussion may
be prompted face-to-face (e.g., depending on the time available at the end of the
session) without explicit mentions to it in the design artifact.

Regarding the social nature of inquiry learning [13] and the collaboration
types identified in the IPAC framework, collective activities took most often
the form of talking with peers (and, slightly less often, with sharing materials).
Likewise, collective products show similar proportions than working together to
create/generate content. Worth noticing is the fact that the proportion of inter-
active engagement more than doubles the collective and collaborative phases.
This means that the interactive engagement designed into the Estonian pub-
lished designs is not only with humans (mainly peers), but also with intelligent
systems (such as interactive quizzes that provide automatic formative feedback
and recommendations about what to do next).

While all phases could interleave communication and collaboration with
peers, teachers, and other stakeholders [13,16], our results show that orienta-
tion, investigation and discussion phases involve more social interaction. How-
ever, it is surprising the rare appearance of phases requiring working together.
Also, while most designs contained orientation, conceptualization, investigation
and conclusion phases, the presence of the discussion one was unexpectedly low,
meaning that learners received less guidance to discuss their results and reflect
on the inquiry [16].
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Even if the sample of learning designs under analysis may differ from the
learning designs created by the average Estonian practitioner for use in their
own classrooms, these findings lead us to think that it may be necessary to rein-
force (e.g., in teacher training events): 1) the added value of prompting inter-
active engagement; 2) the benefits of collaborative work; and 3) the importance
of covering and guiding the discussion phases of an inquiry. To support teach-
ers in this endeavour, the authoring platform could also integrate feedback and
recommendations to take those aspects into account (e.g., recommending inter-
active activities, collaborative apps, or explicitly including a discussion phase in
teachers’ designs).

This illustrative case study does not come without limitations. First, the
size of the dataset (3.06% of the 1,436 existing by March 2021) and the sample
chosen (learning designs published in the Estonian context) does not enable us
to generalize about all the designs publicly available in Go-Lab. Also, the fact
that we are only looking at published designs, instead of implemented ones (more
than 5,000), may not provide a representative sample. Another limitation is that
our coding process focuses on the (observed) intended engagement, social nature,
collaboration and inquiry. However, there may be a discrepancy between how the
learning activity is designed by the teacher and enacted by the learners. Thus,
in the future, a content analysis of learners’ activities and responses would help
to confirm the coding of the learning designs. Furthermore, the “fuzzy coding”
approach followed to produce the final version of the content analysis by multiple
coders, is a methodological innovation whose soundness in terms of qualitative
methods rigour, may be debated. Thus, this study is just a small first step to
illustrate the applicability of our analytical approach, and the real potential
would be to eventually automate these analyses across the whole platform.

5 Conclusions and Future Work

This paper started with the critical reflection that adoption (i.e., usage) of a
learning technology does not necessarily imply the adoption of the underlying
pedagogical approach such technology is design to support. Learning designs
developed by teachers provide us with a rich window into the extent to which
the ideas of a certain pedagogical approach has been actually adopted. Yet,
practically-relevant content-oriented design analysis approaches are scarce. Our
paper contributes to start addressing this challenge, focusing on one of the most
challenging pedagogical approaches to orchestrate: IBL. Our illustrative case
study shows how digital platform and training providers can extract pedagogical
adoption insights from the analysis of teacher-created digital artifacts, and apply
them to the design of technologies and training events to support teachers in this
complex endeavour.

Following the idea of “analytics for learning design” [7] our future work will
focus on replacing human-driven manual coding (which is laborious and time-
consuming) with artificial intelligence solutions that enable us to analyze all
designs present in a massive digital learning design platform like Graasp. We
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could use such wide-scale analyses to extract “community analytics” to under-
stand how different teacher communities design and adopt IBL pedagogy differ-
ently. We could also refine and extend existing authoring tools with (built-in)
personalized solutions to support practitioners in the learning design process, in
a way that further develops their pedagogical skills (i.e., encouraging guidelines
such as the ones presented in Sect. 2).

The particular coding scheme proposed in this paper is not meant to be defini-
tive or exhaustive. Other complementary coding schemes could be applied, e.g.,
according to Bloom’s [12] (on instructional goals) or the SOLO taxonomy [2] (on
student understanding), or based on the instructional design model for complex
learning [26] (on student cognitive load required). From the collaborative point
of view, we could also analyse the learning designs using orchestration graphs [5].
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19. Rodŕıguez-Triana, M.J., Prieto, L.P., Ley, T., de Jong, T., Gillet, D.: Social prac-
tices in teacher knowledge creation and innovation adoption: a large-scale study
in an online instructional design community for inquiry learning. Int. J. Comput.-
Support. Collab. Learn. 15(4), 445–467 (2020)

20. Schleicher, A.: Pisa 2018: Insights and interpretations. OECD Publishing (2019)
21. Schneider, M., Preckel, F.: Variables associated with achievement in higher educa-

tion: a systematic review of meta-analyses. Psychol. Bull. 143(6), 565 (2017)
22. Schuster, D., Cobern, W.W., Adams, B.A., Undreiu, A., Pleasants, B.: Learning

of core disciplinary ideas: efficacy comparison of two contrasting modes of science
instruction. Res. Sci. Educ. 48(2), 389–435 (2018)

23. Seymour, E., Hunter, A.B., Laursen, S.L., DeAntoni, T.: Establishing the benefits
of research experiences for undergraduates in the sciences: first findings from a
three-year study. Sci. Educ. 88(4), 493–534 (2004)

24. Sweller, J., Van Merrienboer, J.J., Paas, F.G.: Cognitive architecture and instruc-
tional design. Educ. Psychol. Rev. 10(3), 251–296 (1998)

25. Toetenel, L., Rienties, B.: Analysing 157 learning designs using learning analytic
approaches as a means to evaluate the impact of pedagogical decision making. Br.
J. Edu. Technol. 47(5), 981–992 (2016)
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Abstract. Allowing learners to self-assess their knowledge through
questions is a well-established method to improve learning. However,
many educational texts lack a sufficient amount of questions for self-
studying. Hence, learners read texts passively, and learning becomes inef-
ficient. To alleviate the lack of questions, educational technologists inves-
tigate the use of automatic question generators. However, the vast major-
ity of automatic question generation systems consider English input texts
only. Therefore, we propose a simple yet effective multilingual automatic
question generator based on machine-translation techniques. We investi-
gate the linguistic and pedagogical quality of the generated questions in
a human evaluation study.

Keywords: Automatic question generation · Self-assessment
technologies · Educational technology

1 Introduction

Reading is a crucial way of learning. However, readers often do not learn effi-
ciently with texts, due to possibly misread facts or missing conceptual con-
nections. Thus, reading texts passively is not enough to fully understand the
texts’ content. To help learners understand even difficult texts, actively engag-
ing them is a useful teaching method. Hence, adjunct questions may improve
the learning outcome [1]. However, many texts lack an appropriate amount of
questions needed for efficient learning. State-of-the-art natural language pro-
cessing techniques allow the generation of factual questions on given texts with
minimal manual intervention. They receive a sentence or short paragraph and a
desired answer. Given the inputs, they transform them into an appropriate ques-
tion asking about the desired answer. In education, such Automatic Question
Generators (AQGs) could alleviate the lack of textbook questions by generat-
ing questions on-the-fly, increasing learning efficiency. However, state-of-the-art
neural network-based methods mainly work in English. Hence, in this article,
we would like to address how to transfer an English AQG into other languages
via neural machine translation (NMT). We investigate the linguistic and peda-
gogical qualities of the generated questions and explore the following research
c© Springer Nature Switzerland AG 2021
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question (RQ): To what extent can a combination of NMT and AQG be utilized
to generate linguistically and pedagogically sound questions about texts?

2 Related Work

The research field around AQG has recently shifted from rule-based (e.g. [7]) and
template-based approaches (e.g. [10]) towards neural network-based models [5].
The main reason is the superior language generation capabilities of neural mod-
els compared to rule-based models [5]. State-of-the-art systems apply large-scale
language model pre-training before fine-tuning on SQuAD to improve the general
English token prediction capabilities before predicting the task [4]. In education,
the LearningQ [2] and RACE [8] datasets are two large-scale datasets compris-
ing questions with explicit educational intent. Furthermore, there have been
studies exploring the educational use of neural question generation approaches
in empirical studies [6,15,16]. Besides the English language, there also exist
AQGs in other languages. For Japanese, using sequence-to-sequence learning
and classical statistical learning techniques as AQG have been explored on a
small-scale dataset with promising results [12]. Another study uses the over-
generate and rank approach in Chinese, combining a rule-based system with a
statistical ranking in a factual AQG, outperforming the rule-based system [9].
Recently XNLG [3] has been proposed, a multilingual neural language model
pre-trained in fifteen languages. For Chinese, it has been demonstrated that if
XNLG is fine-tuned for AQG on SQuAD, it can generate plausible questions [3].
However, to achieve those results, XNLG was pre-trained using computational
resources often not available to researchers on a large-scale multilingual corpus
[3]. If the corpus does not contain the language target for generation, there is
currently no way to import it into XNLG later. Hence, in such cases, pre-training
needs to be repeated. Consequently, although the multilingual model may be a
good option for some languages, it heavily relies on computational resources and
cannot easily be extended with novel languages later.

3 Approach

The proposed approach combines two NMT models and an AQG model. The
general idea is to start with a text in a source language, translate it to English,
apply the AQG on the translated text, and finally back-translate the result-
ing question. The input consists of small paragraphs written in the source lan-
guage, and the output contains the generated question also written in the source
language. The AQG takes a paragraph and an answer-candidate as input. The
answer-candidate is needed to specify which question we aim to generate. Hence,
before generating with the AQG, an answer-candidate must be selected. While
the answer-candidate selection is an active field of research and multiple methods
exist to detect promising answer-candidates in a text (e.g. [16,17]), we opt for
a relatively simple approach for our initial experiments. We extract the longest
noun phrase in the paragraph, expecting that it carries the most information
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in the small paragraphs. Having the answer-candidate and input sentence, we
translate them into English using the WMT19 NMT model by Ng et al. [11].
The NMT model consists of transformer-based neural architecture that is trained
in large-scale on filtered parallel corpora. It is built on top of the open-source
FAIRSEQ sequence modelling toolkit and is developed to be used in research and
production [13]. The neural AQG employed in our work is UNILM by Dong et
al. [4]. The UNILM model consists of a transformer-network that is pre-trained
on a large corpus using multi-task learning with different sequence masks [4].

4 Empirical Evaluation

The evaluation study comprises two human annotators with a background in
educational sciences, annotating 80 generated questions in random order. The
questions are generated for 48 educational texts, written by teachers based on
Wikipedia articles, as first used by Rüdian et al. [14]. We randomly select 26
texts with a total of 80 questions from the initial 48 articles. The dataset has
question-worthy sentences in the texts already marked by educational experts.
During data annotation, annotators apply the hierarchical scheme by Horbach
et al. [6]. We achieve a average Krippendorff’s α = 0.35 over the nine categories.

An overview of the results in the levels of the annotations scheme is given
in Fig. 1. We report the results relative to the remaining questions and to all
questions, since some questions will not be annotated fully, due to the hierarchi-
cal nature of the evaluation scheme. Hence the reported metrics have the form
in the form Relative% (All%). The provided percentages are averaged over the
two annotators and it is important to notice that the bars are relative to the
remaining questions in an evaluation level and not to all questions. In total, 88%
of the questions are rated as semantically meaningful and understandable. The
remaining 12% are rated as not understandable. We found 93% (82%) of the
questions to be related to the texts’ domains, and 97% (85%) of the questions
to be free of language-errors. The most problematic factor on the second level
was the clarity of the generated questions with: clear 52% (46%), more or less
clear 32% (28%) and not clear 16% (14%). The majority of questions is answer-
able 80% (59%) with only 20% (15%) being unanswerable. Furthermore 63%
(46%) of questions are accepted without rephrasing whereas 37% (27%) should
be rephrased. The questions usually ask for information directly given in one
position of the text 62% (35%) or in multiple positions in the text 36% (21%).
Using additional external knowledge is only rarely needed 2% (1%). The infor-
mation inquired is central in 82% (48%) and not central in 18% (11%). Finally,
43% (25%) of the questions would be used, 32% (19%) would maybe be used
and 26% (15%) would not be used in an educational setting according to our
experts.
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Fig. 1. The results obtained in the evaluation study. The N indicates how many ques-
tions where remaining for the bar plot of the given evaluation item.

5 Conclusion

In regard to our research question, the results highlight the important properties
of the generated questions. First, the syntactic linguistic quality of the generated
questions is high. The majority is understandable and free of language-errors. A
look in the data suggests that the incomprehensible questions often stem from a
faulty translation of domain terminology. Second, the semantic linguistic qual-
ity, the clarity of questions seems to be of concern. Although the questions were
mainly answerable and domain-related, annotators found them often to be only
more or less clear. In terms of the pedagogical quality, we are able to generate
central factual questions aiming directly at the knowledge stated in the text
in roughly 50% of all inputs. Our annotators report that they may use around
34% of all generated questions in an educational setting. Consequently, we con-
clude the approach generated too many pedagogically unimportant questions to
give them directly to learners. Currently, we only applied basic answer selection
and did not use any question re-ranking method. Related work has shown that
answer selection [16] or question ranking [9] may influence the output quality
significantly. In future work, we will thus explore these methods. Given sufficient
question quality, the approach could then be used to recommend questions to
a respective passage to a teacher. The teacher quickly evaluates which of them
make sense and marks the good ones as additional self-assessment material with
the click of a button.
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Abstract. Open Educational Resources (OER) are teaching and learning materi-
als that are licensed to provide everyone the access to engage with them in several
manners, such as adapting and reusing it. This work aims at developing an OER to
support PhD candidates’ learning of research methods in Technology-enhanced
Learning (TEL) as part of the Doctoral Education in Technology-enhanced Learn-
ing (DE-TEL) project. A survey was conducted by the DE-TEL project to collect
information on the practices and challenges of doctoral education in TEL and to
find out the topics that are relevant to the area but have few educational materials
available. Preliminary results reveal that 103 PhD candidates from 25 different
countries answered the survey. The main topic of their research in TEL is comput-
ing or information technology applied to learning, and the most relevant research
method is design-based research. For this reason, a prototype of the OER mod-
ule about design-based research is being designed and developed first. This paper
presents the first outline of the prototype using the H5P tool, an open source and
free to use tool that enables authors to create, share and reuse interactive HTML5
content, without the need for any technical skills. Then, this module is going
to be piloted and evaluated by PhD candidates, so that the complete OER can be
planned and created, encompassing themost relevant researchmethods to doctoral
programs in TEL.

Keywords: Open Educational Resource · Research methods ·
Technology-enhanced learning

1 Theoretical Background

Technology-enhanced learning (TEL) is considered an interdisciplinary field of research
since it intersects several disciplines related to teaching and learning, such as education
and psychology, and technology, such as computer science and information science [1].
Kalz and Specht [2, pp. 416] recognize TEL “as an interdisciplinary research field rooted
in several academic disciplines like educational science, psychology/cognitive science,
and computer science.” In short, TEL investigates how technology can be used in educa-
tion. Because of this, the approach adopted in TEL investigations combines researchers
with different experiences, knowledge, and practices, resulting in multidisciplinary
studies [1].
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Despite the advantages in conducting interdisciplinary investigations, especially in
finding innovative solutions for ordinary problems, there are also some challenges. As
academic institutions are structured along disciplinary groups, interdisciplinary projects
usually consume more integration and planning time [3]. Pammer-Schindler et al. [4]
have found that most doctoral programs are associated with a single discipline and they
argue that doctoral training in TEL “needs to be situated at the intersection of disciplines
in order to facilitate innovation” [4, pp. 1].

In order to integrate the programs for doctoral education in TEL in Europe, nine
European universities and the European Technology Enhanced Learning Association
(EA-TEL) created theDoctoral Education forTechnologyEnhancedLearning (DE-TEL)
project. The DE-TEL project aims to identify the best teaching practices in doctoral
programs in TEL and to develop a proposal for a new program. This new program
will have modules encompassing research methods and key topics in TEL and will be
supported by Open Educational Resources (OER). This study, in particular, will focus
on developing a prototype of an OER on research methods.

According to the United Nations Educational, Scientific and Cultural Organization
(UNESCO), “OER are teaching, learning and research materials that make use of appro-
priate tools, such as open licensing, to permit their free reuse, continuous improvement
and repurposing by others for educational purposes” [5, pp. 9]. As stated in this defi-
nition, these educational materials must be under open licenses or reside in the public
domain, free of copyright restrictions, to give users free permission to adapt and reuse
them [6]. The types ofmaterials can vary fromvideos, images and textbooks, to podcasts,
games, and courses [5].

Wiley [7] claims that a content is open not only when it is freely available to be
used in other contexts. It is open when it gives everyone permission to engage with the
material through different activities, known as the 5R: retain (the right to make, own,
and control copies of the content), reuse (the right to use the content in a wide range of
ways), revise (the right to adapt, adjust, modify, or alter the content itself), remix (the
right to combine the original or revised content with other material to create something
new), and redistribute (the right to share copies of the original content, your revisions,
or your remixes with others).

There are some motivations for educators, institutions and governments to be
involved with the development and sharing of OER [8–10]. Educators, for example,
are able to share content as well as reuse and adapt it according to their context, opti-
mizing their time in creating materials from scratch [11]. Consequently, by reusing and
sharing these resources, there might be an improvement in their quality, and the costs
of content development can be reduced, which can be a benefit to the institutions. From
the governmental perspective, OER projects make learning more accessible to society,
particularly to nontraditional groups of learners, bridging the gap between non-formal,
informal and formal learning [8–10].

2 Description of the Work

This work aims to develop an Open Educational Resource (OER) on research methods
in Technology-enhanced Learning (TEL) to support PhD candidates’ learning. Firstly,
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a survey was conducted by the DE-TEL project, between December 2020 and March
2021 through DE-TEL webpage [12], in order to collect information on the practices
and challenges of doctoral education in TEL, and to find out the topics that are relevant
to the area but have few educational materials available.

Preliminary results reveal that 103 PhD candidates from 25 different countries, most
of them from Europe, answered the survey, being 50% female and 50% male, at the
age of 30–39 (43,7%), 20–29 (21,4%), 40–49 (18,4%), and 50 and above (15,5%).
The main topic of their research in TEL was ‘Computing or Information Technology
applied to learning’ (41,7%), followed by ‘Education using technologies’ (21,4%) and
‘approximately equal efforts in development of educational technologies and applying
them for learning’ (16,5%).

The most relevant research methods to PhD candidates in TEL were design-based
research (46,6%) and qualitative methods (45,6%), followed by quantitative methods
(36,9%) and experimental research (35%), respectively, as can be seen in Fig. 1.

Fig. 1. The most relevant research methods to PhD candidates in TEL

As this work aims to develop an OER on research methods in TEL to support PhD
candidates’ learning, and the preliminary results showed that design-based research is
the most relevant research method, the module on design-based research is going to be
designed and developed first, until September 2021.

Then, it is going to be piloted and evaluated by PhD candidates, and improvements
are going to be carried out. This cycle will be repeated until a final version of the
prototype is concluded. When the prototype is finished, the modules about the other
research methods are going to enter this iterative cycle of development, evaluation, and
revision.

3 Preliminary Results

The tool that is being used to develop the prototype is H5P (an abbreviation for HTML5
Package) [13] because it is an open source and free to use tool that enables authors to
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create, share and reuse interactive HTML5 content, without the need for any technical
skills. With H5P, authors can create several content types such as videos enriched with
interactions, presentations with interactive slides, interactive books, drag and drop tasks
with images and text, images with multiple information hotspots, and quizzes with
various question types.

Figure 2 shows an example of the content type called drag the words. In this activity,
users are asked to drag the characteristics of design-based research into the correct
explanation. Then, they can check their answers and a score is generated. They can also
choose between retrying or visualizing the solution. Figure 2, for example, presents the
solution with the correct responses.

Fig. 2. Example of the content type called drag the words

The content type that is being adopted in the creation of theOERon researchmethods
is interactive books because it allows authors to combine other interactive content types,
like interactive videos, presentations, and quizzes, through multiple pages. Figure 2
shows a part of the page about the characteristics of design-based research. On the left
side of the image, it is possible to visualize the contents of the book. Besides, at the
end of the book, there is a summary displaying the total score obtained by the learner
resulting from the interaction with the book (Fig. 3).

Fig. 3. Summary of an interactive book

As H5P content may be integrated into Learning Management Systems (LMS) like
Canvas, Blackboard, and Moodle, the idea is to pilot this interactive book on Moodle.
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OnMoodle, it is possible to add gamification elements to the content, such as generating
badges according to the score and interactions performed by the user with the interactive
book. Furthermore, through Moodle, it is also possible to create discussion forums so
that PhD candidates and other researchers can communicate with one another, and share
references and other important resources to the area.

The future research plans of this work are to pilot and evaluate the module about
design-based research with PhD candidates first, so that the whole course on research
methods can be planned and built later, encompassing themost relevant researchmethods
to doctoral programs in TEL.
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Abstract. Blended learning has risen in primary and secondary schools due the
COVID-19 pandemic, and is expected to remain after the pandemic. Despite this,
the large majority of research into blended learning has studied university student
populations. Thus, this paper seeks to research differences in usage between and
in primary and secondary schools. Data were collected from a prototype learning
portal, resulting in a dataset of 803 students from 12 schools with 45 teachers.
Teachers and students could perform diverse actions on the platform, coded as 19
student features and 6 teacher features. These features were used to perform clus-
ter analysis with k-means clustering on the entire dataset, split between teachers
and students. Differences in primary and secondary schools were also analyzed.
Clustering on the entire student dataset resulted in two clusters that differed on
amounts of learning activities and learning tracks. Primary and secondary school
students differed on the amount of learning activities, amount of learning tracks,
and ratings of fun. Clustering on teachers resulted in two clusters differing in
exploration and personalization. These results might be due to differences imple-
mentations of blended learning, where young students begin with simple rotation
and complexity in implementation increases with age. These results might also be
due to differences in teacher competencies. These results belie the importance of
research into blended learning in pre-university education, filling a gap in literature
and providing guidelines for coaching and use of multiple learning applications.

Keywords: Blended learning · Technology enhanced learning · Clustering ·
Pre-university education · Learning analytics · Teacher analytics

1 Introduction

Blended learning integrates traditional, face to face education with online distance learn-
ing [14]. It has become more prominent in recent years, particularly in higher education
[14]. The recent COVID-19 pandemic has also accelerated the rise of blended learning,
forcing teachers to use online distance education or blended learning. Expectations are
that the technology utilized for distance education will remain for blended learning after
the pandemic. Blended learning has also grown pre-university education, but not to the
same degree, and thus is rarely investigated [9, 10].
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Despite the growing use of educational technology within the classroom and its
potential benefits, little research on learning analytics has been done in pre-university
education [7]. Various stakeholder reports note interest in learning analytics and potential
benefits like the prediction and improvement of learner outcomes, or the ability to develop
and focus interventions [2, 3].

Therefore, this paper seeks to fill in gaps in learning analytics and blended learning
literature by analyzing the usage statistics of primary and secondary students and teachers
who use an experimental portal with multiple learning applications. We specifically
investigate the differences in use between clusters of students, and between primary and
secondary students. We also investigate differences in teacher use.

2 Methods

Data were collected from i-Learn, a prototypical technology enhanced learning portal
which offers learning trackswith learning activities (e.g. exercises, communication tools,
engagement activities, etc.) from several educational applications. On i-Learn, teachers
can support students, and assign them to groups and learning tracks.

Our dataset consists of 803 students (228 from 5 primary schools, and 575 from 7
secondary schools), and 45 teachers from 12 schools who used the portal fromNovember
2020 to March 2021. In total, 13,184 student events were logged. All students could rate
activities on how fun an activity was, from 1 (not very fun) to 5 (very fun). Secondary
school students could also rate on difficulty, from 1 (very easy) to 5 (very hard). From
these events and ratings, 19 aggregate student features were extracted for clustering,
resulting in one value per feature. The same logging and extraction procedure was
completed for teachers, resulting in 6 features. All features, code for analyses, tables of
differences, and figures can be found in the supplemental material linked below1.

Cluster analyses were performed to discover usage differences between students and
teachers. These analyses used k-means clustering programmed in scikit-learn [5, 8]. To
determine a suitable number of clusters, the average silhouette width was maximized
between 2–15 clusters following the work of [6]. We also analyzed the differences in
usage between primary and secondary school students and teachers.

To explore general group differences, multivariate ANOVAs were used, with follow-
up ANOVAs and t-tests used to investigate group differences.

3 Results

3.1 Student Results

In summary, students started an average of 16.4 learning activities (SD = 16.8) and 2.1
learning tracks (SD = 1.8). Few unassigned learning activities were completed (M =
.17, SD = .9). The average fun rating was 3.5 (SD = .8), while the average difficulty
ratingwas 2.7 (SD= .6), indicating that students found activities slightly fun and slightly
easy.

1 https://github.com/SohumBhatt/ECTELClustering2021.

https://github.com/SohumBhatt/ECTELClustering2021
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Two clusters led to the highest silhouette with of .67, indicating a reasonable cluster
structure [6]. Across all features, differences were found between clusters (F(13, 617)
= 38.38, p < .001), though fun was not significantly different between the two (t(631)
= 1.61, p = .11). The high use cluster started more learning tracks (t(801) = 18.08, p
< .001) and activities (t(801) = 44.41, p < .001), primarily related to languages.

The average primary school student started 32.1 learning activities (SD= 19.6) and
4.1 learning tracks (SD = 2.2). The average fun rating was 3.9 (SD = .7), with primary
students finding activities fun. Secondary school students started 10.2 learning activities
(SD= 10.3) and 1.3 learning tracks (SD= .6) on average. The average fun and difficulty
ratings were 3.4 (SD = .9) and 2.4 (SD = .1) respectively.

Across all features, there are differences between primary and secondary schools
(F(13, 617) = 87.63, p < .001). Importantly, primary schools had higher amounts of
starting learning activities (t(801) = 20.54, p < .001), starting learning tracks (t(801)
= 27.80, p < .001), and rating them as more fun (t(631) = 6.22, p < .001). Primary
school students also had a higher proportion of high use students than secondary schools
(t(801) = 19.90, p > .001).

3.2 Teacher Results

Teachers on average added 8.0 learning tracks (SD = 8.0) to their libraries, edited 0.8
tracks (SD = 1.9), created 3.6 groups (SD = 3.5), edited groups 5.7 times (SD = 7.5),
assigned a total of 5.0 learning tracks (SD= 6.0) to students, for an average of 1.8 tracks
per group (SD = 2.8).

Two clusters led to a maximized silhouette score of .56, suggesting a reasonable
cluster structure [6]. With all features, difference between clusters was found (F(6, 33)
= 15.40, p < .001). A cluster of 7 teachers had high learning track additions (t(43) =
7.92), group creations (t(43) = 8.13), group edits (t(43) = 5.96), and assigned many
learning tracks per group (t(43) = 6.14), all with p < .001. Despite that, the ratio of
assigned learning tracks per group created was not significantly different (t(43) = 0.08,
p= .94).However,with all features, no significant differencewas found between primary
school teachers and secondary school teachers (F(6, 33) = 1.6473, p = .1654).

Interestingly, the learning tracks assigned by high use teacherswere rated asmore fun
than other learning tracks (t(257)= 4.12, p< .001). This is despite not having significant
differences between amount of learning activities (t(964) = 1.27, p = .20) or subject
of learning track (t(967) = 1.06, p = .29). When comparing primary and secondary
learning tracks, number of learning activities (t(964) = 5.98, p < .001), number of
communication activities (t(967) = 13.83, p < .001), and average fun rating (t(257) =
4.48, p < .001) of the learning tracks were significantly different.

4 Discussion

This study is among the first to apply cluster analysis for primary and secondary schools
utilizing blended learning. With the general high use of exercises and engagement activ-
ities, it is likely that teachers and students often used a rotation model of blended learn-
ing [10]. Given low video usage, students were likely taught face to face or via video
conferencing tools, rotating to i-Learn for short supplementary exercises.
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The two usage clusters found were likely due to differences in activity complexity
in teacher chosen learning tracks. High use students completed more language learning
tracks and were more likely to be primary school students. This suggests that high use
students completed simpler exercises.

In contrast, differences found between primary and secondary schools might be
due to differences in types and length of learning activity. As secondary school students
started fewer learning activities and learning tracks, they likely moved to a project-based
rotation model where students complete longer tasks at their own pace [10]. Teachers
also assigned more communication activities, but secondary school students didn’t use
them. This might be due to increased disengagement due to ‘Zoom Fatigue’, fatigue
caused by the increased use of teleworking tools, or simply a desire to work face to face
[12].

Another significant difference between primary and secondary school students is
in the amount of fun. The difference in fun might be due to age, as primary school
students are more engaged in school than secondary school students, and might have
been exacerbated by the COVID-19 pandemic, in which many students saw mental
health decline due to social distancing and stay at home measures [1, 13].

Teachers differ on how much they personalize and explore content. One group of
teachers add and trial more learning tracks, despite assigning average amounts of learn-
ing tracks. This usage pattern might indicate that (a) some teachers are more comfortable
exploring and understanding which tracks might be best for their students, or (b) that
some teachers find it easier to use the platform, allowing them integrate their knowl-
edge into the platform more quickly. These explanations are supported by the higher
perceived fun of the high-use teacher learning tracks with no difference to other tracks.
In both cases, the underlying difference between groups might be a question of teacher
competency.

Successfully integrating technology into education depends on teacher competencies
[4]. For blended learning, teachers may lack technological knowledge or instructional
design skills [9]. Teachers might also have a negative disposition towards blended learn-
ing and personalized learning [9]. This is evidenced in our results by the low amount of
high use teachers, and that low use teachers explore few learning tracks and create few
groups. Blended learning may be adopted more widely if the aforementioned competen-
cies are increased through coaching, though this requires more research [11]. Reducing
the need for some teacher competencies may also help increase the adoption of blended
learning.

