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Preface

The EC-TEL Doctoral Consortium is part of the EC-TEL since its beginning in 2005 and is part of the
doctoral program of the European Association of Technology Enhanced Learning (EA-TEL). Besides
the Doctoral Consortium, this program includes the JTEL Summer School. Together, these two events
have been shaping and enriching the experiences of many young researchers on their PhD journey,
leading to a community that addresses the transdisciplinary challenges of our field.

This volume contains papers presented at the Doctoral Consortium of the Seventeenth European
Conference on Technology Enhanced Learning (EC-TEL 2022) held on September 12, 2022, in
Toulouse, France. There were 12 proposals submitted and reviewed by at least two doctoral
consortium program committee members and one doctoral candidate (peer). All 12 proposals were
found eligible to be presented at the Doctoral Consortium event and were accepted to be published as
full papers in the Doctoral Consortium proceedings. The papers in this volume completed the full
reflection cycle that is characteristic of the EC-TEL Doctoral Consortium.

The EC-TEL Doctoral Consortium is designed as a training event for PhD candidates that seeks to
improve the quality of their research. Junior research students are offered a comfortable
networking-oriented space to present their theses advances, discuss their research plans with peers and
more experienced researchers and further improve their writing and presentation skills. Besides an
emphasis on gathering constructive feedback, the Doctoral Consortium provides a platform to explore
and reflect on issues regarding methodology, research-related topics, supervision and career-related
aspirations. This process starts with expressing the own research project and identifying the
limitations and challenges of the present stage. The initial submissions were reviewed by the program
committee. To strengthen the learning experience, every doctoral candidate had to review one other
submission. The submission provides the foundation for the presentations at the Doctoral Consortium.
The day was structured into four thematic sessions, each session consisting of presentations from
three candidates followed by breakout groups in which each candidate received detailed feedback.
Participants also had the opportunity to present their work as a poster at the main conference, which
creates a unique opportunity to engage in discussions with the wider research community attending
the conference. The PhD candidates received timely and relevant feedback, which needed to be
addressed when preparing for the proceedings. All papers included in these proceedings have been
reworked to address the comments of the reviewers and the participants of the event.

The submissions to this year's doctoral consortium show the continued relevance for PhD candidates
to get qualitative feedback on their projects beyond the level of research papers. Receiving
submissions from countries across and beyond Europe, the EC-TEL Doctoral Consortium shows its
international relevance and potential impact. The variety of topics with both technological and
educational focus represented at the doctoral consortium once again highlights the highly
multidisciplinary nature of the TEL field. This is complemented by EATEL's activities for building
the doctoral community including the series of webinars organized by the DETEL EU project.
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Learning analytics to support teachers in the challenge of
overcoming the learning gaps in k-12 students

Erverson B. G. de Sousa!, Rafael Ferreira Mello®?
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2Departamento de Computagdo, Universidade Federal Rural de Pernambuco, Recife, Brazil

Abstract

The emergency remote teaching caused by the covid-19 pandemic has potentiated the learning gaps of several students in
Brazilian education, especially in the K-12 settings. Amidst the many challenges imposed by the pandemic, the adoption
of digital tools in the school context has provided the generation of educational data, which can be collected and analyzed
in order to provide evidence-based decision making, taking into account all the stakeholders in the teaching and learning
process. Such decisions can provide for the personalization of learning, which aims to provide the student with educational
resources that promote the building of weakened skills caused by learning gaps. The present thesis plan aims to present the
work plan for the development of a Learning Analytics Dashboard tool for teachers in a basic education school in order to
support data-driven pedagogical decision-making and to enable personalized monitoring of learning

Keywords

Learning analytics, learning gaps, k-12 students, personalized learning

1. Introduction

Schools have been facing new challenges due to the
worldwide COVID-19 pandemic, which has been im-
pacting, mainly, the teaching and learning process [1].
Many school institutions, even without the proper time
and resources, had to migrate classes to the digital
world, through educational apps and platforms [2]. The
abrupt adoption of remote teaching evidenced the socio-
educational precariousness of several countries, includ-
ing Brazil. The strategy adopted to continue teaching did
not reach some students and teachers, due to the context
of social vulnerability [2] [3].

In the scenario of basic education, which comprises
the levels of education from kindergarten to high school,
such difficulties are potentiated, as it comprises one of
the most important periods for students in this age group,
the literacy process and the construction of mathemat-
ical skills, that serve as a base throughout their school
career [4] [5]. These experiences and knowledge were
completely affected due to adaptation to the new remote
teaching scenario, increasing the learning gap that al-
ready existed in the context of Brazilian education [6]
[7].

In this context, school management has the funda-
mental role of dealing not only with issues of improving
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educational indices, but also with concerns related to
the physical and emotional health of its professionals,
students and family members [2].This new reality, linked
to the challenge of transposing face-to-face classes to
the virtual environment, adds to the role of the school
manager, who must take into account the current socio-
educational reality, and improve his decision-making
process to achieve the goals of the school. educational
institution [3].

Amid so many challenges imposed by the pandemic,
the adoption of digital tools in the school context has
provided the generation of educational data, which can
be collected and analyzed in order to provide evidence-
based decision-making, taking into account all parties.
interested in the teaching and learning process [8]. Deci-
sion making is a task that is part of the daily routine of a
school manager, as well as the teacher who deals directly
with the student and through his actions directly impacts
student learning.

The data generated from student interactions with
digital tools can be used to monitor, analyze, predict, in-
tervene, recommend and, above all, improve the quality
of the teaching and learning process [9].These are fea-
tures recommended in teaching practice, which aims to
maintain a personalized teaching and learning process,
to meet the specific needs of each student.

Learning Analytics (LA) is an emerging field that ad-
dresses this context of educational data analysis, whose
objective is the collection, analysis and reporting of data
about students and the contexts in which they occur
[10].Supporting the decision-making of managers, co-
ordinators, teachers and other stakeholders in student
learning. There have been applications of LA techniques
in the context of basic education, among these applica-
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tions are those that enable data-based decision making for
teachers and other stakeholders, especially with regard
to personalization of the teaching and learning process
[11]. On the other hand, most efforts in the use of LA
are focused on higher education [12] [13] [14], lacking
more research and tools that meet the specific demands
of basic education schools [15].

1.1. Main goal

Develop a Learning Analytics tool for teachers of k-12 ed-
ucation school in order to support pedagogical decision-
making based on data and enable personalized monitor-
ing of learning.

1.2. Specific objectives

« Collect studies that used Learning Analytics in
the context of basic education;

« Identify the demands of an elementary school to
adopt Learning Analytics at an institutional level;

« Investigate the main problems and challenges as-
sociated with the adoption of Learning Analytics
in the context of elementary schools;

+ Design of a Learning Analytics tool to monitor
students’ learning progress;

« Conduct an evaluation of the adoption of the pro-
posed tool in a primary school and verify if it
supports teachers in how to deal with student
learning gaps through personalization of teach-

ing.
1.3. Research questions

1.3.1. Main question

How to support a k-12 education school to deal with the
challenges arising from learning gaps, through Learning
Analytics techniques?

1.3.2. The main question is divided into four
sub-questions

How can educational data analysis help address
learning gaps?

.

How to deal with ethical issues in the adoption
of Learning Analytics in k-12 education?

How can learning analytics techniques support
the personalized monitoring of student learning
in k-12 education?

What is the context of a k-12 education school to
adopt Learning Analytics?

2. State of the art

Data-based decision-making is an essential action in the
school context, taking into account the growing genera-
tion of educational data provided by student interactions
with digital tools, as well as traditionally existing data,
such as grades and attendance [9] Within this context,
educational performance indicators also play an impor-
tant role in decision-making with the aim of improving
the teaching and learning process. All data and informa-
tion from the various sectors that make up the school
can and should be used in order to provide insights and
support decision-making in a timely manner with the
aim of promoting personalization and learning recovery.

2.1. Background and context

2.1.1. Personalized monitoring of learning in
blended learning

Due to the global pandemic of covid-19, schools had to
adapt the way they interact with students, starting to use
more disruptive teaching-learning tools and strategies
to guarantee remote classes, such as Google Meet and
Zoom, which were used. to enable synchronous classes
[16]. With regard to educational strategies, there was a
massive adoption of hybrid teaching models, since, soon
after the beginning of the vaccination period for health
professionals, many schools began to partially return to
the face-to-face model, adopting this approach [17].

Blended learning is “a model of formal education that
is characterized by merging two modes of teaching: tradi-
tional and online, also valuing interaction and collective
and collaborative learning” [18]. In the systematic re-
view conducted by [19], where they investigated what
types of hybrid learning models exist, having found six
types. The following models were found: supplementary,
inverted classroom, rotational laboratory, study rotation,
synchronous collaborative hybrid and dual-collaborative
group.

With a different approach to the traditional teaching
model, blended learning has as its specific characteristic
a more personalized learning, respecting the students’
own pace and understanding that people learn in different
ways [20]. Based on this understanding, it is possible to
offer students learning that addresses their learning gaps
and can enable students to learn more individually and
effectively.

2.1.2. Application of Learning Analytics in k-12
Education

Learning Analytics (LA) is an emerging research field
that aims to measure, collect, analyze and report data
about students and their contexts, as well as understand



and optimize learning and the environment in which it
takes place [21].

Despite substantial growth in the application of learn-
ing analytics to improve teaching and learning in the
last decade, most of these works have focused on higher
education issues and contexts [22] [23]. With a wider
adoption of digital educational technologies in primary
education, recently accelerated by remote emergency
classes due to Covid-19, there has been a greater aware-
ness of using LA to accompany and personalize the learn-
ing process [24].

In the systematic review of the literature conducted by
[11] 42 studies were identified that applied LA techniques
in the context of basic education, among the approaches
are, data distillation for human judgment, prediction, ed-
ucational data mining, discovery with models and cluster-
ing. Most of these approaches developed isolated works
in some sector of the school, but did not address the con-
text of adopting learning analytics in an institutional way.
Some aspects must be considered with regard to the use
of AL in basic education, an institutional diagnosis must
be taken into account to understand the needs of the
context of a particular school, the ethical issues that are
generated must be taken into account. from the use of the
data, it is necessary to use more diversified techniques
that take into account, mainly, the personalized accompa-
niment of the learning and, finally, to use explainability
techniques (Explainable artificial intelligence) in the algo-
rithms used to support students, teachers and educational
managers [11].

2.1.3. Use of Learning Analytics in formative
assessment to support data-driven
pedagogical decision making

Assessment has three general functions: diagnose, con-
trol and classify. These three functions are represented,
respectively, by the types of existing assessments: diag-
nostic, formative and summative.The diagnostic evalu-
ation, according to [25] , “the fundamental objective is
to analyze the situation of each student before starting
a certain teaching-learning process, to become aware of
the starting points, and to adapt the process to the de-
tected needs”. The summative assessment, on the other
hand, takes into account all the content taught, usually
divided by two months, and at the end of this process, a
test is carried out to verify the acquisition of knowledge
[26].

Formative assessment aims to monitor students’ learn-
ing during classes, in daily activities and is concerned
with “determining the degree of mastery of a given learn-
ing task and indicating the part of the task not mastered”
[27]. Unlike summative assessment, the focus of forma-
tive assessment is to collect data to reorient the teaching
and learning process, pointing out its weaknesses, allow-

ing necessary changes during the school period, in daily
practice [28].

In view of the objective of formative assessment, which
aims to accompany students, collecting evidence of their
learning process, learning analytics techniques can be
used to deal with the measurement, collection, analysis
and reporting of these collected data, enabling teach-
ers and other stakeholders valuable information about
students during the construction of their knowledge, tak-
ing into account the individual learning pace. Through
these data, it is impossible to make a pedagogical decision
based on data, since with the increasing use of educa-
tional technologies, in the context of basic education,
more data is generated during student interaction made
possible through formative assessments made available
by teachers daily.

Support for teachers’ decision-making has gained a
lot of notoriety in recent studies in the area of learn-
ing analytics for basic education [29]. And with regard
to personalized monitoring of learning, through the in-
creasing use of digital technologies in basic education, it
is possible to empower teachers to deal with problems
arising from lag and learning gaps, and help students to
recover their learning [30].

2.2. Related works

In order to verify the importance of the challenges pre-
sented in this thesis plan, a systematic review of the liter-
ature was carried out, in order to obtain the state of the
art of publications that addressed the application of learn-
ing analytics in the context of high school, and later it
was A survey of studies was carried out, directly from the
databases, to update these studies, as well as to identify
studies that addressed the use of learning analytics in the
context of basic education as a whole to support teachers
and/or managers in pedagogical decision-making based
on in data. Taking this context into account, some studies
were identified that aimed to address issues similar to
this thesis plan.

The work done by [9] uses the various data generated
by educational information systems, such as: learning
management systems or virtual learning environment,
student diary, library system, digital repository, etc. The
authors address that due to the use of these digital tools in
the school context, there has been a significant increase
in the volume and variety of data that can be captured,
stored and analyzed in order to improve student learn-
ing and school effectiveness. In this study, they took a
comprehensive approach to the use of learning analyt-
ics in Bulgarian education, and developed six machine
learning models to support decision-making based on
data from stakeholders in that context. The models were
developed to support students, teacher monitors, class-
room teachers, administrators, parents and educational



inspectors. Four models were evaluated, for students,
monitor teachers, classroom teachers and parents, and
showed promising results.

In the project developed by [31] learning analytics
dashboards were developed to help teachers make quick
and effective decisions regarding student learning ac-
tivities in the classroom. The proposed dashboard was
enhanced taking into account the needs of teachers, with
a user experience and usability suitable for teaching prac-
tice, taking into account the dynamics presented in basic
education. An important feature of this study is the
provision of information through real-time dashboards
to speed up teachers’ decision making. The dashboard
presented for the educational context was originally de-
veloped for the business context, however it was adapted
to be used by teachers. The final prototype was evaluated
by 9 teachers, and it was found to have a high potential
to support pedagogical decision-making. As a point of
improvement, the teachers participating in the dashboard
evaluation pointed out the need to use data from external
tools, which are already part of the school context.

The work led by [32] addressed an experiment carried
out with five high school teachers, who were monitored
during a school year. Teachers used information pro-
vided by learning analytics in their classrooms through
data provided from computer-based assessments. Such
information served as a basis for the planning of classes,
which enabled a more individualized and personalized
teaching-learning approach. Teachers reported that the
insights extracted from the data collaborated in their
teaching practice, highlighting the detailed information
about each student, task and responses. In the classroom,
teachers used such detailed insights to provide feedback
to low-performing students and it was found that those
students who had these learning gaps performed better
after performing the data intervention.

Finally,[33] investigated the role of learning analytics
to assess formative assessments, with the aim of using a
data-driven approach to inform teachers about changes
in their teaching practices and how they impact the de-
velopment of student learning. The authors highlighted
that one of the most challenging tasks for teachers is de-
signing, managing and evaluating formative assessments,
and this is one of the main reasons for not using forma-
tive assessments as a form of feedback for students and
for teachers themselves to adjust their teaching strategies
throughout the school year. One of the ways to overcome
these challenges, according to the authors, was the use of
learning analytics techniques that were employed in the
study with the purpose of facing such difficulties and pro-
viding personalized feedback on a large scale. Briefly, the
data collected from formative assessments were analyzed
using learning analytics and provided recommendations
that supported students in a self-regulated learning ap-
proach, and enabled teachers to reorient their planning

and teaching practices.

Taking into account these approaches, how to use
learning analytics techniques in formative assessments,
in the context of blended learning, to collect, analyze
and report educational data for teachers in a basic educa-
tion school to monitor the learning process and support
the decision-making process. data-driven pedagogical
decision-making to help students address their learning

gaps?

3. Work plan

The purpose of this work is to develop a descriptive
and predictive Learning Analytics Dashboard - LAD,
using data collected from Google Classroom and Khan
Academy, to support teachers in pedagogical decision
making in the classroom, in order to identify, monitor
and propose interventions to deal with students’ learning

gaps.

3.1. Submission of the proposal

The proposal is to use data from computer-based assess-
ments, with the support of two educational platforms,
Google Classroom and Khan Academy, which are used
to manage classes and activities in the context of online
and face-to-face classes.

The APIs (Application Programming Interface) pro-
vided by both platforms will be used to access and form
the data repository, which will serve as input for the con-
struction of the LAD. The availability of descriptive and
predictive data analysis through LADs is the most com-
mon way to fulfill the Learning Analytics cycle, which
has as a crucial objective, in addition to measuring, col-
lecting and analyzing educational data, to provide reports
on this data. from student interactions on digital edu-
cational platforms, enabling teachers to make evidence-
based pedagogical decision-making [34].

Through the use of LAD, teachers will be able to track
student performance in real time on the Khan Academy
and Google Classroom platform, as well as have access
to predictive results based on student interactions. In the
context of blended learning, using the rotational labo-
ratory approach, students participate, in addition to the
traditional classroom lesson, they also interact with digi-
tal devices, where they will have the purpose of continu-
ing the class started in the classroom. Among the most
common activities carried out by students are: research
on the internet, answering online activities, developing
individual or collaborative textual productions, etc.

Students will use Chromebook devices to carry out
classes through the rotational laboratory approach,
which are notebooks that use the Chrome OS operating
system and are generally used in the school context. With
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Figure 1: Embedded and extracted analytics in computer-
based assessments.

the chromebooks, data regarding online activities will
be collected through the Khan Academy AP, and data
regarding student interactions in the classroom will be ob-
tained through the classroom API and Google Chrome’s
Sync function, which tracks logs from the browser.

LAD will support the teacher in decision making while
students are working on an assignment, in the classroom,
and will provide in real time which students will need
support and what kind of support will be needed.

In order to support computer-based formative assess-
ment, through Classroom and Khan Academy, for the
construction of the LAD, the Learning Analytics - ex-
tracted analytics strategy will be used. There are two
types of Learning Analytics strategies, the embedded an-
alytics which refers to the data that is used to inform the
student and/or adapt tasks to the students’ skill levels
without teacher intervention. And extracted analytics
refers to the data that is presented for interpretation and
provides teachers with information about the learning
process and its results, where it is possible to personalize
teaching and learning in the classroom [35]. Figure 1
illustrates the difference between the two approaches.

3.2. Method

The present work will use applied research as a type of
study, which according to [36] are “research aimed at ac-
quiring knowledge with a view to applying it in a specific
situation”, where the need to produce knowledge for the
application of its results is the motivation to “contribute
to practical ends, aiming at the immediate solution of the

problem encountered in reality” [37].

For research purposes, it is characterized as descrip-
tive, as it aims to describe the characteristics of certain
populations or phenomena and “can also be elaborated
with the purpose of identifying relationships between
variables” [36]. Its approach will be qualitative for the
analysis of research data, according to Gil (2002, p. 133)
“qualitative analysis depends on many factors, such as
the nature of the data collected, the size of the sample,
the research instruments and the theoretical assumptions
that guided the investigation” [38].

Regarding the technical procedure, the study is classi-
fied as action research, which is defined as a type of em-
pirically based research and has a “close association with
an action or with the resolution of a collective problem
and in which researchers and representative participants
of the situation or problem are involved in a cooperative
or participatory way” [39].

In order to answer the research questions and achieve
the objective of this study, the data collection tools will
be the use of forms, observations and interviews with
teachers of the Portuguese Language and Mathematics
subjects, of elementary school 2, of the Escola Profes-
sor Olindina Roriz Dantas, as well as monitoring stu-
dent performance through summative assessments made
available every two months and through formative assess-
ments made available by educational platforms, discussed
in the previous topic.

As a methodology for the data mining process, the
CRISP-EDM will be adopted, which is a version adapted
for the educational context of the consolidated standard
of data mining and knowledge discovery aimed at the
CRISP-DM industry. CRISP-EDM fully follows the six
steps of the original model, but with educational data
mining particularities (RAMOS et al., 2020).
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Towards a computer-assisted Computational Thinking (CT)
assessment system in higher education
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Abstract

With the vision to promote CT to a wider group of audiences, this PhD project explores the
formative assessment of CT skills in Programming Education to support students to learn CT
skills in Higher Education. In this project, we plan to investigate the importance of CT in the
context of Higher Education, explore the relationship between CT skills and programming
skills, build a model to assess learners’ CT skills and develop a computer-assisted assessment
system with automated components to enhance students’ CT competences in Higher Education.
Mixed-method research methodologies will be employed in distinct phases of the project
accordingly. A system which allows formative assessment of CT skills will be iteratively
designed and constructed throughout the project. The outcome of the project should support the
CT learning process, make CT more visible for people from diverse backgrounds and empower

them with a CT mindset to embrace the digitalization of society.
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1. Introduction
1.1. Digitalisation and
Computational Thinking

Living in an era of digitalisation, digital
elements is everywhere. For instance,
education, healthcare and  governance,
fundamentals to a modern society, are
developing towards a digital direction [1-3].
This has a huge influence on employment and
skills, such as the increasing unemployment
rate, and the increasing demand for digital skills
in the labour market [4]. To empower people
the capability of living and working in such a
digitalized society, governments, and education
institutions from distinct levels world-wide
have been striving to promote education of
computer-based technologies and skills varying
from academy to industry. Among skills being
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mentioned, digital skills, problem-solving
skills, and computational thinking (CT) are the
top few most mentioned skills and are regarded
as fundamental skills in workplaces [5-7, 28].
Computational Thinking is closely related to
the development of digitalisation in different
domains and changes the professional
competencies need for these professions. First
proposed by Papert as procedural thinking [8]
and then being promoted by Wing [9], a
considerable amount of research has been
conducted to define CT in the past few decades.
Though there is no agreed-upon theoretical or
operational definition so far, existing works
share main components of CT, which are
problem decomposition, abstraction, pattern
recognition and algorithm [9-15]. Besides
studying the operational and theoretical
definition of CT, massive amounts of studies
have been conducted globally to investigate
topics around CT education, such as



pedagogical contents, didactic strategies,
integration of CT into other disciplines [16-26].

People of almost all ages can be participants
in these studies, however, most of the existing
research focuses specifically on K-12 settings,
with an increasing number of studies conducted
in Higher Education over the last decade.
Existing work in K-12 settings has explored a
considerable range of topics regarding learning
and teaching CT in both science, technology,
engineering, and mathematics (STEM) and
non-STEM  disciplines, results in a
flourishment of development in tools and
activities for teaching and learning CT, both
CS-unplugged such as bebras challenge and
Lego construction and CS oriented such as
programmable robotics, micro-bits, code.org,
Scratch, Alice [20]. While being regarded as
crucial competence for learners in higher
education, the development of CT, compared to
CT in K-12 setting, is still in its infancy.
Increased attention has been paid to CT in
Higher Education in recent years, most of
which are related to Computer Science (CS)
major, and few are in non-CS major disciplines
[26]. In their literature review, Lyon and
Magana identified several issues existing in
current CT education which makes it difficult
for students to understand CT, including
unclear definition, lack of assessment methods,
unclear use of CT in classrooms [26]. They also
stressed the necessity of a clearer definition of
CT and called for more implementation of CT
in Higher Education and studies.

With current insights into existing literature,
it is obvious to conclude that CT is closely
related to developments of digitalisation in
different domains and changes the professional
competencies needed for these professions.
However, it is still unclear how to embed CT in
different curricula and how to develop
transdisciplinary  CT  skills.  Therefore,
researchers need to conduct studies to establish
a comprehensive and more complete system for
the purpose of enhancing people’s CT
competencies.

1.2. Computational Thinking and
Programming Education in Higher
Education

Learners of diverse backgrounds learn CT
with various purposes and learners’ target

objectives considering the proficiency level
also differ accordingly on learner’s level of
proficiency. Therefore, it is important to know
what the necessary skills are to be developed in
higher education, what proficiency level of CT
is expected for people from distinct domains
and in what way should CT be incorporated in
different domains in Higher Education.
Programming education is frequently used for
fostering CT in higher education; visual
programming in Scratch and Alice as well as
text programming in Python, C, C++, Java have
been used for teaching CT in K-12 settings as
well as in Higher Education settings [39-40].
However, it remains a controversial topic
whether everyone should learn to code. For
example, Shein acclaimed that “Not everyone
needs coding skills but learning how to think
like a programmer can be useful in many
disciplines” [35]. Therefore, it would be
important to study the role of Programming
Education.

CT and programming skills are closely
interlinked and are both challenging for novice
learners [29, 30]. However, a significant drop-
out rate can be found in programming education
on novice learners due to distinct difficulties
students meet during their learning process
[31]. Pane et al. [32] found that the ability to
solve problems using programming skills so
that the solution can be transformed and
executed by computing agents does not come
naturally for learners in CS studies.
Additionally, studies also suggest that the
absence of strategic tools can lead to deficient
performance in learning to program [33-34].

To overcome these challenges, it is
necessary to conduct research in both
programming skills and CT skills and the
relationship between them, which has been
seldom researched.

Through qualitative and quantitative
analyses, Selby [38] built a preliminary model
to reveal connections between CT skills and
programming  activities using Bloom’s
taxonomy. However, it does not demonstrate in
detail how CT can be measured in
programming. Thus, it is necessary to carry out
studies on how to empower students to use CT
as a strategic tool for programming and gain CT
knowledge through learning to program.

In brief, the following questions should be
studied regarding CT and Programming
Education in Higher Education:



»  What skills are necessary for students
in different domains in Higher Education?

* What is the role of Programming
Education for students from different domains
in Higher Education?

*  How are programming skills and CT
skills related and how to foster CT skills via
programming?