In conclusion, this paper has compared primary and secondary school usage to show
a more complete picture of blended learning in a time of higher use. Some limitations of
our work are that our portal may have been improperly used, that different features could
show different results, and that few background data on schools and students could be
collected. This research is just a first step into investigating blended learning with multi-
ple applications. Our future work in this clustering will investigate the use of hierarchical
clustering to understand if there are class differences within this dataset. Even further,
based on the results of this clustering, our future work will create a recommender system
to help reduce the need for teacher competencies. More generally, future research should
elucidate gaps in the literature on blended learning in primary and secondary schools,
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along with comparisons between the two, given lack of such research. Further research
should more generally explore the use of learning analytics in order to better understand
and compare learning in pre-university education.
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Abstract. The purpose of this study was 1) to validate the measures for achieve-
ment emotion as well as the measures for perceived cognitive load and 2) to
explore the relationships between achievement emotions, perceived cognitive load
and personal goal achievement in MOOCs. Participants were 1361 students who
completed a survey at the end of the MOOCs. Rasch analyses confirmed the con-
struct validation and dimensionality of all measures. Results of the SEM analyses
revealed no statistically significant relationships between any of the variables with
personal goal achievement except for enjoyment. Enjoyment positively affected
cognitive load in the sense that enjoyment resulted in 1) the investment of more
mental effort rather than less mental effort and 2) the perception of low mental
load rather than high mental load. Boredom also positively affected cognitive load
but in the sense that boredom resulted in 1) the investment of less mental effort
rather than more mental effort and 2) the perception of high mental load.

Keywords: MOOCs · Achievement emotions · Cognitive load · Personal
learning goals

1 Introduction

Research based on the Cognitive Load Theory [14] suggests that learner’s affect plays
a role in the learning processes: emotions, either positive or negative, can serve as
facilitators or suppressors to cognitive attention thereby influencing the load experienced
during learning. In particular, a positive emotion has shown to lower perceived cognitive
load and facilitate learning [1]. In addition to the frequently studied general emotions and
mood states of learners, learning related emotions - achievement emotions - have also
been identified to affect learning [3]. For example, enjoyment is often found to positively
affect learner engagement and achievement whereas boredom negatively does so [12].
Achievement emotions are essential to understand how learning occurs as they can affect
a learner’s effort, motivation to persist and achievement [13]. However, most studies,
regarding achievement emotions and cognitive load and their interplay [15] are set in
traditional face to face classroom-based learning contexts and have not been studied in
the context of Massive Open Online Courses (MOOCs). MOOCs offer learners easily
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accessible online personal development opportunities, in which they can expand their
knowledge on many topics at their own time and pace [7].

InMOOCs, learners can each determine personal learning goals they intent to achieve
[5]. Chen, Woolcott & Sweller [4] theorized that perceived cognitive load is important
for study success in MOOCs, thus also for personal goal achievement. Based on studies
primarily staged in face-to-face contexts, we expected enjoyment to serve as a facil-
itator and boredom as a suppressor to cognitive load, thereby respectively negatively
or positively influencing the load or effort experienced during learning in MOOCs and
subsequently affecting personal goal achievement.

The current study provides two contributions to the field of learning in open online
environments: 1)we examined andvalidatedmeasures for the twodimensions of achieve-
ment emotions (enjoyment, boredom) and for the four dimension of cognitive load; that
is, the two dimensions of mental load (high and lowmental load) and the two dimensions
of mental effort (more and less mental effort) in MOOC context because these measures
were not yet or only partly [6] validated in online learning context, and 2)we explored the
association between achievement emotions (enjoyment and boredom), perceived cogni-
tive load (i.e., mental load and mental effort) and personal goal achievement in MOOCs.
The findings will provide information for developing instructional design interventions
that can support effective learning and subsequently support MOOC learners reaching
their personal learning goals.

2 Method

2.1 Participants

The participants were students who took part in self-paced MOOCs about the concept
of ‘SAP model company’ (89%; runtime 5 weeks, study load 3–4 h per week) or about
building mobile applications (11%; runtime 6 weeks, study load 4–5 h per week). A
total 1361 students completed the survey (81% male, 18% female, 1% other).

2.2 Materials, Procedure and Analysis

The achievement emotions were measured using the Achievement Emotions Question-
naire developed by Pekrun et al. [12]. In the current study we focused only on the
learning related emotions enjoyment and boredom; measures for both dimensions used
five-point Likert scales. Cognitive load was measured using the mental load and mental
effort measures by Krell [8]. Mental load had two dimensions: high and low; mental
effort had too two dimensions: more and less effort; measures for the four dimensions
all use seven-point Likert scales. All items were slightly adjusted to fit the learning con-
text of MOOCs. Because MOOCs provide students with the possibility of forming their
own learning goals, personal goal achievement was determined by asking them to rate
their success on a seven-point Likert scale.

The MOOC platform from Hasso Plattner Institute (HPI) was utilized for data col-
lection. Data was collected by inviting students to participate in the survey in the last
week of the MOOC.
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The analyses were performed in two steps. In the first step, Rasch analysis were per-
formed in Winsteps 4.8.0 [9] for construct validation and dimensionality determination.
In the second step, SEM analyses in MPLUS 8.6 [11] were performed.

3 Results

The Rasch analyses in the first step confirmed that 1) enjoyment and boredom were two
dimensions of achievement emotions; 2) high and lowmental load were two dimensions
of mental load; and 3) more and less mental effort were two dimensions of mental effort.
Furthermore, theRasch analyses revealed good construct validation of allmeasures. That
is, all measures’ person separation indices exceeded the value of 2.00 which means that
each measured item could well separate persons into low, average and high endorsing
persons. Alternatively said: all measures had a Cronbach’s alpha exceeding .91 except
the less mental effort dimension, which had a Cronbach’s alpha of .82. Furthermore, the
Rasch analyses showed that the seven-point Likert scales for all four measures for the
dimensions of cognitive load needed to collapse into five-point Likert scales.

Fig. 1. SEM model with imputed Rasch person measures (i.e., scores).

The SEMmodelwhich resulted from the second analysis step is depicted in Fig. 1 and
shows the results of the SEM analyses with the imputed Rasch person measures (dark
lines indicate a statistically significant relationship). Therefore, the SEM model does
not show the latent variables with their observed indicators because the imputed Rasch
person measures function here as ‘observed’ variables Fit indices for the SEM model
indicated perfect fit: RMSEA= 0.0; CFI= 1.0; and TLI= 1.0 [16]. The SEM analyses
revealed that none of the variables could predict personal goal achievement except for
enjoyment; however, the relationship between enjoyment and goal achievement was
very weak. The analyses also revealed that enjoyment and boredom have strong to good
relationships with all dimension of cognitive load except for the relationship between
boredom and low mental load, which was not found to be statistically significant.
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4 Discussion

The purpose of this study was 1) to validate the measures for achievement emotion as
well as the measures for perceived cognitive load and 2) to explore the relationships
between achievement emotions (i.e., enjoyment and boredom), perceived cognitive load
(i.e., mental high and low load, and more and less mental effort), and personal goal
achievement in MOOCs. Regarding the first purpose, the Rasch analyses revealed good
psychometric properties of all measures for all dimensions: enjoyment, boredom, high
mental load, low mental load, more mental effort, and less mental effort. All measures
were unidimensional which means that they have no further underlying dimensions.
Given these properties, the analyses demonstrated that these measures are suitable for
use in the online learning context of MOOCs.

Regarding the second purpose of the study; it was expected that all variables would
positively or negatively affect personal goal achievement. The results revealed that
this was not the case. In fact, none of the variables was capable to predict personal
goal achievement except enjoyment but as explained above, the relationship between
enjoyment and goal achievement was weak.

It was further expected that enjoyment would have a positive relationship with more
mental effort and low mental load, and negative relationships with less mental effort and
high mental load. The analyses confirmed the first expectation but did not for the latter
(the negative expected relationships). Though, the unexpected (positive) relationships
were much weaker than those of the expected positive relationships. We, therefore, may
conclude that enjoyment positively affected cognitive load in the sense that enjoyment
resulted in 1) the investment of more mental effort rather than in less mental effort and
2) the perception of low mental load rather than high mental load.

It was also expected that boredomwould have a positive relationshipwith lessmental
effort and high mental load, and negative relationships with more mental effort and low
mental load. The analyses again confirmed the first expectation but did not confirm the
latter (the negative expected relationships). However, the unexpected (positive) relation-
ships were weaker than those of the expected positive relationships, and the relationship
between boredom and low mental load was not significant. From this finding we may,
therefore, conclude that boredom positively affected cognitive load in the sense that
boredom resulted in 1) the investment of less mental effort rather than in more mental
effort and 2) the perception of high mental load.

As every study, the current study has some limitations. First, personal goal achieve-
ment was assessed with a one-item scale whereas the other scales had more items.While
a one item scales may not be a problem per se, it may have problems as outlined by the
Rasch community; for example, a single item may not have the power to differentiate
persons well enough. Also, the use of a single item may not assess the full breadth
and depth of the construct [10]. Second, the current study only included activity-related
achievement emotions enjoyment and boredom using respective items from the AEQ
[12]. Future studies may shift the focus from achievement emotions to epistemic emo-
tions, as these are defined as emotions that specifically relate to cognitive tasks and
activities [2].
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Given these limitations, we need to develop a reliable multi-item instrument for
assessing personal goal achievement in order to replicate the current study so to better
understand what effects personal goal achievement.
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Abstract. Gamification in a technology-enhanced learning context has drawn
much attention to increasing students’ motivation, engagement, and learning per-
formance; however, past research points to a bag of mixed results from these.
These results could be partially due to the lack of involvement of end-users (i.e.,
students and teachers) in the design process. To this end, this work reports a pilot
study to explore students’ feelings, perceptions, and engagement with EasyNew-
ton, a gamified application to practice physics-related problems. This pilot study
gathered 1) students’ interactions with EasyNewton and 2) design workshops and
interviews with students. We report design recommendations based on students’
engagement and perceptions to inform the next design iteration of EasyNewton.
This work is a step towards engaging students early in the design process and
using engagement metrics to understand students’ behaviors.

Keywords: Gamification · Engagement analytics · Human-centred gamification

1 Introduction and Background

Gamification, known as the application of game playing elements (e.g., point scor-
ing, competition with others, rules of play) to other domains, has recently become an
important research topic in the development of Educational Technologies [1]. Correctly
structured and designed, a gamified application brings a new approach to learning that
can positively support motivation and engagement towards the learning process, thus be
more effective than traditional class instruction. Despite the significant benefits studied
in gamification for education, such as the impact of gamification elements on cognitive
engagement and student learning [2], research shows certain cases where students’ per-
formance is not as expected [3]. These results could be partially due to the lack of involve-
ment of end-users (i.e., students and teachers) in the design process, or the misalignment
between the gamification intentions and teachers’ and students’ needs. Kleme et al. [4]
introduced Gadep (The Gamification Design Process), which aims to design a practical
application grounded in game theory. Prior investigations have reported the evaluation,
usefulness, and acceptance of a gamified applicationwith final users (e.g., [2]). However,
there is a lack of empirical evidence reporting teachers’ and students’ involvement dur-
ing the design process, with some exceptions (c.f., [5]). This work takes a user-centered
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design approach and aims to include students’ perspectives in the design process of a
gamified application called EasyNewton. Our pilot study aims to explore: 1) How are
students engaged when using EasyNewton? And 2) What are students’ perceptions of
usefulness EasyNewton for practicing physics-related problems?

2 Context and Pilot Study Design

EasyNewton is a gamified application to help first-year bachelors’ students practice
physics-related problems [6]. This first version is amiddle-fidelity prototype and includes
four levels: easy, medium, hard, and expert (e.g., Fig. 1, home screen). Each of these
levels has a set of problems. Students can request hints, or they can ask for the solution.
EasyNewton uses a point scoring system to unlock the next level if they have reached
a minimum score. Students can collect badges that they unlock depending on how they
progress within the application (e.g., answering five questions without hints). It also
captures students’ actions (e.g., login time, time spent on the application, questions
answered without hints, among others). Given that this is the first version of the appli-
cation, we aim to inform the next design iteration by considering students’ perspectives
in an early stage of the application development.

Fig. 1. Shared board showing EasyNewton used during workshops with students.

Participants and Task. Twenty-four first-year undergraduate students (19 males; 5
females, avg age: 19.6, min age: 18, max age: 28) enrolled in the Mechanics course
from a local university participated in the study. Students were asked to use EasyNewton
to practice Newton’s Laws concepts. The task consisted of two parts. In part 1, they
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interacted with EasyNewton for two weeks by solving problems, progressing through
four levels, and collecting badges. We logged all students’ actions (e.g., login, right and
wrong answers, unlocked a new level) with its timestamps. After two weeks, students
took the usual test for the Newton’s Laws unit. In part 2, eleven students participated in a
follow-up workshop session.We ran four workshop sessions using a video-conferencing
system (e.g., zoom) that lasted around 60 min each. We also prepared a shared board
(e.g., see Fig. 1) aiming to understand students’ perceptions and elicit their feelingswhen
interacting with EasyNewton. Participants were asked to provide answers to questions
such aswhat did you like? what would you wish to improve?All workshop sessions were
video recorded and transcribed verbatim.

3 Analysis and Results

Weanalyzed quantitative data (i.e., users’ logs) and qualitative data (i.e., video recordings
fromworkshops). Fromusers’ logs,we analyzed students’ interactionswithEasyNewton
during the two weeks. Similar to the engagement metrics presented in [7], we calculated
how many students completed the different levels and how many students solved extra
problems on each level.We also counted the number of interactions per day.A total of 664
interactionswere captured fromEasyNewton. From the video recordings, we transcribed
and analyzed around five hours of videos. This analysis aims to 1) understand if students
liked the game design features and 2) define improvements to inform the next design
iteration of the application. Two researchers analyzed students’ quotes following an
affinity diagram technique and grouped quotes according to the game design principles
(DP) presented in [8].

3.1 Students’ Engagement

We observed that almost half (n= 10) of students did not complete any level (they only
logged in and out into the application), According to [9], game elements not leading to
intrinsic motivation could be due to two factors: elements not offering enough feedback
to help participants judge their performance, and lack of challenges to allow participants
experience competitive feelings. Thismay suggest that EasyNewtonmayneed to upgrade
its reward system. From the logs, we found out that only 8.3% completed the expert level.
Results showed that 37.5% of students solved extra problems in the easy level, 20.8% of
students in the medium level, and 8.3% of students in the hard level. We found that most
of the interactions happened the day before (38.1%) and few hours (24.1%) before the
test, these interactions corresponding to 25% of students. This behavior is in line with
the comments expressed during interviews. Seven students mentioned they felt engaged
and motivated to keep using the application. By contrast, four students stated that while
the application was easy to use, they were expecting more gaming elements and features
to keep them motivated (e.g., “something is missing, I would need more challenges to
keep playing” – S3). A student that finished all levels (S1) mentioned that the application
“is a good resource to study and practice while playing on it.”On the contrary, a student
who used the application before the test and only completed the easy and medium levels
(S10) expressed that the application was “not novel.”
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3.2 Students’ Feelings, Perceptions of Usefulness and Design Improvements

Most students (n= 10) had positive feelings (i.e., happy, motivated, proud) when select-
ing a correct answer, except for one student whomentioned that he felt confused because
he guessed the correct answer. All students had negative feelings (i.e., confused, worried,
disappointed) when selecting a wrong answer. Students mentioned that they would like
to see an explanation about why the answer was wrong (S5) using additional resources
(e.g., videos, external links). Students had mixed feelings when asking for a hint. Most
students (n = 9) felt confused and disappointed as they were expecting to see detailed
information about formulas and procedures. Few students (n = 2) felt happy and moti-
vated when reading the hints. Next, we present five design principles (DP) to express
students’ perceptions of usefulness and to inform the design improvements.

DP 1: Creating Progressive Goals That Build on Each Other. Goals were an impor-
tant feature for students because it was one of the factors that kept them motivated to
keep using the application. One student expressed that “the application was engaging
due to its reward system” (S1). However, seven students expressed that the application
should have a better reward system to challenge them (i.e., based on the total of points
they accumulate). This was expressed as follows: “I would like the total points to have
a purpose, to be more challenging” (S2).

DP 2: Use a Profile/Avatar That the Player Can Own and Can Relate To. Three
students expressed that they would like to have a “nickname”. We consider this as an
improvement for EasyNewton to have a profile screen, where the student is represented
by an avatar with a nickname, and it provides the user with all the information related
to his/her progress.

DP3: Provide the Status of the Game Process and Next Available Actions.
EasyNewton has a home screen showing the student progress of each level. Ten stu-
dents positively responded to this feature. One student expressed that he liked how the
progress bar and its percentage of completion represented his actual status (e.g., “I liked
that the percentage shows me my progress” - S4). However, they also gave suggestions
to show more information, such as the problem’s history. (e.g., “I would like to see a
total of exercises resolved” - S4, S6).

DP4: Favor Simple Interaction. The simplicity of EasyNewton encouraged students
to start playing since their first interaction with the application. Most students agreed
that the application was attractive due to its simplicity (e.g., “The application was very
intuitive and pleasant to use” – S5, “it’s easy to use and useful resource” - S8). For
further designs, it must remain simple to use, meaning that more features should not
increase students’ cognitive load.

DP5: Provide Immediate, Positive, and Useful Feedback. Feedback is one of themost
importantmotivators because students are interested in knowingwhen they do something
right or wrong, so they can learn from their mistakes. Students liked the option to see the
solution when they did not know the answer. However, they suggested also to include
positive feedback (e.g., “see the explanation of the solution even if I answer correctly”
- S10) and constructive (e.g., “see explanations on why we are answering incorrectly”
- S9).
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4 Discussion and Further Work

In this work, we presented a study to engage students in designing a gamified application
to practice physics-related problems.We conducted a pilot study to understand students’
perceptions, feelings, and engagements when using EasyNewton. We used log data and
students’ interviews to inform the next design iteration of this application. This study
suggests that students’ motivation and engagement are linked to the gamified elements,
as we observed with data logs and through the workshop sessions. Most of the students
showed a lesser motivation and disengagement towards the use of EasyNewton due to
the lack of challenging features of the application and expressed that they would benefit
from detailed feedback when they get wrong answers. Here, we showed how engaging
with students could help designers and researchers understand and align design gaps
and stakeholders’ needs. We are aware that these results cannot be generalizable due
to the small sample we report in this work. Instead, this work in progress opens up
opportunities to design and develop adapted gamified applications, where students can
also have a voice. Furtherworkwill extend this study by engagingwithmore students and
also promoting co-design practices with teachers and students. We also plan to embed a
tutor system for tracking skills mastery and give more intelligent and adapted problems
and feedback to students.
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Abstract. In the recent decade the number of augmented reality educational
applications (AR-EAs) has increased, but their actual uptake in real-life contexts
remains low. To identify reasons for the limited uptake and resolutions for this
issue, we conducted a teacher survey. Based on the analysis of 65 valid responses,
we derived teacher requirements that could improve the adoption of AR-EAs.

Keywords: Augmented Reality · Education · Teacher · Survey · UX ·
Requirement

1 Introduction and Background

Augmented Reality (AR) combines real and virtual content, is interactive in real-time,
and registered in 3D [1]. These three characteristics render AR technologies particularly
attractive and useful for educational uses. Consequently, the recent decade has seen a
visible increase in the number of AR educational applications (AR-EAs).

However, according to a recent survey [2] the actual usage of AR-EAs in schools
remains low, limiting the opportunity to unleash the potential benefits of these emergent
educational tools. A critical obstacle is the unavailability of equipment and infrastructure
[2]. The lack of requisite knowledge and skills and thus confidence makes teachers
reluctant to introduceAR-EAs in their teaching [3–6].As teachers can be key gatekeepers
for the introduction of new technologies to their students, their related perceptions,
experiences and opinions need to be identified, heeded, and valued. Hence, we were
motivated to design and conduct a survey to analyse the usage of AR-EAs from the
teacher perspective, as the related literature is rather thin.

While the AR technology first emerged in the 1960s, the research work on deploying
AR in education has only been published since 2000 (cf. the Scopus database). Given that
students are the bigger target group (based on the teacher to student ratio alone), only a
small number of studies explore exclusively teachers’ views on deploying AR-EAs (e.g.
[3–6]). All four studies had two common shortcomings: the teacher participants involved
had no or little experience in using AR applications and the scale of the individual study
was limited to a certain region of a single country.
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Meanwhile, several systematic literature reviews (SLRs) on AR-EAs have been con-
ducted (e.g. [7–9]). However, most of these reviews address primarily the educational
impacts. To gain deeper insights into the interaction quality of AR-EAs to inform their
future research and development, we conducted a SLR on AR-EAs designed for K-
12 education by following the related guidelines and principles [10, 11]. The process
resulted in a batch of 49 papers (31 journal, 18 conference). While the complete results
from the student perspective are documented [12], the results from the teacher perspec-
tive are yet to be reported. In fact, the related data on teachers are so meagre that there
is little to present. There are two teacher-specific aspects to report on. First, concerning
the perceived quality of AR-EAs, 36 out of the 49 papers did not take any measures
with teachers. Second, concerning the effectiveness of the AR-EAs for teaching, 46 out
of 49 did not specify it at all. The overall limited attention ascribed to teachers’ percep-
tion of AR-EAs motivated us to conduct a teacher survey. Our main contribution is to
identify teachers’ experience-based needs and requirements for enhancing AR-EAs and
thus their uptake, unleashing the potential of this emerging technology.

2 Method and Results

We created a homegrown survey with closed- and open-ended questions to address
the shortcomings identified in the existing work. Its design was based on our AR/HCI
expertise and inspired by relatedwork and similar surveys [13, 14]. Originally developed
in English, the survey was translated into Dutch, German, Greek, Italian, and Spanish.

Introduction and Section 1: Demographics. The introduction page outlines the pre-
requisite of having used AR for teaching and asks for the teacher’s consent to participate.
The six demographic questions are about the type of school they teach at, gender, age,
country of residence, main teaching subject, and years of teaching experience.

Section 2: General AR Usage for Teaching. A description of AR is given to ensure that
all participants have a similar understanding, followed by 10 questions on the teacher’s
reasons to use AR-EAs, frequency and duration of usage, conditions of usage (i.e. class
size, hardware), confidence in using them, and how the usage can be increased.

Section 3: Most Recent AR Usage for Teaching. Participants are asked to provide the
name of the AR app and (optionally) write a short description. The subsequent ques-
tions ask details about the app usage, the app itself, the perceived usefulness and user
experience of students and teacherswith the app, the domain and topic of the app covered,
and the age group of the students using it.

The research work underpinning the survey was run under the auspices of an EU-
funded project. The survey was implemented with the open-source survey tool LimeSur-
vey and was live from September 2020 to March 2021. To reach teacher participants,
the survey was publicised in the news section of the project website, distributed by the
project partners to their networks of teacher and school contacts, and promoted on the
project’s social media channels several times. Altogether there were 1746 visits to the
survey website, only 65 responses were complete (i.e. all the questions of the survey
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were answered), resulting in a completion rate of only 3.7%. Like most user-based stud-
ies, our survey was severely affected by the pandemic. However, the low percentage is
also an indicator that the actual usage of AR-EAs in everyday teaching is still a nascent
phenomenon, as having used AR in their teaching was a requirement for teachers to
participate in the survey.

Due to the space constraints we can only report the demographics and usage data
collected, showing the variety within the participants, as well as needs and improvement
suggestions gathered, which have the highest relevance of all the information collected
when it comes to deriving requirements.

The 65 complete responses came from 17 countries (Belgium, Bulgaria, Croatia,
Czech Republic, Finland, Greece, Israel, Italy, North Macedonia, Portugal, Romania,
Serbia, Slovakia, Spain, Turkey, United Arab Emirates, and Ukraine) and 2 unspecified
ones. In the sample, 35 teachers were in secondary schools, 27 in primary schools, one
in an infant school, and two in further education colleges. The gender distribution with
44 female and 21 male participants is higher than a typical ratio of 3:1 in the teaching
profession. In terms of age-group, the distribution is as follows: 31–40 (n = 20), 41–50
(n= 26), 51–60 (n= 16),>60 (n= 3). With regard to teaching subjects, the majority of
respondents reported to teach mostly STEM subjects. The average teaching experience
in years was 17.2 (SD = 7.02, Range = 4–45).

The majority of respondents said to have used AR in their teaching for less than a
year (n = 15), between 1–2 years (n = 20), or between 3–4 years (n = 14), whereas
few teachers have used it for more than four years (n = 7); the rest did not specify (n =
9). As for the frequency of usage, several teachers, who used AR weekly or fortnightly
(17%, n = 10), could be considered as active AR users whereas 45% (n = 26) were
moderately active with the usage frequency between monthly and every-three-months.
Nonetheless, 38% (n = 22) of the teachers were less active, using AR educational apps
for teaching every six months or less frequently.

When asked about their needs to increase the usage of AR technologies in their
teaching 44 participants selected the option to have better access to AR hardware, 38
know which AR applications are suitable, 27 find the time, and 19 more help to use AR
apps (Note: they could choose more than one option).When asked to expand about these
needs, most participants said to have significant financial constraints (n = 24) such as
the lack of budget and equipment at their schools, followed by the need of training to
be able to use AR apps (n = 21). Teachers also explained to be facing other types of
restrictions (n= 15) such as the lack of time or national laws forbidding students to use
electronic devices in the classroom. The limited availability of quality materials (n =
18) in AR apps was also mentioned several times by the respondents. At last, technical
improvements (n = 4) on the software were said to be needed for teachers to increase
their usage of AR for teaching.

In answering the question on how existing AR apps could be improved to better
support their teaching, most participants considered that technical enhancements could
benefit them the most. Specifically, they wanted the AR apps to be faster, to have more
functionalities, and to work on different operating systems. Increasing the scope of the
materials available was another common suggestion. There could be more resources that
would help teachers to save time and different applications suitable for the student level,
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which should include not only a larger catalogue of apps, resources, and scenarios, but
also their availability in different languages.

Based on the survey results, three types of user (teacher) requirements have been
derived, namely, functional requirements (i.e. what the system should do, e.g. ‘AR
apps should support different styles of presentation (e.g. teacher to class, students in
groups, or students individually).’), non-functional requirements (i.e. quality in use
that the system should satisfy, e.g. ‘AR apps should be usable and learnable.’), as well as
organisational and pedagogical requirements (i.e. enabling teachers to deploy AR as
educational tool, e.g. ‘School management should care about providing the appropriate
infrastructure and hardware/equipment, including the Internet and mobile devices to
run AR apps (tablets, smartphones), and ease regulatory constraints.’).

3 Discussion and Limitations

The survey responses show clearly that teacher needs are not only technical but also
financial and organisational. Besides highly usable and useful software they need more
access to hardware and training in order to use AR more often in their teaching. The
availability of basic hardware like mobile phones, tablets, and computers with camera
for running AR applications is generally low. Hence, the need for even more expensive
equipment, like HMDs, to support cutting-edge AR apps as currently developed in the
general AR research community, seems very difficult to meet.

Furthermore, the teachers pointed out that a repository of apps and lessons on top-
ics from their countries’ curricula would be ideal for them to best utilize these tools
and their time. Nonetheless, ready-made materials, while convenient, may not be able
to address particularities of specific learning contexts. Hence, it is recommendable to
provide teachers with usable and useful authoring tools. Such tools can support teachers
to customize the existing as well as create new contents to meet their specific needs.

There are some limitations of our study. First, the inherent drawbacks of using survey
as a research method are applicable, including the lack of opportunity to ask follow-up
questions or clarify responses as well as the constraint of given options, although the
option “other” is included for participants to elaborate. Second, the sample size was low,
which could partly be attributed to the pandemic and partly to the screening criterion
(i.e. experience in using AR for teaching was a prerequisite).

4 Conclusion and Future Work

To capture user requirements for future development of AR we developed a survey to
explore teachers’ general as well as specific needs in respect to AR apps for educational
purposes. Overall, the majority of the participants recognised the potential of AR as
educational tool, given its interactivity and visualization effect. However, they pointed
out the different challenges – technical, financial, pedagogical and organisational – that
need to be overcome to enhance the uptake of AR in real life teaching. These findings
support the results of previous work [2–6] while at the same time expanding on it.
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The functional and non-functional requirements we derived, albeit not particularly
fine-grained, can serve as relevant factors for designers and developers to consider when
creating AR-EAs. To address the pedagogical and organisational requirements, it is
necessary tomobilise professional bodies such as teacher associations and negotiate with
policymakers to invest sufficient resources in requisite infrastructure and equipment.
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Abstract. While learning management systems have spread for the last
decades, many teachers still struggle to fully operate an LMS within their
teaching, beyond its role of a simple resources repository. To elicit these
learning situations, we suggest a web environment based on teaching
analytics to provide teachers with self and social awareness of their own
practices on the LMS. This article focuses on the behavioral model we
designed on the strength of (i) a qualitative analysis from interviews we
had with several pedagogical engineers and (ii) a quantitative analysis we
carried out on three years of teachers’ activities on an LMS at the scale
of the University. This model describes teachers’ practices through six
major explainable axes: evaluation, reflection, communication, resources,
collaboration as well as interactivity and gamification. It can be used by
the institution to detect particular teachers who may be in need of spe-
cific individual support or conversely, experts of a particular usage of the
LMS who could bring constructive criticism for its improvement. While
instrumented in our environment, this model enables supplying teachers
with self-assessment, automatic feedback and peer recommendations in
order to encourage them to improve their skills with the LMS.

Keywords: Teaching analytics · Learning management system ·
Self-assessment · Peer recommendation · Clustering analysis · Principal
component analysis

1 Introduction

The trend of using Learning Management Systems (LMS) is now spreading
quickly across all areas of education. Most universities offer LMSs as a “one size
fits all” technology solution for all teachers of any discipline. However, many
teachers face several difficulties to integrate these platforms into their practices.
The main problems of teachers appear to be technical or organizational, due to
the lack of support and the lack of time devoted to its learning [2]. Furthermore,
most universities are hiring pedagogical engineers (PE), especially to support
and train teachers in order to ensure a proper use of their LMS and ensure
their pedagogical fit. With few PE compared to teachers, the formers struggle
c© Springer Nature Switzerland AG 2021
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to support every teacher. For instance, in France, these problems were one of
the reasons that led the Ministry of Higher Education to launch the HyPE-13
project(Hybridizing and Sharing Teachings). It aims to accompany teachers and
students towards success by promoting the hybridization of training.

On the other hand, the use of LMS allows the capture of large amounts of
quantitative data concerning the behavior of users and designers, and thus paves
the way for Learning and Teaching Analytics (LA, TA). In our University, the
LMS has been in place for more than 10 years. However, the University is facing
the same issues we identified previously (LMS use expectations are not met and
only 5 PE have to deal with more than 600 teachers). Our main objective is then
to provide teachers with personal and social awareness [3], in order for them to
engage in learning situations that aim at improving their LMS skills.

To reach this objective, we propose the design and the instrumentalisation of
a teachers’ behavior model to support their self-assessment and leverage peer-
learning through automatic recommendations. We address here two first research
questions: (i) How to model the exploitation of an LMS a teacher does and could
do in an intelligible way? (ii) What TA indicators can be instrument from this
model to support self-assessment and enable feedback and recommendations?

2 Related Work

Some researchers have focused on TA to understand how teachers deliver their
lessons. For instance, to support the teacher inquiry process, [7] identified TA
as a necessary component, exploited in synergy with Learning Analytics (LA).
For this purpose, [5] used TA to automatically extract teachers’ actions. To get
out of the dependence on the technological context, [1] proposed a theoreti-
cal referential of good e-learning practices (DISC), while [4] empirically built a
model to describe hybrid learning systems. On the other hand, some studies have
been conducted to analyze teachers’ behavior for different purposes as [8] aimed
to uncover course design archetypes across multiple institutions and identified 5
groups consider courses with: mainly content and low interactions, one-way com-
munication, strong peer interactions, more evaluation activities and those with a
balance between content, communication and evaluation. Or, [6] that proposed
a method to automatically certify teachers’ skills from LMS data and they were
able to identify 6 types of courses based on teachers’ practices (non-active, sub-
mission, deposit, communicative, evaluative, balance). Overall, these different
studies show the importance of using analytical tools on the actions of teachers
themselves, but it appears that the use of these behaviors for self-assessment has
not yet been explored. In addition, they depict current platform usage, with the
rejection of unused variables and cannot adapt to expected future uses.

3 Methodology

In order to qualify the current and expected teachers’ uses of the LMS, we applied
a quantitatively driven mixed method. We started with a quantitative analysis
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to deduce statistically different profiles of LMS use, in order to find groups of
teachers or profiles of interest, based on the LMS log data. We performed a Prin-
cipal Component Analysis (PCA) and a clustering analysis. PCA analysis allows
to highlight diversity of the dataset in a reduced set of variables (components)
while the clustering one aims to regroup the different instances of the dataset
regarding their similarity. Afterwards, we conducted semi-structured interviews
(i.e.: qualitative interview) with 3 female engineers on the same day (each lasted
40 to 50 min). In a series of open-ended questions prepared in advance to guide
our interview, we collected information to improve the quantitative study which
was analyzed by 2 researchers. This qualitative method was chosen because we
needed the interviewee to answer freely, express a specific point of view, and
bring out potential new working hypotheses.

We then performed a second quantitative analysis using the same previous
method to address the engineer’s comments by adding or modifying some vari-
ables. In order to design a behavior model that can handle both present and
future expected usages of the LMS, we merge both results we obtained from this
latest analysis and those we obtained from the interviews. Particularly, some of
the discussed LMS features are still not used enough to appear in the results
of the quantitative analysis. Moreover, the choice of the model axes (i.e.: the
structure and how variables are grouped by axis) is also based on the results of
the last PCA analysis and those of the qualitative interviews.

Finally, this model allowed to design several TA metrics. We applied clus-
tering methods (K-Means, Dbscan, Agglomerative clustering and Gaussian Mix-
ture) to be able to provide a social awareness based and defined interpretable
scores to offer a more detailed personal awareness. Based on these metrics, we
eventually designed a tool mainly dedicated to teachers, that supports self-
assessment and awareness, but also can provide automatic peer recommenda-
tions using our model and metrics.

4 Teachers’ Behavior Model

4.1 Model Definition

Through the intersection of the qualitative and quantitative studies, we designed
a teacher behavioral model. It describes along six axes the behavior of teachers
in a comprehensive way, and includes features that can be used to represent
the current or potential use of the platform. The first axis (a.1 - Evaluation)
represents the different tools used by the teacher to assess his students (quiz,
assignment, attendance, calendar, grade). The second axis (a.2 - Reflection)
concerns the LMS features that can provide teachers with a way to get feedback
from students on their teaching and the digital resources they use (survey and
choice). The third axis (a.3 - Communication) is devoted to the different means
of communication used by the teacher to facilitate the transfer of information
to the students and to improve the sharing between them (forum and chat).
The fourth axis (a.4 - Resources) refers to the diversity of resources the teacher
provides to students, and include then the file, book, folder, page, glossary and
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url features. Whereas the fifth one (a.5 - Collaboration) concerns the promotion
of collaboration between students with different LMS features (workshop, wiki,
via, choice and data), the last axis (a.6 - Interactivity and Gamification) gathers
the interactive or playful activities used by teachers to animate their courses and
make them more attractive (lesson, course format, img, gallery, game and lti).

4.2 Teaching Analytics Indicators

Based on the teachers’ behavior model derived from the quantitative and qual-
itative analysis, we designed two TA metrics for awareness and self-assessment.
The first metric is the LMS usage trends, it provides teachers with a current
view by axis of their position relative to their colleagues. It was calculated by
testing several clustering algorithms, and the results allowed teachers to identify
the axes on which they are active and those on which they are not. The second
metric propose two complementary scores for self-awareness to measure how the
teacher profits from the LMS, based on the complete model we designed: (a)
The score of curiosity that indicates the teacher’s degree of curiosity according
to each axis, takes into account the number of non null variables over all the
teacher’s courses. It aims to encourage to discover other LMS features within
the axis.(b) The score of regularity that considers how often teachers exploit the
features related to an axis with respect to their courses. In other terms, it helps
validating a skill based on the repetition of practice.

4.3 Model and Metrics Exploitation

We started the development of a tool to engage teachers into learning situations
regarding the different axes of our model. The main dashboard is represented in
Fig. 1. Once logged, the teacher can have an overview of his situation. Each axis
is detailed within a card, with a different background color and subtitle whether
the teacher was clusterized as active or inactive, and including the two different

Fig. 1. Teacher dashboard for self-assessment and recommendations
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scores of curiosity and regularity. In the bottom right corner of the figure, we
provide a radar visualisation that sums up the two scores for the teacher to
have a quick comparative view of the different axes. Moreover, according to the
different metrics our system can provide several automatic recommendations to
improve the teacher’s skill by recommending an active teacher if there is one,
otherwise the system uses a fallback and recommends the PE.

5 Conclusion and Perspectives

In this paper, we designed a behavioral model of teachers based on a qualitative
analysis from interviews we had with three PE and a quantitative analysis we
performed on teachers’ activities on the University’s LMS. This model describes
teachers’ practices through six major axes of mastery: evaluation, reflection,
communication, resource, collaboration as well as interactivity and gamification.
From this model, we designed several TA indicators. We proposed clustering
models to make out non active and active teachers in a particular axis, as a
metric for social awareness. For self-awareness, we took into account the complete
model, including variables that relate unused features so far, into two different
scores also proposed by axis (score of curiosity and score of regularity). However,
our study presents several limitations. We have integrated all teacher traces on
the University’s LMS to analyze their behavior, knowing that many teachers
use other technologies to manage their teaching, whom we do not have access
to. Moreover, our study does not take into account what happens in a class,
outside the technological environment and considers all teachers in the same
way regardless of context. We will continue in the short term to refine our model
with the inclusion and analysis of new features that would consolidate our axes
and also our TA indicators. Indeed, once the first version of the tool will be
operational, we will experiment it at the scale of our University to evaluate its
usability, the interest teachers will show in it, and then test whether it allows
inducing learning situations and if recommendations are followed and relevant.
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Abstract. Blended learning environments offer a rich amount of data
that encompasses various learning interactions. Despite advancements in
technology, there have been several learning activities that remain offline,
thus preventing us from fully understanding certain aspects of student
learning. An example of this is how students review their paper-based
assessments. Using a homegrown educational technology that addresses
this gap, we analyzed students’ clickstream data to uncover latent pro-
files based on how they review these graded assessments. Such behavior
could provide insight into their self-regulated learning strategies as they
attempt to correct their misconceptions. We leveraged latent profile anal-
ysis and presented our preliminary findings and interpretations of the five
student profiles we uncovered to understand the effects of their varying
efforts to learn the course material.

Keywords: Clickstream data · Reviewing behavior · Latent profile
analysis

1 Introduction

Students use various readily available resources as they prepare for exams. In
one survey, they responded that they review their past quizzes or exams, in
addition to reading the lecture materials or notes [6]. They look back at old
questions with the hopes of encountering a similar question. This exposes them
to the possibility of seeing past mistakes, which would present a problem if
not addressed soon. In fact, it was found that difficulty of material affects the
total time it takes for students to read and study it [9]. Reviewing assessments
enables students to demonstrate metacognitive skills such as monitoring mistakes
or evaluating any learning strategy’s success and adjusting. Knowing how they
performed in a graded assessment allows them to formulate a plan to address
their misconceptions. This highlights the importance of guidance on approaching
learning materials to ensure that the learning activity is beneficial. For guidance
to be effective, it has to be personalized [2]. However, to be able to do so, the
system needs to know something about the students.
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This paper aims to uncover various profiles of students based on how they
review their paper-based assessments. What are the characteristics of students
who performed well? Can we use such discovery to provide appropriate guid-
ance to make them more accountable in addressing their misconceptions? These
questions can be answered by looking at how students interact with an educa-
tional technology that captures their reviewing behaviors. These strategies are
captured in the form of clickstream data. Many approaches can be employed to
model and interpret such behaviors. In this paper, we attempt to discover such
latent profiles through Latent Profile Analysis [1].

In earlier works, the distribution of the students’ review actions and how
this affects their succeeding exam performance was investigated [4,5]. However,
in those studies, the questions’ context, such as the difficulty, was not factored
into the analysis. Furthermore, these studies only used arbitrary thresholds to
group events into sessions instead of using a more accurate approach (i.e., deter-
mined by the server). Lastly, students in these works have always been classified
based on their class performance (e.g., high- and low-performing students; A-B-C
students). Their behaviors were not looked into to come up with these groupings
or profiles. Therefore, this paper aims to address such limitations.

2 Methods

2.1 Data Collection and Pre-processing

The clickstream data were collected from a classroom study from an Object-
Oriented Programming and Data Structure class in a higher education institu-
tion. The course had a total of 17 paper-based assessments. Three of which were
exams, while the other 14 were quizzes. Among the quizzes, two were for credit,
while the rest were not. Students still had to answer these quizzes and were
awarded full points regardless of whether their answers were correct or not (i.e.,
extra questions). These were only used for attendance. A total of 317 students
were enrolled, mostly in their second year. WebPGA [5] was used to capture
students’ reviewing behavior (a total of 88,111 unique events).

This preliminary analysis focuses on three specific actions representing the
three levels of how students can review an assessment. The first level is the
dashboard overview, where students can see a list of all their assessments and their
scores at a glance. Students choose an assessment from the list, which redirects
them to the second level, assessment overview. Students can see a listing of all the
questions from the selected assessment. This includes individual scores for each
question. Color codings were used to help students identify which questions they
had more mistakes. Students can freely choose a question to review, redirecting
them to the question overview, the third level. In this view, students can see
fine-grained detail about their performance, such as the rubrics and written
annotations from the grader. From here, students can use the navigation buttons
(left and right) to go to other questions; or close the current window to go back
to the assessment overview and choose another question from the list.
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Students’ perception of a question’s difficulty varies. We provided context
to the different questions based on the student’s performance. For every graded
question, we obtained the class performance for this question and used this as
a cutoff point to determine whether, for a given student, this question requires
urgent attention. For example, if the cutoff point for Q1 is 0.75 and students
A and B obtained scores of 0.65 and 0.92, respectively, Q1 will be tagged as
urgent for student A and non-urgent for student B. The rationale behind this
approach is to let students focus on questions that were relatively difficult for
them. Lastly, the student’s overall performance was obtained from the average
of his or her three exam scores. The class average is 0.83 (s = 0.12).

Students accessed the platform throughout the semester at their convenience.
Announcements were posted on Blackboard as an assessment becomes available
for review. Each student is represented by a string of symbols that describes the
student’s different actions in the system. Actions performed in a single session as
determined by the system were grouped. Two different session groups are sepa-
rated with a session marker symbol. Finally, we computed the relative frequency
distribution of the six different symbols (D, A, N, U, X, S) of every student.

2.2 Latent Profile Analysis

The goal of this study is to identify subgroups based on their behavioral data to
be able to provide appropriate guidance or intervention. The student’s relative
frequency distribution was used to represent his or her reviewing behavior. To
uncover these various profiles, we performed latent profile analysis by leveraging
Gaussian mixture models (GMMs) [3]. GMM was used over k-means clustering
as the former performs soft classification providing us with probabilities. In this
exploratory analysis, the number of components (i.e., latent profiles) is unknown.
We used Bayesian Information Criterion (BIC) [8] as the metric in determining
the number of components from the range of 1 to 10, inclusive. A GMM with five
components yielded the best BIC and was used to group the students. Figure 1
provides an overview of the relative frequency of the five student profiles.

Fig. 1. Relative frequency distribution of symbols of the five student profiles.
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3 Preliminary Results

Table 1 provides an overview of the characteristics of the five student profiles. We
wanted to investigate whether there is a significant difference between students’
overall performance across the different profiles. We performed a Kruskal-Wallis
test and found a statistically significant difference (H = 36.14, p < .01). To
further investigate the differences between the groups, we performed Dunn’s
post hoc test. We repeated the same set of analyses for the sequence lengths
(H = 116.35, p < .01) and the number of unique sessions (H = 56.87, p < .01). In
terms of overall performance, the following groups had no significant differences
0-3, 1-4. This potentially suggests that there are three groupings for the users.
Only the 0-2 pair had no significant differences in terms of sequence lengths,
suggesting four different sequence lengths. In terms of the number of unique
sessions, two groupings can be formed, namely 0-1-2 and 3-4.

Table 1. Overview of the five student profiles

Profile Student
count

Overall
performance

Sequence
length

Unique
sessions

Urgent ratio

0 67 0.79 171 11 0.56

1 87 0.82 102 13 0.58

2 94 0.88 174 11 0.37

3 21 0.77 021 5 0.86

4 48 0.82 67 5 0.51

Overall 317 0.83 128 10 0.52

We further looked at the relationship of the relative frequency distribution
values to provide some explanations or characterize the various profiles. When
comparing distributions of dashboard and assessment actions, only profile 3 had
more dashboard actions than assessments. This provides evidence of their shallow
reviewing behavior, which is made evident by their relatively low number of
unique sessions. Interestingly, this profile had the lowest overall performance.
When looking at the distribution of assessment and question review actions, we
found that only profiles 0 and 4 had fewer assessment actions than question
reviews. This could indicate that these students simply did not explicitly choose
which questions to review based on their performance (i.e., simply followed what
was being presented by the system). More assessment actions could indicate an
intentional part of the student choosing and planning which question to review
next since the system was designed to handle such a situation. It should be noted
that profiles 0 and 4 are entirely different in terms of their sequence lengths and
number of unique sessions.

Not all the questions that can be reviewed are for credit. Among the five,
only profiles 0, 1, and 2 made an effort to review extra questions. Students from



330 Y. V. Paredes and I.-H. Hsiao

profiles 3 and 4 may have missed this opportunity to learn more about the topic.
A closer look at profile 2 shows that more review on extra questions was higher
than graded questions (urgent and non-urgent). This shows their willingness
and determination to learn more and take advantage of any available resources.
Finally, we computed the urgent ratio (Table 1), which is the ratio of the urgent
and non-urgent review question actions. Only profile 2 had a value less than 0.50.
Notably, despite the high urgent ratio for profile 3, it seems that such behavior
is not enough. The length of their sequences could potentially explain this.

4 Conclusion and Future Work

This exploratory analysis has demonstrated the potential of uncovering student
profiles based on their reviewing behavior. A follow-up study to ask students why
they behaved the way they did in the system could validate such interpretation
of the student profiles. Furthermore, it is worth investigating data from other
educational systems used in the class. In terms of adaptive personalization, using
the identified profiles, various models could be trained to provide the right nudge
or recommendation to make the student more engaged in addressing their mis-
conceptions. Finally, other methodologies can be explored (e.g., hidden Markov
models). Many works have leveraged this technique to understand behavioral
patterns. An advantage of this approach is that it incorporates the temporal
information of the data as opposed to simple clustering [7]. Another is to apply
sequential pattern mining techniques to understand what constitutes effective
and ineffective reviewing strategies.
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Abstract. This paper presents a case study that analyzes the orches-
tration of a ubiquitous learning situation involving a teacher and 89
secondary-school students using Casual Learn. This case study allows
us to illustrate how teachers can use Casual Learn to orchestrate ubiq-
uitous learning situations to learn Cultural Heritage. During the case
study, Casual Learn played a key role as it enabled to bridge in- and
out-classroom activities across physical and virtual learning spaces.

Keywords: Ubiquitous learning · Cultural heritage learning · Case
study

1 Introduction

Cultural Heritage learners highly benefit from active on-site learning: learners
get a better understanding of a monument and its context when visiting it, than
when studying it from a book or online site [3]. For this reason, ubiquitous learn-
ing -typically defined as “using mobile technologies to facilitate learning” [4]-
is a promising approach to teach and learn Cultural Heritage. UL promotes
autonomous and active learning across different spaces and contexts. In many
cases, UL situations bridge formal and informal learning spaces, where learning
tasks of different formality may occur. Thus, an UL situation can combine the
advantages of different learning spaces [1].

All these UL benefits come to a price: using mobile technology to bridge
learning across spaces may require a significant effort for the teacher. UL typ-
ically implies using new technological tools and platforms. Moreover, there are
important pedagogical issues in the orchestration [6] of UL situations, includ-
ing their learning design (e.g., how to define the sequence of activities that
will be carried out, including how the tools will support them) and enactment
(e.g., scaffolding the students or solving their doubts). In the last few years,
the research community is making a significant effort to overcome these issues,
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but few researchers explored them in the context of UL situations that bridge
in-classroom and out-classroom learning [1].

Overcoming the aforementioned limitations of UL could be highly beneficial
for Cultural Heritage learning situations: since school trips are scarce [3], it is
convenient to help the teacher to orchestrate learning situations that connect
in-classroom activities with on-site activities that students may carry out in
informal contexts. However, the potential of UL for the Cultural Heritage domain
has not been explored in depth [1,4]. Some researchers reported UL situations
either inside museums [8] or around the city [2]. But these are purely informal
learning experiences, not related to formal learning or contexts. Furthermore,
they do not promote active learning as the supporting technology limits its
functionality to offering [2] or recommending [8] information about places to
visit.

An example of a mobile application that may support UL for Cultural Her-
itage is Casual Learn [7]. Casual Learn, designed and developed by the authors,
makes use of semantic technologies and linked open data to define 10 000 active
learning tasks related to Cultural Heritage sites from the Spanish region of
Castile and Leon (see Fig. 1). Casual Learn enables the learners to do these tasks
and share their answers in Instagram, Twitter, or Microsoft Teams. Casual Learn
is already available in Google Play Store for downloading and installation1, and
it has already been tested by a set of individual users. This paper goes a step
forward and presents the results of a study focused on the difficulties faced by
a secondary-education teacher when designing and enacting an UL situation
supported by Casual Learn, under the umbrella of the so-called orchestration
metaphor [6]. The rest of the paper summarizes the research method (Sect. 2)
and the main results (Sect. 3) of this case study.

2 Methods

The main aim of this study is to explore the issue: to what extent can teachers
orchestrate Casual Learn as part of their teaching practice in a manageable way?
The study is framed within an interpretative research paradigm, which does not
pursue statistically-significant results, rather aiming to a deep understanding of
the particularity of the concrete phenomena under study. During the evaluation
design, we used an anticipatory data reduction process [5], using as its basis the
5 + 3 aspects orchestration framework [6].

Four months before the case study took place, the authors of this paper gave a
two-session seminar about Casual Learn to the teacher who participated. Then,
the teacher freely created the learning design. During the enactment, we had
an informal interview every week with the teacher ([WI]), so she reported the
progress to us. Once the learning situation finished, we had a semi-structured
interview with the teacher ([I]) and we collected some questionnaires from the
teacher ([TQ]) and the students ([SQ]). We also collected the documents pro-
duced for the learning situation ([D]) and Casual Learn’s logs ([L]).
1 https://casuallearnapp.gsic.uva.es.

https://casuallearnapp.gsic.uva.es
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Fig. 1. Snapshots of the user interface of Casual Learn. a) view of the city center of
Valladolid. b) a task description related to the “Pasaje Gutiérrez”.

2.1 Research Context

This case study was carried out in a public secondary-education school located
in a middle-class district of the city of Valladolid (Castile and Leon, Spain).
The participants were a teacher of History with more than 20 years of teaching
experience, and 89 students of the fourth grade of secondary education (15–
16 years). The students belonged to four different classes. The case study was
carried out in the course 2020/2021, when school trips and organized tourist
visits were not allowed due to the restrictions related to the COVID-19 pandemic,
although people could walk freely around the city of Valladolid, alone or in small
groups.

The aim of the learning situation was to understand the rise of the bourgeoisie
in the city of Valladolid. This topic had been explained by the teacher before the
learning situation started. The learning situation was divided into two phases:

The first phase took 21 d. Each class was divided into four groups of four or
five students. Each group was assigned a topic (culture, economy, politics, and
society) and a set of four or five Cultural Heritage sites of Valladolid related
to their topic (18 sites in total). The teacher provided each group with some
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basic bibliography that they were expected to extend. Then, learners should
produce, for each Cultural Heritage site, an electronic document that contains a
short description of the site, an extended description which may contain images
and references, and a set of tasks to be done by their colleagues. Overall, 36
descriptions and 74 tasks were proposed by the students, reviewed by the teacher
and published in Casual Learn.

The second phase took 16 d. 80 students used Casual Learn to carry out the
tasks proposed by their classmates. They freely formed 23 groups between of
three or four students each. In their evenings or weekends they had to visit the
18 Cultural Heritage sites proposed by the teacher. They also use Casual Learn
to send their answers to the teacher via Microsoft Teams. Overall, they carried
out 451 tasks in Casual Learn: 222 tasks proposed by a group; 199 proposed by
another group; and 30 tasks previously existing in Casual Learn.

3 Results

This section reports the main findings regarding the orchestration of the learning
situation, organized according to the dimensions of the 5 + 3 aspects orchestra-
tion framework [6]. Letters in brackets indicate the data sources analyzed for
each dimension, as indicated in Sect. 2.

Design: the evaluation showed that Casual Learn enabled the teacher to imple-
ment an UL design to learn Cultural Heritage. This design included collaborative
in- and out-classroom across physical and virtual spaces [WI]. It is noteworthy
that Casual Learn is a technology that enabled the implementation of a learning
design that alleviated the impact of the restrictions related to the COVID-19
pandemic [I].

Management: in this case study the teacher could manage the UL situation
with almost no support from Casual Learn developers [WI]. During the first
phase of the situation, she had to further scaffold students offering them more
sources and motivating them to deepen their analysis [WI][I]. During the second
phase of the situation, the students used Casual Learn without the need of
further support [WI][I].

Awareness: Casual Learn allowed the teacher to be aware of her student’s
progress [I]. The integration of Casual Learn to Microsoft Teams was key to
support this awareness [I][TQ].

Adaptation: the teacher and the students could adapt the learning process
using Casual Learn [D]. The teacher published in Casual Learn the tasks pro-
posed by two classes before the second phase of the situation started (see Fig. 1
for an example). Thus, she adapted the functionality of Casual Learn to the con-
tent of her course. Regarding the students, they took advantage of the hundreds
of tasks available in Casual Learn and related to Cultural Heritage sites from
Valladolid [L].
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Theory: the pedagogical aims of this learning situation were not transformed,
but enriched, by using Casual Learn. Casual Learn is an application that offers
students outdoor learning opportunities and is well aligned to the school’s pro-
motion of competence-based learning [I].

Pragmatism: Casual Learn was used by a non-ICT expert teacher and
her secondary-school students in an authentic collaborative learning situation.
Indeed, it was perceived as an easy-to-use application by the teacher and by
the students [TQ] [SQ]. The teacher also said that orchestrating this learning
situation required a significant amount of work, especially during the enactment
of its first phase [I].

Synergy: Casual Learn could be used together with Microsoft Teams, which
is widely adopted by Spanish secondary schools [L]. This was key to integrate
Casual Learn in the technological environment used in the classroom [I].

Roles of the Teacher and other Actors: the orchestration load was suc-
cessfully shared between the teacher and the students. Indeed, during its second
phase the students could carry out the learning tasks with Casual Learn without
any explicit support or supervision from the teacher [I][L].
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Abstract. Over the last decade, we have seen a large amount of research
being performed in technology-enhanced learning. The European Con-
ference on Technology-enhanced Learning (EC-TEL) is one of the con-
ferences with the most extended trajectory in this area. The goal of this
paper is to provide an overview of the last ten years of the conference.
We collected all papers from the last ten years of the conference, along
with the metadata, and used their keywords to find the most important
ones across the papers. We also parsed papers’ full text automatically,
and used it to extract information about this year’s conference topic.
These results will shed some light on the latest trends and evolution of
EC-TEL.

Keywords: Technology-enhanced learning · Bibliometrics · Natural
language processing · Education

1 Introduction

The term technology-enhanced learning (TEL) is used to describe the applica-
tion of information and communication technologies to teaching and learning [5].
Nowadays, technology is changing and improving year after year, and this devel-
opment is also making a significant impact on educational environments. Despite
there are still some limitations that contribute to the still-limited application of
technology in education [2] (such as economic ones), research and interest in this
area have been growing over the years. This increase is an excellent motivation to
analyze the current trends in educational technology (EdTech) and see changes
and new emerging patterns.

There are several approaches to do this type of analysis [6,9]: systematic
reviews, scoping reviews, or even meta-reviews of multiple review papers, among
others. Unfortunately, analyzing a large collection of papers is often very time-
consuming, specially when we find large number of them as we do in this area.
We propose a methodology to discover trends quickly and easily, and since the
European Conference on Technology-enhanced Learning (EC-TEL) has become
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the primary educational technology conference in Europe and one of the world’s
leading conferences, we consider that this venue is very representative of the
trends in this area.

Specifically, our analysis has focused on the following three main objectives:
1) Discover which are the main topics of the conference using paper keywords. 2)
Discover the evolution of said topics over the last ten years of the conference. 3)
Discover how many papers have tackled this year’s conference theme on “Free,
Safe and Sustainable World.” The rest of the paper is organized as follows.
Section 2 describes the methodology followed to conduct the research and Sect. 3
presents the results of the synthesis and analysis. Then, we finalize the paper
with conclusions and future work in Sect. 4.

2 Methodology

To conduct the research, we divided our work in different stages. Next, we explain
each part of the methodology in detail:

– Data extraction. The first step in our analysis was to get all the data
necessary to begin the research. To download each paper in PDF, we used
the Springer Link database [11]. On the other hand, we used two different
databases to get each paper’s metadata: Scopus [1] and Web of Science [10].
Although we did not find the metadata corresponding to the papers of the
EC-TEL 2015 edition, we included these papers’ metadata that we needed
for our analysis manually. The final data collection contains a total of 447
documents and 1 905 keywords (4.26 average keywords).

– PDF parsing. In this stage, we parsed every PDF file into a plain text
(TXT) file. To make that possible, we used PdfToText library, which parsed
100% of the papers with high fidelity.

– Data cleaning & lemmatization. We cleaned each paper’s full text, along
with the keywords, by removing, for example, unnecessary URLs, numbers,
or additional space characters. Once the text is cleaned, we applied lemma-
tization (i.e., the process of converting a word to its base form) to every
document and keyword using pywsd library.

– NLP & keyword analysis. To discover the main topics based on the papers’
keywords, we inspected the data manually to merge similar keywords into a
single one. That way, if we find, for example, “technology-enhanced learning”
and “technology enhanced learning,” both keywords are merged and their
number of appearances are aggregated.

3 Results

3.1 Main Topics of EC-TEL Based on Keywords

After applying the proposed methodology in the previous Section, we calculated
the top ten keywords proportion across the last ten years of EC-TEL. As we see
in Fig. 1, the most frequent keywords appearing are “learn analytics” (2.99%),
“collaborative learning” (2.67%) and “massive open online course” (2.36%).
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Fig. 1. Keyword distribution across all papers.

3.2 Evolution of Topics Across the Previous Ten Years

After reviewing keywords taking into account all ten years, we analyzed each year
separately, calculating the proportion of each keyword in each year individually.

Fig. 2. Keyword distribution by year.

Figure 2 shows the evolution of each keyword’s distribution over time. We see
some keywords that have never been as trendy as others, but they keep appearing
year after year. This is the case of “design-based research,” which has a stable
distribution almost every year. Moreover, we also see other keywords that have
increased their frequency significantly, such as “learn analytics” (increasing from
1.17% in 2011 to a maximum of 5.88% in 2019). What we discover looking at
Fig. 2 is that almost every keyword has lost frequency from 2019 to 2020, which
possibly means that 2020 was a year with new trends, or maybe papers’ topics
are more diverse.
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3.3 Evolution of This Year’s Conference Topic on “Free, Safe and
Sustainable World”

We searched the appearance of certain quotes: using the papers’ full text, we
searched for the quotes: “free world,” “safe world,” “sustainable world,” and
“sustainability”; then, we made a manual review of those papers found to check
if they are really addressing any related area to this year’s theme. All papers
(a total of ten) resulting from our search matched the quote “sustainability”,
and none of them matched any other quote. We identified that all these papers
addressed four main topics:

– Economical sustainability. We found one paper matching this topic, deal-
ing with the economical issues of implementing technology in the classroom.
Specifically, [4] created a multi-user simulation environment for LEGO robots,
which are expensive and typically could not be used by students at home.

– Technological sustainability. We found a total of three papers in this topic,
addressing some existing technological challenges in the area. For example,
the work in [8] describes multi-tier architecture and data model to support
the deployment of learning designs, which is sustainable and scalable.

– Pedagogical sustainability. We found two papers matching this topic.
These papers propose new approaches to content generation issues over time.
For example, the focus in [7] is on the construction, use, pedagogical potential,
and long-term sustainability of certain web-based tools designed for teaching
logic.