1.3. Formative Assessment and
Feedback Generation

Novice programmers who are new to
programming are faced with challenges such as
misunderstanding the programming concepts,
misusing the language syntax, and
understanding poorly the feedback generated
from the interpreter or compiler [31].
Alternative approaches to overcome these
issues can be, for instance, enhancing teachers'
pedagogical content knowledge, developing
more effective didactic strategies, using
formative assessment to provide feedback.
Assessment and feedback are essential
elements in different learning theories which
are used to assist students in the learning
process [41]. Assessment is presented in two
categories in general, formative assessment and
summative assessment. Formative assessment
is defined as assessment for learning while
summative assessment as assessment of
learning [42]. Formative assessment generally
consists of teacher observation, conventional
assessment, oral presentation and so on.
According to Paul Black & Dylan Wiliam [43],
formative assessment remains incomplete until
it has resulted in feedback and action on the part
of the instructor and/or learner. Therefore, a
formative assessment is all about feedback.
According to Hattie and Timperley [45],
feedback is one of the most crucial factors for
efficient learning.

The development of formative assessment in
Programming Education is still at an early age
though there has been lots of research on
intelligent tutoring systems which assess
students’ solutions in recent years. Computer-
assisted learning environments provide the
opportunity to automate the assessment and
considerable work has been conducted to assess
works in STEM disciplines automatically [44].
In terms of Programming Education, Grover
[42], in the Raspberry Pi Foundation
Computing Education Research Seminar,

strived to promote the concept of formative
assessment in CS for K-12. In contrast, no
existing study explicitly facilitates formative
assessment either in computing education or in
Programming Education specifically in Higher
Education.

While most of the assessments being
conducted on CT and Programming Education
are summative, there is some work that applies
formative assessment measures in their
implementations. These  implementations
focused on merely part of programming
education and none of these works incorporated
CT into programming education, making them
infeasible for assessing CT in Programming
Education. Meanwhile, some studies aimed at
supporting students in learning to program,
mostly in the form of automated assessment
systems and intelligent tutoring systems for
programming exercises. In their literature
review, Keuning et al. [47] reported that most
of the elaborate feedback provided by the
systems reviewed focus on the identification of
mistakes and no further suggestions on how to
proceed and fix the problem. This, however,
can impede students from enhancing their
performance according to the feedback model
defined by Hattie and Timperley [45].
Therefore, it is necessary to conduct research to
explore formative assessment of CT in
Programming Education in order to assist
students in the learning process to enhance their
CT in Programming Education.

With the vision to make CT skills more
accessible and tangible in the context of
Programming Education for learners from
different domains, this project aims to develop
formative assessment components to improve
students’ performance in learning to program
and gaining CT skills.

2. Theoretical Background

To address the questions mentioned in the
last section, theories on formative assessment
and theoretical models of CT and Programming
Education are crucial. Therefore, they are being
investigated to ensure the reliability of the
conduction of the project. CT and Programming
Education will be first introduced with a focus
on Brennan and Resnick’s operational
framework [16] and Bloom’s taxonomy on
Programming Education. Then follows theory
for formative assessment and feedback models



with a focus on Hattie’s feedback model and the
theory of formative assessment from Paul
Black & Dylan Wiliam [43]. The theories are
identified as the backbone in the
implementation of this project.

2.1. Computational thinking and
programming education (Bloom’s
Taxonomy)

Although there are no agreed-upon
operational and theoretical  definitions,
definitions given by researchers and educators
share the same elements in their definition.
Wing defined CT operationally with the
concepts of abstraction and automation [9].
Having components used in Wing’s definition,
Barr and Stephenson [46] included also
problem decomposition, algorithmic thinking,
data collection, analysis and representation and
simulation to define CT. Similarly, Selby’s
definition of CT consists of abstraction,
decomposition, generalization, evaluation and
algorithmic design [38]. Four main components
of CT can be identified from existing
definitions: problem decomposition, pattern
recognition, abstraction and algorithmic design.

Deriving from the main CT components,
Brennan and Resnick [38] proposed an
operational framework of CT which is
frequently used in CT studies and the
framework relates quite close to programming
concepts and skills. Three dimensions
constitute the framework: computational
concepts, computational  practices and
computational perspectives. These components
are recognizable in other disciplines and
practices as well, which is consistent with
Denning’s description CT: it is nothing new, it
is the way of thinking about the world shaped
by the current technologies [50]. This
framework considers elements
comprehensively from both a knowledge
perspective and a psychology perspective and it
is a framework that can be practically used for
setting  learning  objectives,  designing
pedagogical contents, and assessing students’
performance [48].

CT concepts and CT practices involved in
this framework [48] are some of the indicators
that measure CT competences through
programming concepts and practices. Studies
have been conducted to map programming

skills and CT skills as well as using Bloom’s
taxonomy and SOLO taxonomy to differentiate
various levels of cognition for both CT and
programming skills [36, 37]. Assessment of CT
through assessing Scratch codes in Dr. Scratch
with the framework presented by Brennan [38]
is an example of how CT can be matched in
Programming Education [49]. Selby [39]
developed a model which discovers the
relationship  between CT  skills and
programming activities by using Bloom’s
taxonomy. This model can serve as the
backbone in fostering CT via programming and
vice versa.

2.2. Formative assessment and
feedback generation

Having a CT framework and a model which
maps CT to programming using cognitive
levels in Bloom’s taxonomy is insufficient for
this project as the aim of this project is to
enhance students’ CT skills via formative
assessment. Therefore, this subsection will
introduce theories on formative assessment and
models for generating feedback as formative
assessment is said to be all about feedback [42].

Assessment is identified as one of the
fundamental elements in all learning theories in
education [41]. Formative assessment is
defined as assessment for learning, and it is
expected to result in feedback and action on the
part of the instructor and/or learner if formative
assessment is implemented. Thus, feedback is
crucial in formative assessment, which is
consistent with “Feedback plays a crucial role
in learning” [27].

The efficiency of the feedback is influenced
by the kind of formative feedback provided and
the learner characteristics. Under the definition
given by Boud and Molloy [51], feedback is
formative, and it can be used to improve
learners’ performance. Another type of
feedback is summative feedback, typically
consists of grades or percentage of evaluation,
which informs the learner about the
performance. However, this type of feedback is
usually too superficial to be useful for learners.
Therefore, formative feedback is of more
importance for the purpose of improving
learning.

Different definitions and models have been
investigated regarding feedback generation
both in general and for studies in specific



domains. Boud and Molloy define feedback as
a process in which the learners improve their
work with the given information which presents
the discrepancy and similarities between
learners’ work and the expected standards [51].
Hattie and Timperley [45] described a model
for feedback which is also in a formative way.
The model aims to answer learners’ questions
about where they are, how they should proceed
and where they should arrive. In this model,
feedback is categorized into “task level”,
“process level”, “self-regulation level” and
“self-level”, with findings indicating self-level
the most ineffective one.

Having a model of feedback is insufficient
for generating the most effective feedback for
learners, extra facets should be considered
when generating feedback. In Le and
Pinkwart’s work [52], programming exercises
supported in learning environments were
categorized into three classes according to the
level of ill-definedness of the programming
problem. As Hattie and Timperley [45] pointed
out that feedback should target students at
appropriate levels, it would be necessary to also
consider Narciss’s [53] categorization of
feedback in  computer-assisted learning
environments according to the aspects of the
instructional context. Narciss [53] has
identified eight types of feedback components,
five of them are elaborated feedback
component and are intended to “improve
learner’s performance”: knowledge about task
constraints (KTC), knowledge about concepts
(KC), knowledge about mistakes (KM),
knowledge about how to proceed (KH) and
knowledge about Meta-cognition (KMC).
Combining the context to be assessed, the type
of exercises to be assessed and the feedback
level to provide, a strategy for generating
feedback can be devised.

In sum, this project will first focus on
identification of the need for CT and the role of
Programming  Education in  different
disciplines. Then, the focus will be shifted to
the measurement of CT skills and programming
skills and the relationship between these two
sets of skills. Based on studies conducted, this
project will then explore feedback generation
and develop feedback generation strategies to
promote CT for students from different
domains and enhance their performance in CT
skills and programming skills. The following
definitions will be used for the remainder of the
proposal:

« CT competencies: according to
Brennan’s framework, CT competencies refer
to CT concepts, CT practices and CT
perspectives.

*  Programming skills: including
conceptual knowledge, syntactic knowledge
and strategic knowledge and programming
style.

e Indicators for CT skills and
programming skills: Any features, instruments
that provide a sign or a signal of CT
competence and programming skills.

* Formative assessment: A kind of
assessment which provides feedback to the
learner and it is an assessment for learning.

3. Research Questions

The research will be guided by the following
research questions:

RQ1. How are CT skills and
programming skills being conceptualised
and measured?

1. What are indicators and assessment
methods for CT competence and programming
skills?

2. What systems and domains are using
the indicators and assessments for CT
competence and programming skills?

3. How to evaluate the validity of the
indicators/assessment?

After collecting the indicators for CT
competencies and assessment  methods,
techniques used for formative assessment and
feedback generation and the effect of feedback
should be investigated to provide the basis for
design  feedback  generation  strategies.
Therefore, the second research question is:

RQ2. How should feedback be provided
to support developing CT skills and
programming skills, and how should
formative assessment be implemented in this
process?

1. What formative assessment and
feedback generation strategies are used for the
development of programming skills and CT
competence?

2.  What are the effects of different types
of feedback on maotivation, learning gain, and
CT performance?

3. What empirical knowledge has been
established regarding the effect of providing
feedback on the development of CT
competence and programming skills??



4. How to use formative assessment and
generate feedback to support the development
of CT and programming skills?

Based on the results obtained by answering
the questions above, the next step is to
contextualize the feedback and thus employ
formative assessments for learners from
different educational backgrounds. To achieve
the goal, the following questions should be
studied:

RQ3. How can Programming Education
and learning of CT be contextualised and
embedded in different educational domains?

1. How important are links between
curricular tasks and CT skills?

2. What role can transfer learning play in
the contextualisation of CT?

3. What are the means to contextualise
and embed CT learning in different domains?

4. What is the impact of contextualised
teaching of CT skills on student motivation and
understanding?

4. Design and Methods

The research is organized in four phases. In
the first phase a desktop research/systematic
literature review will be used to identify
relevant works to get an overview of state-of-
the-art regarding the topic being studied in this
project - formative assessment for supporting
students from different disciplines in the
process of learning CT in the context of
Programming Education in Higher Education.
The following factors will be identified in this
phase: indicators used for assessment and
assessment methods for CT in Programming
Education; formative assessment and feedback
generation; empirical experiences of CT in
different domains. The indicators identified in
the first phase can then be used to develop an
assessment model for CT in the context of
Programming Education and a CT dashboard to
present learners’ progress and CT level.
Exploratory research in the form of formative
studies will be employed in this phase. Phase
three will focus on the development of
strategies for feedback generation and
formative assessment based on the assessment
model and the CT dashboard built in phase two.
In the last phase, an integrated study will be
conducted to evaluate the tool developed and
refine the system according to different needs
from people of different backgrounds. In

parallel, design and development of the
formative assessment tool for CT in the context
of Programming Education will be carried out
throughout the lifecycle of the project. In
addition to that, the design, development and
testing of the prototype will be iteratively
proceeded. The plan for the workflow is
provided in the diagram shown in Figure 1 (in
the Appendix.

Phase 1 Desktop research - Literature
review

In this phase, a systematic literature review
will be conducted to get a holistic overview of
formative assessments for supporting learners
in different disciplines to learn CT in the
context of Programming Education. This
process will follow the PRISMA statements
and the PRISMA diagram, including defining
research  questions, collecting literature,
screening, checking eligibility of the literature,
data extraction and analysis of extracted results.
RQ1.1, RQ1l.2, RQ2.1 and RQ3.1 will be
addressed in this phase. The outcome of this
phase will be indicators used for assessment
and assessment methods for CT in
Programming Education; a comprehensive
overview of formative assessment and feedback
generation; empirical experiences of CT in
different domains.

Phase 2 Exploratory research/ Formative
studies - Build up the assessment model and
a CT Dashboard

This phase begins with interviews with
different target groups. The aim of the interview
is to identify the necessity of CT skills and the
role of Programming Education for learners
with diverse backgrounds. In combination with
the indicators and assessment methods
identified in Phase 1, assessment models can
then be prototyped according to the result from
a qualitative analysis of the interviews. The
interviews should also clarify the embedding of
the CT skills in the different study contexts and
the relevance for student and educators’ goals
in the different curricula. According to the goals
and models a CT dashboard will be developed.
To ensure the usability of the models and the
CT dashboard, a usability study will be
conducted in a programming course for
students and the models and CT dashboard will
be refined accordingly. Once the usability of the
model is verified, quasi experimental studies
will then come into play to examine the effect
of using the assessment model and CT
dashboard.



In this phase, RQ1.3, RQ2.2 and RQ2.3 will
be studied, and an assessment model based on
the indicators and assessment methods found in
Phase 2 will be developed. This will include a
participatory design and prototype of a CT
dashboard. The design and the development of
the models and the CT dashboard will proceed
iteratively.

Phase 3 Develop feedback and formative
assessment based on assessment model and
CT Dashboard

This phase will focus on addressing RQ2.4,
which is about developing proper feedback
generation strategy to present to students their
CT competencies and programming skills
based on the strategies for feedback generation
and formative assessment identified in Phase 1
and the CT assessment prototype and CT
dashboard developed in Phase 2. Formative
studies will be conducted to iteratively develop
the feedback generation model. Student models
will be identified in this phase by using data
such as analysis of students’ code, student's
competence profile and analysis of students’
performance. At the end of this phase, strategies
for providing feedback and formative
assessment should be identified.

Phase 4 Evaluation - Integrated study on
the developed formative assessment tool

The result from Phase 3 will provide a basis
to address RQ3.2 to RQ3.4 in this phase.
Considering the factors which are important in
adapting feedback for learners from different
domains identified in phase 1, RQ3.2 to RQ 3.4
will be addressed by conducting an integrated
study which includes both case studies and an
evaluation study to contextualise the model
developed and embed it into different
educational domains and verify the validity and
the effectiveness of the designed system. This
integrated study aims to evaluate the tool
developed and refine the system according to
diverse needs from people of different
backgrounds such that CT can be promoted
further to a wider audience.
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Research Questions and Research Design (Multi-phase Design)

Research Questions

RQ1: How are CT skills and programming RQ2: How should be provi to support ing CT skills and programming RQ3: How can Programming Education and learning of CT be
skills being conceptualised and measured? skills, and how should formative assessment be implemented in this process? i and in different i di ins?
| ¢ Research Design & Methods ¢ |
A 4 A 4

Phase 1 - Exploratory Study Phase 2 — Formative Study 1

Method: Systematic Literature Review Using Method: Mixed Method

PRISMA Diagram

Objectives Objectives

and programming skills and programming skills

.
o Feedback generation strategies skills (consider different domains)

e Systems/models / prototypes * Assessment prototype & CT Dashboard
e Empirical knowledge e Usability of the prototype

Deliverable: Conference/ Journal paper Deliverable: Conference/ Journal paper

e Relationship between CT e Focus groups’ reflection on mapping of CT

Indicators for CT competence o Validated mapping of CT and programming

Phase 3 — Formative Study 2 Phase 4 - Summative Study

Method: Mixed Method Method: Mixed Method

Objectives Objectives

e Feedback generation strategy for students e Usability of the developed assessment
based on findings in S2 component

« Refinement of the assessment model built e Validity and reliability of the assessment
inS2 component

o Student models from different disciplines e Refinement of the component developed

e Usability of the assessment component

Deliverable: Conference/ Journal paper Deliverable: Conference/ Journal paper

I = 1 =

Technical Development Track — Iterative design process, development, and test

I = 1

Figure 1. The whole PhD research plan with the main goals presented for each year. The system for
providing feedback will be iteratively designed and developed throughout the project lifecycle.
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Abstract
Learning Analytics provides a methodology for the collection and analysis of learning data. Pedagogical research has always
been inspired by ideas from applied psychology to discover and evaluate methods to boost motivation and engagement of
students. Past research has shown that people often compare themselves with their peers in various contexts, including
education. Social comparison has proven to be an effective motivation factor. Most of the recent research is based on using
leaderboards to motivate individual comparison or open social student models to enable comparison with the course average.
However, students’ preferences towards social comparison can vary. For example, some people tend to compare upwards,
while others mostly compare downwards, and some do not rely on social comparison at all.

This research aims to study how Social Comparison can be used to motivate students. In particular, it focuses on its effects
on students’ behavior, engagement, and performance on students from different demographics, with different psychological
and motivation profiles. We will explore more adaptive approaches towards social comparison which adjust the direction and

the magnitude of social comparison to suit students’ needs and preferences.

Keywords

Learning Analytics, Motivation, Self-Regulated Learning, Social Comparison

1. Introduction

Social Comparison (SC) is the ability and tendency to gain
self-evaluations by comparing oneself with their peers.
It is an innate human trait and has been observed in kids
as young as two years. We evaluate our opinions, skills,
abilities, and achievements by comparing ourselves to
others to define the self. Due to this, Social Comparison
is a strong motivator and has always been leveraged in
avenues ranging from commercial advertising to political
discourse. Technology Enhanced Learning (TEL) envi-
ronments provide feedback and supportive interfaces to
help the students understand their progress towards the
learning goals. Knowingly, or unknowingly, educational
tools introduce social comparison as a tool through gami-
fication elements such as leaderboards and halls-of-fame.
In my research, I aim to design and evaluate mechanisms
for adaptive Social Comparison.

1.1. Social Comparison

Festinger [1] proposed the theory of Social Comparison
in 1954 which stands on the premise that humans have
an innate desire to evaluate their abilities and opinions.
A person’s understanding about the situation and their
abilities together have a bearing on their behavior. How-
ever, this requires accessing abilities even when objective
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information is not available, and then, they do so by com-
paring themselves with each other. It is found [2] that
people may compare downwards to increase their sub-
jective well-being which may enhance their self-esteem.

The concept of SC has been observed [3, 4] in children
as young as preschoolers. Veroff [4] proposed that the
concept of achievement begins in elementary school stu-
dents, while the social comparison orientation increases
as they grow older, the autonomous achievement ori-
entation drops. As they grow up, they emphasize on
demonstrating superior performance in comparison to
others. In a usual classroom, the reward system provokes
students to compare themselves socially. Similar effects
were observed by Seidner et. al. [5] who noticed that the
sense of pride of older students is affected more by com-
paring their performances with their peer rather than
mastery.

The INCOM Scale [6] was developed for measuring
individual differences in Social Comparison Orientation.
It was found that two factors were responsible for ex-
plaining 38% and 10% of the variance. These two fectors
reflect the perception of abilities and orientation based
on Social comparison. They explained that such SC infor-
mation may help ascertain the SC behavior of individuals
and provide them interventions accordingly. It is also
studied that the demographics like age, sex, race, or socio-
economic status can be a factor of who students compare
themselves with [7, 8, 9]. Studies [8] also show that stu-
dents generally prefer compare themselves with friends
and aquitances. Besides the target of comparison, the
direction of comparison is also different [10]. Students
may compare at the same level (laterally) [11], or up-
wards [12, 13, 7] or downwards [6, 14]. Thus it can be
summarized that the target and preference of social com-
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parison may change depending on target, time, mood,
motivation etc.

1.2. Leveraging Social Comparison to
Improve Learning

Though SC is a psychological trait, SC can be further
leveraged or manipulated by a researcher, a teacher, or
a learning aid including learning support systems. SC
can also serve as a feedback mechanism for self regu-
lated learning [15]. Activity and progress visualizations
[16, 17], and student model based tools [18, 19, 20] for
conveying SC information as a feedback to the students
have been created. However due to difference of how we
perceive SC information, there is a need of the theories
and implementations that provide adaptive SC based on
temporal, demographic and situational differences. This
paper proposes my ideas and plans to deeply understand
the mechanisms to use Social Comparison in Technology
Enhanced Learning (TEL) and study the need of adaptive
SC that is capable of motivating and engaging a student
based on their behavior and motivation profile.

Rest of this paper is organized as follows. Section 2
discusses how TEL systems leverage Social Comparisons,
their different forms and the ideas which have been pro-
posed in the past two decades. Section 3 explains the
research plan by highlighting the research problem, re-
search questions, explaining the concrete tasks that are
planned for the next stage, and details of the TEL sys-
tem that will be behind this research. Section 4 gives a
brief outline of the experiments which are planned in the
next few years. The Section 5 concludes this paper with
discussion about the expected outcomes of this research,
and the role of those outcomes in designing TEL systems
that use SC effectively.

2. Social Comparison in TEL

SC has been an active area for research in the past decades.
The idea of SC was first studied in depth by Festinger
[1], who wrote that “There exists, in the human organ-
ism, a drive to evaluate his opinions and abilities” He
mentioned that people have a constant need to evaluate
their abilities and test the validity of their opinions. So-
cial Comparison [21] “consists of comparing oneself with
others in order to evaluate or to enhance some aspects of
the self” The effect of social comparison has been widely
studied in education and pedagogical research.

This relates with the idea of Self Regulated Learning
(SRL) [22], which is described as a cyclical process with
three stages, namely, Forethought, Performance, and Self-
reflection. Social comparison is active and affects stu-
dents’ decisions and actions at all the three stages [23],

and thus, TEL systems should provide support to the
students during all the three stages.

Social comparison as a tool in Technology Enhanced
Learning has been implemented in form of comparative
charts or leaderboards [24, 25, 26] for a long time. They
have been found effective in improving engagement and
participation. However systems focussed on improving
the SC feedback and studying the effects of SC are rela-
tively recent topics.

One of the popular works in using comparative visual-
izations in education is Comtella [27] which was origi-
nally designed to motivate cooperative user behavior in
peer to peer networks. It was proposed for exchanging
resources and services in research/study groups by per-
suading the user to particupate in the sharing community
through attractive and informative visualizations. This
shows user’s contribution in form of a star whose color,
brightness, shape depends on user’s interest, contribution
and cooperation. It created a visualization that compares
the whole class on multiple parameters in a single view
and was validated [28, 29] to improve participation and
contribution in the classroom. Their work highlighted
the importance of developing the right visualization with
respect to the goal.

Progressor [30, 31, 32] introduced Social Visualizations
in an interface that helps students find relevant resources.
It was observed that due to social comparison, class lead-
ers provide a guidance to the rest of the students, and
eventually lead to more engagement, and thus higher
success rates.

Several ideas related to Open Student Models [33, 34]
have been explored. Reading Circle [35] combines the
idea of Open Student Models and Social Comparison to
encourage students to read. A textbook reading support
interface called Reading Mirror [36] shows SC informa-
tion uses a grid-like interface that shows a student’s own
progress and the class average with respect to section-
s/chapters of a textbook. It was found that most of the
students felt that SC information altered their behavior
positively. More recent works have used these interfaces
[37] for encouraging motivation and engagement. An in-
terface called Mastery Grids [38, 19] is a chart that shows
students’ performance and compares with the class av-
erage. This form of visualization was shown to improve
the motivation and engagement of the students.

A recent implementation [39] that gives younger stu-
dents an understanding of their mastery of concepts in
the achieving multiplication table fluency and can be
used to give additional information, including SC cues.
A study on the effect of a dashboard widget [40] for
Massively Open Online Courses (MOOCs) that provides
students more crisp infromation about their progress as
well as SC cues improves the course completion rates. A
dartboard like interface for multidimensional comparison

From the past works, it is evident that accessing SC
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information helps students achieve more motivation and
engagement, and leads to a higher success rates. Mean-
while it has also been observed [41] that peer comparison
doesn not necessarily improve, but in some cases, hamper
the motivation of students. In some cases that though
students prefer personalized recommendations, they may
not find peer comparisons as useful or motivating. It was
also found [42] that students’ SC own preferences do not
necessarily align with their best interests.

This leads to a challenge of analyzing the design as
well as the effect of social comparison at a finer granu-
larity. Social Comparison for better learning experiences
needs further exploration. I plan to explore methods and
create adaptive SC interfaces that can be effective tool to
promote meaningful learning,.

3. Research Plan

The main objective of this research is to devise effective
mechanisms for using adaptive Social Comparison to
improve students’ motivation, engagement and learning
outcome.

3.1. Research Problem

Typically, in most TEL and e-Learning softwares, SC in-
formation is usually provided to all the users the same
way. However it has been found [43] that demographic
and cultural backgrounds have a significant influence on
self-construals based on social comparison which may
affect the motivating factors. Apart from demographics,
the SC orientation and direction also determines whether
a person is motivated, challenged, or demotivated by SC
information [6, 44]. That is, someone might get inspira-
tion from someone who’s performing better than them,
while someone else may feel dissatisfied, or envy. [45]
mentioned that though we all engage in social compar-
isons all the time, some people are more concerned and
influenced by social comparison than others.

The differences in perception and effects of SC don’t
end with demographics and personality - but even at in-
dividual level, they expand over temporal and contextual
dimensions. We engage in comparisons with others over
time[46, 47] or our own past selves[48].

The popular Social Comparison approaches don’t cap-
ture all these dimensions of social comparison and imple-
ment a one-size-fits-all solution regardless of individual
and contextual differences. The issue with standard one-
size-fits-all approaches is that though they work in some
cases, they might affect some users rather negatively.[49]

This leads to the idea of a system that adapts the SC
interface to the user based on their demographics, social
comparison orientation, motivation profile and psycho-
logical profile.

This can be divided into following research questions:
RQ1. What are the current state of the art interactions
to show social comparison and what are their effects on
students’ learning experience?