– EdTech about sustainability. We found four papers in this topic, includ-
ing EdTech research where the tool developed (e.g., games, MOOCs) includes
sustainability concepts. For example, authors in [3] discuss the design, imple-
mentation and evaluation of a pilot project that integrated inquiry-based
learning with mobile game design, addressing topics such as energy consump-
tion or sustainable development.

4 Conclusions and Future Work

This student presents a methodology to discover the latest trends in the last
10 years of the EC-TEL conference. Some of the most frequent keywords that we
found are “learning analytics,” and “massive open online course,” which have
gained popularity over time. Other keywords, like “collaborative learning,” have
also been very popular, but their popularity is decreasing over the years. We
also analyzed how papers have addressed this year’s conference theme on “Free,
Safe and Sustainable World,” finding that not many papers have tackled it in
the past. However, we consider that this is an emergent topic that should be
addressed in a world of ever-increasing technology development. It is important
to adapt the future of learning to address the current global challenges and
continue growing in a safe, free, and sustainable world.

This work has some limitations. First of all, we did not use the complete pro-
ceedings of EC-TEL since we excluded demo and poster papers from our analy-
sis. With respect to the keyword analysis, we are limited by authors’ keywords,
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expecting they cover all the possible topics addressed in each paper. However,
usually, it is not like that. As part of our future work, we will be expand-
ing this analysis to the conference’s entire trajectory, including the 15 years
of manuscripts. As we have also collected all the papers’ metadata, including
authors and also citations available in the full manuscript, we are working on a
network analysis to establish relations between the different papers and authors
across the conference trajectory. We expect our study to shed some light on the
latest trends and evolution of EC-TEL.
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Abstract. The purpose of this studywas to investigate how interactive screencasts
enhance learning in computer science education. We employed a socio-cultural
perspective on learning, understanding interactive screencasts as mediating tools
in elective introductory programming courses taught in secondary education in
Norway. In this qualitative study, we used an interactive screencasting tool that
captures a voice track and screen activity as two separate but conceptually con-
nected processes. Based on audio–visual recordings of classroom interactions and
student-produced screencasts, we suggest understanding screencast recording as
an extended part of the learning process, where the students’ focus shift from
technical development to collaborative knowledge development.

Keywords: Screencasts · Introductory programming · Design-based research

1 Introduction

In this study, we investigated the interactive screencast as a new and innovative method
for teaching and learning introductory programming. Screencast is a synonym for screen
recording, i.e. captured activities on a digital screen, often accompanied by a voice
track. Screencasts in programming education have a wide range of uses, from directed
instructional videos to students’ recordings of their own knowledge development [3, 5].
We employed a socio-cultural perspective of learning; that is, we considered learning a
mediated interaction via language (e.g. dialogue in small groups) and using digital as
well as physical tools [7, 8].

In a survey of 27 empirical studies in teaching and learning programming, Lye and
Koh [4] found that research in computer science (CS) education is focused on conceptual
programming knowledge, such as selection (if-then-else) and repetition (loops), iden-
tifying a gap in the literature regarding students’ programming practices. The authors
recommended further studies of concrete (hands-on) programming practices, including
the use of design-based (interventionist) research methods and students’ verbal and on-
screen interactions as data, which we did in this study. We asked the following research
question: How does the use of an integrated and interactive screencasting tool support
and extend learning processes in programming education?

Throughout the study, we used the web-based tool Scrimba, which includes a file
directory, code editor, output window, recording tool, and playback functionality. When
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recording, Scrimba captures audio-visual activity (soundtrack and screen activity). Tech-
nically, a screencast in this tool is not a video, per se, but a set of recorded events and
audio played in sequence with a reduced file size – approximately 1% of the size of an
equivalent video file, increasing possible application areas. All the technical objects in
the screencasts – such as text, program code and output – are interactive and modifiable,
making Scrimba suitable for a wide range of different learning activities. In essence,
watching screencasts, reading other peoples’ code, and developing your own code and
screencasts, are integrated activities within the same tool.

In the next section, we describe the method we applied in this study. In Sect. 3, we
present two data extracts. Finally, in Sect. 4, we discuss our preliminary results, paving
the way for future research.

2 Method

We framed the study using design-based research (DBR) [1], a research method for
studying learning in authentic contexts through interventions that often involves various
stakeholders. Theprojectwas a collaboration between the developers of the screencasting
tool, six schools, researchers and an experienced reference teacher. Together, the team
developed the classroom intervention, which we tested in six secondary schools, in the
school years 8 to 13, over the course of two academic years. Data in this paper is from the
second design iteration.We performed two iterations of the intervention. In this paper, we
focus on Scrimba as a code editor compared to Scrimba for recording student-produced
screencasts. Six teachers and 134 students participated in the project.

The dataset consisted of two different types of audio–visual recordings: video record-
ings of classroom activity (28 h) and screencasts produced by students and teachers (71
screencasts, in total 7 h). All the teachers and students (or their guardians) signed a writ-
ten consent form to participate in the study. The first author translated all the transcripts
from Norwegian into English.

We analysed the data using thematic analysis [2] and used a combination of deductive
and inductive coding of the data, sometimes referred to as abductive thematic analysis
[6].We used an initial set of codes (existing theories) as initial categories, and then we let
the “data speak for itself” within those categories (inductive coding). Next, we iterated
between codes and data instances until a stable set of codes emerged. Due to the space
restrictions of this paper, we present only two data excerpts representing the theme of
verbal and technical development.

3 Data

The excerpts below are transcribed verbal dialogues where two students worked together
on a pair-programming task to develop simple functionality for a virtual automated teller
machine (ATM). The task included printing the value of the account balance and making
functionality to “deposit” and “withdraw” money from the account (i.e. changing the
balance variable based on input from the user). In Scrimba, we provided the students
with a written description of the task, and a draft program that included a dummy form
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and incomplete JavaScript to use as a starting point for solving the task. The draft code
included named (but incomplete) functions, with descriptions of what they should do.

The students in the two excerpts below encountered two problems when solving
the task: default actions in forms and converting input values to the correct data types
(numbers). In the following extract, the students identified the data type problem when
they tried adding 789 to 20000, and got an output of 20000789. Student B had just
suggested using the Number() function to solve the problem.

Table 1. Students working on the data types of input values.

Turn Actor Utteranc edoc/tnemmoc/noitcAe
1.1 G Yes, it’s because of the numbers. It’s not 

treating them as numbers, it just puts them 
one after the other. 

Confirming that the code is not 
adding the numbers together cor-
rectly.  

1.2 B Then we either have to… We need to 
make… Deposit dot value… Balance dot 
value… or do I need…? 

Discussing which of the that needs 
a changed data type. 

1.3 G No, it’s a variable, you can’t put value on 
it. 

Referring to the balance variable 
not being an input field and there-
fore not having a value attribute. 

1.4 B Okay. If we put Number outside here then? 
How do you do that? 

1.5 G I don’t remember any of the Number stuff.   
1.6 B I’ll just try something. Yes, haha, oops. B runs the code, laughs when he 

sees his code is output as pure text: 

1.7 G But isn’t Number something you add when 
you define the variable? 

B undoes the changes and tests 
again, reproducing the error from 
earlier: 20000 + 890 = 20000890. 

1.8 B Okay. Let balance equal Number (20000) Reads out while typing:  

The Number() function, in layman’s terms, converts values to numbers. G agreed
with B about using this function, explaining that the program cannot process the values
as numbers. However, even though the students identified the bug and its solution (using
the Number() function), they struggled to implement it. They did not understand that
the data type of the input value was incorrect, as demonstrated in turn 1.8 when B used
Number() on the balance variable, which was already a number. After several minutes of
troubleshooting, they called the teacher, who helped them use Number() on the correct
value.

Later during the same class, the two students recorded the final moments of their
four-minute screencast, explaining their virtual ATM code. G took the lead and talked
about the depositMoney (settInnPenger) function they worked on in Table 1.
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Table 2. Coding and developing knowledge while recording a screencast

Turn Actor Utterance Action/comment/code 
2.1 G Then we update the global 

variable [balance/saldo]. 
Then we change… We don’t 
need this? 

G highlights part of the code 

2.2 B Yes. No, we don’t. There, 
that’s better. 

G deletes the above highlighted code

2.3 G Then we have to call the 
functions at the bottom. 
What is this actually used 
for? 

G points to the depositMoney (settInnPenger) 
reference

2.4 B It’s like when you click the 
button, it runs [the function]. 

2.5 G It runs G confirms B’s statement. 

In turn 2.1, mid-sentence, G noticed an error in the program that stemmed from their
struggle with data types. B first ignored dismissed the error, but acknowledged it after
a moment’s thought. G deleted the highlighted code in turn 2.2. In turn 2.3, G shifted
focus to the last two of the code, explaining how they invoked the deposit and withdrawal
functions. G was unsure about the functions’ invocation but B helped her by clarifying
in simpler terms. In essence, her first understanding was correct.

4 Discussion

Scrimba allowed us to provide the students with a draft code in a simple and convenient
way. Because of the available code, the students could move straight to the formalities
of developing the JavaScript functions, focusing their attention on the problem at hand,
and stimulating reading and reflecting on the framework (draft) on which they were
building.

The whole task, including reading the assignment, receiving and reading the draft,
code development, testing, presenting and recording, took place within the same tool.
In fact, B and G never left Scrimba or opened any other window throughout the one-
hour ATM task. This finding shows how lightweight tools can provide an integrated
development environment usable in various learning activities.

The students continued working with the code during the screencast recording. In
Table 2, we saw that not only was the technical object (the code) developed during the
recording, but it also created a situation where G could ask her partner about a part of
the code about which she was unsure. Changing the task allowed the students to view
the code afresh so that they noticed new ways to develop both the code and their own
understanding. While the development process seen in Table 1 was characterised by trial
and error, it turned to a more focused learning process during the recording session in
Table 2. The students did not test the code after editing it in turn 2.2, strengthening the
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claim that this was a different type of development compared to what we saw in Table
1. Recording the screencast created an environment in which the students could learn
from each other [8], instead of focusing on making the program ‘work’.

However, some recording issues are worth mentioning. The problems the students
encountered in the development process (default actions and understanding data types)
were either ignored or mentioned in passing while recording – giving the impression
(consciously or not) that the students had no problems solving the task. For instance, the
Number() function and the term ‘data types’ were never mentioned in the screencast,
even though they spent a lot of time on this issue during initial development. This finding
indicates that the students’ collective understanding may have been underdeveloped in
relation to the complexity of the program code. Therefore, the screencasts only provide
an approximate account of the learning process. Instead, screencast recordings should
be thought of as an extended part of the learning process, where the focus shifts from
technical development to collaborative knowledge development and reflection [7].

The interactivity of the screencasting tool lied in the integration of the different stages
of the task. The technical objects (codes) were interactive at the same level of abstraction
regardless of the students’ mode of working, including after the final recording of the
screencast.

In future work, we continue exploring how interactive screencasts methodologically
and pedagogically compare to researchers’ observation in programming education.
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Abstract. Transitioning from in-person to remote instruction has forced teachers
to navigate unexpected constraints while providing meaningful learning expe-
riences for their students. This transition has drastically changed how teachers
orchestrate learning for their students. To explore these unique orchestration chal-
lenges, we used needs finding and validation activities to explore middle school
teachers’ emergent needs and constraints during the unplanned shift to remote
instruction. Our findings highlight the need for informative, real-time tools, issues
with workload and burnout, and concerns with students feeling disconnected. The
contribution of this work includes insights from the early stages of our design
process and reflections on how we might support teachers during remote learning
and in navigating future emergency shifts.

Keywords: Participatory design · COVID-19 · K-12 teaching · Orchestration

1 Introduction and Background

The transition from in-person to remote instruction has drastically changed how teachers
orchestrate learning, meaning their ability to manage variables in learning environments
[1]. Without the physical and contextual indicators of the classroom, teachers have lost a
primary channel of information about their students, creating challenges to their typical
orchestration. This shift has introduced new variables, never considered part of a teach-
ers’ orchestration (e.g., students’ internet access at home [2]). Throughout this paper, we
use the terminology remote instruction, recognizing the context of crisis, specifically,
emergency online teaching during the pandemic. By using this term, we acknowledge
the differences between remote instruction during the pandemic and traditional online
learning. Remote instruction was rushed, did not allow teachers to sufficiently plan, and
caused stress and trauma for teachers [3].

While some of the orchestration challenges teachers are experiencing during the pan-
demic are new, many stem from existing inequities that have been exacerbated by the
pandemic [4]. Centering teachers in the design of tools can reposition them as having
power in addressing new and existing orchestration challenges. Previous research on
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orchestration tools have focused on in-person learning environments (e.g., [5–7]), yet
there remains a need to investigate how existing and future tools work in remote contexts,
to account for future emergencies (e.g., future pandemic or natural disasters) or acces-
sibility for students who need to rapidly shift to remote instruction. Given the unique
challenges of teacher orchestration amidst the COVID-19 pandemic and the potential
future shifts to remote instruction, we ask what are the unique orchestration challenges
teachers face amidst the shift to remote instruction?

2 Methods

2.1 Learning Context

We report on needs finding and concept validation activities with teachers who use
Carnegie Learning’s adaptive learning system called MATHia [8]. MATHia is an intel-
ligent tutoring system (ITS) for middle and high school mathematics in which students
learn math content through multi-step, complex problems. Within the MATHia system,
the teacher has access to reports about the students’ overall progress and a classroom
orchestration tool called LiveLab.Designed for in-person classroom use, LiveLab directs
teachers’ attention to students who may need monitoring.

2.2 Participants

The participants were six middle school math teachers from six school districts across
the United States. Three were teaching remotely and three were teaching in a hybrid
model. These teachers had a range from four to thirty years of experience teaching. Five
teachers used MATHia as a regular component of their teaching pre-COVID-19 and all
were using it in their remote instruction.

2.3 Design and Procedures

We conducted six, hour-long sessions with one teacher. During sessions, we first con-
ducted semi-structured interviews with open-ended questions to understand how teach-
ers had adapted to remote instruction since the pandemic began and uncover emergent
constraints when usingMATHia in a remote setting. Second, we conducted a storyboard-
based speed dating exercise [9]. We asked the teachers for feedback on storyboard con-
cepts regarding how they identified students who need help, how they might receive this
information, and what they needed to reach out to students.

2.4 Data Collection and Analysis

Sessions were held and recorded over a video platform, resulting in approximately six
hours of video recording, which were transcribed for analysis. We analyzed the inter-
views using thematic analysis [10], allowing themes to emerge naturally regarding our
research question rather than assigning predefined codes. This allowed us to evaluate the
data considering the needs and challenges of orchestration learning during the pandemic
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rather than reproducing themes reported in the literature that donot reflect these newcom-
plexities. To create these themes, we used Affinity Diagramming [11], a design method
for clustering and re-clustering quotes from interviews to identify emerging themes. The
data used in the clustering were on-topic dialogue from interviews as individual quotes.
Across these six interviews, we analyzed 242 quotes extracted from transcripts.

3 Results

To answer our research question, we extracted seven high-level themes, using the
methods described above.

Learning Process: “IWish ICould SeeWhat They’reDoing.” All teachers described
frustration when it came to identifying what students needed or how they were doing.
One teacher who taught remotely explained, “I would definitely say that’s one of my
weaknesses right now is figuring out skills that students are struggling with. And then
like working backwards and solidifying those skills, and helping them understand, I just
can’t see it.” Several teachers noted the value in being able to see students’ actions like
in-person instruction. Teachers described requesting screenshots or asking students to
share their screens during meetings. Not all students engaged one-on-one with teachers.
One fully remote teacher said,“You know, there’s always five kids that stick out in a
class. And when you can’t see these kids, how do you know? In a classroom, you can
walk around. They can’t avoid you. And I feel like they can avoid you right now.”

Real-Time: “I Want to Know As Soon As Possible.” Teachers shared concerns that
they could not identify and correct problems immediately as they could in-person. Not
being able to pinpoint misconceptions quickly meant they could be missing moments
of struggle until an assessment. Teachers also described missing the ability to quickly
provide praise and support. One teacher remarked, “Encouragement is a huge part of
learning, saying, ‘hey, you’re moving in the right direction!’” Identifying these moments
to praise and reward students is hard during remote instruction.

Collaboration: “Use Each Other to Support Each Other.” All teachers emphasized
the importance of using group work during remote learning. They each had their own
method of facilitating remote collaboration that was largely impacted by factors out of
their control, including the technology their school offered, internet access, or class size.
Some teachers described using virtual break-out rooms, a feature of video conferencing
software, to facilitate small group work, while others explained their refusal to use such
tools for issues such as bullying. One teacher felt without supervision online collabora-
tion was not yet feasible for her classes. Even though this teacher described the benefits
of using collaboration.

TechnologyLimitations: “It’s Just TooMuch!” All teachers faced limitations of tech-
nology including students’ technology management and internet access. Even though
many students were familiar with technology, the transition to managing multiple web-
sites and learning platforms from home was challenging. One remote teacher described
responses she got from a survey to ask how students were doing, “I had the kids answer
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a question, like what’s going well and what’s not. And a lot of them just said, ‘It’s just
too much! It’s Google classroom, it’s Google forms, it’s MATHia. We don’t know where
to go.’ You know, and I don’t have an answer for them.” All teachers touched on internet
constraints during the interviews. Several reported most of their students had internet
access, but every class had a few students who struggled to get access or had limitations
due to rural locations. One teacher who saw her students two days a week in person
explained, “I mean. I haven’t asked [about access] and I keep meaning to… I haven’t
asked them, but it’s like I haven’t asked because there is too many other things.” This
comment represents issues around internet access but also workload.

Teacher Load: “I Have Two Classrooms Going All the Time.” All participating
teachers noted the high demands and exhaustion of teaching during the pandemic. There
was a consensus about feelings of stress and burnout. A teacher who taught in a hybrid
context depicted her increased teaching load, “In reality, it’s twice as much. I have two
classrooms going all the time. Yeah, all the time! Two classrooms!” She and the two
other teachers with hybrid classes explained, managing a group of students in person
and at home was overwhelming.

Teachers wanted information as soon as possible, but on their terms, to have agency
over how best to allocate their time. They requested designs to customize the information
they received and when and how it was delivered. There was excitement regarding
designs that could support teachers. One teacher justified many of her choices as being
in “survival mode” and strongly requested the designs discussed to be implemented soon
as it was encouraging to discuss tools that could alleviate stress.

Transition to Remote: “We Can’t Do This Every Day.” One constraint that con-
tributed to the high workload of teachers was the issue that lessons and tools were not
designed for remote instruction, such as LiveLab. The teachers who used LiveLab before
the start of the pandemic described how their interactions with the tool changed. One
teacher who taught remotely explained, “So I’m not using [LiveLab] too much this year
so far simply because I don’t know that they’re all on at the same time nor can I see their
screens at the same time.”

Student Interactions: “They are Disconnected.” Teachers also acknowledged chal-
lenges regarding students, including issues of engagement and communication. One
hybrid teacher, summarized her interactions with her students, “We’re four weeks into
the school year, which means, you know, I’ve seen these kids and they ought to kind of be
lightening up a little bit… It is almost sad. They are disconnected.” This theme of feeling
disconnected resonated with many teachers, describing many barriers (e.g., distractions
at home and disengaged students). Some teachers acknowledged positive components of
communications; one remote teacher explained her school district provided time daily to
work with her students, which resulted in positive interactions with many students (even
though not all students were willing to meet). For other teachers, their communication
varied by the tools supplied by their school districts and the students’ willingness to
engage.
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4 Discussion and Conclusions

In this paper, we contribute insights from our initial design process regarding challenges
teachers have experienced during the transition to remote instruction. We argue some of
our findings have implications regarding howwemight support teachers in remote learn-
ing and in navigating future emergency shifts to remote learning. Teachers expressed
needs for real-time tools to provide additional details about what students were doing
and what they needed help with, reiterating findings from previous studies [1, 5, 7].
These issues were exacerbated during remote learning by teachers’ loss of ability to
monitor students for valuable physical cues. Our findings also highlighted that LiveLab,
developed specifically for in-person awareness and monitoring did not directly transfer
to remote teaching, demonstrating a need to explore how orchestration tools might be
designed to support shifts in different learning environments. These findings highlight
important future work for designers of orchestration technology regarding how technol-
ogy might support teachers in future remote teaching contexts and how future tools might
be developed to support seamless shifts between in-person and remote instruction?
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Abstract. Online communities (OC) have several applications in the
domain of education with a special focus on teacher professional devel-
opment. The development of OC of teachers enables knowledge exchange,
reflection on teacher practice, sharing of educational resources, and emo-
tional support. Nevertheless, several barriers have been found to affect
community members’ participation such as their time constraints due
to teachers’ busy schedules, the community moderation and social sup-
port, and their peripheral participation. This research aims to better
understand teachers’ initial motivations to participate in such OCs, and
how useful is this information to tackle and reduce the barriers that
affect their participation. We present how a supporting platform for an
OC of teachers is designed following a design-based research methodol-
ogy within a pre-service science teacher master course to explore, share,
and comment learning designs. We gathered information about 40 pre-
service teachers’ motivations to participate in the OC and their percep-
tions about the supporting platform. Results suggest that participants’
main motivation is to gain knowledge and to use technologies to simplify
designing and sharing of learning designs. In contrast, reputation is the
least important motivation to participate in such an OC. These results
provide valuable information to refine the designed platform as there is a
relationship between participants’ motivations and the perceived impor-
tance of the implemented features of the supporting platform. Further
iterations will evaluate the refinements and the usefulness of the imple-
mented features.
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1 Introduction

Online communities (OCs) have several applications in the domain of education
with a special focus on teacher professional development [5]. The development
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of OC of teachers enables knowledge exchange, reflection on teacher practice,
sharing of educational resources, and emotional support [7]. As in any type
of OC, issues around community members’ participation and motivations pose
main challenges in OCs of teachers. For instance, teachers’ willingness to par-
ticipate is described as means of sharing information and creating repositories
of shared resources, as a source of collegial support and emotional engagement
and reflection [6]. However, several barriers have been found to affect commu-
nity members’ participation such as their time constraints due to teachers’ busy
schedules, the community moderation and social support, and their peripheral
participation [6,7]. Furthermore, each OC requires different types of support
according to members’ pre-existing relationships, preferences, motivation, and
curiosity to reveal meaning in the specific educational community [8]. This study
aims to design a supporting platform to explore, share and discuss learning
designs (LDs) in a pre-service teachers’ community, while understanding par-
ticipants motivations and the relationship with the perceived usefulness of the
implemented features.

2 Methodology

This research follows design-based research methodology (Fig. 1), since it allows
to adjust systematically and iteratively aspects of the designed platform so that
each change works as an experimentation test environment, and generates theory
and reusable design in real situations [11]. This paper presents the preliminary
results of the first two phases and the first iteration of the third phase. Second
iteration and the fourth phase are currently being performed and are out of the
scope of this paper.

Fig. 1. Design-based research methodology diagram, based on [1].

In the first two phases, a minimum viable product (MVP) of the ILDE plat-
form [2] was designed, called ILDE+. According to previous studies, teachers’
motivations to participate in online communities include exploring ideas to gain
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knowledge and experience, improve the field of teaching, combating teacher iso-
lation, curiosity and utilizing the advantages of online environments [3,4]. Thus,
five main features were included in the MVP: it implements a template to help
with the creation of new LDs and to gather metadata to filter LDs when explor-
ing the available content in the community. It also allows users to add comments
on LDs, as well as to duplicate an LD to further modify it, always keeping
the authorship of the original design. Users can also co-design resources by
sharing the authorship of a design. Besides, ILDE+ implements community
features such as a like button, and design counters of views and comments.
Users can also explore community members, and follow them to get information
about their contributions within the community. This MVP version of the ILDE
platform gathers the characteristics needed to support an OC of teachers [12].

In the third phase we propose iteration cycles to test and refine the MVP
within a pre-service science teacher master course. In the first iteration, an
introductory face-to-face activity was performed. First, participants filled a pre-
questionnaire (N = 40) about their motivations to participate in OCs or plat-
forms for sharing and exploring learning activities or didactic units. An adapted
version of the motivational model used by Nov et al. [10] was used and six
motivational factors were evaluated: collective motives (COM), reputation ben-
efits (REP), social interaction benefits (SOI), enjoyment (FUN), the interest
of acquiring knowledge Furthermore (KNO), and use of technology to simplify
activities currently performed without the help of any tool (SIM). Then, partic-
ipants used the ILDE+ platform to explore previously uploaded LDs for inspi-
ration and then to share their own LDs. Afterwards, a focus group with all the
40 participants was conducted to know their perceptions about the platform
and about the participation incentives that could be implemented, as well as
to deeply discuss the positive and negative aspects of the platform. During the
focus group, a researcher participated as an observer, taking field notes. After
the activity, participants filled a post-questionnaire with open-ended questions
about their perception of the platform and desired features (N = 30).

3 Preliminary Results

The analysis of the motivations to participate in an OC for sharing and explor-
ing their educational activities designs (Fig. 2) showed that participants main
motivation is to gain knowledge (MKNO = 4, MoKNO = 4), followed by the
use of technology to simplify activities currently performed without the help
of any tool (MSIM = 3, MoSIM = 2), which is in line with other with pre-
vious research [3,4]. In contrast, respondents have indicated that reputation
(MREP = 2, MoREP = 2) is the least important motivation to participate in
such an OC. Nevertheless, previous research [9] indicates the importance of rep-
utation systems in OCs, as reputation is highly associated with leadership and
trust among community members.

During the focus group session, one of the discussed topics was the best
way to display and recommend LDs for users. Participants acknowledged the
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Fig. 2. Motivations to participate in an OC for didactic units and classroom activities
design sharing.

importance of rankings as a way to explore the most useful designs and the
best contributors, even when reputation is not a motivator for them. They also
indicated that the template for uploading designs was too long and they did not
fill it entirely, but they acknowledged the importance of the metadata collected
through the template in order to explore and discover other users’ LDs. Another
important issue mentioned by participants is the quantity and quality of the
available LDs. To complement this analysis, a content analysis was done with
the open-ended answers using manual coding, and general topics were defined.
Regarding the positive aspects, participants highlighted the simplicity of the
platform and that it is easy to use (11 responses), as well as the ability to
explore other teachers’ ideas (6 responses) and the available filtering options (6
responses). As for the aspects to improve, users pointed out the limited number
of available LDs during the training session. Regarding the desired features, even
when users do not consider social interaction as the main motivator, they would
like to have social network features such as forums or private chats to discuss
and to contact directly with other members.

4 Conclusions and Future Work

Results of participants’ perceived motivations offered valuable information to
refine and enhance the ILDE+ platform. Since participants main motivation is
to improve their skills and extend their knowledge (intrinsic motivation) through
the exploration and sharing of LDs in an easy-to-use environment, the fields
of the creation template were reduced to simplify the process. Additionally, a
progress indicator was added to show each member how complete is a design
(based on the template fields) to reduce the number of designs without any
metadata and to provide an initial feedback to the users about the completeness
of their own designs and about its usefulness within the community. Based on the
feedback obtained from the focus group, the community features of the platform
were refined, as social interaction is important for community members, and
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filters for exploring designs and members were added based on likes, comments,
views and followers rankings. These community features were used to add a list
of featured designs to the home section of the platform, which is automatically
updated based on the comments, visualizations and likes each design has. These
results are strongly connected to the context in which the analysis was conducted,
making them difficult to generalize to other communities or platforms. For this
reason, additional iteration cycles are being performed to collect data from other
communities and platforms beyond pre-service teachers, as well as to understand
how motivations relate with participants behavior and performance within the
community, and the usefulness of the different incentives implemented.
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Abstract. Supporting teachers to represent their teaching ideas has attracted
researchers’ interest in developing digital learning design tools that provide some
form of guidance around the design practice in a Technology-Enhanced Learning
(TEL) environment. This paper reports on a study in a teacher education context
utilisingWebCollage as the learning design tool. The research focuses on teachers’
needs on determining resources and technologies while designing for TEL. Our
findings convey that teachers’ needs converge towards a learning design tool pro-
viding flexibility to the designer to either (i) utilise a sound scaffoldingmechanism
incorporating a taxonomy that follows technology advancements or (ii) determine
applying resources and technologies without providing any guidance. These find-
ings may stimulate momentum for further attention to researchers involved with
learning design tools’ development.

Keywords: Learning design · Learning design tools · Technology-Enhanced
Learning · Teacher needs · Teacher education

1 Introduction

Supporting teachers to represent their teaching ideas has attracted researchers’ interest in
developing various digital learning design tools [1–3]. Aiming to help teachers shift from
an implicit, belief-based approach towards onemore explicit and design-based approach,
a key facet of all learning design tools is that they attempt to provide designers with
some form of guidance and support around their design practice [4]. However, existing
proposals regarding the form and degree of guidance are still inconclusive, as learning
design tools also need to have sufficient flexibility to support creativity and accommodate
teachers’ personal design paths and styles [5, 6].

Focusing on the additional expectations of teachers applying Technology-Enhanced
Learning (TEL) methods in their practice [7, 8], research should consider how learning
design toolsmay guide teachers into knowingwhen, how andwhat learning technologies
to embed in their learning designs. Such research should give voice to the teachers

© Springer Nature Switzerland AG 2021
T. De Laet et al. (Eds.): EC-TEL 2021, LNCS 12884, pp. 358–362, 2021.
https://doi.org/10.1007/978-3-030-86436-1_35

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86436-1_35&domain=pdf
http://orcid.org/0000-0001-6061-319X
http://orcid.org/0000-0001-5752-6634
http://orcid.org/0000-0001-7275-2242
http://orcid.org/0000-0001-8173-2622
https://doi.org/10.1007/978-3-030-86436-1_35


Exploring Teachers’ Needs for Guidance 359

as the better we understand teachers’ current practice, the more effectively learning
design tools will support them [5, 9, 10]. However, studies on learning design tools
have mostly taken on a specialist/researcher (as opposed to a teacher) perspective [2].
Previous research shows that significantly more attention has been paid to developing
tools than establishing what teachers designing TEL activities actually need [10].