RQ2. How is the effect of social comparison on motiva-
tion and engagement related with personality traits?
RQ3. Are there distinct effects of using different types
and direction of SC interfaces with different students?
What are these effects?

RQ4. How to match a student with a social comparison
method fine-tuned to promote their learning?

These will be studied and validated through a Learning
Support System that will be used to supplement students’
learning experience. Some of the initial experiments have
been thoroughly discussed and planned to occur in the
academic year 2022-23. The students will be asked to
use Studylens as a Learning Support System (LSS) that
will allow them to attempt ungraded assessment tests
related to the concepts in the course, and I will analyze
their performance and engagement with respect to the
interface provided.

Literature Review &
Development of Studylens

Experiments with SC

Development of Adaptive SC

Experiments with Adaptive SC

Conclusive Studies

Figure 1: Overview of the Research Plan

3.2. Preparation and Setup

The first activities towards this goal are to study the
existing research in Social Comparison in TEL and study
the methods and tools used to convey the SC information
to the students. This will be executed in parallel with
development of a TEL system that can act as a Learning
Support System.

3.2.1. Systematic Literature Review

A systematic literature review helps aggregate the exist-
ing research and ideas related to how SC has been used
in TEL and what are the state of the art methods to use
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SC as a tool to motivate students. This literature review
is driven by the following research questions:

+ What are the common ways of conveying SC in-
formation in TEL tools?

+ What are the effects of context and direction of
Social Comparison?

« What are common systems that allow students
to actively engage with Social Comparison?

« What are the unexplored directions of utilizing
SC in Education?

This is being performed with a hybrid methodology
based on SPIDER [50] and PRISMA [51]. SPIDER helps
summarize the study on the basis of (S) Sample size, (PI)
Phenomenon of Interest, (D) Study Design, (E) Evalua-
tion and (R) Research type. PRISMA (Preferred Reporting
Items for Systematic reviews and Meta-Analysis) pro-
vides a structure for conducting the literature search and
summarizing the analysis in a detailed manner. Mean-
while for each research that is included in the study, we
also explore what was the SC method used and how was
its effect studied.

3.2.2. Development of Studylens

Studylens is a Learning Support System built at the
Utrecht University. It is a relatively lean implementa-
tion of the system which has been used with several
university courses over the past few years [42]. The new
implementation has been designed to have only the most
necessary features that enable us to closely study the
impact of social comparison.

Course

Learning Goal

Figure 2: Organization of course content in Studylens

Assessment Test
Material

Studylens provides students a dashboard for exploring
their expertise of the concepts covered in a course. It al-
lows students to attempt self-assessment quizzes, which
are associated with concepts and misconceptions that are
part of a course inventory. When a student chooses to
view the results of the test, they are shown their perfor-
mance over each concept, and accordingly, remidiation

material is recommended. Figure 2 shows the organiza-
tion of a course into constituent Learning Goals each of
which have one or more Concepts related to it.

When the next Learning Goal is activated, the student
can take the self assessment test. The Knowledge Map
is updated that helps student get feedback about their
expertise of the topic. Figure 3 shows the current version
which is expected to be further updated. In the social
comparison setting, the student is shown the average per-
formance of their peers as well. For research purposes,
visibility of the social comparison widgets is configurable
to provide a different view to each student based on their
experiment group. The student can explore their knowl-
edge and take the right remedial action through a list of
learning resources.

At the time of writing, Studylens is planned to be used
as a part of courses related to Evolutionary Biology at
Utrecht University in The Netherlands. The courses are
conducted over three-month terms and expected to be
taken by 120-480 students. Studylens is recommended
to the students as a self evaluation tool that can help
them find their strong and weak points, and recommend
remediation material to improve their understanding of
the topics.

3.2.3. Technical Details

Studylens is built with Flask, a Python web framework
at the backend. The database is MySQL, and the front
end is based on a popular Javascript framework that pro-
vides a highly extensible component based design. The
system is designed to provide user interfaces based on
the experiment groups a user is allotted to.

A minimalistic Learning Record Store (LRS) is imple-
mented in the database that stores users’ activities in
terms of actor (the student), verb (loading an activity, an-
swering a question etc), and object (question or learning
material). At later stage, this may be replaced by a full
fledged LRS based on research requirements.

4. Planned Experiments

In the second year of this project (July 2022-June 2023),
we have planned a project to explore different methods
for personalized support with focus on exploring SC as
a vehicle to motivate students with non-mandatory ed-
ucational content. Studylens will be used as a learning
support system for three courses at the department of
Biology. These are all related to Evolutionary Biology at
Year 1 and Year 2 of their undergraduate degree program.

Students will be able to take formative tests and a
dashboard (Knowledge Map) will display their progress
of mastery with respect to the Concepts covered in these
courses. The interactive dashboard will help them ex-
plore the topics, learning goals, concepts better and de-
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Figure 4: Experiments in Academic Year 2022-23

cide the learning activities that can help them fill the
gaps in their learning.

At certain points in these courses, we will also use mo-
tivation inventories to understand different motivation
profiles. We will also monitor app logs and User Experi-
ence logs to monitor user’s engagement with the applica-
tion. This can be used for comparative studies based on
controlled experiments. We are specifically interested in
analyzing the effect of the proposed SC interface in the
TEL system on students’ motivation, engagement and
learning. We will examine user activity in the system,
their grades outside the system, and possible changes in
their motivation profile.

In these experiments, we will attempt to collect and
analyze the data to be able to answer second and third
research questions mentioned in the previous section.
This will allow us to validate our hypothesis about the
impact of social comparison information. The fourth
research question may need further refinement based on
the results of these experiments. The timeline of these
experiments is shown in Figure 4. This offers us enough
data collection, analysis and further improvements to the
system.

4.1. Social Comparison and Motivation
Inventories

A sub-task during preparations for the first experiment
will be to study and develop questionnaires that can
help us understand students’ perceptions and inclina-
tions based on different types and directions of social
comparison and motivation profiles.

The need of this research may lead to creation of an
inventory that can provide us insight into how SC affects
a students’ motivation. We are currently exploring using
the items from Goal Achievement Framework[52] for
studying performance and mastery orientation. Identifi-
cation Contrast Scale[53] has been used to study effect
of social comparison on cancer patients. We will test if
this can be modified to use in studying SC in educational
setup. Another highly popular inventory based on Self
Determination Theory [54, 55] is a 22-item Motivation
inventory that focuses on studying intrinsic motivation.
6-item Social comparison Concern Questionnaire [56]
examines SC concern that can help us support the claim
for adaptive SC in TEL.

4.2. Privacy and Ethical Concerns

We have thoroughly analyzed the privacy and ethical con-
cerns related to any experiment of this kind. To mitigate
the privacy risks, we have devised that the user’s details
in the system will be synthetic, and the teachers of the
courses would map the user ids with actual students in
the class. Meanwhile the teachers will not have access to
the database or any internals of our system. This creates
a safe barrier, thus allow anonymity during the data col-
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lection and analysis. Meanwhile use of the software, data
collection, and participation in the motivation profiling
surveys will be voluntary.

The aim of any TEL system is to devise the ideas that
lead to discovery of more effective learning methodolo-
gies. This research can potentially impact how the Social
Comparison information is visualized and used in learn-
ing softwares.

4.3. Plans for Future Work

The first set of experiments will be concluded by the
middle of 2023 which would give adequate insights on
the factors that determine the effect of SC on students’
motivation and learning outcome. This will help in the
development and refinement of effective interfaces for
conveying SC information. This would be followed by
providing adaptive SC interfaces to the students and com-
paring their effects with respect to student controlled and
static social comparison.

5. Expected Contributions

This research will contribute to the empirical knowl-
edge in Technology Enhanced Learning and Pedagogy
domains. The outcomes of this research will allow us
to gain a thorough and coherent understanding about
how Social Comparison affect different behavior profiles,
and create a system that adapts to a learner’s behavior
and provides them the Social Comparison cues that will
motivate them.

The learning support system being built as a part of
this research, Studylens, will be used to help students to-
wards Self Regulated Learning. Though the experiments
that are planned in the next year are related to Biology
students, the tool and the ideas are domain independent
and can be easily applied to other subjects and areas like
computer science and soft skill training. We believe this
research would lead to adaptation of SC methods that
help the students achieve their learning goals.

References

[1] L. Festinger, A theory of social comparison pro-
cesses, Human Relations 7 (1954) 117-140. URL:
https://doi.org/10.1177/001872675400700202. doi:10.
1177/001872675400700202.

[2] T.A.Wills, Downward comparison principles in so-
cial psychology., Psychological Bulletin 90(1) (1981)
245-271. doi:https://doi.org/10.1037/0033-2909.
90.2.245.

[3] judith A. Chafel, Social comparisons by young
children: A structural analysis., Early Childhood

Research Quarterly 1(2) (1986) 155-165. doi:https:
//doi.org/10.1016/0885-2006(86)90026-8.

[4] J. Veroff, Social comparison and the development
of achievement motivation, Achievement-related
motives in children (1969) 46-101.

[5] L. B. Seidner, D. J. Stipek, N. D. Feshbach, A de-
velopmental analysis of elementary school-aged
children’s concepts of pride and embarrassment.,
Child Development 59 (1988) 367-377. doi:10.2307/
1130316.

[6] F.X.Gibbons,B. P. Buunk, Individual differences in
social comparison: Development of a scale of social
comparison orientation, Journal of Personality and
Social Psychology 76(1) (1999) 129-142. doi:https:
//doi.org/10.1037/0022-3514.76.1.129.

[7] H.Blanton, B. P. Buunk, F. X. Gibbons, H. Kuyper,
When better-than-others compare upward: Choice
of comparison and comparative evaluation as inde-
pendent predictors of academic performance., Jour-
nal of personality and social psychology 76 (1999)
420.

[8] C.]J. Meisel, C. J. Blumberg, The social compari-
son choices of elementary and secondary school
students: The influence of gender, race, and friend-
ship, Contemporary Educational Psychology 15
(1990) 170-182.

[9] I. Régner, J.-M. Montelil, Low-and high-

socioeconomic status students preference for in-

group comparisons and their underpinning ability
expectations, Revue Internationale De Psychologie

Sociale-International Review of Social Psychology

20 (2007) 87-104.

P. Dijkstra, H. Kuyper, G. Van der Werf, A. P. Buunk,

Y. G. van der Zee, Social comparison in the class-

room: A review, Review of educational research 78

(2008) 828-879.

F. Dumas, P. Huguet, J.-M. Monteil, C. Rastoul, J. B.

Nezlek, Social comparison in the classroom: Is

there a tendency to compare upward in elementary

school, Current Research in Social Psychology 10

(2005) 166-187.

L Régner, F. Loose, A. Smeding, F. Dumas, A social

side of academic achievement goals: The influence

of ethnic and gender identities., in: 16th General

Meeting of the European Association of Social Psy-

chology, 2011.

B. P. Buunk, F. X. Gibbons, Toward an enlighten-

ment in social comparison theory, in: Handbook

of Social Comparison, Springer, 2000, pp. 487-499.

[14] J. Suls, L. Wheeler, A selective history of classic

and neo-social comparison theory, in: Handbook

of social comparison, Springer, 2000, pp. 3-19.

D. Persico, M. Passarelli, F. Manganello, F. Pozzi,

F. M. Dagnino, A. Ceregini, G. Caruso, Automatic

feedback, self-regulated learning and social com-

(10]

(12]

(13]

(15]


https://doi.org/10.1177/001872675400700202
http://dx.doi.org/10.1177/001872675400700202
http://dx.doi.org/10.1177/001872675400700202
http://dx.doi.org/https://doi.org/10.1037/0033-2909.90.2.245
http://dx.doi.org/https://doi.org/10.1037/0033-2909.90.2.245
http://dx.doi.org/https://doi.org/10.1016/0885-2006(86)90026-8
http://dx.doi.org/https://doi.org/10.1016/0885-2006(86)90026-8
http://dx.doi.org/10.2307/1130316
http://dx.doi.org/10.2307/1130316
http://dx.doi.org/https://doi.org/10.1037/0022-3514.76.1.129
http://dx.doi.org/https://doi.org/10.1037/0022-3514.76.1.129

Aditya Joshi CEUR Workshop Proceedings

(16]

(17]

(20]

parison: A case study, Qwerty-Open and Inter-
disciplinary Journal of Technology, Culture and
Education 15 (2020) 27-44.

B. Yousuf, O. Conlan, Visen: Motivating learner
engagement through explorable visual narratives,
in: G. Conole, T. Klobu¢ar, C. Rensing, J. Konert,
E. Lavoué (Eds.), Design for Teaching and Learn-
ing in a Networked World, Springer International
Publishing, Cham, 2015, pp. 367-380.

S. Govaerts, K. Verbert, J. Klerkx, E. Duval, Visu-
alizing activities for self-reflection and awareness,
in: X. Luo, M. Spaniol, L. Wang, Q. Li, W. Nejdl,
W. Zhang (Eds.), Advances in Web-Based Learning
- ICWL 2010, Springer Berlin Heidelberg, Berlin,
Heidelberg, 2010, pp. 91-100.

J. Fritz, Video demo of umbc’s “check my activity”
tool for students, Educause Quarterly 33 (2010).
URL: https://www .learntechlib.org/p/109175.

J. Guerra, R. Hosseini, S. Somyurek, P. Brusilovsky,
An intelligent interface for learning content: Com-
bining an open learner model and social compari-
son to support self-regulated learning and engage-
ment, in: Proceedings of the 21st international
conference on intelligent user interfaces, 2016, pp.
152-163.

P. Brusilovsky, S. Somytirek, J. Guerra, R. Hosseini,
V. Zadorozhny, P. J. Durlach, Open social student
modeling for personalized learning, IEEE Transac-
tions on Emerging Topics in Computing 4 (2015)
450-461.

J. Suls, R. Martin, L. Wheeler, Social compari-
son: Why, with whom, and with what effect?,
Current Directions in Psychological Science 11
(2002) 159-163. URL: https://doi.org/10.1111/
1467-8721.00191. doi:10.1111/1467-8721.00191.
arXiv:https://doi.org/10.1111/1467-8721.00191.
B. J. Zimmerman, Becoming a self-regulated
learner: Which are the key subprocesses?, Con-
temporary Educational Psychology 11 (1986)
307-313. URL: https://www.sciencedirect.com/
science/article/pii/0361476X86900275. doi:https://
doi.org/10.1016/0361-476X(86)90027-5.

R. Pérez-Alvarez, J. Maldonado-Mahauad, M. Pérez-
Sanagustin, Tools to support self-regulated learn-
ing in online environments: Literature review,
in: V. Pammer-Schindler, M. Pérez-Sanagustin,
H. Drachsler, R. Elferink, M. Scheffel (Eds.), Lifelong
Technology-Enhanced Learning, Springer Interna-
tional Publishing, Cham, 2018, pp. 16-30.

B. Huang, K. F. Hew, Do points, badges and
leaderboard increase learning and activity: A quasi-
experiment on the effects of gamification, in: Pro-
ceedings of the 23rd International Conference on
Computers in Education, Society for Computer in
Education Hangzhou, China, 2015, pp. 275-280.

(25]

(26]

(28]

(29]

(32]

[34]

P. Fotaris, T. Mastoras, R. Leinfellner, Y. Rosunally,
Climbing up the leaderboard: An empirical study
of applying gamification techniques to a com-
puter programming class., Electronic Journal of
e-learning 14 (2016) 94-110.

S. Bai, K. F. Hew, M. Sailer, C. Jia, From top to
bottom: How positions on different types of leader-
board may affect fully online student learning per-
formance, intrinsic motivation, and course engage-
ment, Computers & Education 173 (2021) 104297.

H. Bretzke, J. Vassileva, Motivating cooperation on
peer to peer networks, in: P. Brusilovsky, A. Cor-
bett, F. de Rosis (Eds.), User Modeling 2003, Springer
Berlin Heidelberg, Berlin, Heidelberg, 2003, pp.
218-227.

J. Vassileva, Harnessing p2p power in the class-
room, in: J. C. Lester, R. M. Vicari, F. Paraguacu
(Eds.), Intelligent Tutoring Systems, Springer Berlin
Heidelberg, Berlin, Heidelberg, 2004, pp. 305-314.

J. Vassileva, L. Sun, Evolving a social visualiza-
tion design aimed at increasing participation in a
class-based online community, International Jour-
nal of Cooperative Information Systems 17 (2008)
443-466.

L. H. Hsiao, P. Brusilovsky, Motivational social vi-
sualizations for personalized e-learning, in: 21st
Century Learning for 21st Century Skills, Springer
Berlin Heidelberg, Berlin, Heidelberg, 2012, pp.
153-165.

L-H. Hsiao, J. Guerra, D. Parra, F. Bakalov, B. Kénig-
Ries, P. Brusilovsky, Comparative social visualiza-
tion for personalized e-learning, in: Proceedings
of the International Working Conference on Ad-
vanced Visual Interfaces, 2012, pp. 303-307.

L-H. Hsiao, F. Bakalov, P. Brusilovsky, B. Kénig-
Ries, Progressor: Social navigation support through
open social student modeling, New Review of
Hypermedia and Multimedia 19 (2013) 112-131.
doi:10.1080/13614568.2013.806960.

S. Bull, See yourself write: A simple student model
to make students think, in: A. Jameson, C. Paris,
C. Tasso (Eds.), User Modeling, Springer Vienna,
Vienna, 1997, pp. 315-326.

D. Hartley, A. Mitrovic, Supporting learning
by opening the student model, in: S. A. Cerri,
G. Gouarderes, F. Paraguacu (Eds.), Intelligent Tu-
toring Systems, Springer Berlin Heidelberg, Berlin,
Heidelberg, 2002, pp. 453-462.

[35] J. Guerra, D. Parra, P. Brusilovsky, Encouraging

online student reading with social visualization,
volume 1009, 2013.

[36] J. Barria-Pineda, P. Brusilovsky, D. He, Reading

(37]

mirror: Social navigation and social comparison for
electronic textbooks, in: iTextbooks@AIED, 2019.
B. Rahdari, P. Brusilovsky, K. Thaker, J. Barria-


https://www.learntechlib.org/p/109175
https://doi.org/10.1111/1467-8721.00191
https://doi.org/10.1111/1467-8721.00191
http://dx.doi.org/10.1111/1467-8721.00191
http://arxiv.org/abs/https://doi.org/10.1111/1467-8721.00191
https://www.sciencedirect.com/science/article/pii/0361476X86900275
https://www.sciencedirect.com/science/article/pii/0361476X86900275
http://dx.doi.org/https://doi.org/10.1016/0361-476X(86)90027-5
http://dx.doi.org/https://doi.org/10.1016/0361-476X(86)90027-5
http://dx.doi.org/10.1080/13614568.2013.806960

Aditya Joshi CEUR Workshop Proceedings

(38]

(39]

Pineda, Using knowledge graph for explainable
recommendation of external content in electronic
textbooks, 2020.

T. Loboda, J. Guerra, R. Hosseini, P. Brusilovsky,
Mastery grids: An open source social educa-
tional progress visualization, 2014. doi:10.1007/
978-3-319-11200-8_18.

A. Leonardou, M. Rigou, J. Garofalakis, Adding
social comparison to open learner modeling, in:
2019 10th International Conference on Information,
Intelligence, Systems and Applications (IISA), 2019,
pp. 1-7. doi:10. 1109/TTSA. 2019.8900763.

D. Davis, . Jivet, R. F. Kizilcec, G. Chen, C. Hauff,
G.-J. Houben, Follow the successful crowd: Rais-
ing mooc completion rates through social com-
parison at scale, in: Proceedings of the Sev-
enth International Learning Analytics & Knowl-
edge Conference, LAK 17, Association for Com-
puting Machinery, New York, NY, USA, 2017,
p. 454-463. URL: https://doi.org/10.1145/3027385.
3027411. doi:10.1145/3027385.3027411.

C. Herodotou, A. Boroowa, M. Hlosta, B. Rienties,
What do distance learning students seek from stu-
dent analytics? (2020).

S. Sosnovsky, Q. Fang, B. d. Vries, S. Luehof, F. Wie-
gant, Towards adaptive social comparison for ed-
ucation, in: European Conference on Technology
Enhanced Learning, Springer, 2020, pp. 421-426.
S. Guimond, N. R. Branscombe, S. Brunot, A. P. Bu-
unk, A. Chatard, M. Désert, D. M. Garcia, S. Haque,
D. Martinot, V. Yzerbyt, Culture, gender, and the
self: variations and impact of social comparison
processes., Journal of personality and social psy-
chology 92 (2007) 1118.

S. Y. Park, Y. M. Baek, Two faces of social com-
parison on facebook: The interplay between social
comparison orientation, emotions, and psychologi-
cal well-being, Computers in Human Behavior 79
(2018) 83-93.

A.P. Buunk, F. X. Gibbons, Social comparison ori-
entation: A new perspective on those who do and
those who don’t compare with others. (2006).

N. E. Frye, B. R. Karney, Being better or getting
better? social and temporal comparisons as coping
mechanisms in close relationships, Personality and
Social Psychology Bulletin 28 (2002) 1287-1299.

F. Wolff, F. Helm, F. Zimmermann, G. Nagy,
J. Méller, On the effects of social, temporal, and di-
mensional comparisons on academic self-concept.,
Journal of Educational Psychology 110 (2018) 1005.
S.Redersdorft, S. Guimond, Comparing oneself over
time: The temporal dimension in social comparison.
(2006).

M. D. Hanus, J. Fox, Assessing the effects of gami-
fication in the classroom: A longitudinal study on

[50]

(51]

intrinsic motivation, social comparison, satisfac-
tion, effort, and academic performance, Computers
& education 80 (2015) 152-161.

A. Cooke, D. Smith, A. Booth, Beyond pico: The
spider tool for qualitative evidence synthesis, Qual-
itative Health Research 22 (2012) 1435-1443. doi:10.
1177/1049732312452938, pMID: 22829486.

D. Moher, L. Shamseer, M. Clarke, D. Ghersi,
A. Liberati, M. Petticrew, P. Shekelle, L. Stewart,
D. Altman, A. Booth, A. Chan, S. Chang, T. Clifford,
K. Dickersin, P. Gatzsche, J. Grimshaw, T. Groves,
M. Helfand, J. Higgins, E. Whitlock, Preferred
reporting items for systematic review and meta-
analysis protocols (prisma-p) 2015 statement, Sys-
tematic reviews (2015).

A.J. Elliot, H. A. McGregor, A 2x2 achievement
goal framework, in: American Psychological Asso-
ciation, 2001, pp. 501-519.

K. I. Van Der Zee, B. P. Buunk, R. Sanderman,
G. Botke, F. Van Den Bergh, The big five and
identification—contrast processes in social compari-
son in adjustment to cancer treatment, European
Journal of Personality 13 (1999) 307-326.

E. L. Deci, R. M. Ryan, Intrinsic Motivation and Self-
Determination in Human Behavior, Springer, New
York, NY, 1985.

R. M. Ryan, E. L. Deci, Self-determination theory
and the facilitation of intrinsic motivation, social
development, and well-being., American psycholo-
gist 55 (2000) 68.

M. Micari, P. Pazos, Worrying about what others
think: A social-comparison concern intervention
in small learning groups, Active learning in higher
education 15 (2014) 249-262.


http://dx.doi.org/10.1007/978-3-319-11200-8_18
http://dx.doi.org/10.1007/978-3-319-11200-8_18
http://dx.doi.org/10.1109/IISA.2019.8900763
https://doi.org/10.1145/3027385.3027411
https://doi.org/10.1145/3027385.3027411
http://dx.doi.org/10.1145/3027385.3027411
http://dx.doi.org/10.1177/1049732312452938
http://dx.doi.org/10.1177/1049732312452938

Towards a multi-faceted framework for planning and evaluating
innovation in Engineering Education

Erna Engelbrecht , Remon M. Rooij and Marcus M. Specht

Delft University of Technology, Mekelweg 5, Delft, 2628 CD, The Netherlands

Abstract

For universities, educational change at institutional level is a slow process [1], [2]. To keep up
with societal and technological advancement, education innovation project leaders at
universities need practical guidelines and procedures in place that will enable sustainable and
scalable innovation that can meet the needs of industry as we transition from Industry 4.0 to
Industry 5.0 [3]. To develop such guidelines and procedures, we need to conduct socially
responsible, evidence-based educational research [4]. This paper is part of a larger study during
which we will conceptualize the planning and evaluation of innovation in engineering education
at the Delft University of Technology (TU Delft). From this conceptualization, a framework for
planning and evaluation of education innovation will emerge. The data collection process will
take place in six phases: (1) Exploration of the problem (2) feasibility studies;
(3) conceptualization and development of the framework; (4) piloting of the framework and its
associated processes; (5) field study; and lastly, (6) evaluation of the framework. This paper
provides an initial overview of the literature, as well as an explanation of the proposed research

methodology.
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1. Introduction

The COVID pandemic, conflict with world
powers, the consequent fast tracking of energy
transition, and the exponential advancement of
technology brings about novel problems that
need novel solutions. As a consequence,
education is in need of transformation [3], [5],
[6]. Universities of technology are responsible
for the education of engineers who need to be
equipped with holistic skill sets for dealing with
an increasingly unpredictable future.

Unfortunately, universities are slow to
change [1], [2] and innovations are often short-
lived [7]. Consequently, time and money is
spent with little to no impact, while graduates
may find themselves insufficiently prepared to
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work in an unpredictable and unstable world
[8].