To this end, our research aims to allow teachers express directly their needs and
preferences as TEL designers. We report on an exploratory study in teacher education
following a convergent mixed-methods research methodology [12]. As part of broader
research addressing several forms of guidance that digital tools may provide, this paper
focuses on exploring teachers’ needs for determining the resources and technologies
incorporated in a learning design.

2 Methods

The study took place in the context of two courses offered in a postgraduate programme
in teacher education. Participants were 30 teachers, 16 in-service and 14 pre-service.
Their academic disciplines were from a broad spectrum of sciences such as informat-
ics, mathematics, engineering, pedagogy, philosophy, sociology and physical education.
The majority, 63%, had not used any learning design tool before the study, while 37%
had. Each course involved teachers in a learning design project that include authoring
a learning design collaboratively. Specifications that the learning designs had to meet
were relevant to the courses’ curriculum. The course “Digital Technologies in Distance
Learning” required that the learning designs: (i) integrate technological resources with
Web-based tools, (ii) follow specific principles for developing distance learning content
and (iii) support personalised learning. Themodule “Collaborative LearningwithDigital
Technologies” required that the learning designs: (i) apply a collaborative learning tech-
nique and (ii) integrate technology with Web 2.0 tools to implement the collaborative
technique.

We assigned participants to use the digital tool WebCollage [11] for authoring the
designs as we opted to provide them with a design experience in a tool providing
mixed guidance to designers. For example, WebCollage scaffolds organising collab-
orative learning by providing pedagogical patterns whilst, in the case of the resources
and technologies utilised in a learning design, it supports a free-form definition.

We applied a convergent mixed-methods research methodology [12], collecting,
analysing, and triangulating quantitative with qualitative data. We performed frequency
analysis at the quantitative data and content analysis at the qualitative data. Our focus
is grounding findings on teachers’ experience based on the mixed-methods approach
towards a deeper consideration rather than generalising based on quantitative results.

Utilising a survey questionnaire, we addressed several forms of guidance that digital
toolsmay provide to teachers as TELdesigners. In this paper, due to space limitations, we
present participants’ responses in twoclosed-endedquestions asLikert-scaled statements
and one open-ended question. As resources and technologies are core elements of TEL,
through this data, we address the research question, “Howdo teachers prefer determining
the resources and technologies of a learning design?”.
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3 Results

We report the results of 27 valid survey questionnaires. Figure 1 includes the frequencies
of the responses to the statements of the two closed-ended questions.

Fig. 1. Quantitative results (n = 27).

In the content analysis of the responses to the open-endedquestion askingparticipants
to argue on their needs either by commenting on issues addressed in the closed-ended
questions or suggesting others, we extracted two categories. One category provides a
solid argument for preferring a learning design tool like WebCollage that does not scaf-
fold technologies’ determination: “because such a mechanism will be obsolete due to
technology advancements”. The other category suggests a flexible approach providing
designers with alternative options: “According to the designer’s preferences, either sup-
port him to utilise resources and especially Web 2.0 technologies or simply allow him
to decide on his own”.

The mixed-method analysis considers as quantitative findings that free determi-
nation of a design’s resources and technologies is favoured; nevertheless, scaffolding
based on a taxonomy also shows a remarkable preference. As qualitative findings, we
consider that some participants stand against scaffolding the utilisation of resources
and technologies while others suggest being flexible to the designers’ preferences. The
mixed-method interpretation conveys that participants’ needs converge towards a learn-
ing design tool that provides flexibility to the designer to either (i) utilise a sound scaf-
folding mechanism incorporating a taxonomy that follows technology advancements or
(ii) allow determining the utilisation of resources and technologies without providing
any guidance.

4 Discussion and Conclusions

This paper describes a study in teacher education utilising a digital tool to address teach-
ers’ needs while designing for TEL. The research focuses on their needs to determine
the appropriate resources and technologies for a learning design.

Our findings align with previous research asserting teachers’ needs in between guid-
ance and flexibility in structuring a learning design [3, 5] and sheds light on specifically
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the issue of designers determining the resources and technologies used in designing for
learning. In our study, teachers seem open to a tool involving a sound scaffolding mech-
anism incorporating a taxonomy that follows technology advancements. For example,
such a mechanism is the “Typology of Free Web-based Learning Technologies” [13],
incorporating 226 technologies arranged into 40 types and 15 clusters. This typology
updates the previous “Typology of Web 2.0 Learning Technologies” [14], aiming to
support teachers’ conceptualising and applying technologies. At the same time, teachers
would like to freely apply their preferences, arguing that as technology advancements
are soon rendering technologies obsolete, such a mechanism will inevitably not cover
all their needs.

Although we conducted the study in the context of a postgraduate programme, the
sample of participants, including both in-service and pre-service teachers from several
disciplines, may infer findings for all teacher education types. Furthermore, the speci-
fications that the learning designs developed had to meet, including distance learning,
collaborative learning and personalised learning under the umbrella of TEL, allows
exploring teachers’ needs while designing for TEL within a broad spectrum of contem-
porary learning. This study’s context also reports on a rich learning design experience
that evolved around two learning design projects over a full academic semester rather
than short training sessions and workshops reported in other studies [2, 5, 7] lasting
between a few hours up to a couple of days. Consequently, we conclude that the findings
of this study may stimulate momentum for further attention to researchers involved with
learning design tools’ development.

The limitations of this study refer to the small sample of participants, the limited
insights provided by the open-ended question, and the utilisation of only one learning
design tool [2, 3]. Although our study did not evaluate the tool per se, a future research
design may provide participants with a richer design experience if more digital learning
design tools are used. Also, it may yield ample insights if qualitative data include apart
from open-ended questions and in-depth interviews.

Our future work involves investigating teachers’ needs of a learning design’s rep-
resentation regarding other elements, such as the format, the contextualisation, the for-
malism, and the organisation [5, 6], to achieve an overall perspective of teachers’ needs
during the learning design process.
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Abstract. Students’ effort is often considered to be a key element in
the learning process. As such, it can be a relevant element to integrate in
learning analytics tools, such as dashboards, intelligent tutoring systems,
adaptive hypermedia systems, and recommendation systems. A prereq-
uisite to do so is to measure and predict it from learning data, which
poses some challenges. We propose to rely on the cognitive load the-
ory to infer the students’ perceived effort using subjective, performance,
behavioral and physiological data collected from 120 seventh grade stu-
dents. We also estimate students’ effort in future tasks using the data
from previous tasks. Our results show a high relevance of interaction data
to measure students’ effort, especially when compared to physiological
data. Moreover, we also found that using the data collected on previous
tasks allows us to achieve slightly higher accuracy values than the data
collected during the task execution. Finally, this approach also allowed
us to predict students’ perceived effort in future tasks, which, to the best
of our knowledge, is one of the first attempts towards this goal.

Keywords: Learning analytics · Students’ engagement · Students’
effort · Cognitive load · Multimodal data

1 Introduction

Students’ effort is often considered a vital determinant of educational success. As
such, exploiting this construct to develop learning analytics tools – dashboards,
adaptive hypermedia systems, recommendation systems, etc. – could help teach-
ers to save time and improve the quality of their teaching practice. However,
despite all the possible ways in which it can be exploited and all the interest it
has attracted over the last decades, several challenges still need to be tackled to
fully exploit its potential.

Students’ effort has been defined in several different ways in the literature.
Moreover, these effort definitions are often similar to engagement definitions. In
this plethora of overlapping engagement and effort definitions, we believe the
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most interesting definition for our purposes is the one proposed by Rozo [9].
Effort is defined as a factor related to the actions taken to overcome a difficulty
and is considered as an engagement component. This definition is interesting
because it removes the ambiguity found in the literature by defining effort as a
component of engagement, it links effort to a single task and implies engagement
is a long-term construct.

The lack of a widely adopted definition further reflects on the way it is
measured, posing the first challenge tackled in this paper. So far, effort has been
mostly measured through subjective ratings provided by teachers or students [3],
which is time consuming and cumbersome; or through objective measures, such
as log data [2,10] and physiological data [2], which are taken over a long-time
period (e.g., weeks, months) and do not allow measurements at the task level.

This issue might be overcome by relying on the cognitive load literature.
The cognitive load (CL) is the amount of cognitive resources used during the
execution of a task, and is considered by several researchers as being equivalent to
the mental effort [6,8]. Several studies from this research area seek to identify CL
measures, and can therefore contribute to the effort measurement. As examples
of such studies we can cite the recent study from Herbig et al. [4], who used
multiple regressors to measure students’ perceived effort based on physiological
data; and the one of Borys et al. [1], who classified students’ exercises also using
physiological data.

Such measurements might be further exploited to predict the effort in future
tasks, which constitutes the second challenge tackled in this paper. To the best of
our knowledge, there are only two works seeking to predict some form of students’
effort in future tasks. One of these studies predicts whether students will present
an effortful behavior or will try to guess the answers of an exercise [11], while
the other uses log data to predict the students’ cognitive load [5].

2 Measuring and Predicting Students’ Effort

In order to measure and predict the student’s effort, we used data collected
from 120 students of five French schools [7]. From these 120 students, we were
able to use the data of 102 students (we excluded the data from 18 participants
because it was incomplete), from which 52 are boys and 50 are girls, all of them
between 11 and 14 years old. The collected data contain behavioral data (the
interaction with the learning environment), physiological data (heart rate, pupil
diameter and eye gaze), performance data (grade of students for each exercise)
and subjective data (perceived effort using a 7-point Likert scale). From the
collected behavioral and physiological data, we derived two types of features:
effort features, i.e., features at the scale of one single exercise, and engagement
features, i.e., features based on all the exercises already solved by the students.
To the best of our knowledge, such engagement features have never been used
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to infer effort at the task-level. For each student and in each exercise solved, we
extracted 128 effort features and 411 engagement features1.

Measuring the Effort. To study how one can measure how much effort students
exerted during an activity using data collected with equipment adapted to real-
life, we experimented with several standard classification, regression and ordinal
regression models to infer the different level of perceived effort using the data
described above. We found that the Extra Trees classifier had the best per-
formance. We also experimented different combinations of features as input to
train the models to see how different types of features contribute to the identifi-
cation of the perceived effort ratings. These combinations were preprocessed in
order to remove highly correlated features and were then used to train different
models using a 5-fold cross validation process and a grid search to choose the
best hyperparameters. We selected too baselines. The first is a dummy classi-
fier that returns random values according to the class distribution. The second
is the reproduction, to the best extent possible, of one of the models proposed
by Borys et al. [1]. To allow a more direct comparison with their work we also
mapped our 7 classes of perceived effort into 3 classes.

The results are shown in Table 1. The left part of the table shows the results
when only the effort features are used and the right part when the engagement
effort are used. Statistically significant differences with the first baseline2 are
marked by an asterisk (*), and with the second baseline by an octothorp (#).

In the left part of the table (effort features) one can see that all feature
sets performed consistently better than chance and had a performance equal or
better than the model proposed by Borys et al. [1] when used to classify the data
into 7 classes, and comparable with the values obtained by Borys et al. [1] when
classifying their data into three cognitive states. This suggests that the proposed
measures enable a reliable identification of the amount of effort required from
teenage students during English exercises. Furthermore, the model trained with
interaction features is as accurate as the other models, which suggests that it
might be possible to measure students’ effort without resorting to any additional
equipment, such as eye trackers and smartwatches, making it even more feasible
to be used in real-life scenarios.

In the right part of the table (engagement features), one can see that most of
the accuracy values are slightly higher than those obtained with effort features.
Those differences are even statistically significant for the behavioral features.
Especially, compared to the model of Borys et al. (left part of the table), the
best values we obtained when using the engagement features (right part of the
table) lead to an increase of 100% with 7 effort levels (0.19 against 0.40), and

1 A full list of the extracted effort and engagement features can be seen here: https://
bit.ly/2UUYfuc.

2 All the statistical tests mentioned in this paper were done with the unpaired Stu-
dent’s T-test (for the parametric data) or the unpaired Mann-Whitney U test (for
the non-parametric data) after checking for normality with the Shapiro-Wilk test.
The null hypothesis was rejected when p-value< 0.05.
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Table 1. Accuracy of the effort measurement models

Effort features Engagement features

1–7 1–3 1–7 1–3

Dummy 0.19 0.45 0.17 0.42

Borys et al. [1] 0.19 0.59

Eye activity 0.35 * 0.63 * # 0.38 * 0.67 *

Interactions 0.36 * # 0.66 * # 0.40 * 0.66 *

Performance 0.29 * 0.60 * 0.37 * 0.67 *

Behavioral 0.34 * 0.62 * 0.40 * 0.67 *

Physiological 0.37 * # 0.65 * # 0.38 * 0.68 *

All 0.38 * # 0.66 * # 0.40 * 0.67 *

All + perceived effort 0.40 * 0.67 *

15% with 3 effort levels (0.59 against 0.68). These results suggest that the stu-
dents’ engagement has a better predictive power when it comes to the students’
perceived effort. Finally, we also looked at the results obtained when the per-
ceived effort ratings from the previous exercises were also used as input of the
classifier (last line of the table). Surprisingly, also using the actual perceived
effort values from the previous exercises did not lead to any increase in accuracy
compared to when only the inferred effort measurements were used.

Predicting the Effort. To study how one can predict how much effort students
will exert in an activity using data collected with equipment adapted to real-life
scenarios, we trained models – following the same methodology used to train
the previous models – to predict the students’ effort in a future exercise (e.g.,
exercise 4) using the engagement features computed with data from the previous
exercises (e.g., exercises 1, 2, and 3).

Table 2. Accuracy of the effort prediction models

Effort levels 1–7 1–3

Dummy 0.16 0.41

Perceived effort 0.38 * 0.61 *

Eye activity 0.39 * 0.64 *

Interactions 0.37 * 0.64 *

Performance 0.37 * 0.59 *

Behavioral 0.36 * 0.63 *

Physiological 0.38 * 0.63 *

All 0.38 * 0.64 *

All + perceived effort 0.37 * 0.64 *
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We can see in Table 2 that all feature sets perform consistently better than
chance and that the results are similar to the results obtained during the effort
measurement (using the engagement features, otherwise they are slightly better).
Interestingly, the interaction features are also able to predict students’ effort,
which allows the model to be exploited in virtual learning environments. Another
interesting result is the possibility of exploiting such models without the need of
any effort ratings, which are not always available in real-life scenarios.

3 Conclusion

The main goal of this paper was to measure and predict students’ effort. We
distinguished students’ effort from students’ engagement, and relied on the cog-
nitive load theory to measure and predict students’ effort. We extracted several
effort-related and engagement-related features and trained several measurement
and prediction models. All of the models performed consistently better than
chance, and a few measurement models using effort features presented a better
performance than our state-of-the-art baseline. Moreover, we found that interac-
tion data alone can be used to achieve high accuracy measurement and prediction
models, and that we do not need the previous explicit effort ratings in order to
estimate its value for future tasks.
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Abstract. Educawood is a socio-semantic annotation system intended
for environmental learning in Secondary and Higher Education. It can
be used to socially annotate trees and other ecosystem structures such as
dead wood. Furthermore, Educawood allows the exploration of existing
semantic datasets of land cover maps and forestry inventories as well as
social tree annotations (all released as Linked Open Data). Teachers can
browse these data to propose contextualized environmental education
activities, e.g. finding and annotating singular trees. Students can go
on a field trip and use Educawood with their mobile devices to submit
tree annotations. Follow-up activities can exploit socially-created tree
annotations, for example in virtual field trips.

Keywords: Environmental education · Forestry datasets · Linked
Open Data · Semantic annotations · Virtual field trips

1 Introduction

Environmental education is critical to better understand Earth’s ecosystems and
promote more responsible attitudes towards the conservation and conscious and
sustainable use of our planet. Multiple investigations suggest a deeper and bet-
ter understanding of environmental science through active learning experiences
grounded on real-life settings [2,3]. For example, field trips can be organized
to identify tree species and analyze biodiversity; the impact of climate change
can be assessed using biomass equations to estimate ecosystem carbon stocks
grounded on forest data. To support such kinds of environmental learning activ-
ities we propose the software system Educawood.

Educawood can be used to support learning activities based on the social
annotation of trees and other ecosystem structures; it also allows the explo-
ration of the forestry information available in an area of interest. Educawood
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exploits existing semantic datasets of land cover maps and forestry inventories
that were released as Linked Open Data for the Iberian peninsula in our previous
work [1]. Teachers can check such information to propose contextualized activi-
ties for environmental education, e.g. finding a holm oak in a nearby dehesa and
annotate it. Students can go on a field trip and perform the proposed activities,
using Educawood with their mobile phones to annotate trees (locations, species,
dendrologic measures, photos. . . ) as required. These annotations are published
as Linked Open Data and can thus be reused for performing new learning activ-
ities such as virtual field trips.

2 Activity Catalogue and Supported Annotations

We aim to support learning activities in environmental education such as the
following:

A1. Find and annotate a typical tree of a patch
A2. Find and annotate a singular tree (rare species, big size. . . ) of a patch
A3. Identify the species of an annotated tree by checking its images
A4. Given a tree annotated by other students, estimate how many trees like it

are necessary to compensate car carbon emissions in a 1,000 km journey
A5. Follow a specific track and annotate all the dead wood you find
A6. Follow a specific track and annotate all the microhabitats (nests, cavities)

you find

These activities have been proposed by forestry academics, requiring land
cover maps and forestry inventories of the zone of interest. A land cover map
such as the Spanish one provides information of the geometries and main species
of homogeneous areas (called patches). A forestry inventory provides tree anno-
tations of a territory using a sampling strategy, e.g. the Spanish inventory uses
a grid of 1 km2 cells. In our previous work we have proposed the tool Forest
Explorer [4] for browsing those datasets.

Tree annotation is an important activity in the forestry domain and in envi-
ronmental education. We have thus developed the Simple Tree Annotation ontol-
ogy (STA –namespace sta). It supports typical tree annotations –namely, loca-
tion, height, width, and species identification– plus image annotation and creator
metadata. We borrow terms from WGS84 Geo1 and Dublin Core2 vocabular-
ies when appropriate. Note that STA supports multiple and probably inconsis-
tent annotations from multiple users –the ontology includes primary properties,
e.g. hasPrimaryPosition that can be used for conflict resolution. We have fin-
ished a working (and tested) version of STA for tree annotation. A future release
will support annotations of dead wood and microhabitats. Listing 1 includes a
sample annotation of a tree in RDF with STA.

1 https://www.w3.org/2003/01/geo/wgs84 pos.
2 https://dublincore.org/specifications/dublin-core/dcmi-terms/.

https://www.w3.org/2003/01/geo/wgs84_pos
https://dublincore.org/specifications/dublin-core/dcmi-terms/
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Fig. 1. Logical architecture of Educawood.

Listing 1. Annotation of a tree with a position and an image of its general view in
RDF using Turtle syntax.

:tree0 a sta:Tree ;

dc:creator :jimand ;

sta:hasPositionAnnotation :posann0 ;

sta:hasPrimaryPosition :posann0 ;

sta:hasImageAnnotation :imgann0 .

:posann0 a sta:PositionAnnotation , sta:PrimaryPosition ;

dc:creator :jimand ;

geo:lat 41.012 ;

geo:long -4.967 .

:imgann0 a sta:ImageAnnotation ;

dc:creator :jimand ;

sta:hasImage :alcornoque.jpg .

:alcornoque.jpg a sta:Image , sta:GeneralView .

3 Architecture of Educawood

Educawood is a socio-semantic system for the annotation of trees and other
ecosystem structures. The logical architecture is graphically depicted in Fig. 1.
Users access the system through the GUI; this component exposes an interactive
map for exploring forestry data coming from land cover maps, forest inventories,
and social tree annotations. The GUI also includes a form for creating anno-
tations such as the one in Listing 1. User actions performed through the GUI
are forwarded to the Application logic component that provides the system’s
core functionalities: user management, tree annotation, forestry data retrieval,
and image upload (which relies on an external Image cloud service).

Tree annotations created with the system are stored in the Educawood tree
annotations dataset. Iberian land cover maps and forestry inventories
are also employed to retrieve forestry data from an area of interest. Since these
sources are available as Linked Open Data, we use CRAFTS3 (Configurable
3 https://crafts.gsic.uva.es.

https://crafts.gsic.uva.es
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Fig. 2. Tree annotation example with Educawood corresponding to Listing 1.

RESTful APIs For Triple Stores). More specifically, the Educawood API exposes
a regular RESTful API that greatly simplifies the access to the data sources
–note that the alternative involves the usage of Semantic Web technologies such
as SPARQL, OWL, and RDF.

We have developed a preliminary working prototype of Educawood. The
source datasets are already deployed in distinct SPARQL endpoints, while the
Educawood API is deployed at https://crafts.gsic.uva.es/apis/educawood. The
Application logic is based on Express4 –a popular Node.js web application
framework. We have employed Angular5 to develop the GUI. This prototype is
web-based and can thus be used with any device with a modern web browser (to
run the GUI –see Fig. 2). This facilitates the use of Educawood with mobiles in
field trips, as well as with computers in the classroom or at home.

4 Sample Learning Scenario

Educawood is intended to be used in blended learning settings in Secondary
and Higher Education. The proposed activities can be carried out in field trips,
computer-mediated, and face-to-face classroom practices. We present below a
learning scenario intended for a Nature Sciences course in Secondary school:
4 https://expressjs.com/.
5 https://angular.io/.

https://crafts.gsic.uva.es/apis/educawood
https://expressjs.com/
https://angular.io/
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1. The teacher uses Educawood (or Forest Explorer) to prepare a field trip,
finding a suitable patch with a mixture of Scots pines and Black pines with
Holly trees in the under-story.

2. The teacher proposes several activities for their students: (i) identify singular
trees (rare species, big size. . . ), (ii) identify tree microhabitats (nests and
cavities), and (iii) measure trees (diameter and height). Focusing on the target
patch, students can search for common tree species of pines and distinguish
between them, and look for Holly trees.

3. (Field trip) Students complete the proposed activities. They use Educawood
with their mobile devices to annotate trees and tree microhabitats – see Fig. 2
for an annotation example with Educawood.

4. (Classroom) Students can estimate carbon stock of the measured trees by
fractions (branches, stem, roots, and leaves) using appropriate equations in
the classroom.

5. (Home) More follow-up activities like forest virtual visits6 to identify main
species and locate tree microhabitats that can lead to new annotations with
Educawood. This can be used as a basis to gain insight on concepts like
intertree competition, structural and specific diversity and sustainable man-
agement by guessing the trees to harvest in order to promote bioeconomy
while enhancing diversity.
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Abstract. The global efforts toward evaluating the impact of the use of data-
driven technologies on humans’ well-being continue to establish societal guide-
lines for such systems to remain human-centric, serving humanity’s values and
safeguarding well-being. In this paper, we apply the first activity of IEEE P7010
recommended practice, amethodology and a set ofmetrics, to understand thewell-
being impact of a web-based tool (PyramidApp) that allows teachers to design and
deploy Pyramid-pattern based collaborative learning activities in classroom learn-
ing scenarios. The tool’s creators who are learning technology researchers (n =
2) and a sample of the tool’s users and stakeholders who are undergraduate stu-
dents (n = 11), master students (n = 14) and instructors (n = 2) are engaged in
surveys and interviews to investigate the tool’s well-being impact by reflecting
on well-being indicators distributed to multiple well-being domains. The findings
discuss possible impacts of the tool on the well-being domains of life satisfaction,
affect, psychological state, community, education, government, human settlement
and work. The creators also share views about the extent to which the use of IEEE
P7010 increases their awareness of the intended and unintended impacts of their
tool on well-being.

Keywords: Well-being · Computer-Supported Collaborative Learning · Ethics ·
Values

1 Introduction and Background

Given the rapid emergence of Information and Communication Technologies (ICT)
and their increasing adoption by individuals and societies, personal and societal well-
being are now inextricably linked with the state of our information environment and the
digital technologies that mediate our interaction with it [1].With the growing role of data
analytics andArtificial Intelligence (AI) techniques in this digital space, the global efforts
toward evaluating the different impacts of digital technologies continue to establish
guidelines and metrics for such systems to remain human-centric, serving humanity’s
values and safeguarding well-being [e.g., 2, 3]. Well-being refers to what is directly or
ultimately good for a person or population, and it is not limited to one dimension, but
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rather encompasses the full spectrum of personal, social, and environmental factors that
enhance human life and on which human life depends [2]. The expression “digital well-
being” is used to describe the impact of digital technologies on what it means to live a
life that is good [1], including intended and unintended, positive and negative impacts
on all well-being dimensions.

Computer-Supported Collaborative Learning (CSCL) is an interdisciplinary field of
research that aims to investigate how learners engage in collaboration with the help
of computers. Some of the well-known examples of CSCL scripts include Pyramid,
Jigsaw, Think-Pair-Share (TPS), and Thinking Aloud Pair Problem Solving (TAPPS)
[4]. Pyramid scripts integrate activities occurring at multiple social levels. First, learners
will study a given problem individually to propose an initial solution. Learners then join
in small groups and then increasingly larger groups to discuss their solutions, and to
propose a shared solution to the given problem. In this study, a tool called PyramidApp
that implements a particularization of the Pyramid pattern has been used to deploy CSCL
activities [5]. The tool provides an activity authoring space, a teacher-facing dashboard
and an activity enactment space for students. The teacher-facing dashboard not only
provided a real-time overview of collaboration but also consisted of different controls,
e.g., activity pause-resume, increasing time, and an alerting mechanism that informed
critical moments of collaboration to the teachers to support their orchestration actions.

We engage samples of the creators, users and stakeholders of PyramidApp in the
first activity of IEEE P7010-2020, a recommended practice to assess the well-being
impact of autonomous and intelligent systems [3]. This activity is composed of 1) an
internal analysis conducted by the tool’s creators where they apply internal analysis
techniques (e.g., brainstorming, hypothesizing, utilizing scenarios, etc.) and 2) surveys
and interviews with the tools’ users and stakeholders, to answer the following question:
What are the possible impacts of PyramidApp on learner and teacher well-being?

2 Method

IEEE P7010 Well-being Impact Assessment (WIA) is an iterative process that aims at
producing a well-being indicators dashboard and using it in the design, development,
deployment and continual improvement of data-driven tools in order to help safeguard
and improve human well-being [3]. This process consists of five activities: 1) Internal,
user, and stakeholder analysis, 2) Well-being indicators dashboard creation, 3) Data
collection plan and data collection, 4) Well-being data analysis and use of well-being
indicators data, and 5) Iteration. The recommended practice provides a wide range of
indicators drawn from well-being instruments already in use (i.e., scientifically valid)
to be used to identify impacted well-being areas of a particular data-driven technology
on the following domains of well-being: satisfaction with life, affect (feelings), psycho-
logical well-being, community, culture, education, economy, environment, government,
health, human settlement, and work.

Weapply thefirst activity of this approachwith the objective of identifyingwell-being
domains and indicators that can reflect possible impacts of PyramidApp on the well-
being of its users and stakeholders (i.e., students and teachers). This activity consists of
three tasks: initial analysis, user engagement, and stakeholder engagement. Task 1 is an
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internal analysis conductedby the tool’s creators and involves forecasting, hypothesizing,
projecting and utilizing scenarios to select well-being indicators that can reflect the
impact of the tool and be used as principles of design during redesign and improvement
processes. In the latter two tasks, user and stakeholder engagement, we seek to test the
assumptions arriving from task 1.

Table 1. Well-being indicators selected by Sample 1 (creators)

Well-being domains Well-being indicators Impacted party

Students Teachers Society

Life satisfaction Satisfaction with life as a whole
√ √

Affect Calm in a given time period
√ √

Stress level in a given time
period

√ √

Psychological well-being Sense one is capable and good at
what they do

√ √

Community Sense one sees oneself as part of
a community

√

Sense that if one were in trouble,
they would have relatives or
friends they can count on to help
them whenever they need them,
or not

√

Satisfaction with relationships
√ √

Education Access to opportunities to learn
√

Government Sense there is freedom of
assembly, demonstration, and
open public discussion

√ √

Human settlements Proportion of youth and adults
with information and
communications Technology
(ICT) skills

√ √ √

Proportion of population covered
by a mobile network, by
technology

√

Access to internet at home
√

Having a computer at home
√

Work Sense that one gets support and
help from co-workers

√
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2.1 Participants and Procedures

The following samples were selected based on convenience sampling, and the inter-
viewed students were selected to represent the different views coming from the
survey.

Sample 1. Learning technologies researchers (n= 2) who have co-created PyramidApp
and were presented to 134 well-being indicators distributed to 12 well-being domains
in a survey manner allowing them to: 1) identify the system and its goals, users, and
stakeholders 2) read the definitions and indicators of each well-being domain, and 3)
select well-being indicators allocate them to the impacted party (Table 1). Then they
were interviewed individually for 30 munities to reflect on the process.

Sample 2. Master students (n = 14) who took part in PyramidApp activities on five
occasions. They responded twice to an 11-items Yes/No survey: a) after their last use of
the tool immediately, and b) two weeks after their last use of the tool (Table 2). Two of
them were interviewed individually for 15 min to provide in-depth answers.

Sample 3. Undergraduate students (n = 11) who took part in PyramidApp activities on
five occasions. They responded to a 11-items Yes/No survey two weeks after their last
use of the tool (Table 2). Three of them were interviewed to provide in-depth answers.

Sample 4. Instructors (n = 2) who applied PyramidApp activities on many occasions
during the last two years. They were interviewed to discuss how the tool could impact
their students’ well-being and their own well-being as stakeholders of the tool.

3 Findings

As shown in (Table 1), PyramidApp’s creators found the tool impactful on eight different
well-being domains. These assumptions were well-aligned with the responses of the
tool’s users (i.e., students) on the 11-item survey (Table 2). The tool’s stakeholder (i.e.,
teachers) also reported such an impact through their answers in the individual interviews.
Students and teachers agreed that the time restrictions in PyramidApp activities can cause
negative feelings like stress and anxiety, although they stated that it can be a positive
level of stress that could encourage students to quickly generate ideas and be fully active
during the learning process. On another hand, they reported that the positive feelings of
satisfaction, capability and sense of belonging can be obtained due to the competences
of freedom of discussion and collaboration, where students can seek and get help and
support from each other. The students found the tool impactful on their learning too and
reported that their knowledge about the topic under discussion were developed during
the activity in a constructive way.
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Table 2. Responses to the questionnaire by samples 2 and 3 (students)

Survey items based on Table 1 Sample 2(a)
n = 14

Sample
2(b) n = 14

Sample 3 n
= 11

Yes No Yes No Yes No

I’m satisfied with the activity 86% 14% 100% 0% 100% 0%

I was calm during the activity 64% 36% 79% 21% 100% 0%

I was stressed during the activity 43% 57% 21% 79% 0% 100%

During the activity I felt that I was capable at what
I’m doing

93% 7% 100% 0% 91% 9%

During the activity I felt that I’m part of a
community

93% 7% 86% 14% 45% 55%

During the activity I felt that I belong to a
community

43% 57% 64% 36% 45% 55%

During the activity I sense that if I was in trouble, I
would have friends I can count on to get help
whenever I need them

57% 43% 64% 36% 55% 45%

I’m satisfied with relationships I had with
classmates and teacher during the activity

93% 7% 86% 14% 73% 27%

Activity has given me access to learning
opportunities

100% 0% 86% 14% 82% 16%

Activity helped to improve my ICT skills 64% 36% 43% 57% 91% 9%

I think the activity has a freedom of assembly,
demonstration, and open public discussion

86% 14% 93% 7% 100% 0%

4 Discussion and Future Work

The application of IEEEP7010 standard was considered by the creators of PyramidApp
a good start-point toward including the different dimensions of well-being as additional
requirements for the tool’s evaluation and redesign processes. They found the well-being
definitions and indicators provided by this standard rich and informative and that this
activity has increased their awareness of the potential well-being impact of their tool
and therefore their capacity to address them in the design lifecycle. Samples of the tool’s
users and stakeholders had views that were to a considerable extent well-aligned with
the creators’ ones regarding both positive and negative well-being impacts.

The continuation of this work includes identifying data sources to detect well-being
issues to be used in creating a well-being dashboard that should be designed and contin-
uously refined in a fashion where data over time is integrated to provide useful, timely
and relevant well-being data based on the indicators selected in this phase. Such for
monitoring, management and improvement of the tool to help safeguard well-being.

Yet, this approach can be restricted by practical challenges and faced by philosoph-
ical arguments that find it difficult to avoid negative impacts through better design of
technology and urge to direct these efforts toward training users on healthy and positive
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use of technology. On the practical level, questions need to be addressed before moving
forward include: What data sources are useful to measure students’ senses of satisfac-
tion, stress, capability and belonging in a computer-supported collaborative learning
environment?
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Abstract. In the programming course of our engineering design degree
tutorials are the focal point of learning. This is especially so since
we employ a tinkering based educational approach, in which students
explore, from the very beginning, the material by self-defined projects.
The assignment defines ingredients to use and sets expectations, but stu-
dents are free to set their own design goals. In this setting tutorials are
an important place of feedback and learning, and we developed an online
platform that supports tutors during tutorials. This paper reports on the
educational philosophy and underpinnings, and results from applying the
tool in two first-year courses.

Keywords: Novice programmers · Online platform · Tutorials ·
Semi-automated feedback · Community of practice

1 Introduction

This paper presents Atelier , an online platform that supports tutoring in pro-
gramming courses, emphasising collaboration and sharing1. It is built for the
Community of Practice [1] of students, tutors, and lecturers involved in teaching
programming, where personal feedback is a core element. Atelier is intended to
support, but not replace personal tutoring.

The platform has been developed in the context of our bachelor programme
Creative Technology (CreaTe), which is a multidisciplinary programme with a
base in computer science and electrical engineering, a strong focus on design,
and which includes elements of entrepreneurship. The programming courses of
CreaTe require students to use concepts that were covered in the course, but
they are free to define their own projects from the very beginning. We refer to
this approach as Tinkering [5]. The student fully owns the problem; there is no
example solution that students can work towards or that tutors can refer to.

In this setup, the focal point of learning programming is the tutorial, where
students work on their projects, supported by a team of tutors and lecturers.
Accordingly, individual feedback is a key element in this teaching approach. The

1 The Atelier project is supported by SURF as part of its 2018 call on Open and
Online Education.
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Atelier platform provides tutors with automated feedback that is initially only
visible to the tutors; feedback they can share and discuss with the student if
they see it fit.

Tools that automatically provide feedback have been around since at least
the 1970s. Keuning analysed 101 tools and found that the majority look at
knowledge of mistakes, and there is less attention for the quality of the programs
[4]. They found that testing is the most popular technique. Douce, Livingstone
and Orwell [2] describe several generations of these tools, which require well-
defined exercises with supplied test cases to function correctly. This is a very
different setting from ours, as we mainly use open exercises. Keuning studied
the use of static analysis tools similar to ours and found that novices often to
not fix issues that such tools report, especially problems with design [4]. Keuning
theorises that students may simply not know how to fix their code.

Our approach differs from many automated tools in literature with regards
to two important aspects. We consciously chose not to use automated tools to
replace tutor-student interaction, and we also do not use them for grading. They
are used to assist tutors, during tutorials, to provide feedback that is more trans-
parent and consistent. This gives rise to the research question whether warnings
that are given to a student by a tool, differ in effectiveness from automated
warnings that a tutor shares and follows up.

2 The Atelier platform

The aim of Atelier is to support the feedback process on student-defined projects
in CreaTe. Tool support is primarily aimed at helping the tutor. Atelier uses two
tools, Zita to highlight potential programming issues [3], and Apollo to estimate
whether a student achieves certain learning outcomes [6]. Importantly, both tools
are not included for marking, or to substitute tutor feedback, but are meant to
aid the tutor.

Setting. The platform Atelier was developed for use during programming tutori-
als when students work on exercises that relate to topics covered by lectures. In
line with the tinkering approach, students have to incorporate what they have
learned in a self-defined project. The tutor should give the student feedback on
their code verbally, and the online platform should not substitute this process,
but complement it.

Usage Scenario. The primary usage scenario is illustrated in Fig. 1. The student
shared the program with a tutor, e.g. via a QR code. During the exchange, the
tutor can make notes and comment on the program or individual lines of code.
The tutor is also presented with automated Zita comments which are initially
only visible to the tutor. In this case, the tutor decided to make the comment
visible and further elaborate on the warning. The student was able to reply, and
the tutor involved another tutor in the discussion.
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Fig. 1. An exchange from a tutorial, illustrating the main usage scenario. Names have
been replaced by generic labels “a student”, “some TA”, and “other TA”.

Implementation. Atelier is available as an open-source project on GitHub2. The
two plugins we developed, Zita and Apollo, are available under the same GitHub
organisation. These projects are not part of the main program, because they are
specific to Processing and to our courses.

3 Experience and Observations

Context. The first year of the CreaTe bachelor is organised in four modules.
A module is an integrated study unit that has several components; for some of
these modules this includes programming. Atelier was first deployed in module
4 of the first year, which includes an algorithms course.

The course started about a month into the first nationwide lockdown in the
Netherlands in response to the COVID19 pandemic. To maintain the spirit of
traditional tutorials we chose a synchronous form of teaching, with one main
conference, a queuing system for help requests, and breakout rooms.

We used a similar setup for module 1 in the next academic year, for a new
cohort of students. This module includes an introductory programming course,
with 5 weeks of tutorials and lectures that cover the basics of programming, like
variables, decisions and loops, up to objects, classes and arrays.

2 See https://github.com/creativeprogrammingatelier/atelier.

https://github.com/creativeprogrammingatelier/atelier
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Fig. 2. Histogram of the number of sub-
mission per student.

Usage. Over the two modules we had
211 students and 43 tutors and lecturers
use Atelier . Students shared in total 809
programs. Users could indicate whether
we could use their data for research.
This was permitted by 128 students and
33 tutors and lecturers. This left 499
student submissions for analysis, which
are used in the remainder. Figure 2
shows that in the research data set, less
than 33% of the students submitted 4
or more programs.

Evaluation. The tools Zita and Apollo generated 3864 comments, of which 312
were made visible to students. This is a low percentage, and tutors indicated that
this is in part because of the repetitive nature of Zita comments. For example,
one submission received 95 warnings of the same type – a naming convention –
but only 2 of them were made visible.

An interesting observation could be made with respect to the effectiveness of
sharing Zita comments. We distinguish between comments that were shared with
the student, and comments that were shared and followed up by an additional
comment. To measure the effectiveness we define for each submission a window
of future submissions and checked whether the same of the 35 Zita rules issued
another warning within the window.

Figure 3 depicts the results for window sizes up to 5. The left figure shows,
e.g., that 54% of the students avoids repeating a mistake relating to a shared
warning in the next submission (window size 1). Unfortunately, this share
decreases as the window size increases. Five submissions later 78% repeat the
same mistake. Note, that the total numbers decline with increasing window size,
since there will be fewer submissions by the same student for larger window sizes.

The right figure show that Zita comments that were followed up were some-
what more effective, even though that effect also waned with an increasing win-
dow size. Note, that the same mistake may be repeated for various reasons, for
example because a student finds different ways to violate the same rule.

Threats to Validity. The module 4 course had only 8 weeks of lectures and
tutorials, while the module 1 course had only 5 weeks of tutorials, for a different
cohort. This means that we could only measure the use of a newly developed
tool for a short period. The effect of feedback may change if students are exposed
to it for a longer time, positively because of consistent messaging, or negatively
because they get used to it.

When considering the effectiveness of tutor feedback, one also has to keep
in mind that the student knows the person, and also knows that this person
may assess them in the future. This is both a threat to the validity, but also a
strength because it introduces a personal aspect into the process.
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Fig. 3. Number and share of repeated mistakes, depending on whether a Zita comment
was followed up or not.

4 Conclusions

For a bachelor programme which combines design with engineering approaches,
and which has a very diverse student population, we use a teaching method
for programming that emphasises creativity, ownership and individual solutions.
Given these individual learning paths, providing good feedback is one of the
key ingredients of the approach. This paper introduced the platform Atelier
developed for this purpose, integrating the tool Zita for automated feedback.
Tutors can give feedback on a program or on certain lines of code, and use
automated feedback as a starting point for further discussion, which proved to
be somewhat effective.

Currently, Atelier is still limited to working with projects created using Pro-
cessing. This limitation will stay in place while we work to improve the plat-
form, but we are planning to remove these limitations and enable Atelier to be
used with other programming languages at a later stage.
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Abstract. Smart Groups is a tool consisting of one mobile application
for the teacher and another one for the student for group orchestration
in synchronous hybrid learning environments, i.e. when there are both
onsite and online students. The teacher application shows recommen-
dations of Collaborative Learning Flow Patterns (CLFPs) when creat-
ing groups for collaborative learning, being the location of the student
transparent to the teacher. Regarding group management, if the teacher
selects a CLFP the change between the phases of the CLFP is done
automatically or by following the steps indicated by the application.
The application also serves for the communication between the teacher
and students and for sharing resources (e.g., documents, external tools,
webs...) with the whole class or with each group. The student application
indicates the group the student belongs to. Moreover, if the student is
in the classroom the application points to the location where the group
members should gather, taking into account the current need for social
distancing. The student can communicate with the group mates and
the teacher through the application and have access to the additional
resources provided by the teacher. Finally, both applications warn users
that are in the physical location if their safety distance (1.5m) with
another user is not being respected for more than 10 s.

Keywords: Hybrid learning · Collaborative learning · Orchestration ·
Smart learning environment · Indoor positioning

1 Background

COVID-19 has changed the way classes are taught. More and more institutions
have adopted synchronous hybrid learning environments where some students
attend class online while others are onsite at the same time [1]. This presents new
problems, especially in the area of group orchestration, including coordination,
communication, and group management. Tools to support collaboration do not
usually take into account that some members of the group may be online and
others onsite. Another problem derived from COVID-19 is the need for social
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distancing when working in groups in the case of students who are in the same
physical location. These problems need more accurate and real-time response
technological solution.

2 Description of the Prototype

This paper presents two complementary mobile applications (apps) called Smart
Groups. Smart Groups aims to solve the orchestration problems in synchronous
hybrid learning environments. To do so, the applications connect to a server
to obtain the necessary data such as teacher course information, or class infor-
mation. Moreover, the teacher app provides the necessary tools to coordinate,
manage and communicate with students and groups, as well as enriches the cre-
ation of groups with Collaborative Learning Flow Patterns (CLFPs) [2]. The
student app allows them to know which group they belong to, have access to
the necessary resources to work in groups, communicate with their group mates,
and if they are in the classroom know the location to gather with the group
members. Finally, both apps warn the users if they are not respecting the safety
distance (1.5 m) currently required due to COVID-19.

2.1 Teacher App

The teacher logs in with the corporate account to obtain data on their courses
and students. Once teachers have access, they can select the class they want to
work on. In this class, they can see previous group configurations, either saved for
later use or used previously. The teacher can choose one of these configurations
or create a new one. The screen shown in Fig. 1a appears empty or filled in
depending on whether the teacher selects a previous configuration or creates a
new one.

In the group settings screen (Fig. 1a), the first parameter to set is the name
of the new configuration. The second parameter is the selection of the charac-
teristics of the task: whether it is possible to split it into smaller tasks, whether
it has several topics and whether it has several possible solutions. The third
parameter is the selection of the number of students per group at the beginning
of the activity. Below this setting, there is a checkbox to indicate if the teacher
wants the groups to change during the activity either in number or in mem-
bers. The last parameter is the type of group to be created. If the application
has access to the previous performance of students, a profile per student will
be created. By having these profiles the application can organise the students
in a homogeneous way (the members of the group have a similar profile), in a
heterogeneous way (the members of the group have different profiles) or in a
random way; this last option is the one that is chosen by default if there are no
data on students’ previous performance [3]. The teacher has in this last param-
eter the possibility to choose how these profiles are defined. Profile creation is
typically associated with students watching videos and doing exercises related to
the course; otherwise, this option would not be available. The teacher can choose
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(a) Name, task characteristics, stu-
dents per group and group type

(b) CLFPs: simple, jigsaw, pyra-
mid and Think-Pair-Share

Fig. 1. (a) Group settings and (b) CLFPs recommendation

between taking into account only the videos (e.g., number of videos watched),
only the exercises (the exercises done, how many attempts needed to do them
correctly, how many finished incorrectly, etc.) or both. Afterwards, the teacher
can save this configuration or execute it. As soon as the teacher executes one
of the configurations, CLFPs will be recommended. The teacher can select the
CLFP indicated (see Fig. 1b), another CLFP or the “simple” pattern. Once the
teacher selects an option and accepts it, the groups created will be shown. These
groups will be formed only with the students attending the class, either in per-
son or online. Students attending the class will be identified because they have
started their app.

Once the groups are created the teachers can interact with each group or
with all of them at the same time. The options available are: “Change members”,
“Send resource”, and “Chat”. When the teacher wants to “Change members”
there are three choices if a CLFP is selected. The first one will ask them if they
want to move to the next phase automatically (i.e. the application will do it
autonomously). In the second choice, the teachers will be shown the recommen-
dations to follow to move to the next phase (i.e. the teachers will be guided
to set up the groups according to the next phase of the CLFP but will have
the possibility to ignore them). The last choice is to postpone the phase change
and make other changes upon the teacher’s request. The option “Send resource”
allows the teachers to send a link from different categories. The first category is
to send a link to a document (this document can be on the teachers’ device, on
Google Drive or an external link); another category is to send a link to a new
chat room that can also be created for internal communication of the group or
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the communication with other groups; the third category allows the teachers to
provide a link to a tool from the Google suite; finally, the teachers can add a
link that does not fit into the other categories. The last option available to the
teachers is “Chat”. This chat room will show the links sent and the conversation
that the teachers have with the students.

2.2 Student App

The students also need to log in with their corporate account so that the appli-
cation can be linked to their courses and teachers. Once students access the
application and a course, they can see the group they belong to; if the groups
have not been created yet, they have to wait to be assigned to a group. Smart
groups uses indoor positioning sensors via Bluetooth called Beacons to detect
students attending class onsite. Onsite students receive a map of the classroom
with the location to go to work in the group the students belong to. For this
positioning, the distribution of the class is taken into account and the groups
are separated as much as possible so that they do not disturb each other and
the members of the group are kept at a safe distance due to COVID-19.

Once the students have been assigned to a group they will be able to access
the different tools for group work. The first tool is the chat, which can be used to
communicate with the other group members and the teacher. The student can
also request the link to the chat room in case they prefer to access it from another
device. Finally, the resources sections where students can see the materials shared
by the type (document, chat room, tools and others).

3 Use Case

A situation of synchronous hybrid learning environments would be a course
where part of the students attend face-to-face and others attend online. In each
class, the teachers may not know which students attend online and which ones
face-to-face. The teachers can carry out group tasks as part of their class. To do
this, students attending the class log in to their app and wait for the teachers to
create the groups. When the teachers want to start with the group activity, they
open their app and select a configuration that they made beforehand. Before
creating the groups, the application recommends using the Pyramid CLFP. The
teachers decide to accept the recommendation. The groups are divided into
groups of two, the students are notified, and those who are face-to-face will
be told where to go in the classroom. The teachers specify via chat to all groups
which is the first activity. When the teachers see it necessary, they change the
groups for the next Pyramid phase. The teachers access the section for changing
members, the app asks them if they want to do it automatically and the teach-
ers can accept this suggestion. The app makes the relevant changes and notifies
the affected students, and if they are in the classroom, it gives them the new
location. For the next change of phase, the teachers decide that they will do it
themselves following the recommendations given by the app. The teachers go
group by group selecting students and moving them to other groups as told by
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the app following the role distribution. In one of these steps, the teachers decide
not to make the change indicated by the app because they have seen a change in
the student’s attitude and believe that another group will be more favourable.
During the activities, one group asks for a tutorial and the teachers send them
a new chat room to meet after class. At the end of the class, the teachers can
specify that the group work is finished or not to continue during the next class.

4 Future Agenda

So far, a Smart Groups pilot has been carried out for a preliminary evaluation.
This evaluation was carried out with 100 users who used a mock-up of Smart
Groups and filled in a questionnaire. From that set of 100, a selection of 10 teach-
ers who were in synchronous hybrid learning environments was interviewed. The
next steps to be taken will be the corrections indicated by the users in the prelim-
inary evaluation. After these corrections, the incorporation of learning analytics
for the analysis of motivation, student participation, and teacher attention will
be considered. With this data, useful information will be shown to the teachers
to improve their decision making and group orchestration. Finally, an evaluation
will be carried out in a realistic environment to test the usefulness and usability
of Smart Groups.
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Abstract. There are several awareness tools developed to research how to sup-
port different phases and modes of socio-emotional regulation of learning. Most
of these tools have focused on only one mode of regulation (self-, co- or socially-
shared) or on one phase (planning, monitoring or reflection) and have been tested
in formal settings and at specific, researchers’ predetermined, moments of col-
laboration (at the beginning, in the middle or at the end of collaboration). In this
paper we extend previous research in this area to propose a new tool that could
be more naturally integrated during the whole process of collaboration in the
underexplored context of informal settings without teacher supervision. The tool
presented introduces some features that aim at facilitating a better understanding
of social and emotional interactions and regulation of learning.More precisely, the
tool supports a communication flow during the monitoring phase of regulation and
includes: a) the possibility to be used by a large number of groups of learners, b)
awareness tools for monitoring self-, co- and socially-shared emotional regulation
c) at any time needed during collaboration, and d) includes other affordances that
should indirectly support a better asynchronous collaboration.

Keywords: Socio-emotional regulation · Computer supported collaborative
learning · Group awareness

1 Theoretical Background

Agency [1, 2] and collaboration [3] are two of the most important capacities to be devel-
oped in education. But if emotional issues arise during collaboration, they can have a
strong impact on the groups’ performance [4]. Learners do not necessarily activate their
regulatory skills to face these problems and being aware of them requires learning and
experience [5]. This is more critical when students have little experience collaborat-
ing for school purposes and they do it without teacher supervision. Regulatory skills
in individuals and in collaboration have been extensively studied. Modes and phases
have been described in previous studies. Among all these processes, socio-emotional
regulation and interactions have been the least studied [6]. Socio-emotional regulation
in collaboration refers to the processes and strategies that students enact in order to con-
sciously recognize, control and influence which emotions they experience and express
while learning together [6].
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We have analyzed previous research [7–11] and tools about social and emotional
awareness and regulation. For example, Cernea and colleagues [12] tried to increase
emotional awareness through a virtual agent that supported collaboration with the help
of lightweight electroencephalographic portable devices. Since one of our goals is to
promote young students’ agency and awareness of their emotional state, instead of
reading students’ brain waves, we propose a tool in which students can choose to share
their emotions with others. This approach is more similar to Molinari’s et al. [13], who
developed an Emotional Awareness Tool (EAT) which allowed sharing members self
reported emotions. They concluded that it did not influence the perception of emotions
of group members but the collaboration they tested was synchronous, members of the
group talked to each other through microphone and the average age was 23. We believe
that in these conditions, the EATmight not be so necessary. The toolwe present addresses
younger students that work asynchronously and have little collaboration experience for
academic purposes. Bakhtiar et al. [14] used the COPES framework [15] to develop and
test their Socio Emotional Sampling Tool, but this is a scripting tool (not an awareness
tool, see next section) and was not used freely by students who were instructed to do so
at the beginning, middle and end of the collaboration process. The same happened with
the S-Reg Tool [9] and the EmAtool [11]. We conclude that more research is needed
on three aspects: a) to understand socio-emotional regulation during the whole process
of collaboration, b) include hedonic affordances [16], and c) following Järvenoja and
colleagues [11], we plan to test this prototype in other real learning scenarios; in informal
settings without teacher supervision.

2 Description of the Emotional and Motivational Affordances
of the Prototype

The application presented here (Fig. 1 is the chat screen of it) is an asynchronous com-
munication tool designed to be used during collaborative tasks by secondary school
(13–16 year old) students. Each group has a set of activities (defined by the teacher) and
for each activity a chat is created. Each chat is extended with the socio-emotional and
motivational awareness tools that we present below.

Miller andHadwin [8] presented the concept of awareness tools as complementary to
scripting tools since those are considered less invasive to the natural flowof collaboration.
Awareness tools can help students realize challenges that require action. Malmberg et al.
[7] divided awareness in CSCL into cognitive and social group awareness. Our work
focuses on the latest.

Members’ Avatars Selection (Signing-Up And Profile Panels)
When students create their account in this prototype, they can choose an avatar from
some predefined options (you can see one of the avatars at the top side of Fig. 2).
This feature has been included for two reasons: a) providing hedonic affordances to the
group [16] and b) facilitating young students to express and share their emotions in the
conversations of the group [17] (Fig. 4).

Self-regulation: My Emotions Panel
This panel (Fig. 2) presents a list of epistemic, achievement and social emotions [18,
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Fig. 1. Chat panel Fig. 2. “My
emotions” panel

Fig. 3. Members’
emotions

Fig. 4. Group
motivational message
composer

19]. Each one of these emotions is described and can be measured in a likert scale
(0–10) to facilitate each member to be aware of their felt emotions at any time during
collaboration.

Co-regulation: Members’ Reported Emotions (Hedonic)
When members of the group have expressed and shared their emotions using the previ-
ously presented “my emotions” panel, the rest of the group can see their report clicking
on those users’ avatars (Fig. 3). If users report negative emotions or emotions with a
negative valence [20] a red background with the number of negative emotions reported
on the foreground is displayed (see the red badge at the top side of Fig. 1) to let the rest
of the group be aware that there are members of the group that could benefit from some
socio-emotional co-regulation.

Socially-Shared (and Co-)regulation
For socially-shared regulation we present below two awareness tools:
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• Emotional messages composer with avatars (Fig. 3): In order to provide externaliza-
tion of emotions and hedonic features [16] to facilitate collaboration, this panel lets
members sharemotivational and emotionalmessageswith the groupmaking use of the
avatars selected by each member. The messages can be chosen from a predesigned set
of visual emotional-motivational messages or members can design their own message
using the tool provided.

• Anonymous messages: The socially-shared emotional regulation feature is the possi-
bility to send anonymous messages to the group. This feature has been designed to
support members that are shy or afraid to express their ideas, problems or emotions
with the rest of the group at any time during collaboration.

3 Preliminary Tests and Future Work

Previous versions of the current prototype were tested by two groups of students in
order to base our design decisions on a user-centered design approach. Following
that approach, the design of this new iteration was based on their feedback through
a questionnaire and a face to face interview.

We are designing a new test with more groups that should answer our next research
questions: Which are the most frequently reported emotions (by group members)? How
often do themembers check (or show interest in) othermembers’ emotions?Do they take
any actions? Does our application support the regulation of socio-emotional challenges?
and if so, how?

We plan to test this prototype following a design based research approach with
several iterations that should help us better understand what aspects of socio-emotional
regulation are important in contexts without teacher supervision, and thus, improve the
tool testing it during longer periods of time. Our ultimate goal is to check if our target
students improve their regulatory skills during collaboration.
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Abstract. Social media has become an important part of adolescents’ lives, with
an increasing number of teenagers spending a great part of their time creating,
sharing, and socializing with online content. Although the popularity of social
media keeps growing, different studies identified threats and dangers that exist in
such networks. From harmful content to negative behaviors, users can fall victim
to negative social media phenomena that can affect their mental health and wellbe-
ing. Several media literacy initiatives have been designed to promote social media
awareness amongst the youth using traditional approaches to teaching about social
media risks and threats. However, these approaches are limited in enabling deep
reflection about the dangers behind their social media interactions and empower-
ing their empathy, perspective-taking, critical thinking, digital and self-protection
skills. This demo paper introduces a perspective in this context proposing the
integration of educational opportunities within social media. The proposed app-
roach is designed as a social media simulated learning platform where embedded
learning activities follow a novel “narrative scripting” approach, in which Com-
puter Supported Collaborative Learning script mechanisms are combined with
counter-narratives strategies.

Keywords: Social media · Digital skills · Self-protection skills · CSCL scripts ·
Counter-narratives

1 Pedagogical and Technological Background

As digital media is more present in teens’ lives, the use of Social Media (SM) sites leads
as their favorite activity [1]. Yet, the existence of harmful content and toxic behaviors
would make adolescents be exposed to dangers in the SM environment [2]. Recent
studies suggest that most adolescents have had a negative experience in social media;
nevertheless, only a few of them have asked for adults’ advice or mediation [3]. Negative
experiences in SM can affect adolescents’ wellbeing [4]. Some of the potential harms of
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SM exposure include its impact on self-esteem, eating attitudes, or depressive disorders.
Moreover, some studies have connected its prolonged use to addictive behaviors and
anxiety [5]. In response to that, different actions have taken place to reduce the impact
of SM exposure. While the regulation of social media networks is still a debating issue
in most countries, digital education has been foreseen as a more effective action [6].
Different media literacy initiatives have taken place in order to promote both digital
skills and social media awareness (e.g. [7, 8]). Although educating about SM currently
involves different issues, there is still the need to promote SMawareness; especiallywhen
interventions have centered on traditional methods such as the persuasive discourses
based on fear and risks, in addition to the formal structure some of these have adopted
within the school curricula [8].

The COURAGE project introduces a new perspective in this context proposing the
integration of digital educational opportunities within social media [9]. This paper pro-
poses an approach designed as a social media simulated learning platformwhere embed-
ded learning activities followanovel “narrative scripting” approach.Our proposednotion
of “Narrative Scripts” (NS) borrows design elements from the Computer Supported Col-
laborative Learning field in combination with the use of narrative pedagogy strategies
(see Table 1). When narrative scripts are applied to educate about social media, it leads

Table 1. Pedagogical strategies behind the formulation of “narrative scripts”

Narrative Scripts (NS)

Narrative – Storytelling: provides students with motivating, engaging, authentic scenarios
suited to their personal experiences, making the content seem important and valuable [10].
Storytelling has been reported as an effective approach for helping students to generate new
ideas and organize their knowledge, improving the students’ comprehension of the learning
content. After successfully completing challenging tasks, students who are actively involved in
learning gain confidence and motivation

Narrative - Counter-narratives: The use of narratives within an educational content also
enables having students exposed to contrasting or opposing views about certain concepts or
realities. Having students exposed to counter-narratives [11] that challenge previously made
assumptions can generate learning trough awareness about cognitive conflicts and bias and the
need to organize and contextualize the phenomena behind the narratives

Scripting - Scaffolding: Structuring the learning method through small, manageable steps for
students to complete across a learning path that is aligned with their previous knowledge and
has been designed to lead them to expected learning outcomes [12]

Scripting - Structuring social interaction: CSCL scripts structure a collaborative learning
flow (group formation, sequence of tasks, role rotation, etc.) to facilitate the triggering of
desired social interactions leading to fruitful learning. Conversation with rich argumentation is
one of these key social interactions as it promotes productive ways of thinking, conceptual
change, and problem-solving. These can be achieved by pairing students with contrasting
opinions to work on a task (ArgueGraph [13]), by distributing pieces of knowledge (Jigsaw
[14]) or by confronting views thought a consensus-building process in collaborative social
groupings (Pyramid [15]). In the case of narrative scripts, the conflicting perspectives leading
to productive interactions are provided by the (counter-)narratives
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to learning scenarios in which students are immersed in SM stories that expose them to
counter-narratives - and conversations about counter-narratives - of biases, discrimina-
tion, or attitudes and behaviors in what (and how) is spread online. Such an approach
can support learning by raising awareness through motivation, external thinking, empa-
thy, responsibility, and perspective-taking, while at the same time develop digital and
self-protection skills related to SM.

There are several CSCL tools that enable the design and implementation of col-
laboration scripts (see examples in the last row of Table 1). We propose an integration
of CSCL script tools in SM platforms operationalized with stories framing missions
to be solved through scripted sequences of tasks. A first prototype of NS educating
about SM integrates the PyramidApp tool [15] into the PixelFed platform [16]. PixelFed
is an open-source SM environment that reflects the features of a photo sharing social
network. PyramidApp implements scripts based on the Pyramid collaborative learning
flow pattern, which enables individuals to share their perspectives about a narrative and
to contrast them through argumentation and consensus-building across incrementally
larger groups [17]. The current platform consists of a frontend written in HTML, with
the Javascript framework Vue.js, as well as a backend with aMySQL database supported
in the Laravel PHP framework.