There is a need for socially responsible,
evidence-based educational research [4] to
produce practical guidelines and appropriate
measurement instruments that can support
sustainable innovation in engineering education
that meet the needs of future graduates and an
ever-changing society [9]-[11].

In this paper we describe the initial plan for
a research initiative during which we will
develop a multifaceted innovation framework
that can guide the planning and evaluation of
innovation initiatives in Higher Engineering
Education (HEE). This framework will serve
project teams and individuals at all levels,
including educators, educational support staff
and management. It is envisioned that this



framework would help to align, for example, its
users’ goals, expectations, resource allocation
and communication flows.

The purpose of this endeavor is to facilitate
the feasibility, impact and sustainability of
innovations in engineering education. To this
end, the following research questions will be
addressed:

1. How can we define the contextual
characteristics that influence
innovation in HEE?

2. How can we conceptualize the planning
and evaluation of innovation in
engineering education?

3. To what extent can this
conceptualization be applied to ensure
feasibility, sustainability and impact of
education innovation that aligns HEE
with the needs of society and industry?

Each research question will be addressed
during the different phases of a larger research
project. The research questions will be refined
after a more in-depth literature review has been
conducted.

2. Theoretical background

This study is initiated at a time when a
global pandemic, conflict with world leaders,
energy transition and data privacy is
dominating Western media. The question is
whether or not continuation of our current
education system will suffice in preparing our
engineering students for such an unpredictable
and insecure future. For example, the COVID
pandemic led to a shift in how many companies
do business, and pushed industry and education
towards online and hybrid methods. At the
same time emergency energy transition plans
are being developed as a consequence of the
conflict in Eastern Europe.

What kind of engineering professionals do
we need in such a rapidly changing world?
What kind of curriculum agility do we need in
these kinds of circumstances? Does the
engineering education community need to wait
for the next crisis for large scale innovation and
fundamental changes to take place?

This review of the literature first provides a
brief introduction to why innovation in
engineering education is needed. Next, the
facilitation of innovation and the consequences
of unguided, unsupported innovation is

discussed. We then look at a number of existing
frameworks for innovation and the evaluation
thereof, before positioning the current study.

2.1 Why innovate?

There are various definitions of innovation
discussed in detail in the literature [12]-[14].
For the purpose of this study, however,
education innovation will be defined as: Any
change that significantly increases the impact
on education processes.

This initial definition will be further
informed and refined as the research project
develops. Currently, the definition is
purposefully open to interpretation to allow for
flexibility and freedom for exploration until a
more comprehensive definition emerges.

Why is innovation in engineering education
needed? The world is changing fast due to
societal and technological developments, and
HEE needs to keep up the pace. Some authors
[15]-[17] argue that a new type of engineering
graduate is needed for taking on global
problems in an unpredictable and probably
unstable future [8] as we transition to Industry
5.0 [3], [18], [19]. There are more works
providing a lengthier discussion on this matter
[8], [13], [20], however, we will briefly touch
on it here as well. This is not to say that we can
predict the future to determine with accuracy
what skills our (future) graduates will need — we
can only make educated guesses.

The literature speculates, for example, on
the significance of automation, the Internet-of-
Things, Artificial Intelligence, and big data
[21]-[23].

In addition to technological developments,
there are also growing concerns of global
problems such as data privacy, climate change,
pollution, food insecurity and a need for energy
transition. Our ‘educated guessing’ could
therefore focus on tasks that cannot (yet) be
performed by machines, or tasks performed in
collaboration with machines that require human
intervention, for example, critical thinking and
ethical decision-making.

Furthermore, our graduates will also need
durable skills such as digital literacy, analytical
thinking, resilience and problem-solving [3],
(6], [18].

Education innovation not only happens top-
down (instruction from institutional and faculty
managers, program leaders, lawmakers and



policy makers), but also takes place bottom-up.
These innovations are often driven by educators
or course teams, student feedback, changes in
the field (and consequent updating of course
content), funding (or lack thereof) and/or
increase in student numbers. Such innovations
tend to be introduced incrementally, which
might lead to loss of coherence within the
program [1].

To keep programs up to date, course content,
curricula and teaching methods need
coordinated renewal strategies. In fact, not only
do we need renewal, but more fundamental
transformation is needed to ensure coherence in
curricula that equips our graduates with the
skills needed to face our (rapidly changing) real
world problems.

2.2 Facilitation of innovation

At the start of the pandemic we found
ourselves in an emergency situation where we
were forced to find alternative methods for
conducting everyday business. Many educators
hastened to get their courses online, while
others were more reluctant to adapt, hoping that
life would get back to normal soon. During this
time, institutions were forced to adjust and
innovate quickly. At TU Delft, pockets of
innovation initiatives became more visible as
practitioners were trying to find alternatives
and reaching out for help. However, most of
these initiatives were somewhat painful,
uncoordinated, and sporadic at best, since there
was no emergency plan in place.

Educators who have been teaching using the
blended course format seemed to have adapted
more quickly to the situation than those who
were newer to online education [24]. The
authors go on to explain that centralized support
initiatives were emerging, and as the pandemic
progressed, an increasing amount of
cooperation and exchange of information was
observed.  Unfortunately, = communication
thereof did not always seem to reach those who
needed it [24].

One example of this is the large number of
educators opting to use Zoom for presenting
their lectures online, despite it neither having
been an approved, nor centrally supported at
TU Delft. In fact, the sheer number of Zoom
users was so overwhelming that the university
was forced to negotiate licensing agreements

with the service provider, and produce
guidelines for best practices.

At the time of writing, there were plans for
eventually phasing out many of these
‘emergency online education’ tools and
replacing them with policy compliant
alternatives. In hindsight, what was needed was
a framework for educators and support
personnel to evaluate the feasibility and
suitability of the tool; guidance for good
practices during usage; and eventually making
informed decisions by evaluating how it was
used, its impact, and to determine how to go
forward. Addressing this need will be the main
objective of this study.

The intention here would not be to create an
additional hurdle, but rather to equip
practitioners with a framework for making
better decisions that are more sustainable in the
long run in all aspects of the education process.
The framework should open communication
lines between various levels of stakeholders to
ensure feasibility, impact, sustainability, and
dissemination of education innovations in the
engineering domain.

2.3 Scoping existing education
innovation evaluation frameworks

To position this research initiative in the
research field, an initial literature search was
done using Google Scholar. This was chosen to
get a general idea of what is already available
on this topic. Once the research project has been
approved, a more rigorous search will be
conducted, as described further on in Research
methodology in section 3.

In this section we will provide a brief
introduction to five evaluation frameworks.
The overview will identify similarities and
differences in the elements which the
frameworks consist of, as well as any patterns
that might emerge.

By investigating formative, summative and
illuminative evaluation goals, a 10-step process
model was proposed [25] which defines the
stages in the process of evaluating education
innovations. According to this model, both the
academic context and the governing policies
need to be taken consideration in the first stage,
as these can have a ‘significant impact on
innovative practices’.



When defining the academic context, the
author included the curriculum, the teaching
processes, and learning. In terms of policy, both
policies at institutional level, as well as policies
that govern the tertiary education sector were
taken into account. This initial step of defining
the context and policy framework is then
followed by defining the goals of the
evaluation; identification of stakeholders;
aspects of the innovation and criteria for
evaluation; data collection and analysis; as well
and dissemination of the findings.

Another process-based framework [2] maps
out the process of innovation in Higher
Education, and includes the following:

e  Identifying the current stage of the

innovation implementation process and

associated challenges. The stages are (1)

recognition of need, (2) planning, (3)

initiating, and (4) institutionalization.

e  Determining the aim, type, nature and

measures to institutionalize the innovation.

e Identifying the innovation itself, the

problem it addresses, and the people

involved in the innovation activity.

e Evaluating the learning curve and

adjusting aims and methods for

institutionalization.

e  Analyzing potential factors that might

affect institutionalization of an innovation

(opportunity, compatibility and agency).

This framework provides a very useful
insight on the complexity and instructiveness of
the innovation process itself. By taking these
elements into account, the framework can
provide a starting point for identifying elements
for consideration to minimize potential pitfalls
that could hinder dissemination of innovations.

[26] attempted to develop a more
contextualized  evaluation = methodology.
Although the framework was developed with
the purpose of evaluating courses, instead of
innovations in education, it is worth looking at
the framework to inform the evaluation
(application) process of the framework under
development in the current study. The
framework includes the following aspects:
purpose (of the evaluation), content (what to
evaluate), usage (by whom the analysis will be
done and how the results will be shared), and
method (when and how evaluations should be
done).

[27] developed a framework that serves to
ensure responsible innovation. It informs the

framework under development in that it
addresses the following four dimensions:
anticipation (being in touch with social and
technological change), reflexivity (adjusting
behavior based on past experiences), inclusion
(involving a wider circle of contributors), and
responsiveness (adapting in response to
changing circumstances). These dimensions
align with the underpinning reasons for the
need for innovation, discussed earlier in this
review, and according to the authors, have
emerged from public debate on new
developments in science and technology.

[15] developed the Course Innovation
Framework (CIF) with which to analyze
multiple aspects of course innovation. Aimed at
policy makers and educators, this framework
provides input for analyzing, mapping out and
making decisions on course innovations. Using
Curriculum Development Theory [28] as part
of the conceptual foundation, the intended,
implemented and attained forms of innovation
were taken into consideration. Within the CIF
framework, different stages of the course
innovation life cycle, as well as different
processes of innovation are considered.
Furthermore, the framework is both informed
by the literature and policy (top-down), as well
as practice and interviews (bottom-up).

From this brief discussion, the following
preliminary conclusions can be drawn:
e  The impact on student learning should
be one of the main aspects of a framework,
as it gives an important indication of the
impact of the innovation;
e  Stakeholders should be another key
element — not only the students, but the
educators themselves, and management.
e The institutional context and the
policies that apply to it can have
implications for the dissemination process
of innovations; and
e  Education innovations should serve a
specific purpose. More strongly put, it
should solve a specific problem. The
framework should help to conceptualize the
problem and how it can be solved.
Based on these points we can already identify
important elements that will define ‘innovation’
in this study. Besides, of course, it being novel,
it should have a (positive) impact on its
stakeholders, be compliant with policy



requirements and be fit for purpose by solving
some or other problem.

2.4 Positioning the framework to be
developed during this study

Although many authors have investigated
innovation  evaluation and  evaluation
frameworks in the past, each of them was
conducted within their unique institutional and
educational contexts. It could be assumed that
the discussion on evaluation frameworks for
HEE will continue to evolve organically as the
world changes and education follows suit. The
present study aims to contribute to this
evolution, specifically in the light of global
challenges that urgently need to be considered
in the renewal and development processes in
engineering education.

Both top-down and bottom-up innovation
can flourish when managerial support is in
place and open communication lines are
maintained. If not, innovation initiatives are
stifled, making it more difficult (and costly) to
bring about change. The intended evaluation
framework aims to contribute in that regard:
increasing the autonomy and impact of all
levels of innovative project leaders, ensuring
that their innovations contribute to the shared
goals of the degree program and/or institution.

Therefore, the framework to be developed
should be comprehensive enough to serve as a
multi-stakeholder instrument that can be
applied firstly as a forecasting tool to determine
education innovations’ potential, feasibility and
fit within the institutional context and assist in
the planning and design phases; secondly to
inform the implementation process; and thirdly
for the assessment of those innovations in terms
of impact, sustainability, and dissemination.

In addition to this, this study aims to
contribute to the discussion on fundamental
changes needed in engineering education . In an
attempt to accomplish this, the framework will
be developed in collaboration with various
engineering education innovation project
leaders. This will be done by building on
existing innovation initiatives of educators, and
in turn, support with dissemination of their
work. Ultimately, a consolidated, multi-
stakeholder framework will emerge that can be
applied widely across the institution, aligning
innovation practice bilaterally.

3. Research methodology

To address the research questions, the data
collection for this sequential mixed methods
study will be done in six phases. The following
table summarizes the phases that will be
undertaken in the current study:

Table 1
Research phases, based on [29]

Phases Description
Phase 1: . .
Exploration of Systematized literature

P review, PRISMA
the problem . . .
Analysis of innovation
through . .
project documentation
secondary

data collection
Testing initial framework

design

Phase 2: Interview project leaders

Feasibility for feedback

study Reflection, and
implementation of
improvements

Phase 3:

Group concept mapping
in collaboration with
project leaders
Development of initial
framework

Primary data
collection and
analysis; and
development
of intervention
Piloting framework
Interview/focus group
discussions with project
leaders/project groups
Reflection and implement
improvements after each
iteration

Apply framework to
innovation initiatives — at
least 1 x before, 1 x during
and 1 x after

Phase 4:
Prototyping

Phase 5: Field  implementation of

study innovation
Reflection and
implementation of
improvements after each
iteration

Phase 6:

Feedback and Evaluation of framework
reflection




During the first phase, the problem itself and
its context will be explored.

This phase aims to address the first research
question:

1. How can we define the contextual
characteristics that influence innovation in
HEE?

A systematized literature review will be
conducted for an in-depth theoretical
understanding of the context within which
innovation in engineering education should
take place. Considering the advancement of
technology and developments in society at
large, education needs to be updated to be able
to meet the demand of skills and knowledge
needed in the future, as discussed earlier.

The systematized method for literature
review will be followed to ensure academic
rigor similar to a systematic review, while
allowing for some flexibility to complete the
review in good time. In fact, a systematized
review is recommended for post-graduate
research [30].

During Phase 2 we will conduct two
feasibility studies. First, we will test the
primary data collection process that will take
place in Phase 3. After Phase 3 (development of
the framework) has been completed, another
feasibility study will be conducted to test the
implementation process and usability of the
framework itself (in effect extending Phase 2
beyond Phase 3). Improvements will be made
by reflecting on how the process went, and
based on interviews with participants of the
feasibility studies.

During Phase 3 the primary, mixed method
data will be collected by means of Concept
Mapping [31]. Here, project leaders will be
guided through a brainstorming session to
generate ideas on how the planning and
evaluation of innovations should be conducted.
These ideas will then be analyzed by means of
a cluster analysis and multidimensional scaling
to sort, rank and map the ideas. Use of this
technique enables the researcher to fill gaps
where knowledge is incomplete or uncertain by
collecting information which a group of experts
have reached consensus on [31].

Based on this conceptualization, a
framework for education innovation will be
developed. Phase 3, therefore, will aim to
address the second research question:

2. How can we conceptualize the planning
and evaluation of innovation in engineering
education?

During Phases 3 — 5, the research
participants will consist of the project leaders
from innovation initiatives at TU Delft. Project
leaders can include Educators, Educational
Advisors and Managers from the eight TU Delft
faculties and the department of Teaching and
Learning Services (TLS) at TU Delft. The
selection of education innovations which the
participants are involved in will be made to
include, but are not limited to, for example,
education technology, teaching methodology,
learning environments, and course content.
During Phase 1 of the study, a list will be
drafted of participants to include, from which
they will be selected. During the selection
process, the optimal number of participants will
be decided on to get a fair demographic
representation of participants, their innovation
initiatives and the phases they are in.

Phases 4 — 6 will focus on the third research
question:

3. To what extent can this
conceptualization be applied to ensure
feasibility, sustainability and impact of
education innovation that aligns HEE with the
needs of society and industry?

This leads us to Phase 4, where application
of the evaluation framework will be piloted on
a small scale on education innovation cases to
test for feasibility, applicability and impact of
the framework. This will be followed by focus
groups/interviews involving project leaders and
peers for the purpose of feedback and reflection
for improvement, before continuing onto the
next phase. The data will be analyzed, based on
which preliminary conclusions can be drawn.

Then, during the fifth phase, the field study
will be carried out by applying the framework
to education innovation initiatives. Innovations
for this study will be chosen based on the
phases that they are in — before, during, and
after implementation.

For Phases 4 — 5, at least three iterations will
be done, starting with simpler innovations with
a small scope, and then scaling up to larger
innovation initiatives. The size and scope of the
initiatives will be determined relative to each
other and can be as simple as, for example
(hypothetically speaking), using a new tool for
a single activity vs. migration to a new learning
management system.

Lastly, Phase 6 will follow, where the
framework will be evaluated by means of
questionnaires. The questionnaires will be sent
to project leaders and other stakeholders to



evaluate the usefulness, impact (internal and
external), and validity of the framework.
Project leaders as well as Comenius and
Education Fellows from the 4TU (four
Universities of Technology in the Netherlands)
will be included during Phase 6. The evaluation
process will be done for all three stages of
innovation projects — before, during and after
implementation.

This process will be repeated until the
framework is sufficiently validated.

Any problems experienced, or points for
improvement during iterations, will be dealt
with before moving on to the next iteration.
Additional iterations will be added if it is found
that three iterations are insufficient to draw
strong conclusions, or if an iteration has failed
for some reason or another.

By combining qualitative and quantitative
data, a holistic view of the feasibility, impact,
sustainability, and dissemination of innovations
that are guided by the evaluation framework
can be captured. As explained, this will be
conducted in iterations, with moments for
reflection for improvement in-between phases.

4. Ethical considerations and data
management

The research will not impact on human
subjects and there is no foreseen conflict of
interest or risk involved. A detailed data
management plan will be drawn up in
consultation with a TU Delft Data Steward. The
data management plan will detail how the data
will be indexed and made accessible, and
reusable. All data collected during this research
initiative will be stored on a password protected
database on the TU Delft server, as well as the
4TU.ResearchData” repository for scientific
research data in the Netherlands.

5. Dissemination of research

The research progress and results will be
shared at conferences, journal publications,
poster presentations and workshops. The main
topics intended are as follows:

e  Literature review — innovation trends

and contexts, and the way forward

e  Research methodology

2 http://researchdata.4tu.nl

e Data  collection,

discussion of results;

e Literature review on innovation

frameworks and comparison with own

intervention;

e Application of the intervention

developed, and discussion of feedback

received on its application; and

e Evaluation of intervention and

discussion of final results of the study.

Furthermore, cross-departmental sessions
will be held to share progress and new insights
with Teaching and Learning Services (TLS) at
TU Delft. Lastly, workshops will be provided
to other PhD candidates on lessons learned
during the research process.

analysis  and

6. Conclusion

This study will attempt to conceptualize the
process and evaluation of innovation needed to
meet the demand of industry and society. This
conceptualization will serve project leaders of
innovation initiatives both  bilaterally and
during the planning and evaluation phases of
their innovation initiatives.

By providing the right support, tools and
processes in place for planning and evaluating
innovation, educators and teaching teams will
be more equipped to implement feasible,
sustainable and meaningful educational change
that will enable us to train holistically educated
engineers.
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Abstract

Despite the positive effects of Blended Learning (BL), several studies have shown that students require high levels of self-
regulation to succeed in these types of practices. Still, there is little understanding of how students organize their learning
in BL authentic contexts. This paper presents the objectives and current status of a project that seeks to understand how
students’ Self-regulated Learning (SRL) strategies manifest themselves in BL contexts holistically and how to foster it through
technological solutions. The contributions of this project will be three-fold. First, we aim to develop novel analytical and
technological solutions to understand better the dynamics of how self-regulated learning unveils in BL contexts. Second
is the development of a dashboard-based support tool for students and teachers. And third, we will provide evaluations of
the analytical framework and support tool in authentic BL contexts. We expect that these contributions will provide the

community with a better understanding of the dynamics of SRL in BL.

Keywords

Self-regulated Learning, Blended Learning, Learning Analytics

1. Introduction

In the last few years, we have seen Blended Learning (BL)
approaches becoming more varied and commonly applied
[1]. This methodology consists in combining online and
traditional in-person activities [2]. Nonetheless, while BL
has been shown to have positive effects on learning, many
students often have problems regulating their study [3, 4,
2]. This has prompted a growing interest in finding out
how to understand and support students’ self-regulation
abilities in BL.

Self-regulated Learning (SRL) is defined as a complex
process that combines meta-cognitive, motivational, and
emotional processes [5]. Recent literature shows that
students’ SRL ability is a good predictor of their behavior
and success in a course [6]. However, most studies on
SRL have been conducted in online contexts and little
is known about how these processes manifest in BL [3].
Recent works show that students’ SRL manifests differ-
ently depending on pedagogical decisions, such as the
learning context and course modality [3, 7, 8, 9]. For
example, Matcha et al. [9] compared students’ strate-
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gies in a BL course, in a Flipped Classroom (FC), and in
Massive Open Online Courses (MOOCs), showing that
students used similar strategies in BL and FC modalities,
but these differed from the tactics used in MOOCs. More-
over, [3] showed that BL students used SRL strategies
less often than online students. Overall, there seems to
be a strong connection between the course design, the
learners’ SRL ability profile, and the learning strategies
in the course [9, 7].

To support students’ SRL, researchers propose differ-
ent mechanisms. One of these mechanisms is using
dashboard-based tools. These tools provide learners with
information about their progress. Although most of these
tools have been designed and evaluated in online environ-
ments with encouraging results [10], only a few works
show how students incorporate them into their learning
strategies and have an impact on their behavior in BL
courses [11, 12].

In order to give meaningful SRL support in BL it is im-
portant to understand how different external factors (e.g.,
the influence of the teacher or face-to-face classes) and
internal factors (e.g., students’ self-regulation abilities)
affect learners in these contexts. These factors influence
how students will interact with the learning material
along the course. This represents a particular challenge
in TEL, as it implies that strategies observed will be heav-
ily influenced by the dynamics of the system in which
the students operate [13, 14]. This points out the need to
develop new holistic approaches to understand the SRL
behavior of the students better.

This work is part of a 3-year thesis starting in October
2021, in which we expect to contribute to the TEL domain
by addressing these gaps. Specifically, we propose: (1)
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studying new analytics techniques to understand the
development of SRL strategies in BL holistically and (2)
developing technological solutions to support SRL in BL.

2. Objectives and research
questions

The general objective of this project is to investigate the
SRL strategies used by learners in BL scenarios and to
propose and evaluate a Learning Analytics (LA) techno-
logical solution based on user-centered dashboards (for
teachers and students) to support those strategies that
maximize learners’ performance. Three main objectives
are derived from this general objective:

» Objective 1: To propose an analytical framework
to study in a holistic manner how students’ SRL
strategies manifest in BL contexts.

« Objective 2: To design a LA dashboard-based
solution for teachers and students to support SRL
in BL.

« Objective 3: To evaluate the impact of LA solu-
tion on students’ learning strategies and teachers’
decision-making in BL scenarios.

2.1. Measuring SRL in BL

Different methods have been proposed for studying how
SRL manifests in different learning contexts, especially in
online learning environments. These range from using
self reported data [15] to detecting tactics and strate-
gies by using the trace data collected from the course’s
LMS [16, 7, 17, 18, 9]. The latter has seen many contri-
butions from the field of Learning Analytics (LA). Some
examples of these analytical approaches have used tech-
niques derived from temporal analysis and sequence min-
ing [17, 16]. Some studies have also made the connection
between these techniques and the SRL theory [16]. Fan
et al. [16] suggests this theoretical backbone may allow
us to overcome the limitations of the context-specific
nature of LA to perform pedagogical interventions that
go beyond course setting.

Most of these methods have been applied in online set-
tings, and very few have been applied in Blended Learn-
ing settings. The currently applied methods are limited in
capturing the impact of factors such as teacher interven-
tions and face-to-face classes. In fact, current research
applying existing methods in Blended Learning encoun-
ters difficulties in providing indicators on run-time, as
well as in giving a temporal meaning to the collected data.
From this, we derive the following research question:

« RQ1: How can pre-existing LA methods and tech-
niques be adapted and combined with qualitative

methods to create an analytical framework for
characterizing the dynamics of students’ strate-
gies in BL?

2.2. Supporting SRL in BL

Researchers have proposed different approaches to sup-
port students’ SRL processes [19]. The most common
approaches explored are educational prompts and inte-
grated support systems [20]. These solutions transform
raw data into ‘actionable insights’ to produce behavioral
changes in the students [21]. So far, most of this prior
work has been conducted in online settings, such in Mas-
sive Open Online Courses (MOOCs), in which students
have low interaction with the teacher [20]. These stud-
ies suggest that dashboards could be an appropriate ap-
proach for supporting SRL strategies. In particular, the
strategies of goal setting, strategic planning, time man-
agement, and monitoring have been shown to be more
effective for promoting students’ motivation and impact
on course performance.

There are still very few studies looking at these solu-
tions BL contexts (e.g., [22, 23]). These works in BL have
two main limitations. First, the tools focus on support-
ing the students directly, usually overlooking the role
of the teacher. Second, while some tools are based on
theoretical models for SRL, there is still much to under-
stand about their impact on students’ SRL strategies. This
posses the following research questions for the project:

« RQ2: How useful (interpretable, actionable, and
comprehensive) are the existing indicators pro-
vided in the SRL-support dashboard for students
and teachers?

« RQ3: How do SRL support tools influence stu-
dents’ strategies and teachers’ decision-making
in BL scenarios?

3. Project Methodology

Design Based Research (DBR) will be used as a method-
ological approach, which combines experiments in real-
world settings with theoretical models [24]. The inter-
ventions will be based on the NoteMyProgress (NMP)
tool [25], a Moodle plug-in that delivers dashboards with
self-regulation indicators in the course to both students
and teachers (see Figure 1). Three experimental cycles
will be carried out to improve the tool and the analytical
frameworks in an iterative way. After each cycle, the
results will be published as part of the LASER project
following an Open Science Framework.
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Figure 2: Analytical approach used to evaluate the first design cycle [26].

4. Current Results: First Design
Cycle

The first cycle focused on studying students’ behavior in
BL. This cycle had three research questions:

1. How do students’ learning tactics and strategies
manifest along the BL course?

2. Does the NMP tool, designed to support students’
SRL, have an effect on their learning tactics and
strategies?

3. Is there a relationship between students’ learning
strategies, course performance, and SRL ability
profile?

This intervention took place between September 2021
and January 2022. The study consisted on 241 students
from two university courses. At the beginning of the
course, students completed the informed consent for par-
ticipation and a questionnaire to assess their level of SRL.
Midway through the course (week 6), they were intro-
duced to NMP and invited to refer to it to assess their
study strategies [27]. At the end of the course, they were
asked to complete a questionnaire on their sense-making
of the tool [25].

The evaluation of one of these courses is detailed in
[26]. Here, we extended an analytical approach proposed
in Fincham et al. [17] and analyzed the results with re-
spect to students’ SRL ability profile, final performance,

and previous achievements. The approach consists of the
following steps:

1. Separating the activity of the students into
sessions. These correspond to a sequence of
actions not separated by more than 30 minutes
of inactivity.

2. Detecting the underlying tactic of each ses-
sion. A tactic is defined as the underlying pro-
cess that a student is applying in a given period
of time [17]. We used a Hidden Markov Model
(HMM) in order to detect students’ tactics.

3. Detecting students’ strategies. Under the ana-
lytical approach proposed by Fincham et al. [17],
strategies are defined as sequences of tactics ap-
plied by the students. In order to include the con-
text of the BL course, we included in this model
the timing with respect to the face-to-face ses-
sions.

4. Analyzing relationships between strategies
and students’ profile. We analyzed how differ-
ent tactics and strategies applied by the students
related to their SRL ability profile, course perfor-
mance, and previous achievements.

We found that students’ strategies were correlated
with their previous achievements (GPA) and their self-
reported Self-Regulation ability. We also found that the
tactics used by the students varied across modalities and
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were based on the pedagogical decisions of the course.

In terms of the usage of NMP we found that even though
some students incorporated the SRL support tool into
their learning tactics, the use of the tool was relatively
sparse. We also found that, even if the use of the tool was
not mandatory, most of the students interacted with the
indicators relating to Strategic Planning.

While this gives us some insight into the performance
of the students in the course, this methodology still has
some limitations. Mainly, since the methods applied are
"memory-less", we are losing information on the temporal
dynamics of the events. Also, this methodology only
allows us to do a retrospective analysis of the course. This
limits our capability to perform meaningful interventions
on run-time.

5. Future work: Second Design
Cycle

The second design cycle focuses on the role of the teacher
in the BL course, as well as on students’ behavior when
they use support for planning their course. This cycle
will take place between September 2022 and January
2023. Based on the insights from the first cycle, new
developments were made to NMP. We developed new
functionalities of student planning and goal setting (see
Figure 3), and gamification (see Figure 4).

We aim to evaluate this intervention based on the tem-
poral dynamics of the students. Our goal is to understand
how external factors (such as feedback and gamification)
and internal factors (such as student planning) affect the
students’ SRL behavior. Following the recent works by
[14, 28, 29], we will study how context-dependent and
context-independent indicators behaviors throughout the
course and their potential to give meaningful information
to students and teachers. In the short term, we will be fol-
lowing behavior-based indicators already studied in the
literature to provide students feedback week to week. In
the long term, we are looking to develop indicators based
on point processes to capture more complex temporal
behavior from the students. This study will be done in
collaboration with the Millennium Nucleus Student Ex-
perience in Higher Education in Chile (NMEDSUP) to see
how this work can be extended to different institutions
and contexts.

6. Contribution to TEL domain

This work aims at advancing research in TEL, and in
particular in the study of SRL in BL scenarios, with three
contributions. Firstly, we expect to provide the commu-
nity with an analytical framework for understanding the
dynamics of SRL in BL in a holistic manner and taking
into consideration temporal aspects. These tools will help



in analyzing data but also in proposing indicators that
could serve researchers doing interventions on run-time.
Second, we contribute with the NMP tool, a functional
tool that both teachers and students could use to support
SRL, and its evaluation in authentic contexts. The cur-
rent version of the tool is already openly available'. And
third, we expect to contribute with exemplary scenarios
on how to apply our analytical framework in BL.

These contributions will have implications at the the-
oretical level, the analytical level, and the teaching prac-
tices level. We expect that our analytical framework and
proposed tool can give the community greater insights
into how to understand the different factors that affect
the dynamics of SRL in BL. We hope that this allows the
community to have a better understanding of how to
support SRL in a holistic manner.
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Abstract

Artificial Intelligence (Al) is pervading our lives in numerous ways today. It is important to apply ethical principles to guide
the development and usage of Al systems to prevent harms or discrimination through Al algorithms. This has led to various
ethical regulations and guidelines being formed at the corporate, national and supra-national level. The EU AI Act classifies
the usage of Al in education as ‘high-risk’ as “such systems may violate the right to education and training as well as the right
not to be discriminated against and perpetuate historical patterns of discrimination” [1, p. 26]. However, there has been little
attention paid to ethics in Al in Education (AIED) in literature and there is only one existing framework to ethically guide
AIED. AIED ethics is complex as it has to combine both general Al ethics and the ethics of educational technology. We aim to
create a theoretical framework for AIED, comprising implementation guidelines for developers and organizational users of Al
in education. In this paper, an existing draft framework by Holmes et al. is adapted by using insights from literature in the
ethics of Al ethics of educational technology and ethics of AIED.
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1. Introduction

Artificial Intelligence (AI), once a buzzword, is now a re-
ality. It is being used in many aspects of our lives includ-
ing healthcare, transport, communication, agriculture,
finance and education. The usage of Al in classrooms
and in education is promising and provides opportuni-
ties to improve the education process with technological
innovations. Al has been applied in educational contexts
in automation of administrative processes and tasks, cur-
riculum and content development, instruction, and stu-
dents’ learning processes [3]. Al systems have enabled
early detection and redress of learning shortcoming by
analyzing student data - thereby providing a more cus-
tomized learning experience for students [3]. Over the
past decade, the use of Al tools to support or enhance
learning has grown exponentially [4]. In a recent lit-
erature review, Chen et al. looked at 20 years of Al in
Education (AIED) from 2000 to 2019 and shared several
relevant findings: (a) the domain of AIED has received
increased interest in the last few years, owing to the pos-
itive effect of Al on learning performance; (b) there is an
increase in AIED literature over the years, showing an in-
creased scientific output; (c) AIED research is especially
found in interdisciplinary journals with a dual focus on
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education and technology [5].

Ethics plays an important role in guiding the usage of
Al in our lives. As defined by Potter Stewart, “Ethics is
knowing the difference between what you have a right to
do and what is right to do” [6]. It is important to ethically
guide the development and usage of Al for several rea-
sons. The primary reason is that Al is being increasingly
integrated into our lives and therefore has the potential
for widespread influence and direct control over people’s
lives. This means that it could negatively or unfairly im-
pact numerous lives with far-reaching consequences. Al
technologies are being developed at a high speed to au-
tomate tasks that are traditionally done by humans. The
parties implementing the automation of tasks are at risk
of not fully considering the ethical consequences in an ef-
fort to improve efficiency and save costs [7]. When such
automated tasks involve any sort of decision-making by
Al, the decisions can impact the personal well-being of
individuals and have a potential for dangerous conse-
quences.

The EU AT Act [1] classifies the usage of Al in educa-
tion as ‘high-risk’ as “such systems may violate the right
to education and training as well as the right not to be
discriminated against and perpetuate historical patterns
of discrimination” [1, p. 26]. In addition, ethics for AIED
have not been discussed at the forefront of national Al
policy strategies [8]. Schiff examined 24 national Al pol-
icy strategies from G-7 and OECD countries and other
important global actors such as India, China, Russia, Sin-
gapore and Malta [8]. The author found that remarkable
attention has been paid to Al ethics in general, but this
did not imply that attention has been paid to ethics in
AIED in particular. Schiff also noted that the missing role
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of education as a sector is an anomaly because many of
these national Al policy documents “discuss the use of
Al not only for healthcare, but also for transportation,
agriculture, finance, and many other sectors” [8]. In ad-
dition, of the 4-5 countries that discussed AIED as a tool
for teaching, learning and educational administration,
none of them commented on or discussed AIED ethics.
This is a cause of concern as there is no consideration
about the ethical approach to AIED among policymak-
ers [8]. Until now, there exists only one framework for
ethical AIED developed by “The Institute for Ethical Al
in Education’ aimed at those making procurement and
application decisions regarding AIED [9].

ATED ethics is complicated as it has to consider both
general Al ethics and the ethics of educational technol-
ogy. On the one hand, there is an overlap between the
ethics of Al ethics of educational technology and ethics
of AIED - suggesting that they should draw inspiration
from each other [2]. On the other hand, the usage of
AIED systems raises concerns such as the autonomy of
teachers, responsibility and accountability for decisions
made by AIED systems, impact of potential discrimina-
tion by AIED systems through historical biases, explain-
ability of AIED systems, etc [2]. Owing to these concerns
raised by AIED systems, AIED ethics deserves attention
and there is a need to develop an ethical framework for
guiding AIED ethics that is targeted at developers and
organizational users of AIED.

Keeping the limited attention to AIED ethics in mind,
we aim to create an ethical framework for AIED using
the Ethical FRAPPE - a set of high-level ethical principles
for AIED that are derived in this paper. This paper aims
to answer the following research question: “Can Ethi-
cal FRAPPE be used to construct an exhaustive ethical
framework for AIED?” Multiple steps are necessary to
answer this research question: (1) Define the properties
and aspects of an exhaustive ethical framework from lit-
erature; (2) Identify the ethical principles that can be used
to form an exhaustive ethical framework for AIED; (3)
Identify current and possible future use-case scenarios
that an ethical framework for AIED can be applied to,
such that the framework can be future-proof and evolve
as Al evolves. However, several of these steps are out
of scope for this paper. In this paper, we focus on the
second step. As part of the second step, we build upon
an existing draft framework for ethical AIED by Holmes
et al. using insights from literature. The other two steps
are planned as part of the future work, as described in
section 5.

2. Background

A framework for AIED should aim to combine both the
ethics of Al and the ethics of educational technology into

a single framework, considering the overlap between
these two domains. Thereby, 2.1 looks into the ethics
of Al and 2.2 looks into the ethics of educational tech-
nology individually. 2.3 examines the overlap between
the above two domains and looks at existing AIED ethics
frameworks.

2.1. Ethics of Al

The ethics of Al in general have been studied extensively
and numerous frameworks and policies have been devel-
oped for Al ethics. The inventory of Al Ethics guidelines
by the Algorithm Watch [10] comprises 167 different
guidelines on a corporate, national and supra-national
level. Among these, some frameworks are notable. The
Asilomar Al principles developed by the Future of Life
Institute [11] has been adopted by 1797 AI and Robotics
researchers and 3923 others. Furthermore, the ‘Ethics
Guidelines for trustworthy AI’ have been proposed by the
European Union [12]. The guidelines are encompassed
in the ‘Al Act’, which is a proposed European law to
regulate the usage of AI [1].

Floridi et al. encouraged an ethical approach to Al
to incorporate the benefits of Al and mitigate the po-
tential harms caused by Al in a balanced way. The au-
thors proposed Al4People - a framework formed by the
synthesis of existing sets of principles produced by vari-
ous reputable, multi-stakeholder organisations and initia-
tives [13]. Their framework comprised of five principles-
beneficence, non-maleficence, autonomy;, justice and ex-
plicability [13]. These 5 principles have a major overlap
with the principles found by Jobin et al. in their scoping
review of Al ethics guidelines comprising 84 documents
[14].

While there is a growing body of Al ethics guidelines
and frameworks that can be found in literature [14, 10],
these initiatives have primarily produced high-level ethi-
cal principles, tenets, values and abstract requirements
for Al development and deployment [15]. This principle-
based approach towards Al is criticised due to its inability
to deal with the complexity of issues raised by AI[15, 16].
More specifically, the high-level ethical principles do
not translate into practice automatically with the tools
presently available to developers [17]. With the high
number of abstract guidelines proposed, ‘ethics wash-
ing’ is on the rise by technology companies [18]. ‘Ethics
washing’ occurs when technical companies define ethical
policies to maintain outward appearances without fol-
lowing the principles in practice [18]. A second reason
for criticism stems from the principle-based approached
being aimed at a range of stakeholders and are thereby
often difficult to understand for specific groups of users
[16].

Although the principle-based approach is criticized
to be ineffective due to issues such as ethics washing,



it forms a good first step towards defining an ethical
framework. Thereby, we begin by defining the high-level
ethical principles in this paper. As part of future work,
we adopt a similar approach as [17], in which we plan
to define requirements from ethical principles for AIED
and map them to design-based research (DBR) process in-
stead, as elaborated in section 5. Armstrong et al. define
DBR in an educational setting as “a research approach
that engages in iterative designs to develop knowledge
that improves educational practices” [19]. As DBR brings
educational research closer to everyday practice, this
methodology is increasingly being used in designing ed-
ucational research [20].

2.2. Ethics of educational technology

As AIED ethics needs to consider the ethics of educational
technology, ethical policies for educational technology
are reviewed here.

Pardo and Siemens identified four principles to catego-
rize the issues derived from privacy in educational data:
transparency, student control over the data, security, and
accountability and assessment [21]. As Learning Analyt-
ics (LA) is a sub-field of AIED that uses educational data
to optimize learning, the ethics of AIED should consider
the ethics of LA. LA is defined in the proceedings of the
1st International Conference on Learning Analytics and
Knowledge as “the measurement, collection, analysis and
reporting of data about learners and their contexts, for
purposes of understanding and optimising learning and
the environments in which it occurs” [22]. Sclater devel-
oped a code of practice for LA that advises educational
institutions on how to use LA ethically. The authors
considered eight focus areas - ownership and control,
consent, transparency, privacy, validity, access, action,
adverse impact, stewardship [23]. In a recent literature
review on the ethics of LA in higher education, Pargman
and McGrath found that the top three ethical areas most
in LA articles are transparency, privacy, and informed
consent [24]. In the context of Dutch higher education,
Engelfriet et al. developed a guide to LA that focuses
on the protection of personal student data. Drachsler
and Greller developed an eight point checklist named
DELICATE that can serve as a reflection aid for ethi-
cal and privacy-supported LA. The DELICATE checklist
comprises 8 checkpoints- “Determination, Explain, Le-
gitimate, Involve, Consent, Anonymise, Technical and
External” as a quality checklist to make stakeholders
aware and guide them through the process.

The ethics of educational technology contains issues
that are relevant to the domain of education. Issues relat-
ing to student autonomy and control over their data can
have long-term effects on the future of students. There
needs to be regulations regarding informed consent and
privacy of students, interpretation and management of

student data. There is a clear overlap between ethics of
educational technology and ethics of AIED - suggesting
that ethics of AIED should draw inspiration from the
ethics of educational technology and should build on top
of frameworks for ethics of educational technology.

2.3. Ethics of AIED

This section looks at existing frameworks and guidelines
for AIED ethics.

The conversation revolving around ethics for AIED
was started over 20 years ago by Aiken and Epstein with
an aim to raise awareness of researchers while designing
educational systems [27]. The authors set down 10 prin-
ciples for AIED systems based on “The Golden Rule for
Computers in Education: Teach others as you would like
to be taught” [27].

The first ethical framework for AIED was developed
by The Institute for Ethical Al in Education that involves
designers and developers for AIED and sets down guide-
lines for them [9]. However, this framework is aimed at
the decision makers during the process of procurement
and the application of AIED. This framework focuses
on defining high-level ethical principles without any im-
plementation guidelines that are relatable to developers
during the design of AIED systems. It contains the down-
sides of the principle-based approach to Al ethics in the
form of a lack of translation into practice for developers.

Holmes et al. conducted a survey with 17 domain ex-
perts comprising 10 open questions to gauge expert opin-
ion about ethics of AIED [2]. They examined the various
aspects of ethics of AIED and concluded that “the ethics
of AIED cannot be reduced to questions about data or
computational approaches alone” [2] and needs to ac-
count for the ethics of education - including, but not
limited to — the purpose of learning, choice of pedagogy,
role of technology with respect to teachers and access
to education [2]. The authors created a ‘strawman draft’
framework, shown in Figure 1, that identified three areas
of focus: “the ethics of data, computational approaches
and education” and emphasized the overlaps between
these foci. The authors identified 3 levels of overlap in
their ‘strawman draft’ framework . The first level com-
prised of three foci: “the ethics of data, computational
approaches and education” while the second level com-
prised of the overlap between each pair of foci. These
2 layers form the ‘known unknowns’ while the overlap
between these 3 foci formed the ‘unknown unknowns’

[2].

3. Methods

This paper aims to answer the following research ques-
tion: “Can Ethical FRAPPE be used to construct an ex-
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Figure 1: The ‘strawman’ draft framework for the ethics of
AIED developed by [2]

haustive ethical framework for AIED?”

In order to answer this research question, the draft
framework by Holmes et al. was selected as a founda-
tional framework. This is because this ‘strawman draft’
framework is well-informed by experts in the domain of
AIED and considers a template model for the essential
aspects of ethical AIED. However, it only forms a skele-
ton model and does not contain the ethical principles
involved in these domains. After making a few modifi-
cations, we fill in this gap in the ‘strawman draft’ frame-
work by Holmes et al. by examining existing literature
in the domains of both Al ethics, ethics of educational
technology and ethics of AIED. High-level ethical princi-
ples are identified from literature and incorporated into
this framework.

We proposed two modifications to the ‘strawman draft’
framework by Holmes et al.. Firstly, we elaborated on
and defined the aspects in the intersection of these foci
with an aim to throw light upon the ‘known unknowns’
and the ‘unknown unknowns’ stated by Holmes et al..
The ‘strawman draft’ framework defines the domains
involved in ethics of AIED but does not elaborate on the
ethical aspects of these domains. Thereby, we identified
the ethical aspects involved in each of these foci based
on literature, as shown in Figure 2.

Secondly, a huge overlap was noticed in the ethical
aspects mapped to the foci of ‘ethics of data’ and ‘ethics
of computational approaches’, as can be seen in Figure
2. Data and computational approaches were seen to be
tightly coupled as any changes in one of them leads to
changes in the other. For example, bias in data can lead
to bias in the computational algorithm. Similarly, the
interpretation and management of the data can have a di-
rect effect on the privacy of the computational approach
in the form of exposing sensitive attributes. Due to this
tight coupling between the ethics of data and the ethics
of computational approaches, they cannot be separated
into 2 separate foci. Hence, we decided to combine them
into a single focus. The revised and adapted version of
our framework draft can be seen in Figure 3. It contains
2 focal areas: ethics of Al algorithms and ethics of educa-
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transparency
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Figure 2: Revised version for the ‘strawman’ draft framework
for the ethics of AIED adopted from [2]
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Figure 3: Adapted version for the ‘strawman’ draft framework
for the ethics of AIED adopted from [2]

tional technology, each containing corresponding ethical
principles. The intersection of these 2 foci contains the
ethical principles that form our theoretical framework.

Following these modifications, literature in the do-
mains of Al ethics, ethics of educational technology and
ethics of AIED were reviewed. This was then used to
obtain the ethical principles relevant to an ethical frame-
work for AIED, abbreviated as the Ethical FRAPPE. The
list of articles reviewed is grouped using the adapted
draft framework as shown in Figure 3 into the ethics of
Al, ethics of educational technology and ethics of AIED.
Table 1 contains the list of selected articles that were
reviewed to form the Ethical FRAPPE in order of year
of publication. Following the adapted draft framework,
these articles are grouped into the domains of ethics of
Al ethics of educational technology (EdTech) and ethics
of AIED.

The high-level ethical principles seen in the literature



Table 1
List of selected articles

Year  Author(s) Domain

2000  Aiken and Epstein [27] Ethics of AIED
2014  Pardo and Siemens [21] Ethics of EdTech
2016  Drachsler and Greller [26] Ethics of EdTech
2016  Sclater [23] Ethics of EdTech
2017  Engelfriet et al. [25] Ethics of EdTech
2017  Prinsloo and Slade [29] Ethics of EdTech
2017  Boddington [30] Ethics of Al

2018  Floridi et al. [13] Ethics of Al
2018  Whittaker et al. [7] Ethics of Al

2019  Mittelstadt [15] Ethics of Al

2019  Dignum [31] Ethics of Al

2019  Jobin et al. [14] Ethics of Al

2019  Crawford et al. [32] Ethics of Al

2019  Kitto and Knight [33] Ethics of EdTech
2019  Commission et al. [12] Ethics of Al
2020  Morley et al. [17] Ethics of Al
2020  Hagendorff [34] Ethics of Al
2020  AlgorithmWatch [10] Ethics of Al
2020  Vincent-Lancrin and van der Vlies [35] Ethics of AIED
2021 Ryan and Stahl [16] Ethics of Al

2021  Lietal [36] Ethics of Al

2021  Commission et al. [1] Ethics of Al

2021 Miao et al. [4] Ethics of AIED
2021  The Institute for Ethical Al in Education [9]  Ethics of AIED
2021  Holmes et al. [2] Ethics of AIED
2021 Schiff [8] Ethics of AIED
2021  Baker and Hawn [37] Ethics of EdTech
2021 Pargman and McGrath [24] Ethics of EdTech

were compared to each other. The ethical principles seen
in a majority of the articles in each domain are identified
and consolidated to create the Ethical FRAPPE. The 6
ethical principles identified as part of the Ethical FRAPPE
are:

Fairness
Responsibility
Autonomy

Privacy

Purpose of learning

A

Explainability

Despite the presence of a large body of ethical guide-
lines, these guidelines rely on context-specific keywords
and there exist multiple definitions of the ethical prin-
ciples and technical terms involved [28]. This makes it
challenging to interpret and operationalize these ethical
values [28]. Keeping in mind the need for a common
vocabulary to avoid misinterpretation of the ethical prin-
ciples [28], we define the ethical aspects and explain them
in the light of AIED ethics as below.

3.1. Fairness

Fairness, or Freedom from Bias is defined as - "Systematic
unfairness perpetrated on individuals or groups, includ-
ing pre-existing social bias, technical bias, and emergent
social bias” [38]. AIED systems should not be designed
such that the algorithms develop historically unfair prej-
udices by ensuring fair data that is inclusive, represen-
tative of the target population and without inaccuracies
[16]. Any conscious or unconscious biases that are in-
corporated into Al algorithms through the data analysis
can have a negative impact on the rights of individual
students [4]. AIED should strive towards equitable ac-
cess to Al technologies for all, keeping in line with SDG
4 set down by the UNESCO - “ensure inclusive and eq-
uitable quality education and promote lifelong learning
opportunities for all” [4].

3.2. Responsibility

“Responsible Al is concerned with the fact that decisions
and actions taken by intelligent autonomous systems
have consequences that can be seen as being of an ethical
nature” [31]. In [31], the author states that Responsible



AT should follow 3 ethical principles:

1. Accountability: refers to the ability of the Al sys-
tem to explain and justify its decisions

2. Responsibility: refers to the role of people with
regards to the Al system

3. Transparency: refers to the capability of Al sys-
tems to “describe, inspect and reproduce the
mechanisms through which AI systems make de-
cisions” [31]

In the light of AIED, responsibility is required to ensure
accountability of decisions, responsibility of the devel-
opers and maintainers of Al towards its users and trans-
parency of data and purpose of the system.

3.3. Autonomy

Human autonomy is defined as “Refers to people’s ability
to decide, plan, and act in ways that they believe will
help them to achieve their goals” [38]. Autonomy, also
called ‘agency’ in some ethical guidelines, ensures that
the users of the systems are informed actors and have full
control over their own decisions when they interact with
the AIED system [16]. In AIED systems, student auton-
omy is important to ensure that students understand the
purpose of the system and have complete control over
their personal data, including the right to opt out of such
systems without negative consequences. Students should
be informed about the data being collected about them
and should be involved in any decisions made using such
data. Teacher autonomy is equally important to ensure
that the role of teachers is highlighted in the form of
the human-in-the-loop in the AIED system. By allowing
teachers to review and act upon the decisions made by
autonomous AIED systems, teacher autonomy can be
ensured and unfair decisions by the AIED system can be
reduced. It is also important that the data collected about
the teachers should not have an adverse effect on their
role in the classroom. This can be ensured by ensuring
both teacher and student autonomy in AIED systems.

3.4. Privacy

While there are multiple definitions of the term Privacy,
we choose the consolidated definition from [38] - “a claim,
an entitlement, or a right of an individual to determine
what information about himself or herself can be commu-
nicated to others” [38]. In the context of AIED systems,
privacy pertains to the sharing of private and confidential
data with others. A huge amount of digital data is stored
about students through their online activity and there
is a need to regulate the access and ownership of this
data so that it is only accessible to the concerned parties
and is not repurposed for other uses. There is a fear of
educational institutions and employers using ‘old’ data

and the usage of student data for commercial purposes
[35].