2 Description of the Prototype and Use Case

Theprototype ofNSembedded inSM is a responsiveweb-based application thatworks as
an interactive learning environment. The implementation includes a full-fledged script
focused on social media behaviors (Digital Self), with tasks involving free-roaming
inside the platform, guided roaming following a (counter-)narrative, quizzes, mini-
games, or participating in structured group tasks (Fig. 1). Students are required to register
to access the learning material. A classroom ID is also required to enable teachers to
run synchronous activities and enable specific topics of interest to their class. Once the
student is registered they can start using the platform to share and browse photos or
videos. The NS are accessible through a learning progress page.

A use case illustrating the developed prototype is as follows: A high school teacher
is worried about the digital footprint her students might be leaving behind them. She,
therefore, initiates the Digital Self narrative script activity and shares a classroom ID
with her students. The students use the ID and enter the chat in the SM platform where a
fictional character initiates a conversation with them. The students can reply with prede-
fined options or in some cases with open text, Likert scales, or checkboxes (Fig. 1a). The
character narrates a story regarding employing influencers to promote the SM platform
and shares information about them that it found online (e.g. photos, videos, reviews
and posts the influencers might have posted some years ago) (Fig. 1b). The character
prompts the students to reflect on the digital footprint the influencers might have left
behind by asking them questions related to the information that was found online. The
students reflect on three influencers. Each influencer has a different kind of digital foot-
print. Once the students go through all three influencers the script initiates a scripted
collaborative activity (Fig. 1c), where the students have to individually reflect on how
much social media knows about us and then collaboratively choose or propose a better
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answer. The activity then ends. The students should now have become more critical
about the information they share online.

Fig. 1. Screenshots of (a) the chat interface where the NS take place embedded in the SM. The
student can answer with predefined answers, free text, Likert scale, or checkboxes. (b) A task
within the script referred to as the evidence folder. (c) A collaborative task with PyramidApp

3 Preliminary Results and Future Work

Before the development of the first version of the web-based prototype, we conducted a
pilot study with 50 teenage students (20 females, 29 males, 1 did not specify) (Mage =
18.2, SD= 1.9). The purpose of the pilot studieswas to evaluate the learningmaterial and
the activities’ intrinsic motivation levels. The pilot studies were in the format of a virtual
workshop. The students completed tasks with material based on the Digital Self script.
In the end, a motivation questionnaire extracted from the intrinsic motivation inventory
(IMI) [18] was used to measure their interest/enjoyment levels during the workshop. The
results showed that students found the material interesting (5.06 - average agreement of
Interest/Enjoyment IMI scale w/1=Not at all true; 7=Very true) andwould recommend
the provided material to younger teenagers (6.18 - average agreement of the statement
“I would recommend this material to younger teenagers” w/1= Strongly disagree; 7=
Strongly agree). Moreover, through the analysis of the results, we found it important to
make changes related to guaranteeing the reinforcement of student’s previous knowledge
with concepts in which to base their reflection and argumentation and revisions to the
clarity of the (counter-)narratives.

Teaching teenagers about SM risks and threats in a SM environment can enhance not
only their knowledge/awareness about a problem but to sharpen their emotional skills,
preventing toxic behaviors and unhealthy attitudes. In this vein, we aim to consolidate
the research work testing the NS to assess the implication of social interaction, par-
ticipation, motivation and learning gains. Forthcoming research also encompasses the
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implementation and testing of adaptive scripting strategies aligned with students’ learn-
ing needs, e.g. by assigning learners to counter-narratives that can especially contrast
with assumptions and prior knowledge.
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Abstract. Learning to program and learning a new programming lan-
guage is difficult because it requires learners to undergo conceptual
change. Research on conceptual change has shown that instructors’
awareness of their students’ misconceptions can significantly affect learn-
ing outcomes. In this demo we present “conceptual checks”, a web-
based tool that allows instructors and teaching assistants of programming
courses to quickly get an overview of the misconceptions that might come
up at a given point in their course. Based on the idea of refutation texts,
it asks users to assess the correctness of statements about programming
language concepts. We implemented conceptual checks on top of progmis-
con.org, an educational repository of programming language misconcep-
tions observed in students learning to program. The inventory currently
catalogues more than 200 misconceptions. This demonstration illustrates
conceptual checks as an efficient and effective means for instructors to
access the relevant information in the large body of misconceptions.

Keywords: Misconceptions · Programming languages · Refutation
texts · Self assessment

1 Pedagogical and Technological Background

Conceptual Change. Based on constructivism, conceptual change theories
have been applied to many fields in science education. The main observation
is that learners always possess some prior knowledge, and thus learning does not
always occur by accumulating facts, but by revisiting and changing wrong con-
ceptions. For this reason, prior works have examined the role of misconceptions
in the learning process, positing that learning occurs precisely by overcoming
those wrong conceptions. This also justifies why learning (to program, in this
case) is so difficult: students tend not to abandon their beliefs unless there are
good reasons for doing so [5].

Refutation Texts. Two decades of research on the topic of refutation texts [7]
have shown that, among text-based instruments, they stand out as a power-
ful mechanism to overcome (wrong) knowledge ingrained in learners. Showing
one next to the other the “statement of a commonly held misconception, and
c© Springer Nature Switzerland AG 2021
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an explicit refutation of that misconception with an emphasis on the currently
accepted scientific explanation” [7] has been proven to be more effective than
just stating the correct conception. According to studies, using a clear expository
format should be preferred over a longer narrative description that can be per-
ceived as less rigorous. A good refutation text should start by clearly stating the
misconception, marking the transition with a “refutation cue” (e.g., “but this is
wrong”), and finally presenting the correct conception. Textbooks, however, do
not seem to employ them enough [7]. A variation on the theme that can more
directly engage learners are the conceptual change texts [1]. Before presenting
the correct conception, they actively involve the reader by asking to make a pre-
diction, stimulating thinking before reading the scientifically correct fact. Going
beyond text as a medium, concept cartoons, a visual version of refutation texts,
have been used in science education since the early 1990s [3].

Conceptual Checks. In contrast to the existing kinds of refutation texts, the
purpose of the idea of conceptual checks introduced in this paper is not the
teaching per se, but the preparation of teachers. This different purpose has a
significant impact on the wording of the texts: misconceptions’ statements are
written using expert terminology instead of using a vocabulary more accessible
to novices. The resulting texts have then minimal ambiguity as they use proper
domain-specific terminology. In the domain of programming languages, one has
the advantage of being able to refer to their authoritative specifications.

progmiscon.org. As an effort to collect and properly document misconceptions
about programming [4], we have built and we maintain progmiscon.org, a curated
inventory of programming language misconceptions [2]. Besides a unique, mem-
orable name, each misconception is characterized by an unambiguous statement
that describes, entirely in terms of the syntax and the semantics of the relevant
programming language, what is the wrong belief students hold (even though
they might not express it in those very words). Moreover, misconceptions are
accompanied with information about the possible origin (where it might come
from) and common symptoms (artifacts produced by students who hold the mis-
conception), with the goal of making educators aware of the rich body of wrong
conceptions their students might develop in their journey of learning to program.

2 Conceptual Checks in progmiscon.org

Our inventory contains, due to its own nature, precise statements about the
wrong conceptions novice learners have about how a certain language feature
works. We have augmented this data with correct statements that contrast the
incorrect ones and precisely describe what is the truly correct behavior, according
to the authoritative programming language specification.

As an example, consider the Java misconception AssignmentCopiesObject.
The statement which might be spoken by a student and describes the wrong
conception is “assignment copies the object”. Instead, the correct statement is
“assignment copies the reference pointing to the object”. By juxtaposing the
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two texts, one can easily obtain a refutation text such as “Some people believe
that an assignment copies the object. That is not true: an assignment copies the
reference pointing to the object”.

However, we deemed that a list with just the refutation texts would probably
not be appealing as a reading. Taking conceptual change texts one step further,
we built an interactive system in which visitors are presented with both state-
ments, the wrong and the correct one, and are challenged to make a choice and
select the one they believe to be true for a specific programming language. Only
after thinking and selecting one of the two claims, visitors can click a button to
“solve the mystery” and check whether their prediction was correct or not.

We call this process conceptual check (see Fig. 1), as it can serve the purpose
of self-assessing the knowledge of a programming language, or a subset of it,
through the means of selecting what is true at a conceptual level.

Performing these checks on the whole body of misconceptions (which at the
time of writing consists of more than 200 misconceptions) is unfeasible and also
not very useful for revising. Instead, the checks can be conveniently configured
so that they target a coherent set of misconceptions. In particular, one can select
to do a check on misconceptions that pertain to a certain concept or a set of
concepts, since all misconceptions are tagged with one or more concepts derived
from the programming language field (e.g., Constructor, Expression, Type and
many more); or a check on misconceptions that can be potentially induced by
reading specific sections of a textbook, since they are also indexed by popular
books used for teaching (only Java is supported at the moment).

3 Use Cases and Next Steps

Out of Scope. Asking novices to assess the correctness of conceptual statements
such as “references can point to variables” can be problematic: novices do not
just lack the expert terminology (e.g., the term “variable”), but for domains they
are entirely unfamiliar with, they may not have any vocabulary at all (e.g., no
word to denote the idea of a “variable”). Thus, when assessing the conceptual
understanding of novices, conceptual questions are often too abstract and devoid
of meaning, and there may be no rephrasing of the questions in the students’
own words. To best assess novices, questions based on concrete examples and
situations, like the kinds of questions used in concept inventories, are necessary.
Thus conceptual checks are not targeted at students, but at teachers. Teachers,
unlike their students, usually already possess the necessary domain vocabulary.

Teacher Training. Teachers are often confronted with students who struggle to
grasp certain concepts. It has been shown that timely feedback is a key element
for overcoming students’ difficulties and wrong conceptions. It is even better if
one could prevent those wrong conceptions from forming in the very first place,
since once a knowledge element becomes familiar for a learner, it becomes dif-
ficult to replace it with the correct knowledge. For these reasons, pedagogical
content knowledge includes knowledge about misconceptions [6]. When teachers
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Fig. 1. The Concept Map allows teachers to configure a conceptual check by selecting
a combination of concepts on which to be checked. The conceptual check then presents
conceptual change text questions to the teachers. This provides them with an effective
and efficient way to assess their own conceptual understanding and reminds them of
the potential misconceptions students could hold about the chosen concepts.

know which misconceptions are likely to be developed, they can quickly recog-
nize them and put in place a variety of strategies to deal with them, including
devoting classroom time to address common issues, preparing or selecting extra
material, and tailoring assignments. The explicit discussion of misconceptions
during courses to train current or future teachers can thus be highly beneficial.
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Instructor Preparation for a Lecture. Instructors benefit from remembering
what misconceptions might pop up in a specific lecture of their course, as they
can exploit tactics to challenge them or even anticipate them. When lectures are
synchronized with a specific chapter of a book, instructors can take advantage
of checks that focus exclusively on the contents of that chapter.

TA Preparation for a Course. Many universities employ students as teaching
assistants (TAs) to help instructors in the courses they teach. Conceptual checks
offer a quick and effective opportunity to revise the course material for being
better prepared to answer students’ questions and being able to remedy their
incorrect understandings. Moreover, given external constraints, it can happen
that students are assigned to courses outside their specific area of expertise (for
example, a doctoral student whose research interests lie in machine learning
could be needed in an undergraduate course in introductory programming). In
such cases, learning about misconceptions is even more important.

We hope that this tool will further increase teacher’s awareness of the multi-
tude of programming language misconceptions that have been the subject of
research studies in the last decades. The goal is that this increased aware-
ness about specific misconceptions can then translate into improved teaching.
We explicitly welcome suggestions and new contributors to progmiscon.org, to
improve the quality and the quantity of conceptual checks, foster the community
around it, and increase the value for educators all around the world.
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Abstract. This demo paper presents SCARLETT, a Smart Learning
Environment designed to track the evolution of learners across formal
and informal contexts in order to provide personal support to learners.
SCARLETT benefits from a variety of Technology Enhanced Learning
systems and tools for collecting information about the students actions
across physical and virtual spaces and, based on it, deploying and rec-
ommending personalized resources and activities to be performed in the
students’ current formal or informal context. To provide such support,
the learning design plays a key role in how SCARLETT works, as it helps
to coordinate the data collection, to model and characterize learners, and
to deploy the resulting personalized resources and activities.

Keywords: Smart learning environments · Learning design · Formal
learning · Informal learning · Across-spaces

1 Pedagogical and Technological Background

In recent years, the growth and diversity of learning systems and tools has fos-
tered the appearance of Smart Learning Environments (SLEs). SLEs aim to
provide personalized support to learners taking into account both their indi-
vidual learning needs and context [8]. SLEs make a combined use of Virtual
Learning Environments (VLEs), mobile devices and applications, and Internet
of Things (IoT) devices so as to gather data about the interactions of learners
and their current learning contexts across different physical and virtual spaces.

Some authors [1,2] consider SLEs an opportunity to connect formal and
informal learning experiences across spaces. Compared to formal education,
with learning situations carefully prepared by teachers based on specific learn-
ing objectives and topics according to the curriculum, informal learning experi-
ences are driven by learners at any time, either intentionally or serendipitously,
in a more unstructured manner [5]. The connection of both types of learning
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T. De Laet et al. (Eds.): EC-TEL 2021, LNCS 12884, pp. 404–408, 2021.
https://doi.org/10.1007/978-3-030-86436-1_44

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-86436-1_44&domain=pdf
http://orcid.org/0000-0002-3110-1096
http://orcid.org/0000-0003-0062-916X
http://orcid.org/0000-0002-8825-0412
http://orcid.org/0000-0002-1114-2819
http://orcid.org/0000-0003-1717-6304
http://orcid.org/0000-0002-6916-9213
https://doi.org/10.1007/978-3-030-86436-1_44


Demo of SCARLETT to Support Learners Across Formal-Informal Contexts 405

experiences can be beneficial for learners [3]. Learners can reflect on concepts
discussed in formal education in appealing informal learning activities, while
informal learning experiences can be extended and complemented with formal
lectures for the provision of appropriate feedback that can help to settle the
reflections. However, a limited number of contributions have explored this con-
nection in SLEs [8], specially due to the combination of multiple learning envi-
ronments from both formal and informal contexts supporting learning activities
that happen in different physical and virtual spaces. This demonstration shows
how SCARLETT addresses them in order to provide informal learning support
to learners connected with the formal learning situation.

2 SCARLETT Overview

SCARLETT (Smart Context-Aware Recommendation of Learning Extensions in
ubiquiTous seTtings) is an SLE designed to integrate third-party learning envi-
ronments and tools (VLEs, mobile apps, IoT-enriched settings, etc.) with the goal
of supporting students during learning situations that make use of physical and
virtual spaces, enriching formal learning with suggestions for informal learning
opportunities [6,7]. Its architecture is presented in Fig. 1. The support provided
by SCARLETT is accomplished through (i) sensing and collecting data traces
from the involved learning systems, including learners’ actions and contextual
information; (ii) analyzing this information in order to model and characterize
the progression and participation of learners through the different activities, and
to identify contextual conditions of the learning environments they are using; and
(iii) reacting and providing suitable and personalized learning recommendations
under the current context of learners.

To provide such support, the learning design (LD) of the situation plays a
central role in how SCARLETT works. Through it, the instructional designer
specifies the activities and resources that learners should perform, their associ-
ated learning goals and topics, and the learning environments and spaces learners
are expected to participate in. This information helps SCARLETT to coordi-
nate the collection of data, derivation of student model and assessment of the
alignment of informal learning activities with the formal learning goals.

3 Use Case

Anna, a teacher of History of Art in a high school, has prepared a learning
situation with the main goal to understand the influence of the Romanesque style
in the architecture of the region. During three weeks, her students have to explore
their city and identify examples of the main characteristics of the Romanesque
style in local monuments. The LD comprises the following individual activities:
an initial quiz about their prior knowledge on the Romanesque; an assignment
about the identified monuments and characteristics; and its presentation to the
rest of the class. Anna has deployed all these activities in Moodle, with additional
resources like videos and web pages that may help her students. Moreover, Anna
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Fig. 1. SCARLETT architecture.

has encouraged them to install and use the CasualLearn application [4] in their
mobile devices if they want to get recommendations of learning tasks to be
carried out when visiting Romanesque buildings in their city.

Figure 2 represents the information flow to support this scenario. Anna makes
SCARLETT import the learning design she deployed in Moodle, so that SCAR-
LETT can obtain both the ids of the resources and activities in the different
environments, and the ids of the learners participating. With this information,
the monitoring hub of SCARLETT periodically tracks the actions of learners
within the learning environments (flow 3 in Fig. 2). In the case of Christina, a
student of Anna, she has regularly visited the available resources in Moodle,
achieved a high score in the quiz, submitted in time her assignment and made
use of CasualLearn while she explored the monuments. In comparison, Peter,
another student of Anna, is not so interested in this topic and he has not partic-
ipated that much in the activities, roughly passed the quiz and not submitted his
assignment yet. However, he likes the tasks available in CasualLearn and he has
spent some time doing them, even if they are not mandatory. All this information
is collected by the monitoring hub, and stored in a database. The acquisition of
the data is performed through different monitoring adapters, that convert the
requests to the specific API of each platform and translate the incoming data
into a common format within SCARLETT.

These traces are later processed in the student model and context
manager. This module manages the instances of the student model (4), with
variables devoted to track student progress associated to the learning goals spec-
ified in the LD (e.g., knowledge of Romanesque), that evolve as action data is
gathered and learning analytics are performed (e.g., analysis of the grades in a
quiz on Romanesque). In our case, the information previously collected shows
the number of accesses to the complementary resources and the score obtained
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Fig. 2. Information flow of SCARLETT during the use case

in the quiz, among other. This information is used to update Christina’s model,
adding indicators about a high interest and knowledge level in Romanesque,
while in Peter’s model can be seen his low performance and lack of participation
in the assignment.

Apart from the students’ actions, the monitoring hub collects informa-
tion related with the current context of the learners, which is processed by
the student model and context manager to determine further information.
Thanks to this data, combined with the student models and the LD, SCARLETT
can deploy recommendations of resources and activities in the appropriate learn-
ing environment. This process is performed in the reaction module, conformed
by a rule engine that checks the information contained in these three entities to
select a suitable recommendation to make (6), consisting of some resource recov-
ered from external providers, that is deployed in one of the involved learning
environments (7). For example, given that Christina’s student model reflects her
high knowledge of Romanesque and the list of monuments visited with Casu-
alLearn is known, the reaction module retrieves some videos and a medium
difficulty quiz associated to those Romanesque buildings and deploys them in
Moodle in her private space (7a). As for Peter, since he is using CasualLearn
and he is “behind” on Romanesque, the reaction module retrieves an easy geolo-
calized task (like providing a picture of the gates of a church) and asks Peter to
perform it in that very context (7b).

4 Prototype and Future Work

The current version of the prototype is able to read the LD created by instructors
(using bricolage approach) in Moodle or Canvas. It then senses, through adap-
tors, the interactions with resources (quizzes, submissions, etc.) in these plat-
forms, as well as CasualLearn mobile app, and transforms the data to an inter-
nal homogenous format. This is used to update the student context and model,
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through simple, but extensible, performance indicators. The reaction module
is then triggered and can look for videos (in YouTube), pages (in Wikipedia)
and quizzes (in CasualLearn SPARQL endpoint) and deploy them in Moodle,
or send a link to the student through mail. In the near future, other resource
providers and learning environments will be integrated, and more elaborated
learning indicators implemented.
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Abstract. An important part of second language learning is conversa-
tion which is best practised with speakers whose native language is the
language being learned. We facilitate this by pairing students from dif-
ferent countries learning each others’ native language. Mixed groups of
students have Zoom calls, half in one language and half in the other,
in order to practice and improve their conversation skills. We use Zoom
video recordings with audio transcripts enabled which generates recog-
nised speech from which we extract timestamped utterances and calcu-
late and visualise conversation metrics on a dashboard. A timeline high-
lights each utterance, colour coded per student, with links to the video
in a playback window. L2L was deployed for a semester and recorded
almost 250 h of zoom meetings. The conversation metrics visualised on
the dashboard are a beneficial asset for both students and lecturers.

Keywords: Second language learning · Dialogue metrics

1 Pedagogical/Technological Background

Virtual exchange programmes use technology to connect people from around the
world for educational exchange. The emphasis is on international partnerships
not only to build on content-knowledge but also to develop 21st century skills,
global citizenship, intercultural understanding, empathy, and collaboration. This
mission is fulfilled by a number of organisations [5].

In foreign language learning and teaching, such synchronous and asyn-
chronous virtual exchanges are commonly referred to as telecollaboration [2].
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Telecollaboration facilitates the development of linguistic and interactional com-
petencies in the foreign language, intercultural understanding, and the capacity
to negotiate and collaborate in multicultural work environments. It has been
integrated in some form in foreign language pedagogy since the arrival of the
internet. More recently, high quality videoconferencing as a telecollaboration
tool has afforded language learners a fast-paced synchronous interaction with
native speakers of the target language. In response to the current Covid-19 cri-
sis, telecollaboration efforts have been catapulted with more training, mentoring,
webinars, and pre-mobility partnerships.

Facilitated by technological progress, innovative learning activities, such as
students reviewing recordings of their online interactions for learning and reflec-
tion, are gaining importance in language pedagogy in tertiary education [3].
While the potential of such telecollaboration-integrated curricula is huge, the
possibilities of enhancing the telecollaboration experience by extending the affor-
dances of videoconferencing is now needed. Challenges such as lack of confi-
dence in speaking in a second language, sustaining student engagement, creat-
ing student-led experiences, and a sense of community, all need to be addressed.
This paper introduces the L2L system developed to facilitate language students’
engagement through concrete visualisation of their synchronous participation in
Zoom calls with native speakers. This provides both students and lecturers with
insightful feedback on the fast-paced synchronous interactions that take place
while facilitating self- and peer-review in the post-session phase, thus making
such fast-paced synchronous interactions pedagogically more meaningful.

2 Description of the Prototype

The L2L system is based on the infrastructure of Help-Me-Watch, a system to
provide personalised summaries of live video lectures [4]. It makes use of Zoom’s
automatic audio transcription feature to analyse conversations and to prepare
the review page for each Zoom meeting. Figure 1 shows how the system works
from the participating students’ point of view. The reader should refer to the
numbering in the Figure.

Before a Zoom conversation session starts, one of the participating students
needs to register the session by visiting the L2L web interface and filling in the
email addresses of all students who will join the session (1), which generates an
immediate confirmation and invitation email with a unique Zoom session code
(2) needed later to review the session. Students then perform a Zoom-based
conversation session with the Zoom cloud recording of the video and the audio
transcript options enabled (3). Some time after the session ends, Zoom sends
an automated email informing students/users of the availability of the cloud
recording and other meta data including the audio transcript in VTT format.
One of the students then copies/pastes the URLs for the cloud recording of the
video and the audio transcript to the L2L system (4). Having received these, the
L2L system analyses the session conversation by parsing the audio transcript
text, calculating the characteristics of the session conversation in terms of turn-
taking, utterances, volatility of dialogue, participation times of each student, etc.
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Fig. 1. Using the L2L system - overall flow

(5). The result of this analysis is then aligned with the cloud video recording of
the session, and presented back to the students (6) as a web page. This setup is
not straightforward but necessary in this version in order to anonymise students
and secure the necessary data protection office and GDPR approval. Automation
of this process and management by the system in forming and managing groups
and meetings, is planned.

The review screen shown in Fig. 2 summarises the analysis of s Zoom meet-
ing. On the top of the screen, a timeline visualises the start and end of every
utterance made by each student during the session. Each participating student
shows his/her name with a colour used throughout the graphics on the screen.
The teacher or a student can click on any part of this timeline to immediately
start playing the video in the window below from the clicked point onwards.
Conversation flow is a chord chart which visually summarises the amount of dia-
logue from one person to one another, thus indicating who was talking to whom.
A pie chart shows the total duration of each participant’s talking. We also calcu-
late conversational volatility, a measure usually applied to quantify the changing
and dynamic nature of share prices on the stock market but when applied to
conversational turn-taking it measures the dynamic nature of the dialogue.

3 Use Case to Demonstrate System Relevance

During March-April 2021, L2L was used in a telecollaborative project between
Dublin City University, an English-speaking University with 63 students involved
and Paris Sciences et Lettres, a French-speaking University with 45 students
involved. The imbalance between the headcounts led us to organise groups into 45
Fr-Eng teams, 16 composed of three students (2 Eng and 1 Fr) and 29 composed
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Fig. 2. Screenshot of review screen (student names are blurred)

of two students (1 Eng and 1 Fr). Some of the two-student teams were later
turned into quadruplets, in order to train students in language interactions in
the context of larger groups.

The 45 teams collaborated for seven weeks on tasks focused on developing
their interaction skills in their target language, thanks to access to resources and
guidance provided by questions framing their discussions. As per the definition
of the project, the discussions were managed half in French and half in English,
so as to benefit from the mastery of the language by the native speaker, as a
help to improve the learner’s skills. The topics of the tasks changed every week
and dealt with international news events and professional development content.
For instance the students exchanged on international issues such as statelessness
or professional questions such as job search and workplace inequalities between
men and women.

These frequent direct exchanges with native speakers of the target languages
were opportunities for students to increase the quantity of input in a wider
variety of accents, but also the amount of moments of interaction practice in their
target language. It provided students with a unique environment in which they
could face the difficulties of exchanging in a foreign language, in the reassuring
context of a team whose members could help them develop their skills.
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4 Results and Outcomes Achieved

The L2L system has been used for the analysis of almost 250 student Zoom
meetings for second language learning. Student feedback on how the visualisa-
tions helped their reflection on meetings by allowing them to see overviews and
replay specific parts, is described elsewhere [1] but we can summarise this by
highlighting that 90% said L2L helped their conversational language learning
and 77% said it helped their reflection.

At this point the system is operational and quite easy to use in terms of
Zoom recordings and sharing Zoom cloud files but there were difficulties for
some students in initially setting it up. These were mostly around configuring
the correct Zoom settings and enabling the correct type of video recording and
audio transcription on Zoom. Our instructions to students on the steps to achieve
this were by necessity long in order to preserve their anonymity and for the
future, subject to DPO approval, we intend to de-anonymise student identities
and extend the visualisation dashboard to allow week-on-week progress for each
student to be seen.

5 Future Agenda and Next Steps

L2L has been used for hundreds of hours of student meetings in an English-
speaking country learning French, collaborating with students in a French-
speaking country learning English. Following some initial teething problems
with Zoom configurations, the system operates without problem. When Zoom
generates an audio transcript of the spoken dialogue, it is configured to recog-
nise English, so when the speakers speak French the actual transcribed text
is unrecognisable. Because our system only uses the timing information (who
speaks when, and for how long) this is not an issue for our analysis. This means
that L2L can be used for any language pair and broadening the languages is one
of our next steps.
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Abstract. Much of the delivery of University education is now by syn-
chronous or asynchronous video. For students, one of the challenges is
managing the sheer volume of such video material as video presentations
of taught material are difficult to abbreviate and summarise because
they do not have highlights which stand out. Apart from video book-
marks there are no tools available to determine which parts of video
content should be replayed at revision time or just before examinations.
We have developed and deployed a digital library for managing video
learning material which has many dozens of hours of short-form video
content from a range of taught courses for hundreds of students at under-
graduate level. Through a web browser we allow students to access and
play these videos and we log their anonymised playback usage. From
these logs we score to each segment of each video based on the amount
of playback it receives from across all students, whether the segment has
been re-wound and re-played in the same student session, whether the
on-screen window is the window in focus on the student’s desktop/laptop,
and speed of playback. We also incorporate negative scoring if a video
segment is skipped or fast-forward, and overarching all this we include
a decay function based on recency of playback, so the most recent days
of playback contribute more to the video segment scores. For each video
in the library we present a usage-based graph which allows students to
see which parts of each video attract the most playback from their peers,
which helps them select material at revision time. Usage of the system
is fully anonymised and GDPR-compliant.

Keywords: Video summaries · Video learning · Online learning

1 Pedagogical Background

University classes virtually conducted on Zoom or other online platforms as
the result of COVID-19 have had an immediate impact on how students study
and review what was delivered during the semester in preparation for semester-
ending exams. For classes delivered synchronously (e.g. an online, live lecture
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over Zoom), the recording of those sessions is useful and thus typically is made
available on a learning management systems (LMS) for students to re-watch later
on; for classes that use asynchronous video materials (e.g. a series of short video
screencasts in which a lecturer may explain concepts), typically many short or
long recorded videos become available for students to watch in their own time.
Many university courses have been employing a mixture of these synchronous
and asynchronous methods to compensate for the lack of the benefits of face-to-
face class setting. Students’ views on using such educational videos as the main
source of learning has recently been studied [1] showing a mixture of benefits
and fears.

Partly due to the inherent temporal nature of video medium that requires a
viewer to “playback” in order to understand the contents, and partly due to the
unedited and linear nature of lecture videos (unlike production videos featuring
content-induced structure such as camera shots and scenes, chapters, and tran-
sitions), one consequence in the consumption of the video materials generated
in this context is an increased burden to the students who face a large amount
of unstructured lecture videos and screencasts at the time of reviewing: simply
re-watching all video materials is not feasible, and yet there is no way to know
what parts of the videos they should focus on. There are recent studies on track-
ing students’ eye-gaze while watching a video lecture [4] or logging their level
of attention during online classes [3], the knowledge of which could be used in
suggesting the parts of videos that students should/could focus on in reviewing.
This requires the capturing of the data at the time of watching/lecturing, an
overhead on the front-end such as camera or other installed software to capture
the eye-tracking/attention data.

The system described in this demonstration paper is a web-based video
library of recorded video materials (both synchronous and asynchronous) as
a result of running a remote online course at our university. By recording and
analysing the detailed playback usage of each video including fast-forward, jump-
ing forward while playing and re-playing over time by the student cohort, the
system visualises and highlights which portions within each video have been
found to be most important or most used by other students, thus offering clues
during the re-watching/ revision process without requiring any manual interven-
tion (e.g. lecturer indicating the parts of videos to watch).

2 Description of the Prototype

Our system generates a usage visualisation purely based on the playback-related
interaction logs incurred by anonymised students, after the videos are made
available for them for viewing on the course. The visualisation is a time-based
graph aligned with the playback timeline of video content, where the height
along the timeline indicates usage scores calculated using the strategy below.
The playback-related interactions captured and factored in by the system include
playing/pausing, seeking/skip forward (i.e. jumping from one point to another
within a video), video playback window moving in/out of focus, and playback
speed/rate.
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Each video is divided into 1-second windows and each window starts with an
initial score of 0 which is incremented every time any student plays or skips it.
Every time any part of the video is played, that part will gain a score, thus over
time as the usage increases the score in each second-by-second window on the
timeline will increase. An important consideration is how much score gain each
1-second-window should receive from each of the playback-related interactions
above, in order to result in a meaningful and useful indication when accumulated
over time, in guiding students in their selective watching.