3.5. Purpose of learning

At the moment, AIED systems are being used as an ap-
plication use-case of Al instead of being motivated by
learning goals. AIED is partly taking the form of data sci-
entists looking for a context where predictive modelling
and other Al techniques can be applied [39]. There is a
need to criticially examine the purpose of learning and
the performance measures that this purpose of learning
is being reduced to. It is important to keep in mind that
“theories of learning cannot, after all, be ‘discovered’ by
algorithms” [39]

3.6. Explainability

Explainibility is “understanding how an Al model makes
its decision” [40]. AIED systems should be actively moni-
tored to ensure accurate and reproducible results that can
be explained with the data and algorithmic functionality
[16]. AIED models should be built to be explainable by
design (using partially or fully explainable models) or
post-hoc explainability methods should be used in the
case of black-box models that are not inherently explain-
able [40]. In the case of AIED models, it is necessary
to ensure that the decisions taken by the algorithm are
explainable to humans in order to avoid negative harms
to students.

4. Conclusion

This paper aimed to answer the research question: “Can
Ethical FRAPPE be used to construct an exhaustive ethi-
cal framework for AIED?” In order to answer this ques-
tion, this paper aims to identify the high-level ethical
principles that can be used to construct an exhaustive eth-
ical framework for AIED. The existing ‘strawman draft’
framework for ethical AIED by Holmes et al. was adapted
by adding high-level ethical principles that were identi-
fied from existing literature in the domains of ethics of
Al, ethics of educational technology and ethics of AIED.
The six high-level ethical principles identified and con-
solidated from literature are abbreviated in the form of
the Ethical FRAPPE for AIED: Fairness, Responsibility,
Autonomy, Privacy, Purpose of learning and Explainabil-
ity. The 6 ethical principles in the Ethical FRAPPE were
defined in the context of AIED systems to form the first
outline of our theoretical framework for AIED.



5. Future Work

The construction of our framework and implementation
guidelines will be conducted in 3 phases: ‘theoretical
framework’, ‘evaluation framework’ and ‘instantiation’.

In the first phase, a theoretical ethical framework will
be developed for AIED. In order to define an exhaus-
tive ethical framework for AIED, it is first essential to
look at what comprises a good ethical framework. To
answer this, a literature review will be conducted. This
paper describes the first part of the first phase where
an existing draft model for AIED ethics was adapted by
identifying high-level ethical principles from literature.
In the future work, these high-level ethical principles will
be converted to requirements and then be used to create
the theoretical framework in the form of a checklist that
contains practical guidelines for developers of AIED. The
expected theoretical framework will be a checklist com-
prising definitions, requirements, formula and guidelines
for ethical principles. This first draft of the framework
will be evaluated by experts in the domain of AIED for
face validity and content validity.

In the second phase, a methodology will be developed
to quantify the ethics of AIED applications based on the
theoretical framework. We refer to this methodology as
the ‘evaluation framework’. This evaluation framework
will provide quantification tools for the ethical princi-
ples integrated in the form of a pipeline that can check
existing Al systems for ethical soundness and provide
recommendations for improvement. First, a subset of the
ethical principles from the theoretical framework will be
identified as ‘focus’ principles based on their prominence
and relevance. Following this, various tools will be exam-
ined to identify suitable quantification tools for the focus
ethical principles. Lastly, there will be an evaluation of
different technologies for the architecture, followed by
design and implementation of the evaluation pipeline.
This evaluation pipeline will receive the trained Al al-
gorithm, input data and output data as inputs and will
give an ethical score as an output. This ethical score will
be calculated as the sum of individual scores for each
ethical principle. The individual score for each ethical
principle will be based on the implementation of the
guidelines from the theoretical framework and will also
contain recommendations for improvements. If the eth-
ical score for a majority of the ethical principles (exact
threshold to be decided based on the number of ethical
principles) is above 80%, the ethical evaluation will be
passed. Such an ethical score allows for some trade-offs
between principles in the event of conflicts between them,
while ensuring that the system is ethical as a whole.

In the third phase, called ‘instantiation’, a proof of con-
cept or instantiation of the evaluation framework will be
developed. For this purpose, an AIED application will
be developed which enables the identification of strug-

gling students in a university, online, distance education
setting. The main goal of this sample use case would
be to improve teaching and learning processes on the
whole and support teachers. The theoretical framework
will be used to guide the design of this use case and the
evaluation framework will be integrated into this AIED
application to evaluate the ethics of this application. Ad-
ditionally, the evaluation framework will be applied to
some selected AIED models for evaluation such that they
can cover various use cases. Finally, recommendations
and guidelines will be provided for application of the
theoretical and evaluation frameworks into other AIED
applications. These recommendations will be developed
for common challenges (such as biases or issues) seen in
different classes/applications of reviewed Al algorithms
from the literature. The applications of Al seen from
literature will be grouped based on parameters such as
the class of algorithms, coding language used and data
type used.
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Trade-off model for supporting educators’ digital competence
assessment
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Abstract

The majority of the efforts in assessing educators’ digital competence over the past decade have
been focused on developing evidence-based and scientifically reliable assessment instruments.
These instruments are often created ad-hoc by research groups without deeper understanding
of the educators’ needs and expected benefits for digital competence assessment. That implies
that although the instrument might give valid and reliable results for the researchers it disregards
all other related stakeholders — educators, school leaders, educational technologist, teacher
trainers etc. To understand and guide evidence-informed decision-making when developing,
adapting or implementing digital competence assessment instruments it is important to
accommodate all stakeholders to provide meaningful assessment results and data. To provide a
solution for this problem we have designed a trade-off model which focuses on mapping the
digital competence assessment instruments to stakeholder needs and expected benefits. Our
research is divided into three main phases. First, we focused on understanding the concept and
domain of educators’ digital competence. For which we analysed the existing educators’ digital
competence frameworks, models and similar previous mappings from the literature. Secondly,
to explain the alternative digital competence assessment approaches and instruments we
mapped the underlying assessment processes and piloted alternative instrument with different
educator groups. The third and final phase focused on designing, developing and validating the
trade-off model. The following describes all three phases and provides an overview of the initial
findings which are accompanied with suggestions for further research in the field of educators’
digital competence assessment.

Keywords 1
Digital competence; assessment, instruments, educators, trade-off model.

1. Introduction needed but more importantly we need to
understand the level of digital competence of
educators to support meaningful professional
development. Digital competence is considered
as a goal oriented, confident and critical use of
technologies for work, employability, learning,
leisure and inclusive participation in society

Using technologies in teaching and learning
is not considered a novel practice any more but
rather presented as a norm for quality
education. Innovative and pedagogically
reasonable ways to implement technologies on [1]
the other hand has presented difficult among '
teachers and thus the discussion on educators’
digital competence has gained popularity.
However, it is evident that not only mapping the
needed digital competence of educators is

Educational assessment has been a central
discussion for overall quality assurance in
educational settings or trying to understand
knowledge development [2]. Harlen & James
[3] have stated that there are three general
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assessment approaches which also related to
digital competence assessment - formative,
summative and diagnostic assessment. Within
these assessment approaches there is a variety
of instruments, most notably self-assessment,
knowledge-based  tests and  authentic
assessment instruments like e-portfolios of
reflective journals. It can be argued that for the
past decade the efforts have mainly been
towards developing self-assessment
instruments which are cost-effective, mostly
adaptable and cover variety of educators’
groups (i.e. primary to higher and vocational
education). However, research done piloting
and implementing these self-assessment
instruments proposes a question whether
educators assess their digital competence or
something else entirely. Benali et al. [4]
propose that majority of educators often assess
their self-confidence in integrating
technologies to their pedagogical practice and
fail to give suitable evidence of their current
practices. It is also considered that many digital
competence assessment instruments which are
based on self-assessment do not cover digital
competence but rather focus on low-order
cognitive skills [5], [6].

Previous research has also revealed that
knowledge-based testing and authentic
assessment requires higher volume of
resources, both financial and human capital and
is difficult to monitor [7].

Regardless the form of assessment and type
of used instruments it is concluded that there is
a sustainability issue which implies that there is
a contradiction between the number of digital
competence frameworks and models and the
number of corresponding instruments.

Another dimension in educators’ digital
competence assessment is the understanding of
the related stakeholder groups who either
require access to the assessment results or data.
Adhering to these stakeholder group needs and
expectations has proven to be a difficult task
[8]. On one hand we lack a clear understanding
of these stakeholder profiles but more
importantly there is little research which
describes the needs.

2. Research methodology

The doctoral research was done in three
phases implementing design-based research
methodology [9] — (1) domain analysis, (2)

exploration of alternative assessment and (3)
developing and validating the trade-off model.
To better focus the research, we examined the
research problem through three research
guestions:

[RQ1] What are the implications and
alternative approaches of assessing educators’
digital competence?

[RQ2] What are the stakeholder
requirements and needs for educators’ digital
competence assessment?

[RQ3] How are the alternative assessment
approaches established and sustained?

2.1. Research context

The doctoral research focuses on the
Estonian educational setting and educators.
Based on Lucas et al. [10] educators’ digital
competence is considered as a complex concept
due to the set of factors which include personal
characteristics, social, cultural, pedagogical and
ethical considerations.

Estonia operates in a decentralized
educational system which allows competition
between schools but also provides school and
educator autonomy [11]. Autonomy is
considered educators collective right to
determine the way they implement the schools’
curriculum in their classes while choosing
suitable pedagogical methods, tools, materials
and also technologies [12]. Educators
autonomy is closely linked to professionalism
where after initial teacher training period any
form of examination or testing is not expected
or accepted by the educators. Although,
teachers are required to regularly commit to
professional development activities there is
minimal monitoring or control mechanism.

3. Phase 1 - Educators digital
competence

The first phase of the research was to
understand and delineate the concept and
domain of educators’ digital competence and
assessment. This phase was guided by the
research question:

[RQ1] What are the implications and
alternative approaches of assessing educators’
digital competence?

We carried out a systematic literature review
(SLR) [13] following the methodological



example of Siddiq etal. [14]. The SLR database
search was carried out during March 2018 to
January 2019. For clear overview of the field
we first identified the underlying synonyms and
alternative phrases for database search. The
used terms included — digital competence:
digital competency, ICT literacy, digital
literacy, ICT skills, digital skills, computer
skills, technology literacies, digital
competencies and 21% century skills. To get an
overview of the instruments developed based
on the frameworks and models we also limited
the database search based on the terminology
related to measurement —  assessment,
evaluation, testing, measuring, questionnaire.
Literature screening resulted 40 suitable studies
which made up the literature used in the SLR.

Based on the analysis the SLR provided four
key results which helped to better define the
concept of educators’ digital competence.
Additionally, the results provided the first
insight to the implications related to the
alternative  assessment  approaches and
instrument.

First, the SLR confirmed that majority of the
educators’ digital competence assessment
related research focuses on quantitative studies
by implementing self-assessment instruments
and there is a clear lack of qualitative research
to accompany the results to explain the
reliability and validity of the instruments.

Secondly, used self-assessment instruments
are created ad-hoc often based on country
specific framework and targeted specific group
of educators (i.e. in-service teachers, student
teachers etc.).

Third and considerably most fundamental
result revealed that self-assessment is often
one-dimensional, meaning that there is
relatively low possibility to understand and
explain why and how educators approach
digital competence self-assessment. To this end
it is important to embed alternative assessment
approaches like testing or authentic assessment
— including portfolios, reflective journals and
observations to understand educators’
perceptions of their competence and make
sense of the evidence provided by the
educators.  Furthermore, alternative and
combined competence assessment would
potentially further the research if educators
assess their digital competence r rather self-
efficacy or self-confidence.

The final key result of the SLR presented the
need for validated guidelines for the digital

competence assessment processes. One of the
proposed solutions was a large-scale
participatory research which would focus on
piloting alternative assessment instruments and
approaches.

Based on the SLR results we concluded that
the future research lines included following the
DigCompEdu framework [15] for educators
which covers EU level specifics of educators
pedagogical practice and the derivatives or
predecessors were presented in the majority of
the analysed literature. The results also pulled
focus on piloting and analyzing alternative
assessment approaches to self-assessment to
better understand the implications.

4. Phase 2 — Alternatives in digital
competence assessment

The second and most extensive phase of the
study focused on implementing alternative
digital competence assessment instruments
based on the DigCompEdu framework [15]
which was the contextual basis of the for the
following research. The second phase of the
study followed two research questions:

RQ1] What are the implications and
alternative approaches of assessing educators’
digital competence?

[RQ2] What are the stakeholder
requirements and needs for educators’ digital
competence assessment?

While the main focus of this phase was to
identify the implications of alternative
approaches, the research done also gave input
to the related stakeholder groups and the
respective needs.

During this phase four studies were
conducted which included self-assessment
instruments, knowledge-based testing and e-
portfolio based digital competence assessment
approaches. The focus of the four studies was
the following:

Study 1 — In-service teachers’ perceptions
of digital competence during distance learning
period.

Study 2 — Comparative multiple-case study
of three combined self-assessment and
knowledge-based testing digital competence
assessment approaches.

Study 3 - SELFIEATeachers [16]
instrument based mixed methods study
combining self-assessment and nominal group
technique (NGT) [17] group interview.



Study 4 — Competence based LMS?
focusing on e-portfolio based assessment of
digital competence.

Table 1 describes the methodology, research
instrument, samples and timeline of these
studies.

Table 1
Second phase studies.
Study  Study Study Study

1 2 3 4
Methodology Quan Quan MM Qual
Instrument SA SA&KB  SA&NGT  Auth.
Sample 1125 2248 18 84
Study time 2020 2019- 2022 2022
2021

SA — Self-assessment.

KB — Knowledge-based test.

NGT — Nominal Group Technique group
interview.

Auth. — Authentic assessment using e-portfolio.

Main results of the four studies can be
described in the following key ideas. First,
when implementing self-assessment
instruments, on average, educators assess their
digital competence as average technology
users. In some cases, this describes the
educators’ inability of assessing their own
competence and once again presents the
guestion  whether they assess digital
competence or perceived self-confidence.

Second outcome of the studies revealed that
educators are unable to provide appropriate
evidence to describe their digital competence.
As always there are exceptions, but the main
issue lies in the fact that educators do not
differentiate the different digital competence
dimensions [15] (professional engagement;
digital resources, teaching and learning,
assessment, empowering  learners  and
facilitating learners’ digital competence) and
provide low-level generic evidence.

The third result describes the educators’
expectations  towards  the  assessment
instrument, stating that the used instruments
often include hard to understand concepts and
definitions. Simultaneously, the educators
brought out issues with the instrument length,
time spent on completion and the feedback
report usability.

The final contribution of the four studies
relates to the validity, reliability and
sustainability of the used instruments. Based on
the research we concluded that although there

2 https://edidaktikum.ee

are a lot of efforts in designing and developing
these assessment instruments they often lack in
reliability. Additionally, as instrument validity
is a multifaceted concept (i.e. face validity,
construct validity etc.) it boils down to the
stakeholder needs. The second phase of the
doctoral research also confirmed that there is a
continuous issue with digital competence
assessment instrument sustainability where
focus on re-designing and developing new
instruments is considered of higher priority,
rather than updating the excising instruments.

5. Phase 3 - Trade-offs in digital
competence assessment

The third and final phase of the research
focuses on identifying the stakeholder specific
trade-offs in educators’ digital competence
assessment, developing and validating the
trade-off model. This phase followed two
research questions:

[RQ2] What are the stakeholder
requirements and needs for educators’ digital
competence assessment?

[RQ3] How are the alternative assessment
approaches established and sustained?

The third phase included two main studies
where the first focused on identifying the
stakeholder profiles (in-service teacher, student
teacher, advanced teacher, teacher trainer,
educational technologist, school leader,
gualification examination assessment board
member) and scenarios and on the stakeholder
expectations and needs, resulting in the first
version of the trade-off model. The study was a
combined  quantitative  (N=1125) and
gualitative (N=4) methodology.

The second and final study of the doctoral
research included the validation of the
stakeholder profiles and the trade-off model.
The study was done following a Nominal
Group Technique and included representatives
of each stakeholder profile (N=6).

As this phase of the research is still
underway the following describes initial
outcomes. We consider noteworthy that all
stakeholders consider the process of digital
competence assessment valuable which helps to
understand the professional development needs
of educators. Furthermore, the inductive
analysis of the differences in stakeholder needs
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gave us a clear indication that it is nearly
impossible to provide a reliable and of high
validity  universal  digital competence
assessment instrument. This means that a trade-
off model could provide a solution to adhere to
the stakeholder needs. The results also provide
deeper understanding on the stakeholder
specific scope and dimension of educators’
digital competence assessment expectations.

6. Conclusion

The doctoral research is currently in the final
stages where our efforts are focused on
publishing the results of finalized studies and
formulating the analytical overview and main
scientific contributions.

While digital competence assessment and
more specifically educators’ digital
competence has been an ongoing discussion
and research topic for more than 15 years our
research provides a new dimension to
understanding the assessment instruments,
approaches and processes. This doctoral
research can be described a metalevel research
which aims to describe and provide solutions
for the digital competence assessment through
multiple stakeholder lens rather than trying to
provide one universal solution to a multifaceted
research problem.
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Methods and perspectives for the automated analytic
assessment of free-text responses in formative scenarios
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Abstract

Assessment is the process of testing learners’ skills and knowledge. Free-text response items are well suited for the assessment
of learners’ active knowledge and writing skills. However, the automatic assessment of respective responses is not trivial and
requires the application of natural language processing. Accordingly, the automatic assessment of free-text responses is a
widely researched topic in educational natural language processing. Most past work targets holistic scoring, the process of
assigning overall scores or grades to responses. This is problematic in formative scenarios because learners require feedback
rather than summative scores in such scenarios. Such feedback ideally targets specific aspects of responses, and, accordingly,
automated systems which only predict holistic scores cannot be used as a basis for providing the same. What is instead
needed are systems which implement analytic scoring approaches. Analytic scoring targets specific aspects of responses and
scores them according to corresponding criteria. This requires different systems than addressed by the broad research on
automated holistic scoring. In my PhD work which is outlined by this paper, I want to explore approaches for implementing
analytic scoring systems by means of state-of-the-art natural language processing. These systems are targeted at providing a

basis for feedback generation.
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1. Introduction

Educational assessment is the process of empirically mea-
suring and documenting learners’ skills and knowledge
[1]. This is conducted through tests composed of vari-
ous kinds of test items. Assessing learners’ knowledge
and skills is also the basis for providing them with ap-
propriate content-related feedback in formative scenar-
ios [2]. In the context of technology-based assessment,
multiple-choice items have grown to be a popular choice
to implement tests [3, 4]. This is mostly the case since
evaluating multiple-choice items is rather trivial. Test
creators simply need to define a set of responses out of
whom they define one or more as the correct ones. When
test-takers select respective responses during testing, the
computer only needs to determine which of them were
among the correct ones. Moreover, multiple-choice items
take only a short time to answer which makes it possible
to include many different of them within tests and test
for a broad range of knowledge [4].

However, not every skill and every kind of knowledge
can be assessed through multiple-choice items. “A multi-
ple-choice test for history students can test their factual
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knowledge. It can also determine whether they can dis-
criminate between correct and incorrect statements of
the relationships between facts — but it cannot deter-
mine whether the students can write a well-reasoned
essay on a historical question. [...] A multiple-choice
test of writing ability can determine whether the test
takers can discriminate between well written and badly
written versions of a sentence — but it cannot determine
whether they can organize their own thoughts into a
logically structured communication in clear and appro-
priate language” [4]. Moreover, multiple-choice cannot
test for active knowledge. A test-taker might simply con-
duct (informed) guessing and there is no guarantee that
they would have been able to actively reproduce this
knowledge.

2. Constructed Responses and
their Automatic Assessment

To test skills such as the ones described by [4], con-
structed response items are needed instead multiple
choice items. In their most common form, they require
students to enter a free text as response into a text field.
However, this drastically increases the complexity of
assessing learners’ responses in an automated fashion,
as the computer-based analysis of human language is
far from trivial. With natural language processing re-
spectively computational linguistics, a whole interdisci-
plinary field of research building upon various methods
and theories from linguistics, artificial intelligence, statis-
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tics, logic, psychology, cognitive science, software engi-
neering and philosophy is dedicated to this issue, and
the automatic processing of many aspects of language re-
mains open research. What makes the automatic analysis
of free text difficult are the properties of language itself.
Humans can generate an unlimited set of different linguis-
tic utterances, and often, there are many ways to express
the same or similar semantics, i.e., through different syn-
onyms, the usage of passive vs. active constructions, or
ways of paraphrasing. In past research, many different
methods were applied to the automatic assessment of
free-text responses. These range from simpler keyword,
pattern and regular expression searches, and methods
building upon distributional vector space semantics, to
fully-fledged machine learning systems [5, 6].

Most recently, transformer language models such as
BERT [7] were successfully applied to the problem of
free-text assessment [8, 9, 10, 11]. The application of
transformers to the assessment of constructed responses
promises major advancements in the field, but nonethe-
less, most of the systems available are built to predict only
holistic scores [5, 6], ergo scores aimed at denoting the
overall quality of a response [4]. Most of the established
datasets, especially the ones focused on short answers,
also cater towards this approach [5, 9, 6]. While holis-
tic scores reflect how well learners were able to overall
solve a given task, they do not necessarily denote which
aspects of their response were of good quality and in
which regards they could improve. However, especially
in formative scenarios, providing students with feedback
is crucial, which puts the application of holistic scoring
systems in formative scenarios into question.

There is a second scoring approach in constructed re-
sponse assessment which can be seen as a better basis for
providing detailed, personalized feedback: analytic scor-
ing. In analytic scoring, rather than judging responses
as a whole, they are assessed for multiple different as-
pects which need to be specifically defined in a coding
rubric [4]. Le., “[0]n a science question, the scorer may
award two points for providing a correct explanation of a
phenomenon, one point for correctly stating the general
principle that it illustrates, and one point for providing
another valid example of that principle in action” [4].
Drawing such distinctions and coding responses for mul-
tiple different aspects allows to provide more detailed
and concise feedback as the same can specifically address
these aspects.

3. Research Questions

The two most common types of free-text responses are
short answers and essays. While short answers are
used to test students’ ability to explain phenomena or
demonstrate their active knowledge, essays are used for

analysing their writing skills of students, e.g., their skill
to clearly and coherently discuss or communicate a given
issue or argue against or in favour of an opinion. Ac-
cordingly, approaches for the analytic assessment of both
text forms must inevitably differ. For short answers, it
presumably should be sufficient to simply assess whole
responses for the different aspects, as short answers are
rather condensed texts. From a formal point of view, this
can be interpreted as a (multi-label) text classification
task [5].

On the other hand, for essays, the respective coding
can require more varied approaches. Are the aspects
coded related to content or writing style? Does a content-
specific code apply to the whole text or to specific sec-
tions? These questions need to be addressed in order
to come to appropriate operationalisations. E.g., if it is
likely that each code corresponds to a specific part of
an essay, one needs to first semantically segment it into
the respective parts. One could then in a second step
separately classify these parts for the actual codes. On
the other hand, if a code corresponds to a whole essay,
such separation is not needed.

I plan my PhD to be paper-based where the single pa-
pers are connected by the overarching topic of analytic
constructed response coding. First and foremost, I want
to explore what has been already done in past work and
how my own work can benefit from these insights. The
acquired knowledge is then to be used for the practical
implementation of constructed response scoring systems
in a range of case studies. For these case studies, I plan
to leverage data sets from several research projects I am
involved in. In the projects AFLEK and ALICE, I have ac-
cess to a set of short answers to different science-related
tasks with detailed coding rubrics focusing on scientific
knowledge and argumentative skills. On the other hand,
the project HIKOF provides a data set of essays in which
students discuss learning tips from a YouTube video with
respect to their grounding in educational psychology.
Both data sets are coded in a way which allows for the
implementation of automated analytic assessment sys-
tems.

Another important aspect of my work is the ques-
tion how codes from response scoring systems can be
transformed into concrete learner feedback. Feedback
can be given on an item-specific level as well as on a
more global one. It can focus the content or the form
of concrete responses, and it can also target the overall
domain knowledge of a student across multiple items.
For the prior case, generative language models could be
promising [9, 12]. For the latter case, a way of modeling
learners’ domain knowledge is required. A conceptual
framework which goes into this direction was provided
by [13] with their expanded evidence-centred design model,
which adds multiple feedback-related aspects to the well-
known evidence-centred design [14]. However, to my best



knowledge, this conceptual framework was not opera-
tionalised into a concrete feedback-driven assessment
system so far.

The last aspect I want to address is the one of explain-
ability. Ethical frameworks in learning analytics and
educational technology such as [15] often call for the
application of transparent and explainable models where
possible. It is likely that providing learners with simple
explanations on why models made a given prediction,
which, in turn, led to a particular feedback outcome, can
increase their acceptance for respective systems. For nat-
ural language processing models, a wide range of meth-
ods for providing such explanations has been developed
[16]. Research for making state-of-the-art methodology
explainable also shows promising results, e.g. [17]. For
this reason, I want to leverage this potential and explore,
if providing learners with explanations for their feedback
can increase trust.

To summarzie, I want to address the following research
questions:

1. What were the main methods, characteristics and
results of past work in constructed response scor-
ing?

2. What techniques were applied for coding con-
structed responses in an analytic fashion in past
work?

3. What machine learning-based pipelines and ap-
proaches are effective for the automated analytic
assessment of constructed responses and to what
extent can they be generalized?

4. How can the predictions of automated analytic
assessment systems be transformed into useful
learner feedback?

5. To what extent can explaining model outputs
make learners trust in the provided feedback?

4. Design

From a technical perspective, the intention behind my
PhD work is to implement and evaluate respective meth-
ods for the analytic assessment of free-text responses for
exemplary use cases drawing from state-of-the-art NLP
research. I plan to study and summarize what methods
were applied to the assessment of free-text responses
in past work via a literature review to address RQ1 and
RQ2. For this literature review, I plan to draw from past
reviews on the topic, in particular [5] for the text type
of short answers and [6] for the text type of essays, but
primarily with a focus on work which was not covered
by them. The main goal behind the literature review
is to provide a concise overview over the methods and
features which can be successfully applied to the task.