Our strategy and the rationale for calculating the score gain for each 1-
second-window is summarised below:

– Playback as part of “run through”: As the most basic scoring strategy, the
window gets +1 when that portion is played. However, if the video playback
window was not the window of focus on the student’s screen when the student
was playing it, then this increment is +0.25 only (the student may be reading
email or something else while half-listening to the video).

– Replay as part of rewind within the same session will gain +2 score for each
1-second-window so it gets a cumulative +3: +1 from the initial playback and
+2 from the replay). This assumes a replay is done with the playback window
as the window in focus, as it would not be possible to select and replay if the
window was not the focus.

– Playback at 2× (double speed) will gain +0.6 and if the window is not the win-
dow of focus then it will be +0.2 only because when the student is attending
another window, the double-speed playback is too fast to properly compre-
hend.

– Playback at 1.5× will gain +1.5, and +0.5 if the playback window is not the
window of focus. In fact, a moderate acceleration of the video playback may
potentially lead to increased students’ learning performance. For instance, a
recent study [2] shows that playing educational videos at 1.25× resulted in
better outcomes (e.g. getting higher grades) than normal speed, while also
testing for other speeds (0.75× and 1.75×).

– Skip forward : If a student skips forward from the current position at minute
S0 by a segment of video then windows within 1-, 2-, and 3-minute segments
directly following the segment S0 will get score adjustments as follows: S60:
-0.3, S120: -0.2, and S180: -0.1. The rationale for this deduction is that the
student must have had an idea what was coming up next, after S0, but antic-
ipated it as being not interesting or useful thus less likely for other students
to find it also interesting or useful.

– Adjusting the score over time: Overarching this scoring strategy is a decay
function based on recency of playback, with the most recent days of playback
interaction being more meaningful or useful than prior to that. The scores
calculated by the above strategy are re-calculated from the interaction log
each midnight. In this way the score increments (both + and −) as above
are called our BaseIncrements = (+1.0, +0.25, +2, +0.6, +0.2, +1.5, +0.5,
−0.3, −0.2, −0.1) and the system makes those the actual increments on day
0. Then on day 1 it makes those increments each multiplied by 1.1 before
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adding, on day 2 the base increments multiplied by 1.2, and so on. The effect
is that on day 10 we have a score for each 1-second window which has a 10-
day linear decay function so that something played on day 9 has twice the
value of something played on day 0 and by day 20 we have a score which
has a 20-day linear decay with the “half-life” being 10 days. This continues
indefinitely.

The scores for the 1-second windows are normalised within each video usage
graph at display time making the visualisation less susceptible over time to any
maligned attempt at artificially inflating scores by jumping to or repeatedly
playing an obscure segment of video. Figure 1 shows a screenshot of the system.

Fig. 1. Screenshot of system interface showing the user has 3:26 left to play at 1x speed
of what appears as a 10-minute video from week 12, Chapter 9, slides 1 to 11 of course
CA259. The yellow graph under the video playback window indicates the section the
user is about to play has had highest usage rating based on previous video playback
from the class whereas the part of the video at about the 1/3 mark has near zero usage.

3 Use Case and Results Achieved

The system has been deployed in our university and we use as an example,
an undergraduate-level course during the Spring semester 2021, with a class
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size of 131 students. This has 11 synchronous class recordings of about 1 h and
20 min each and 53 asynchronous short-form video screencasts of about 10 min
each, amounting to approximately 23 and a half hours of playable video content.
Since the semester started, students have been using the system, actively playing
and re-playing the video contents as part of their studies thus feeding into the
playback usage analysis which, in turn, helps guide the portions of each video
for them to watch.

At the time of submission, the system is being used extensively by stu-
dents with 2,900 h of video streamed across 434 distinct sessions. On average
per-session each student watched 1.5 videos and spent 6.7 min (404.8 s) viewing
materials. As a percentage of a video viewed per-session each student on average
viewed 35% with a standard deviation of 0.4. However as the semester is incom-
plete at the time of submission, and we expect a large increase in usage as we
get closer to end-of-semester examinations, it is too early to draw any further
conclusions from this usage.

4 Future Work

Since this is the first time the system has operated for the full duration of
a semester, we are learning from the usage data and how to leverage it. We
plan to fine-tune the scoring strategy based on the gained insights as well as
diversifying to a greater range of interaction logs (e.g. playback volume). The
timeline visualisation will be further refined to more effectively convey the usage
data. More formal usability testing with students will also take place. Further
validation on the effectiveness of our system by using semantic feedback from
both students and lecturers on video content will also be part of our future work.
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Abstract. Voice inclusive pedagogy urges teachers to consider how they will act
to incorporate children’s voices within their teaching practice. In blended learning
environments, students’ views in technology-enhanced classrooms are a useful
source of information that is often not utilised to its full potential. This demon-
stration paper presents an authoring tool that facilitates the co-design of blended
learning lesson plans between teachers and students. The platform supports teach-
ers to collect students’ voices to define the main components of a lesson plan. It
has integrated an inquiry feature to gather students’ feedback during the design
process throughout the definition of the learning objectives, the activities and tools,
and the procedures for reflection and assessment.

Keywords: Voice inclusive pedagogy · Blended learning · Learning design ·
Authoring tools · Co-design · Lesson planning · Students’ voices

1 Pedagogical Background

The adoption of the UN Convention on the Rights of the Child in 1989, Article 12
[1] clearly states children’s right to express their opinion for issues that concern them.
Regarding educational environments and learning settings, students’ voice is of utmost
importance as it is linked to their increased active participation in learning. Additionally,
it can contribute to dealing with practises of exclusion [2]. If students’ voices are not
heard, it can lead to a culture of silence [3], as children lose the right to their own voice.
In line with the above, the pedagogical framework called voice inclusive pedagogy (VIP)
urges teachers to consider how they will act to incorporate children’s voices within their
teaching practices [4]. In blended learning environments, students’ views in technology-
enhanced classrooms are a useful source of information that is often not utilised to its full
disposal [5]. Engagingwith the philosophy of VIP in digital and blended contexts creates
opportunities to understand, identify, incorporate, and implement students’ preferences
in their learning to fully realise the potential of digital spaces in education [6].

Our approach to address the above-mentioned challenge is linking the philosophy and
educational practices related to students’ voices with the design of dialectical-synergic
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blended lesson plans (DSBLP). These lesson plans involve the participation and collab-
oration of teachers and students in the mutual design of the lesson, leading to a more
inclusive education environment. Generally, co-design, or collaborative design, is rooted
in the tradition of participatory design [7]. It is therefore a learning synergy in which
teachers and students share ideas and experiences to design innovative solutions. The
main element of co-design is to enable creative and generative collaboration [8] which,
in the case of the collaboration between students and teachers, multiple benefits can be
achieved [9].

In this work we present a lesson planning tool that has been specifically designed to
support teachers to create DSBLPs. By using the tool, teachers and students can take all
the necessary steps together by exchanging ideas, opinions, and feedback to achieve a
final lesson plan. Therefore, the roles of the teacher and the student to a great extent coin-
cide. They both need to create, design, provide feedback and amend accordingly, express
their views openly and equally, think critically about different aspects of the lesson plan
(such as the sequence of activities), test different approaches for the same issue, demo-
cratically decide and finalise items, justify proposals and suggestions, respect others’
opinions and views, and monitor the design process mutually. The aspect which differ-
entiates the teacher’s role is that (s)he is responsible for setting the lesson’s overarching
learning goal based on the overall curriculum and verifying that the produced DSBLP
is in accordance with it, while leaving space for creativity and personal expression on
the part of the students.

2 Technological Background

Learning design authoring tools support teachers in creating learning activity plans,
including description of tasks, supporting resources and tools and expected learning
outcomes [10]. Although there are several learning design tools available, only a few of
them provide co-design features [11–13] and they have been essentially oriented towards
supporting co-design between teachers [14]. Our tool has been built upon the Ldshake
[11] and the Ld-feedback [15] tools. Although the connection between the design tool
and the feedback app was already explored in the past [15], in the current tool we are
extending this connection to all the steps of the lesson plan and improving the integration
between them. The current platform is realized as a website and - as is common for this
type of application - consists of a frontend written in HTML, JavaScript and Jquery,
as well as a backend with a MySQL database and PHP code. The feedback app is
embedded directly into the DSBLP template, encouraging interaction and co-design
with the students in all stages of the design process.

3 Description of the Prototype

The design platform has three main components (see the top menu in Fig. 1): tools and
tips; collaborative lesson plans; and feedback app. The Tools and tips menu offers a
catalogue of digital tools to be used by teachers and students in the classroom. The main
objective of the catalogue is to provide information and tips on how to create, use and
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make more accessible the digital technologies that teachers might use in their class-
rooms. There are nine categories of tools: wikis; blogs; discussion forums; webcasting;
e-portfolios; online survey and quizzes; virtual reality; augmented reality; and other
technologies. Teachers and students can openly access the catalogue to help facilitate
the creation of the DSBLPs.

Fig. 1. Screen capture of the lesson plan editor interface.

The menu Collaborative lesson plans is the space where teachers can co-create their
lesson plans and it requires to sign in with a Google account. The Create button, in the
second line menu, opens the lesson plan editor (see Fig. 1). The Lesson plans menu
allows teachers to explore other teachers’ lesson plans within the platform. Moreover,
the Community menu shows the list of the teachers’ profiles within the community.
Returning to the Create menu and the lesson plan editor (Fig. 1), on the left side of
the editor appears the profile picture of the teacher as well as an image that can be
uploaded for representing the lesson within the platform. In the main area, the editor
invites teachers to specify the title for the lesson plan, provide a short description of the
lesson, and select the educational levels, educational areas, and the digital competences
related to the lesson plan. The template has three text areas to co-design the three main
parts of the lesson plan: the learning objectives, the sequence of activities and tools, and
the assessment tools and pedagogical strategies for promoting reflection. Next to each
text area there is a discussion button that opens a pop-up window (Fig. 2) for discussing
each part of the lesson plan with the students. The pop-up window contains two tabs. The
Feedback App tab allows teachers to use the web-based application to collect students’
views (left figure). A default template with closed and/or open questions for the students
is available depending on each step e.g., the default template for discussing the learning
objectives only includes an open question (Fig. 2, left). Teachers can edit and adapt the
default questions depending on their needs. Once they have agreed with the questions to
ask, they can press the start button (Fig. 2, left) and the app generates a unique five-digit
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code. Teachers can share the code with the students to allow them to express their views
anonymously (the feedback app does not require any sign in by students). The button
View results (Fig. 2, left) shows the aggregated results of the rating questions and the list
of the open responses, depending on the case. The responses collected are linked to the
specific co-design step within the specific lesson plan. The Other tab allows teachers to
report information collected by other means e.g., oral inquiry (right figure). Back in the
main window, there is also a Feedback tab (see the blue tab called Feedback in Fig. 1,
next to the Lesson plan tab) which has the same functionality as the discuss buttons
and pop-up windows but is mainly aimed to collect students’ general feedback after the
implementation of the lesson plan.

Fig. 2. Pop-up window that is activated with the discussion buttons.

Finally, the menu Feedback App is the interface to be used by the students. By
sharing the link to this section of the platform, students can find the place to insert the
code created by the teacher. When inserting the code, they can access the feedback app
questions prepared for the co-design process. Once they have submitted the answers,
students can view the aggregated results submitted by the rest of the students in the class.
The interface follows a responsive design to allow students accessing the feedback app
through any device. The platform can be accessed at https://ildeplus.upf.edu/BLENDI/.

4 Use Case, Preliminary Results and Future Work

The platform is being developed within the context of a research project titled “BLENDI
– Blended Learning for Inclusion” that aims to support teachers in designing more inclu-
sive blended learning practices. It involves five countries across Europe and each partner
works locally with at least one (up to three, depending on the country) primary and/or
secondary schools. In order to get teachers and students’ opinions and to validate the
initial requirements for the platform, each partner has carried out a research comprised
of questionnaires and focus group discussions with their teachers and students. An initial
version of the platform was shown during the focus group discussions and, despite the
results being currently analysed, the initial insights have been promising. Both teachers
and students have shown their positive interest in using the platform and have acknowl-
edged some of the potential DSBLPs’ benefits commented in the first section. The
multilingual platform will be piloted in the schools across the five countries in the next
months.

https://ildeplus.upf.edu/BLENDI/
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Abstract. In this Demo-Paper, we present EvaWeb, a Web Application
for simulating the evacuation of buildings with a grid automaton. It is
designed to support learning in the domain of mathematical modelling
based on real-world problems. EvaWeb allows for 1) creating scenarios
consisting of floor plans and persons within the environment, 2) loading
and storing these scenarios to a text string, 3) automatically executing
these scenarios, and 4) configuring the aesthetics and algorithms used
during the execution. EvaWeb can be used online for free at https://
evadid.it/eva2.

Keywords: Simulation · Building evacuation · Mathematical
modelling

1 Introduction

Mathematical education is often associated with increasing skills that are con-
sidered useful in modern life [4]. But unfortunately, mathematical education
ofen times focuses on teaching small, inner-mathematical abilities and students
frequently solve mathematical problems with no regard to aspects of the real
world [2]. A common countermeasure is the inclusion of real-world problems
into the classroom. This has the additional benefit that the problem itself, as
well as its solution are motivating for students. However, meaningful real-world
problems also tend to be complex and requires students to spend a lot of time
while solving them. To keep the motivation high, pre-structuring and regular,
visual feedback are desirable for such a problem-solving process.

In this demo paper, we present EvaWeb, a web application designed to sup-
port mathematical modelling in classroom. It enables the simulation of the evacu-
ation of buildings with a grid automaton. This domain was chosen because build-
ing evacuations are an established area in which mathematical modelling can be
taught (cf. [5]) and where comprehensive technology can be applied (cf. [3]) for
automatizing calculations, as well as a visualization of the model, its interme-
diate states, and results. The goal of EvaWeb is to enable students to work on
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interesting, real-world problems, while keeping the focus of the learning pro-
cess on mathematical modeling and mathematical evaluation, rather than dry
calculations.

2 Overview over EvaWeb

EvaWeb is a tool for simulating the evacuation of buildings via a grid automaton.

Fig. 1. Example of a scenario depicting a sports hall. The sports hall consists of a large
gym area, as well as two dressing rooms. 30 blue and 10 red persons are trying to flee
through a hallway, narrowed by four lockers, to the exit. (Color figure online)

2.1 Core Functionality

EvaWeb provides the following core functionalities:

1. Scenario Editor: Build Scenarios by placing objects in a grid.
2. Scenario Manager: Load and store scenarios to a text.
3. Scenario Player: Automatically execute scenarios.

In the following section, we will describe each of these functionalities in more
details.

Scenario Editor. Foremost, the Scenario Editor enables the creation of new
scenarios. In this mode, an overview of all available tiles is shown on the right
side. These tiles include walls, obstacles, objects, and safe zones.

After selection of a tile on the overview, it is possible to place that tile by
clicking on a space on the main map. By default, all tiles in the scenario are
empty. Selecting a different tile and placing it at the same position as a prior
tile will overwrite this tile.

Additionally, it is possible to place sprites like persons or decorative object
(that do not interact with their environment) via the same method. However,
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sprites will only overwrite other sprite and tiles will only overwrite other tiles.
Hence, it is possible that a grid space contains both: a tile, and a sprite.

Using the controls above the tiles and sprites, it is possible to extend or
shrink the size of the building.

Scenario Management. The Scenario Manager enables loading, storing, and
inserting scenarios via two buttons.

When clicking on Store Scenario to Textbox, a text representing this sce-
nario is inserted into a textbox in the control area. This text is formatted
as "<spritemap>:<tiles>: <sprites>", where <spritemap> is the ID of the
sprite map used for the tiles and sprites, <tiles> is the BASE64-encoded, com-
pressed building plan of all tiles, and <sprites> is the BASE64-encoded, com-
pressed information about the sprites in the scenario. The text can then be
copied out of the textbox and used as is suitable (e.g., stored to a text file, or
transmitted via e-mail).1

Afterwards, it can be inserted into the textbox again and loaded using the
Load Scenario from Textbox button. Additional buttons enable the user to load
multiple pre-defined scenarios (including the sports hall depicted in Fig. 1).

Once a scenario String is loaded in the textbox, it is also possible to insert
it in the currently loaded scenario. This is done by first hovering over the main
map, during which the scenario (after insertion) is pre-shown. With clicking
on the Tile, the tiles are inserted. This enables scenario creators to speed up
the creation process by re-using certain configuration of tiles (e.g., by inserting
multiple rooms with the same layout into a bigger building).

Scenario Player. The Scenario Player enables the automatic execution of a
scenario. After execution, all persons try to get to one of the safe locations
using the algorithm described in Sect. 2.2. After execution, the results are shown
immediately. Most notably, these include:

– Simulation Steps: The number of simulation steps until every person
arrived at a save location

– Simulation Micro Steps: The total number of steps person took in this
simulation

As well as the configuration (like algorithms) used to execute the scenario.
Furthermore, the Simulation Player also enables the visualization of the sim-

ulation. Most notably, it is possible to:

– Execute the simulation manually step-by-step or microstep-by-microstep.
– Show the direction each person will be moving to if going to the next step.

This direction is shown as an arrow in the circle depicting the person.
– Show the path a person will take to the goal. This path is shown when hov-

ering over a person.
– Jump to the beginning or end of the simulation.

1 The text of the sports hall in Fig. 1 consists of 469 characters. This is less than one
character for each of the 688 (=13*43) tiles and 40 sprites in the same scenario.
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(a) On the left, black moves first and all persons
head down. On the right, black is the last one to
move. As going left or right would increase the dis-
tance to the nearest goal from 3 to 4 (An increase of
more than 30%), black chooses not to move at all.

(b) Path highlighting: The ar-
rows highlight the next step a
person takes; the yellow over-
lay highlights the full path the
red person takes.

Fig. 2. Snapshots of three simulations using the default16 spritemap, and the Thresh-
old Accepting strategy (y = 30%, Neumann neighbours) for execution. (Color figure
online)

2.2 Evacuation Algorithms

EvaWeb is able to utilize two different algorithms, each of which can be further
configured.

Basic Algorithm. The basic algorithms for the evacuation is:

unmoved persons = g e t a l l p e r s o n s ( )
do :

s h u f f l e ( unmoved persons )
f o r every person in unmoved persons :

d e s i r e d c h o i c e s = person . decide movement ( )
i f d e s i r e d c h o i c e s i s not empty :

s e l e c t e d = min ( a c c ep tab l e op t i on )
unmoved persons . remove ( person )

whi l e ( at l e a s t one person moved)

Where min(acceptable options) selects one (random) movement option
that minimizes the distance to the nearest goal. This, and the shuffling in line
two, can lead to randomized results (c.f. Fig. 2). The configurable algorithms are
derived by further specifying the strategy used in decide movement().

Strategy 1 (Hillclimbing): In this strategy, each person will only move to a
neighbouring tile, if that tile decrease the distance to the nearest safe zone.

Strategy 2 (Threshold Accepting): In this strategy, derived from [1], per-
sons will move to a neighbouring tile, if the minimal distance to any goal after
movement is at most y% greater than the current distance to the nearest goal.
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Differences Between the Strategies. Both strategies lead to realistic move-
ments in most scenarios. However, the Threshold Accepting strategy has a “bias
for movement” and “incentives” people to switch their goal if the shortest path
to the nearest goal is blocked by other people. Hence, it leads to more realistic
movements if a scenario makes it likely that there is a jam before the nearest
goal. However, using only a single goal, the hillclimbing algorithm leads to more
realistic movements as persons are less likely to side-track unnecessarily.

2.3 Configuration

In the Configuration, it is possible to select the algorithm that should be used
for execution. The standard algorithm used is the Threshold Accepting algo-
rithm. However, as of right now, it is only possible to select the algorithm itself.
It is not (yet) possible to select the parameters used for this algorithm. For
example, the Threshold Accepting algorithms is executed with a default value
of y = 30% (that lead to lead to realistic movements for all test scenarios during
development).

Additionally, it is possible to define when two grid tiles are neighbours. In the
standard configuration, the Neumann-Neighboruhood is used: In this neighobur-
hood, every cell has 4 neighbours (top, right, bottom, left). Alternatively, the
Moore-Neigbhourhood can be used. In this neighbourhood, every cell has four
additional neighours (top-right, bottom-right, bottom-left, top-left).

Lastly, it is also possible to configure the aesthetics and size of the tiles and
sprites with different sprite maps.

2.4 Implementation Details

EvaWeb is written in Scala and cross-compiled with ScalaJS to a Javascript file.
The repository containing the source code is linked on the homepage. As of the
time of submission, the source code consists of around 6500 non-empty lines of
code (5700 lines of which are Scala code).

3 Future Work

In this demo paper, we presented EvaWeb, a web application for simulating the
evacuation of buildings. As a next step, we want to develop teaching material
suitable to teach mathematical modelling for 16-year-olds with EvaWeb. This
material will include both the provision of the pre-build buildings, as well as
exercise sheets for teachers.
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Mathematikunterricht 3. RM, pp. 181–190. Springer, Wiesbaden (2017). https://
doi.org/10.1007/978-3-658-11902-7 14

https://doi.org/10.1007/978-3-030-57717-9_15
https://doi.org/10.1007/s10956-015-9593-1
https://doi.org/10.1007/978-3-658-11902-7_14
https://doi.org/10.1007/978-3-658-11902-7_14


Self-tracking Time-On-Task: Web-BasedWeekly
Timesheets for Higher Education Students

Isabel Hilliger1(B) , Constanza Miranda1,2, Gregory Schuit2,
and Mar Pérez-Sanagustín1,3

1 Pontificia Universidad Católica de Chile, Santiago, Chile
ihillige@ing.puc.cl

2 Johns Hopkins University, Baltimore, MD, USA
constanzamiranda@jhu.edu, gkschuit@uc.cl

3 Université Paul Sabatier, Toulouse, France
mar.perez-sanagustin@irit.fr

Abstract. Due to the transition to online education, higher education students
require more support to self-regulate their learning and their time management.
This paper presents a work-in-progress conducted to design and implement web-
basedweekly timesheets to collect students’ self-reports of time-on-task regarding
different course activities. During the second semester of 2020, 5,221 students
received the web-based weekly timesheets, and 3,131 voluntarily self-reported
time-on-task throughout 16 weeks. At the end of the semester, a questionnaire
was applied to evaluate the perceived usability and usefulness of this web-based
application. This questionnaire was voluntarily answered by 1,200 students; 92%
perceived that the timesheets were easy to use and 75% that it was useful for
monitoring their academic workload. In their comments, students reveal that the
tool allowed them to become aware of the number of hours spent outside of
class time. Considering their suggestions, future work involves incorporating a
student-facing dashboard in this web-based application.

Keywords: Self-regulated learning · Time-on-task · Higher education

1 Pedagogical and Technological Background

Time management is one of the factors associated with self-regulated learning that
impacts students’ academic success [1, 2]. According to Lay and Schouwenberg [3],
time management can be defined as clusters of behavioral skills that are important in the
organization of course load and self-study, such as awareness of time and task planning
[1]. Previous studies indicate that good time management skills help students achieve
learning outcomes, along with allowing them to buffer stress [4]. Further studies also
suggest that poor time management skills increase the academic stress towards the end
of the course, making it difficult for students to perform as expected [4].

Over the past year, timemanagement has become even more critical to higher educa-
tion. During the COVID-19 pandemic, two thirds of higher education institutions have
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continued its activities by using distance learning [5], and themajority implementedwhat
researchers call ‘emergency online education’. Online learning environments demand
greater self-regulatory skills than traditional face-to-face education because the lack
of face-to-face interactions between instructors and classmates diminishes extrinsic
accountability [2]. Besides, the use of asynchronous learning activities requires students
to make more decisions about when to do work [2].

Causal evidence demonstrates that effective timemanagement is positively related to
academic outcomes in Massive Open Online Courses (MOOCs) [6, 7], but these results
are not necessarily generalizable to students in traditional college courses [2]. Some
researchers have proposed to estimate time-on-task by using student log-files obtained
fromLearningManagement Systems (LMS), along with technological scaffolding inter-
ventions to develop time management skills in blended and online for-credit courses [2,
8]. However, there are several issues associated to the use of this type of data, such as
handling time spans between learning sessions and outliers within trace data [9, 10].

Our approach to overcome the abovementioned problem was to adapt a paper-based
timesheet to encourage students to self-report time-on-task on a weekly basis. This
timesheet was based on previous work of Hägman, Honda and Yang [11] and adapted
to follow geographically distributed teams of undergraduate engineer-designers [12].
Considering that weekly timesheets have been used in many professional scenarios —
such as programming and consulting— a web-based application was developed to scale
the application of weekly timesheets to a larger number of courses. Thus, this paper
describes the proposed web-based application, along with presenting the outcomes of
having used it in 134 course sections during the second semester of 2020.

2 Description of the Web-Based Application and its Use Cases

Theweb-basedweekly timesheets consist of amonolithicweb application thatwas devel-
oped in Ruby under the Ruby on Rails framework (https://rubyonrails.org/) according to
a Model-View-Controller design pattern (see Fig. 1). This web-based application runs
inside aDocker container (https://docs.docker.com/compose/rails/), using a PostgreSQL
database (postgresql.org). It uses Git for version control, and the source code is stored
in a Bitbucket repository.

Fig. 1. Architecture of the web-based weekly timesheets

The purpose of using web-based weekly timesheets is twofold. First, it makes the
students aware of their weekly workload inside and outside the class because they are

https://rubyonrails.org/
https://docs.docker.com/compose/rails/
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encouraged to estimate the hours spent on specific tasks — including class-attendance
and self-study activities. Secondly, the data provided allows managers and teaching
faculty to visualize the perceived academic workload in real time and to contrast it
with academic credit [13]. Along with this purpose, the web-based weekly timesheets
have two main users: students and system admins (people who are responsible for the
upkeep and the configuration of the web-based application). To apply these web-based
weekly timesheets throughout an academic period, a system admin needs to carry out
the following tasks before the period starts:

• Enter the starting date and the number ofweeks inwhich the timesheets will be applied
• Upload the course numbers in which the timesheets will be applied
• Upload the list of students who are currently enrolled in these courses
• Configure the types of academic tasks that will be included in each timesheet (see
Table 1)

Table 1. Tasks included in web-based weekly timesheets according to the type of course

Type of course Academic activities included in the timesheet

Traditional Lecture, Teaching Assistantship Sessions, Self-study

Project-based Lecture, Project Work, Teaching Assistantship Sessions, Self-study

Labs Lecture, Lab activities, Teaching Assistantship Sessions, Self-study

Capstone Lecture, Capstone Project, Teaching Assistantship Sessions, Self-study

Note: Before the academic period starts, teaching staff can suggest other types of courses to include
other type of academic activities in the corresponding timesheets

Once the system admins conduct these tasks, and the starting date is reached, students
start receiving a weekly email with the URL to the web-based weekly timesheets. Then,
students can authenticate themselves in the web-based application (using their university
credentials) and self-report the number of hours that they have spent in specific academic
tasks in each one of their courses over the past week (https://youtu.be/pyo2C9q2Da0) or
opt out of the process indicating that they do not want to continue receiving the weekly
emails. Once students declare the number of weeks, the system admins can download all
the data that was collected for each course to report it to managers and faculty members.

3 Results and Outcomes Achieved

During the second semester of 2020, 5.221 students —who were enrolled in 134 course
sections —were invited to participate in web-based weekly timesheets, and 3,131 vol-
untarily self-reported time-on-task throughout 16 weeks. In 76 out of the 134 course
sections, bonus points were offered to those students who answered at least 80% of
the surveys (only applicable for those students who have already approved the course).
Throughout the semester, the rate of response ranged from 81% (2,542 out of 3,131

https://youtu.be/pyo2C9q2Da0
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students in the second week) to 36% (1,147 out of 3,131 students in the sixteenth week)
and teaching staff were provided with a dashboard to visualize student self-reports of
time-on-task that enabled them to redesign subject activities for reducing workload [13].

After the academic period ended, an online survey was applied to the students who
self-reported time-on-task, and 39% of them decided to voluntarily answer it (1,200 out
of 3,113). In order to assess perceived usefulness and ease-of-use, the survey included a
5-point Likert scale based on prior work of Ali et al. [14] (see Fig. 2), along with the fol-
lowing check-box question:Which of the following reasons explains your participation
in the web-based weekly timesheets? Check all that apply (see Fig. 3). Besides, a text
box was included to allow students to make comments or suggestions at the end of the
survey, and the inductive coding of its responses reveal that most students value weekly
reminders to fill weekly timesheets and extra incentives to hold them accountable, such
as bonus points. Still, they suggest including a dashboard, so they can analyze their
academic workload weekly, monthly, and on a semester basis.

75%

80%

88%

92%

In general, the web-based application is useful
to estimate academic workload.

The web-based application allowed me to self-
report time spent in my courses.

The objective of using web-based weekly
timesheets is clear to me.

The web-based application is easy to use.

Fig. 2. Percentage of students who agreed or strongly agreed with the questionnaire items related
to the perceived usefulness and ease of use of the web-based application (N = 1,200)

3%
12%

31%
45%

55%
81%

Other reasons

To fulfill a required task

To measure the hours dedicated to my courses

To report useful data for teaching staff

To report useful data at a school-level

To receive bonus points at subject level

Fig. 3. Distribution of the percentage of students according to the reasons why they decided to
self-report time-on-task throughout the web-based weekly timesheets (N = 1,200)

4 Future Work

Considering that many institutions are seeking simple, low-cost, scalable interventions
aimed at improving timemanagement [2], further research is required to develop this type
of skills among students. In these lines, we are currently working in the integration of the
web-based weekly timesheets into the institutional LMS. In addition to the dashboard
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that we already created to provide teaching staff with information about the perceived
peaks of academic workload throughout the semester [13], we expect to provide students
with visualizations that contrast their self-reported time-on-task with the one estimated
by means of student log files.
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