The review by [5] is, thanks to its publication date,
fairly outdated. Moreover, in my opinion, it fails to func-
tion as a lookup guide for possible techniques to use, and
rather focuses on summarizing papers from past work.
The review by [6], on the other hand, is well structured
but also fairly short thanks to it being published in con-
ference proceedings. The plan for my literature review
is to primarily act as a guide for practitioners which they
can refer to when they plan to build their own free-text
assessment systems rather than as a pure overview over
past work. It shall equip interested researchers with a
clear plan on how they can approach their own free-text
response assessment system in a structured manner.

The next papers deal with the implementation of re-
spective systems themselves to address RQ3. The most
recent achievements in holistic free-text response assess-
ment, in line with the general developments in natural
language processing, were achieved using transformer
language models [8, 9, 10, 11]. For this reason, my plan
is to also apply transformer language models to the task
of analytic assessment. However, [5] and [6] document
a wide range of methods from the pre-transformers era.
It is an interesting question In this context, my plan is to
implement and evaluate exemplary systems for assessing
both short answers and essays in an analytic fashion.

In a first research paper, which is currently under
review, I implemented and evaluated multiple systems
aimed at assessing German middle school students’
knowledge about energy physics. In particular, the sys-
tems classify if students mentioned certain concepts re-
lated to energy transformation, i.e., different manifesta-
tions of energy, indicators for the same, and if energy
is transformed, in a meaningful manner. For this pur-
pose, first data was collected and coded using a coding
rubric which targeted the different categories of knowl-
edge. I then implemented and evaluated multiple text
classification systems trained to replicate the coding for
the respective purpose, transformer- and feature-based.
The systems are given the response, a provided sample
solution and the item prompt. Moreover, using differ-
ent methods for generating model explanations, I evalu-
ated the descriptive accuracy of the implemented models.
Overall, a transformer-based model based upon GBERT
could achieve superior results. In subsequent research, I
want to explore how well the predictions of such systems
can be concretely translated into feedback.

In another research paper, I want to implement sys-
tems targeting essays. In particular, I aim to use a data
set of essays collected throughout the HIKOF project.
These essays discuss ten different learning tips presented
in a YouTube video with respect to their grounding in
educational and psychological research. For each tip, ten
different codes were assigned. Moreover, it was coded
which sentences within an essay correspond to which
tips. This results in two problems which need to be solved.



First, unseen essays must be segmented into sections cor-
responding to the different tips. This can be approached
as a sentence classification task. In a second step, the
resulting sections must then be given to a second text
classification system which classifies the sections with
respect to the analytic codes corresponding to each tip.

In the next step, feedback needs to be generated from
the predicted codes. For this purpose, I use content-
related feedback templates which are assembled dynami-
cally depending on the predicted codes. In particular, the
predicted codes are matched with ground truth codes,
and discrepancies between the two lead to The gener-
ated feedback will be tested within a university lecture
in an AB setup. In a followup study, I plan to add as-
pects of explainability to this feedback. In particular, I
plan to present learners with highlighted text of what
exactly in their response led to a concrete feedback in
an AB setup. This shall then be combined with ques-
tionnaires evaluating if showing these explanations to
learners increases acceptance. For educational recom-
mender systems, findings from [18] suggest that showing
explanations to learners can increase the acceptance for
respective systems. I want to find out if this is also the
case for assessment-driven feedback systems.

5. Conclusion

In this document, I presented my PhD project which deals
with systems for the automatic assessment of constructed
responses in formative scenarios implemented through
machine learning-based natural language processing. In
particular, I explore the implementation and evaluation
of respective systems for multiple use cases. Moreover, I
plan to write a literature review on constructed response
scoring in the form of a practitioner lookup guide. Fi-
nally, I then want to explore how codes predicted by
automatic assessment systems can be translated into au-
tomatic actionable feedback, and if explaining the model
predictions behind this feedback can contribute to the
acceptance of these systems.
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Abstract

Higher education institutions, teachers, and students face new difficulties and opportunities
resulting from the introduction of modern technology into the learning process. The widespread
of learning environments that integrate online learning and face-to-face learning may pose some
opportunities as well as difficulties for some groups of students' self-regulation skills. Providing
automated prompts may help to support those students with insufficient self-regulation skills.
The use of learning analytics and multiple methods and data sources (data triangulation) may
give better insight into the self-regulation process.

The objective of the proposed research is to explore the students’ evaluation of the usefulness
of prompts implemented in a blended learning environment. A secondary objective is to develop
and evaluate a real-time dashboard designed to notify teachers of student responses to deployed
prompts.

The research methodology will be grounded in action research and empirical research. The
scientific contribution will be achieved through the development of artefacts and the
performance of empirical research to advance understanding of the student’s self-regulation in
a blended learning environment.

Keywords
learning analytics, self-regulated learning, prompts, blended learning, dashboards, higher
education

1. Introduction This research also revealed that it is not yet

possible to identify for which specific
competencies (or disciplines) a blended
learning format is most appropriate.

Several teachers and institutions strive to
develop personalised learning approaches in an
effort to meet the needs of each student to the
greatest extent possible. To be able to customise
the approach, it is necessary to examine the
views and habits of students. For example,
information systems deployed in the teaching
and learning process are sources of valuable
educational data that may be used to monitor
and assess the teaching and learning process

In the past two decades, blended learning in
higher education has been increasingly
widespread [1]. The effectiveness of blended
learning in relation to traditional learning is
continuously reviewed [2,3]. Recently, Miiller
and Mildenberger [4] conducted a meta-
analysis of scientific papers published from
2008 to 2019 and found that identical learning
outcomes were achieved in blended learning as
in a conventional classroom setting, with a
reduction of time spent in physical space by 30
to 79% (division according to Allen et al. [5]).
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[6], and play a vital part in the development of
personalised solutions.

Learning analytics as a research area is
focused on the "measurement, collection,
analysis and reporting of data about learners
and their contexts, for purposes of
understanding and optimising learning and the
environments in which it occurs" [7]. The
implementation of learning analytics is a
complex process that requires capability
building and certain specific competencies of
stakeholders in the education system. In
practice, learning analytics examples can be
found at several levels (e.g., students, courses,
programmes, institutions, and consortiums of
institutions) [8]. When applying learning
analytics, technology should be used wisely
taking into account existing educational
concepts and research knowledge [9].

Tsai et al. [10] provided an overview of
trends and limits in the deployment of learning
analytics in the European higher education
system. According to their research, teachers
and teaching staff are the primary users of
learning analytics, and there is limited evidence
of active engagement with students and the use
of learning analytics to improve self-regulated
learning skills.

Self-regulated learning includes cognitive,
metacognitive, behavioural, motivational, and
emotional aspects of learning. This area has
been extensively researched in the field of
educational psychology, and among the best
known and most applied models is the
Zimmerman’s model of self-regulated learning,
that consists of three main phases: (a)
forethought, (b) performance, and (c) self-
reflection [11]. Wong et al. [12] in a systematic
review of self-regulated learning in an online
environment and massive open online courses
(MOOCs) demonstrated the need for further
research of self-regulated learning in an online
environment, particularly through an empirical
approach. Furthermore, Viberg et al. [13]
examined empirical research in which learning
analytics were used to improve self-regulated
learning and concluded that few studies related
to the self-reflection phase of the Zimmerman
model, and that the majority of research focused
on measuring self-regulated learning and less
on support.

In previous research, feedback and prompts
have been identified as the most important
elements that encourage self-regulated learning
[12]. Prompts are “visual, textual, or spoken

elements that the teacher uses to encourage
understanding and are most often in a form of
questions, although they can also be formulated
in the form of advice or instructions” [14].
Another definition of prompts is “short hints or
questions presented to students in order to
activate knowledge, strategies or skills that
students have already available but do not use”
[15]. Additionally, students do not usually
manifest self-regulated behaviour
spontaneously without guidance [16]. Despite
the fact that the research revealed a number of
potential advantages of prompts for self-
regulated learning, Schumacher and Ifenthaler
[17] reported that learning analytics approaches
have not been thoroughly examined during
prompt implementation, and that future studies
should also focus on the student’s responses to
prompts.

The proposed research will also consider
learning design as an important element in
educational interventions.

Specifically, these research questions will
drive the proposed research.

RQ1: To what extent are students aware of
self-regulation elements, such as metacognitive
activities before/during/after learning,
environmental structuring, help seeking, and
time management in the blended learning
environment?

RQ2: In a blended learning environment,
which  types of prompts (cognitive,
metacognitive, motivational, or content-
related) do groups of students find most useful?

RQ3: Is there a difference in perceived
usefulness of the same type of prompt based on
the mode of learning (online and face-to-face)?

RQ4: How does the implementation of
specific prompts affect

(@) student’s engagement

(b) results achieved in
assessment

(c) overall learning satisfaction?

What distinctions exist amongst student
groups?

RQ5: Which components of the real-time
dashboard for displaying student feedback on
prompt implementation are important to
students and/or teachers?

formative
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Figure 1: Proposed activities and key artefacts based on steps in Somekh’s action research process

(Source: Author)

2. Methodology

This proposed research will utilise a mixed-
method practical action research design.
According to Creswell [18], action research is
used to address specific, practical issues that
seek solutions to a problem, and both
guantitative and qualitative methods may be
employed. Somekh [19] proposes a four-step
process for action research: planning, acting,
observing, and reflecting. The proposed
activities in each action research step and key
artefacts are shown in Figure 1. Several
research methods, including descriptive
statistics, natural language processing methods
(open-ended questions), statistical analysis, and
nonparametric tests, will be utilised for data
analysis. For statistical analysis, the statistical
programming language R [20] will be used.

2.1. Planning

The initial literature review showed the
research gap in the area of learning analytics
approaches in investigating prompts for
supporting students’ self-regulation. During the
preparation phase, an additional literature
review will be conducted to synthesise the
findings of prior research, identify appropriate
measurement instruments, and provide an
overview of the outcomes of prior empirical
interventions.

The intervention will be designed as an
iterative process, with a pilot trial followed by
the main study. The interventions are intended
to be implemented at two higher education
institutions in Croatia, aiming to target around
340 students and 3 teachers. Ethical approval
from participating higher education institutions
will be obtained.

Teachers will be closely involved in
preparations for implementation (analysis of
current learning design of a course, defining
specific goals of prompt implementation,
finding appropriate learning types, and defining
prompts based on selected models).

During this phase, the appropriate
measurement instruments will be evaluated
(linguistic evaluation) or, if necessary, a new
measurement instrument will be developed.

2.2. Acting

This activity is a key component of the
research proposal. During this phase, the
developed artefacts will be used in the real
environment.

The dominant research method used will be
pretest-posttest nonequivalent groups design, a
type of quasi-experimental design. One group
of students will be exposed to an intervention,
while the other group will not. The two groups
will then be compared. According to previous
research [21], in order to eliminate confounding
variables, the duration of exposure should not
be excessively long (preferably 2 - 4 weeks).



Before the intervention, a priori statistical
power analysis will be conducted to determine
the required number of outcome observations.

During this stage, the measurement
instruments will be evaluated in a real
environment.

2.3. Observing

In this phase, monitoring activities and
providing teachers with adequate technical
support will be the primary activities. Data will
be collected via system logs, measurement
instruments and prompt feedback.

To monitor student progress, teachers will
have access to a real-time dashboard with
visualisations of student responses.

2.4. Reflecting

Teachers will receive the intervention
results during the phase of reflection. In
addition, they will assess the real-time
dashboard that was accessible during the
observing phase.

In addition, a think-aloud protocol [22] will
be implemented to collect specific information
about students' and teachers’ experiences with
prompt implementations.

3. Current results

A literature review with the focus on
available measurement instruments (self-
regulated learning, engagement, satisfaction
and other relevant constructs) is currently in
progress.

Based upon the initial reading of the
literature and good practice identified, a
prototype of plug-in for prompt implementation
has been developed in Moodle LMS Platform
(Figure 2). The plug-in makes it possible to
embed prompts wherever an HTML editor is
available.

Prior to beginning this lesson, it is recom
lesson. Please, use the mental map we made in the last lesson and it is located at [link]

mended that you review the material from the previous

1ind the obtained information to be valuable.
vYyevveyevyeVvyeYyVye

The obtained information helps me to learn.
YyeoveyvyeyVvyeVyeVye

The obtained information encourages me to act.
vYyeovVyeVvyVyVYyVYVYVe

umber of icons based on your respanse.
icons represent the answer “Yes, | agre

resents the answer "No, | do not

Please, write your comments and suggestions

Figure 2: Prompt prototype. Students could
rate prompts and give textual feedback (Source:
Author)

Prototype of teacher’s dashboard has been
also developed (Figure 3).

w2 441

3

Figure 3: Prototype of teachers’ dashboard
providing real-time monitoring of student’s
responses (Source: Author)

In order to test the feasibility of the proposed
study, pre-pilot study has been conducted. 38
students gave consent to participate in the pre-
pilot study. The students were second-year
students of the informatology programme at the
Faculty of Humanities and Social Sciences. 36
out of 38 students were female, while two were
male.

Lessons learned from the pre-pilot study:

e the suggested plug-in is appropriate for
prompt implementation and gives
considerable design flexibility with
respect to learning design

e students are more likely to rate prompts
during face-to-face meetings than
during online sessions

e the teacher acknowledged the
advantages of monitoring student
responses, and the input gained could be
useful for designing course
improvements

e think-aloud sessions conducted with
two students gave valuable insights into
the perception of implemented prompts

e adjustment of rating scale should be
considered (10 or 7-level scale)



it would be useful to collect additional
demographic information in order to
better understand behavioural
differences among students.

4. Contribution to TEL domain

The expected contributions of the proposed
research to the Technology Enhanced Learning
(TEL) domain are:

synthesis of empirical interventions and
the results on supporting self-regulated
learning with prompts using learning
analytics in a blended learning
environment

development and evaluation of artefacts
related to prompt implementation in real
environment

better understanding of students’ self-
regulation in  blended learning
environment using prompts

results of empirical research on
supporting self-regulated learning in
blended learning environment using
prompts and learning analytics. After
completing experimental part of the
proposed research, differences across
student groups can be expected in terms
of student engagement, formative
assessment outcomes, and overall
learning satisfaction. The combination
of accessible students' demographic
information with their responses and
system data will provide insight into
students' self-regulation practises and
awareness.
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Towards a comprehensive framework for situated collaborative

learning tools
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Abstract

CSCL (Computer Supported Collaborative Learning) is a dynamic field that has considerably
evolved in recent years. The result is a myriad of tools and theories that have emerged from
numerous studies. While different studies shed light on different aspects of collaboration, a
comprehensive connection between tool functionalities, learning activities and the
collaboration processes they support has not been established yet. This PhD aims at providing
a joint conceptual framework and environment to achieve this objective.

Keywords 1

Computer Supported Collaborative Learning, framework, collaborative processes, tool

1. Introduction

The field of CSCL (Computer Supported
Collaborative Learning) aims at analyzing and
improving collaborative learning activities
through digital tools. Collaboration has become
especially prominent with the rise of learning
theories such as Social Constructivism and has
been found to be a key property of learning [1].
The research focus has therefore shifted from
the individual to the group, as unit of analysis
[2]. Researchers argue that the process of
learning in groups becomes more explicit since
individuals have to communicate intentions,
knowledge and actions — which, in turn, allow
researchers to capture parts of learning that
would remain invisible if only the individual
was studied [3]. However, groups also add
complexity to investigate learning since they
form complex systems in which individuals
influence each other in various ways.

CSCL tries to address this by providing
digital tools that help analyze and improve
collaboration. Studies have proven superiority
of digital tools over traditional means to support
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collaboration [4]. Nevertheless, detailing which
functionality has which impact on collaboration
has proven difficult [5]. Multiuser systems are
especially hard to conceive since they have to
take into account not only interactions between
the system and a user but also interactions
happening between users that may lead to
conflicts [6]. Lately, new technologies have led
to new possibilities of analysis and support of
collaboration. Interactive tables for instance,
while still rarely found in classroom settings,
are one of the main device types used for
collaborative research (figure 1).

Figure 1: Example of an interactive table with
tangible tokens for collaboration
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CSCL has seen numerous theoretical
frameworks emerge on the nature of
collaboration these past years. Indeed, CSCL is
a cross-domain discipline drawing on concepts
and theories from Psychology, Computer
Science, Education and Sociology [7] and is in
close neighborhood to CSCW (Computer
Supported Collaborative Work). Consequently,
overlapping concepts and varying views from
researchers across disciplines have resulted in a
variety of frameworks. Even the definition of
collaboration itself is not unique and has
evolved over time [8]. The first challenge is
therefore to establish a unified conceptual
framework of collaboration. If this challenge
can be mastered, a second challenge would be
to identify links between collaborative
processes and tool functionalities. Indeed,
even though studies have proven that digital
tools can provide better assistance for
collaboration then traditional means in many
aspects [5], there is no clear link between
activity,  low-level  functionalities and
collaboration.

The objective of our Computer Science PhD
thesis is to help overcome the aforementioned
challenges. In the next section of this paper, we
first present the related work on different
aspects of collaboration. In section 3, we then
propose a conceptual framework that combines
key insights of previous work and provide an
overall vision of collaboration on a process
level (challenge 1). In section 4, we build on
this conceptual framework to provide a tool
framework in order to identify links between
the high-level collaboration processes and the
low-level functional parts of digital tools
(challenge 2). In section 5, we present the work
that has already been done during this first year
of PhD and finally, in section 6, we present the
upcoming work to validate our propositions.

2. Related work

High-level definitions of collaboration
mainly diverge when it comes to cooperation.
It is disputed whether cooperation should be a
part of collaboration or a separate concept. In
our work, we settle with the vision of Roschelle
et al. [9] and consider collaboration a distinct
concept from cooperation. Collaboration

requires group members to act as one, while
cooperation splits a task into smaller parts. It
seems important to make this distinction
between cooperation and collaboration in the
context of collaborative learning since “acting
as one” requires members to agree on their
vision of the task, yielding group behavior
patterns beneficial to learning not present in
cooperative tasks. When both collaboration and
cooperation occur, we group them under the
concept of collective activity [10]. As an
example, the activity of brainstorming is a
collective activity since participants may split
up the mental work of idea generation
(cooperative  activity)  but  organizing
themselves involves joint planning and
coordination (a collaborative activity).

In an attempt to detail the concept of
collaboration further, two types of frameworks
have emerged: on one hand, frameworks based
on the notion of collaborative skills (e.g. [11])
and on the other hand, frameworks on the
notion of collaborative processes (e.g. [4] [12]).
We present three main frameworks and
important work on peripheral concepts that will
be the basis for our own proposition.

Meier et al. have identified five aspects of
collaboration in their attempt of assessing the
quality of computer supported collaboration
processes [12]:  Communication,  Joint
Information Processing, Coordination,
Interpersonal Relationship and Motivation
(figure 2).

Communication includes processes such as
“grounding” to build a shared vision of
concepts [13], Joint information processing
refers to reaching consensus on decisions and
processing available information collectively.
To do so, members need to know what others
know within the group and may use transactive
memory systems [14]. Coordination concerns
the organization of resources and monitoring
critical subtask sequences while interpersonal
relationship is characterized by Meier et al. by
the absence of hierarchies where members have
the same status, referring to Dillenbourg’s
notion of symmetrical relationships [15].
Finally, the Motivation category involves
motivation by members to their individual
contribution as well as to the group task result.



Collaborative Process Categories

Communication

Joint information processing

Interpersonal relationship
Motivation

Figure 2: Five aspects of collaboration, colour
coded for integration into our proposition
Meier et al. (2007)

Mateescu et al. identified five dimensions of
collaboration in their systematic review on
collaborative  studies  [4]:  Workspace
Awareness, Verbal and gestural
communication, Participation, Coordination
Flow, Artifact interaction and Level of
Reasoning (figure 3).

Workspace Awareness means understanding
another person’s interactions with the shared
workspace. Verbal and gestural
communication corresponds to the number of
assertions, guestions and answers.
Participation is defined as a level of
involvement by the participants in the problem
solving process. Coordination flow embodies
the strategies on how a group links or
orchestrates individual contributions. Artefact
interaction refers to the use of any object (e.g.
tangible tokens). Finally, the level of reasoning
is defined as “Measures that reflect the level of
reasoning observed in or expressed by group
members”.

Collaborative Process Categories

Participation

Workspace awareness

Verbal and gestural communication
Level of reasoning

Artefact interaction

Figure 3: Five dimensions of collaborative
processes, colour coded for integration into
our proposition, Mateescu et al. (2019)

Hesse et al. distinguish conceptual skills
from social skills in their framework for
teachable collaborative problem solving skills
[11]. Social skills comprise Participation,
Perspective taking and Social regulation
whereas Conceptual skills concern Learning
and knowledge building and Task regulation.

Hesse et al. describe participation skills as
“observable action of engaging in discourse”
and distinguish between action, interaction and
task completion. Perspective taking is the
capability to understand what other people
think and know. Social regulation refers to the
capacity of group members to be aware of and
overcome biases (e.g. confirmation biases) so
as to fully exploit the potential of the group’s
mental resources. Task regulation is a synonym
for planning and coordination skills. Learning
and knowledge building is a two-folded
category in which knowledge building
designate the “ability to take up ideas from
collaborators to refine problem representations,
plans, and monitoring activities” and learning
as “the ability to identify and represent
relationships, understand cause and effect, and
develop hypotheses based on generalizations.”

Collaborative Skill Categories
- Cognitive skills
Learning & Knowledge building
Social skills
Participation
Perspective Taking
Social Regulation

Figure 4: Five collaboration skills, colour coded
for integration into our proposition, Hesse et
al. (2015)

Collaborative processes and skills are only a
part of collaboration and how it emerges. As
Dillenbourg notes, there is no guarantee



collaborative learning will take place, but
chances that it will occur can be increased by
setting the right conditions [15]. The choice and
design of activities are crucial to collaboration.
The reason why collaboration is nothing natural
is that it is not the most effective way to
accomplish a task. Cooperation, in contrast,
provides the advantage of task parallelization
and a lower cognitive load per individual.
Hierarchical structures further reduce cognitive
load by limiting information spaces necessary
for the execution of specialized subtasks.
However, this intuitive modus operandi is
counterproductive to learning since learning
takes place in exchanges [1]. In order to make
collaboration emerge in a team setting, Johnson
& Johnson thus defined conditions for
successful collaboration featuring social skills,
promotive interaction, positive
interdependence, group processing and
individual & group accountability [14] (figure
5).

Social skills and promotive interaction refer
to how individuals encourage and facilitate
each other’s efforts to complete tasks in order
to reach the group’s goals [16]. Group
processing consists of multiple layers: self-
reflection and regulation with respect to the
needs and goals of the others in the group, co-
reflection and regulation, and shared reflection
and regulation (Kirshner et al). Such meta-
cognitive  skills  require  meta-cognitive
evaluations: members must give feedback to
each other and reflect on these to elicit which
individual or group actions were helpful or
unhelpful and to make decisions as to whether
to continue or to change particular actions.
Positive Interdependence links member of a
team together so one cannot succeed unless all
group members succeed [17]. This can be done
for example through the design of the activity,
by strategically providing knowledge for task
completion among different members of a
team. By doing so, members are constrained to
collaborate and exchange. Finally, group and
individual accountability in activities hold
people responsible for their individual as well
as the group performance. “When a person’s
performance affects the outcomes of
collaborators, the person feels responsible for
their welfare as well as his or her own (Matsui,
Kakuyama, & Onglatco, 1987). Failing oneself
is bad, but failing others as well is worse.” [16]

Conditions

Social Skills

Promotive interaction
Group processing
Positive interdependance

Individual & group accountability

Figure 5. Necessary conditions  for
collaboration, color coded for integration into
our proposition, Johnson & Johnson. (2004)

One last important concept related to
collaboration is described in literature:
cognitive  artefacts. These are mental
representations that help the group keep track
of shared knowledge and a common
representation of the task state. Since
collaboration requires significantly more
attention and cognitive resources than
cooperation, groups organize and manage
transactive memory systems. Such systems only
require individuals to know what others know
(meta-knowledge) to pool and process
distributed knowledge within a group [18]. A
joint problem space is established when
members of a group successfully communicate
a shared vision of the task or problem at hand.
The notion of a joint problem space was first
introduced by Roschelle et al. [19] .

Cognitive Artefacts

- Joint Problem Space
- Transactive memory

Figure 6: Cognitive Artefacts, Wegner,
Roschelle et al. (1985, 1993)

3. PhD thesis propositions

As presented in the previous section,
researchers have proposed various types and
categories of collaborative processes, including
related concepts such as skills, conditions and
cognitive artefacts. The problem is, for the



purpose of establishing links between processes
and tools, to reunite these different visions
under a common framework.

3.1 Conceptual framework

We attempt to provide a comprehensive
conceptual framework that encompasses all of
these views.

3.1.1 Process categories

We combine the collaborative process
categories, proposed by Mateescu et al. [4]
Hesse etal. [11] and Meier et al [12], into three
main categories: Perception, Participation and
Coordination (the three categories are colored
in shades of green throughout the presented
frameworks in figure 2 — 4 and match our
framework proposition in figure 7).

The participation category contains
collaboration processes that Meier et al.
grouped under communication and Mateescu et
al. within Verbal and Gestural communication.
We widen Hesse’s definition of participation as
an “observable action of engaging in discourse”
into an observable action of engaging in
communication. We further follow Hesse in his
distinction of different levels of participative
processes along actions, interactions and task
completions. This category definition allows us
to include processes considered by Mateescu et
al. as artefact interaction. Examples of
participative  collaborative  processes are
grounding (the process of building a common
vision by adapting individual knowledge to the
other person’s level of understanding), dialogue
management, building on existing ideas,
challenging arguments or managing transactive
group memory (by creating and managing
shared knowledge across group members).

The awareness category relates to
knowledge about the environment, more
specifically about cognitive awareness (what do

I and other people know), behavioral awareness
(what do other people do) and social awareness
(emotional state of other group members [20].
As such, Hesse’s social skill of Perspective
Taking corresponds to a type of social
awareness as well as Mateescu’s workspace
awareness to behavioral awareness in the
presence of a shared tool. It also englobes
Meier’s interpersonal relationship category
since it involves processes such as sensibility
for hierarchical orders and potential conflicts
that are a type of social awareness essential to
maintain collaboration. Examples of awareness
processes include self-evaluation (gaining
awareness of  personal strengths and
weaknesses), pooling from transactive memory
(gaining awareness of knowledge, strengths
and weaknesses of others) or assuming
responsibility for aspects of the activity itself.
While those processes are not directly visible
for an observer, they feed participative
processes that reflect their presence within a
group (such as taking part in an activity and
informing others about its progress).

The coordination category relates to
collaboration processes that coordinate how the
task is resolved by the group. This category
exists in all three frameworks (named task
regulation in Hesse’s framework). This
category encompasses processes for resource
management and planning (goal negotiation
and expectations). Group processing is another
important process which refers to the capability
of a group to assess and evaluate their strategies
for task completion and adapt them accordingly
[21].

In addition, we propose to link several
peripheral concepts to these three collaboration
processes: conditions, skills and artefacts.

3.1.2 Preconditions, skills and
cognitive artefacts

In order for collaborative processes to take
place, we consider favorable conditions, such

Conditions Collaborative Process Categories
Participation Awareness
Collaborative Skills | Collaborative Processes — ifi?;:::

Figure 7: Proposition n°1: A Global Conceptual Framework



as format and design of the activity itself
(providing rule sets to create forms of positive
interdependence) and existing social and
cognitive skills among team members.

In particular collaborative Skills can
facilitate collaboration but can also be acquired
and enhanced by engaging in collaboration,
therefore being a reciprocal system in which
processes act on skills and vice-versa.

Successful collaboration yields cognitive
artefacts and group behavior patterns such as a
joint problem space [9] (consisting of content
and relational spaces [22]) and a shared group
memory [18]. These cognitive artefacts can be
detected and their quality measured for both
analysis and tool support. This is the reason
why Level of reasoning is colored in orange in
figure 2: The use and quality of those cognitive
artefacts allow us to assess the level of
reasoning that participants deploy during
collaboration.

In conclusion, the proposed conceptual
model consists of a collaborative process
hierarchy that groups different collaborative
processes together under the following three
main categories: Participation, Awareness and
Coordination. When collaborative processes
take place, they yield cognitive artefacts such
as a joint problem space, shared group memory
etc. For collaborative processes to take place,
preconditions have to be met such as positive
interdependence, accountability and, in
particular, existing social collaborative skills.

3.2 Linking processes & tool
functionalities

Previous studies on CSCL have mainly been
concerned with providing evidence that digital
tools provide advantages over more traditional
means of collaboration, such as pen and paper.
While this aspect is now widely accepted,
studies are now starting to consider the impact
of tools on the various collaboration processes.
However, these tools are often composed of
several functionalities, making it difficult to
identify which of these functionalities, or a
combination, is really supporting collaboration.

Prominent examples include Hwang et Su
2012: The study of surface computer supported
cooperative work and its design efficiency and
challenges, where a number of concepts such as
territoriality and multiple gesture/action
visualisations and have been condensed in a
single tool. Caretta is another example of a tool
that combines functionalities such as voting,
shared and private screens, physical tokens,
action visualisation and other functionality in
one tool.

Having established a common framework
on collaborative process level, the main
question of our work is the following: Can we
link tool functionality to collaborative
processes and if so, is there a combination that
optimizes collaboration for a given activity and
context?

Investigating the potential existence of such
links requires a notion of functionality that has
the potential to be linked to one or more
collaborative processes.

3.3 Functional bricks

We envision every tool to be a set of
modular functional bricks, configured to work
together. A functionality may be a shared
mobile screen, or a widget to balance
participation as demonstrated by Bachour et al.
[23]. Another functional brick could be a shared
mobile display to augment a static surface using
a peephole approach. The tool presented in
Figure 1, for example, has a functionality to
filter the information presented on the shared
screen and a functionality to interact with the
screen by manipulating tangible tokens [24].

These functional bricks may directly impact
certain collaborative processes or indirectly, by
impacting related concepts. For example, a
functional brick that manages positive resource
interdependence helps at upholding conditions
for collaboration. Another type of indirect
functional bricks are those supporting cognitive
artefacts, such as maintaining a joint problem
space (e.g. by visualizing group findings).

A tool based on our framework is a mere
aggregation of one or more functional bricks,
each configured and orchestrated by a class of
core bricks. The orchestration bricks allow for
dynamic configuration of functional bricks



included in the tool. Thereby, researchers can
trigger the use of certain bricks at different
moments of the experimentation or provide
different groups with different functional bricks
and information, effectively testing positive or
negative impact of functional bricks (or
variations thereof) on collaboration in an
experimental manner (figure 8).

Collaborative Process Categories

Participation Awareness

Collaborative Processes

I | I | II
N | | I
| (I | I
|
O | Il I

o on Ii Ii
F+cti0+al Bricks

Figure 8: Investigating the link between tool
functionality and the collaborative processes it
supports

4. Conclusion and perspectives

During this first year of PhD, we have tried
to form a comprehensive view of all the
literature related to collaborative learning. We
propose a conceptual framework that combines
the important concepts and show the relations
between them. In particular, this framework
groups the collaboration processes into three
main categories: participation, awareness and
coordination. Our objective is now to build on
this conceptual framework to identify links
between the functional bricks, found in digital
tools, and the collaborative processes they
support. Understanding these links between
functionalities and collaborative processes will
be a significant breakthrough in CSCL because
it will allow designers to implement only the
necessary functionality to support the type of
collaborative activity they want to create.
However, there is still a long way to go before
we can identify the effect of functional bricks.

To start with, we intend to analyze previous
studies on collaborative tools. This will provide
insight on the possible effects of the functional
bricks on the collaborative processes. However,
this will not be very precise, as systemic
reviews are limited in depth and explanatory

power due to heterogeneity of study parameters
such as activity design, domain context,
experimental parameters such as group size and
composition but also tool design.

Ideally, more studies should be led with all
the existing functionalities to help measure
their impact on collaboration. Our intention is
not to do this ourselves (which would be
impossible within the given time of a PhD) but
rather to provide a framework on which the
community can build on. We also intend on
providing an  open-source  software
architecture to facilitate the implementation of
these functional bricks and there orchestration.
We plan on developing the core orchestration
module and two functional bricks as a proof of
concept. These functionalities and there
combinations will be tested in 2023, during
three experimentations planed in diverse
contexts: a field trip in geography with master
students, an orienteering race with disabled
students in secondary school and a history-
geography field trip with novice primary school
teachers. The design of learning activities will
be based on the MoCoGa model developed by
Marfisi-Schottman et al. [26].

We believe that using a modular approach,
under a common framework, allows for a better
comparability and reproducibility of studies
and strengthening identified links between
functionalities and collaboration. In addition,
developing tools takes up a significant amount
of available resources. Sharing development
efforts in a collaborative matter has the
potential to liberate resources that can be used
elsewhere. In the medium term, data and results
from the scientific community using this
framework for further experiments will validate
modules and combinations that cannot be tested
during this project and provide insights to
enhance the interaction model that our
experimentations will yield. In implementing
the before mentioned methodology, we hope to
also address the ongoing reproducibility crisis
which is not exclusive to domains such as
psychology or medicine [25].

While approaches like open data or pre-
registrations can improve reproducibility, the
variety of tools (and their limited availability
for replication studies) used in CSCL make it
near to impossible for other researchers to



validate results. Not only may software not be
available to other researchers but software is
usually built for specific hardware (e.g.
interactive  tabletop),  further  limiting
reproducibility and comparability. The latter is
especially important in CSCL since study group
sizes are small. Large size studies on situated
collaborative learning are uncommon and thus,
generalizing results is difficult [7].
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The mediators of the effect of meaningful classroom digital
technology integration on students' subject-specific learning
outcomes in basic education
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Abstract

Despite the prominence of classroom digital technology integration (CDTI) in contemporary
education, controversy remains on its effects on learning. Hence, previous research suggests
concentrating not on the essentially transient effect of CDTI but rather on what mediates its
effect on teaching-learning processes. The PhD study introduced in this paper aims to identify
mediators of the effect of meaningful CDTI on students' subject-specific learning outcomes in
basic education. For that, data were collected from 93 basic education teachers, 984 students,
and their parents through interviews, in-class observations, tests, surveys, and questionnaires
on CDTI practices, students' subject-specific and general competencies, and students'
background information such as personality, mental capacity, school satisfaction, and
relationship with teachers. Collected data are processed through clustering with cross-tabulation
to identify teacher CDTI profiles, latent profile analysis to identify student subject-specific
achievement profiles, and nested multi-group SEM analysis to detect possible mediators of
CDTTI's effect on student learning outcomes. The results help understand what mediates the
effect of meaningful CDTI on students' subject-specific outcomes, which contributes to giving
recommendations on how to personalise the teaching-learning processes. Stakeholders such as
teachers, students, and developers benefit from this knowledge to plan, design, implement,
evaluate, and reflect on meaningful CDTI.

Keywords 1
classroom digital technology integration, technology-mediated learning, basic education

1. Introduction but not completely implemented before, mainly
regarding the use of digital technology [1].

For several years, the potential learning
benefits of digital technology have been
explored, leading to digital technology
integration in education being encouraged by
education policies [see, e.g., 2]. Making use of
the learning affordances expects a meaningful
use of digital technology, resulting in
technology-enhanced teaching and learning.
For example, the latter has been deconstructed
as improvements in practicality, understanding
and engagement [3].

The use of digital technology in the
teaching-learning processes is a salient feature
of modern education, rendered more prominent
by the COVID-19 pandemic. The pandemic
embodied a disruption in diverse sections,
including education. Many researchers in the
field are hence spurred by sense-making of the
changes derived from this disruption. As one
example, the pandemic provided a chance for
educational innovations that had been initiated
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However, the term technology-enhanced
learning includes an inherent bias [4, 5], an
issue further so, as there is a noteworthy dispute
between the researchers regarding the
effectiveness of digital technology integration
[see, e.g., 6, 7]. Regarding the main agents in
determining the outcome, approaches to the
field tend to be mainly divided into two,
technology-led or pedagogy-led. The former
invites compelling, rethinking and reevaluating
pedagogical  practices to  incorporate
technology's affordances [see, e.g., 8, 9, 10].
Opposing is the pedagogy-led approach, where
pedagogical stances determine the technology
integration [see, e.g., 11, 12, 13]; thus,
pedagogy is seen as the main agent in
determining the outcomes of the technology
integration practices [14].

Recent research posits taking a step further
from the technology-pedagogy dichotomy
towards a consideration of entangled pedagogy
[see 14], recognising that pedagogy and
technology work in tandem not only with each
other, but in interaction with the context and the
different relations within these contexts on
micro, meso, and macro levels, e.g.,
considering teachers, students, and the
environment, such as the institution [4, 14].
Thus, the use of digital technology in education
is regarded as "[...] complex, situated, and
social in their constitution, their form, and their
purpose, and as ungeneralisable in their effects
as the choice of paintbrush is to the production
of great art" [15], acknowledging that this
recognition implies that the integration of
technology into the teaching-learning processes
may have different effects depending, for
example, on the student [5].

Consequently, previous research suggests
shifting focus from measuring the effects of
digital technology integration on the teaching-
learning processes, which are essentially
transient, and concentrating rather on what
mediates the effect of the technology
integrations on these processes [5], considering
and evaluating the relations of different
elements [16]. Nevertheless, research alike is
still scarce, possibly due to the complexity of
the research design and process emanating from
the numerous interacting and intertwined
variables.

The PhD study described in this paper
undertakes to gain insight into what affects the
effect of technology-mediated learning on
subject-specific learning outcomes aiming to

identify some mediators of the effect of
classroom digital technology integration. More
specifically, we focus on i) understanding the
practices of classroom digital technology
integration in terms of how and why technology
is integrated, ii) how these practices impact
technology-mediated learning in  basic
education, and iii) what role do teacher, student
and context-specific characteristics, such as
attitudes, = general =~ competencies  and
personality, subject and institutional support,
play in mediating the effect of classroom digital
technology integration on subject-specific
learning outcomes.

The context of the study is Estonia, where
considering the effect of digital technology
integration on learning outcomes and what
affects the effect might be meaningful. The
latter 1s due to two reasons; first, education in
Estonia is considered one of the top-
performing [17] and second, the use of digital
technologies for learning and teaching is fairly
widespread [18]. The latter is not only expected
from the teachers [19], but teachers are also
relatively well-prepared for it [20].

The following research questions thus guide
the study:

RQ1: What are the teachers' classroom
digital technology integration practices in
Estonian basic education schools?

RQ2: What are the students' subject-specific
learning outcomes in technology-mediated
learning in Estonian basic education?

RQ3: What are the associations between
classroom digital technology integration and
subject-specific learning outcomes in Estonian
basic education?

RQ4: What mediates the associations
between classroom  digital technology
integration and subject-specific learning
outcomes in Estonian basic education?

The aim of the described PhD study research
is a contribution toward considering not only
how technology affords learning and how to
utilise these affordances to support pedagogical
underpinnings but how to personalise education
through evaluating the interactions of the
technology, pedagogy, and the context.

2. Methodology

The PhD study described in this paper is a
part of a larger research project, Digiefekt,
running from May 2020 to April 2023. The



Human Research Ethics Committee of the
University of Tartu, Estonia, approved the
DigiEfekt project's research activities in
December 2020 and again in September 2021
for a follow-up application that further
developed the main study's plan in the light of
the pilot studies' findings. The research project
underwent two piloting studies to develop
validated and reliable data collection
instruments. The first piloting took place in
April-May 2021, and the second piloting was in
September-October 2021. The main study's
data collection started in November 2021 and
was completed in May 2022. The collected data
will be analysed between June 2022 and March
2023. The main results of the project will be
obtained by April 2023.

2.1. Sample

Purposeful sampling was used in the
research project. We recruited schools with
different profiles, considering different
combinations of the following: i) academic
achievement, ii) digital competence and iii)
school satisfaction. More specifically, schools'
performance was regarded in terms of students'
achievement on academic tests. Digital
competence was self-assessed by the teachers
and the students. School satisfaction was
reported in a survey conducted among teachers,
students, and parents.

As participants, we selected Estonian,
mathematics, and natural science teachers and
their students from the end grades of each basic
education level in Estonia, i.e., third (9—10 y/o0),
sixth grade (12—13 y/0), and ninth (15-16 y/0)
grades. The participation of the schools,
teachers and students was voluntary. The end
sample consisted of 93 teachers and 984
students from 14 different schools across
Estonia. Included were urban, suburban, and
rural schools.

2.2. Data Collection and Analysis

To support the reader in following the
research flow, the methodology will be
described by the three sub-studies, which will
make up the discussed PhD study. The first sub-
study aims to identify teachers' classroom
digital technology integration practices in their
use and reasoning. To that end, data were
collected by in-class observations to get an

overview of how teachers integrate technology
into the classroom. Further, interviews were
conducted with the teachers to get an insight
into the reasoning behind the specific use of
digital technology. Following a content
analysis of the collected data, a non-latent
cluster analysis was conducted to identify
profiles of teachers in terms of their digital
technology integration practices. Moreover,
data on  teachers' Dbackground and
demographics, e.g., age, years of service, self-
efficacy, agency, and attitudes towards digital
technology integration, were collected via
questionnaires and will be used as control
variables in cross-tabulations to support
describing and explaining the identified clusters
considering the relationships between the
variables. Further, member checking will be
conducted to validate the identified profiles.

For the second sub-study to identify
students' profiles regarding subject-specific
learning outcomes while also considering
categorical latent variables, the following data
were collected: students' results in digital
competence and subject-specific competence
tests, i.e., Estonian, mathematical and natural
science competence, measured twice in the
frame of one year, and students agency,
learning anxiety and learning competence,
measured once with self-report questionnaires
in the frame of each subject, validated by in-
class observations, as well as a test on students'
mental capacity. These data will be analysed
with latent profile analysis. Identified profiles
will be further described and explained in the
light of additional control data collected from
and on students, such as students'
socioemotional skills, personality and school
satisfaction, analysed in cross-tabulations to
explore relationships between the profiles and
the control variables.

The third sub-study aims to discover
associations between the profiles of teachers
(profiling according to the classroom digital
technology integration, identified in the first
sub-study) and students (profiling according to
the  subject-specific  learning outcomes,
identified in the second sub-study) while
considering the aforementioned background
variables describing learners and teachers as
well as a students' self-reported relationship
with the teachers, and a nested multi-group
SEM analysis will be conducted.



3. First Results

The data from the in-class observations on
167 lessons shows that digital technology is
integrated into 82% of the lessons. These
lessons included 269 different learning
activities with the use of digital technology. In
59% of these activities, the technology was
used only by the teachers. The activities used
digital technology mainly as a substitute for a
non-technological alternative, without making
use of any functional improvement afforded by
the technology (61% of the 269 activities). On
approximately one-third of the occasions,
technology was used for augmentation, relying
on its affordances to provide functional
improvements to the learning activities (34% of
the activities). The rest of the 5% of the detected
activities with digital technology integration
made use of its affordances to revise and
redesign the teaching-learning process (2% of
the activities) or to adopt new teaching-learning
practices, such as hybrid learning (3% of the
activities) [see more 18].

Digital technology was integrated mainly to
improve the practicality of the teaching and
learning processes (42% of the activities), and
the focus was more on facilitating teaching than
learning. Besides, teachers adopted CDTI more
commonly for its affordances to increase
engagement (30% of the activities) than its
affordance to facilitate deeper understanding
(26% of the activities). In addition, teachers
chose CDTI because they consider it more
sustainable than non-technological alternatives
(2% of the activities) [see more 21].

Regarding the teachers' classroom digital
technology integration practices in terms of
both the use and its purpose, we identified four
profiles: introducers, facilitators, motivators,
and deepeners. Introducers, facilitators, and
motivators use technology mostly, although
with different regularities, as a substitute, but
the purposes for the substitution differ among
these profiles.

More specifically, introducers integrate
digital technology seldom to the classroom, and
when doing so, there is no specific aspect of
enhancement in mind. Facilitators stand out
from the other profiles due to their main
pedagogical reasonings for digital technology
integration lying in its practicality and
affordances to improve understanding, i.e.,
facilitating the teaching-learning processes for

more in-depth learning. Conversely, Motivators
focus mainly on digital technology's
affordances to engage and motivate students.

The fourth identified profile, deepener,
integrates technology both as a direct substitute
and for the augmentation of the learning
activities. Deepeners' aim in digital technology
integrations is to facilitate understanding and
augment learning gain. What lies behind these
profiles, e.g., what would contribute to the
sense-making and thus predict the occurrence
of the specific profiles, is, however, still in the
process of analysing.

4. Discussion and Conclusion

The PhD study described seeks to generate a
holistic understanding of technology-mediated
learning, i.e., what mediates the effect of
technology integration on students learning, by
adopting a relatively diverse and vast sample.
Considered are the interactions between
teachers' CDTI practices and students' subject-
specific learning outcomes while scrutinising
numerous student, teacher, and context-specific
characteristics, acknowledging the agency of
the stakeholders and environment in
determining the effectiveness of the CDTI [5,
14, 15].

Although the results of this PhD study are
still being processed, it emerged that in regard
to teachers' classroom digital technology
practices, student-centred objectives
predominated over teacher-centred objectives,
suggesting a focus on students in the
pedagogical stances. These findings align with
prior research showing a relationship between
teachers' use of technology and the co-
constructivist teaching approach, where
learning is based on a conversation between
teachers and students or peers [22].

Indeed, in the context where this study has
been conducted, students are increasingly
considered in the dialogue of creating
educational experiences under the predominant
paradigm of contemporary learning. In this
paradigm, students are placed at the centre of
learning design and instruction to scaffold their
agency, as in the quickly changing,
unpredictable environment, there is a need for
autonomous, self-regulated learners [23].
Hence, lending to the aspirational digital
technology integration, which is guided by the



context and the combined purposes of the
stakeholders [14].

The PhD study contributes to understanding
how stakeholders and context interact in
technology-mediated learning, which is
necessary for planning, implementing, and
reflecting on meaningful CDTI practices and
supporting the personalisation of education.
This study is done in the context of one country,
having thus the predominant learning paradigm
acting as a constant variable. Hence, similar
research in diverse contexts would be desirable
since the practised learning paradigm can be
considered as one of the essential mediating
factors to evaluate the effect of the CDTL
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Abstract

This Ph.D. research proposal aims to investigate how exploiting educational data to track the learners’ development of
knowledge and skills, thus embedding this information in automated tools designed to enhance teaching and learning. The
encoding of learners’ knowledge and skills is a crucial issue which can be exploited in addressing several tasks, such as
underachievement prediction and personalized learning. However, some challenges characterized how to design the encoding
and include it in automated tools: dealing with several formats of data (among which also text, video, images, and audio
recording), tackling the strong dependence of educational data from the context where they are collected, and consider ethical
issues related to explainability and fairness. With this position paper, we introduce the research questions which lead the
project, a brief state of the art about techniques used to tackle the students’ knowledge and skills encoding, the methodology
and the expected results. Specifically, we aim to investigate which data can be used to fulfill our main purpose, test our
encoding solutions in two case studies (underachievement prediction and knowledge tracing), and assess the contribution of
our encoding to tackle them. As for the methodology, we want to explore strategies of Informed Machine Learning, that is to
say incorporating an external knowledge source in the machine learning pipeline, which can improve the explainability and

fairness of the models and handle the influence of the external context on the educational data.

Keywords

knowledge tracing, skill development, educational computing, informed machine learning

1. Introduction

This position paper presents the research proposal for a
Ph.D. in Educational Data Science discussed at a Doctoral
Consortium, with a specific focus on the problem of how
to track the development of students’ knowledge and
skills. The paper was presented a year and a half after
the start of the Ph.D. and contains the conceptual and
motivational framework, the expected development steps,
and a summary presentation of the preliminary results
of the work done so far.

The paper is organized as follows. In the next section,
we describe the background for the research, focusing
on some challenges, motivating the research questions
for the proposal, and the rational for our methodological
choices. The third section is dedicated to the method-
ology. We introduce Informed Machine Learning (IML)
as a reference methodological approach and we outline
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some attention for its application to the educational con-
text. Section 4 is for the introduction of two case studies
which mainly serve to exemplify the application of an
IML approach. For the first case study we also briefly
discuss some preliminary results; the second case study
is presented as future work. Finally, we conclude with
a description of the expected results and some final re-
marks.

2. Background

2.1. Datafication in the Educational field

In the last decade, the process of datafication in soci-
ety has become increasingly pervasive, also affecting the
educational field [1]. We assisted in a growing and var-
ied interest in the application of artificial intelligence
and data science techniques in this sector, with the rise
of new research fields such as Learning Analytics (LA)
and Educational Data Mining (EDM) [2]. Despite some
differences, especially in the analysis techniques most
commonly used by the two research communities, LA
and EDM share the goal of extracting knowledge of inter-
est for educational stakeholders —policy-makers, didactic
coordinators, teachers, parents, and students— and using
the extracted knowledge to improve the learning process
in some way.

In this Ph.D. research proposal, in a broad perspective,
we consider a key issue which is transversal to many ed-
ucational situations: tracking the learners’ development
of knowledge and skills, thus embedding this informa-
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tion in automated tools designed to enhance teaching
and learning. There are several tasks which can benefit
from the encoding of students’ knowledge and skills de-
velopment, e.g. low achievement prediction models [3, 4]
or automated feedback system for personalized learning
[5]. As main objective, we aim to tackle the problem
of how encoding the students’ knowledge and skills de-
velopment, identifying valuable data resources for its
representation, and testing our solutions effectiveness in
addressing the tasks listed above. There are three main
starting considerations which motivate our proposal and
lead to design our research questions.

2.2. Three challenges to address for
automated tracking of knowledge
and skills development

Firstly, the datafication process in the educational field
is characterized by several types of data, namely product
data, process data, and background data. Product data
are related to what students produced, and how they
show their learning. They can be collected while stu-
dents are learning, e.g. personal notes during classes,
production of diagrams, and concept maps, questions
answering, resolutions, and formative and summative
assessments. Process data deals with how students are
learning a specific content or how they behave during
their performance assessment. The possibility to gain
process data increased in the last years due to a spread
in the use of digital technology in education, e.g Learn-
ing Management Systems (LMS), Massive Open Online
Courses (MOOCs), and computer-based tests (CBt), both
at school and university. This was furtherly accelerated
by the recent COVID-19 pandemic. These technologies
allow to track individual students’ learning processes and
collect data such as their mouse clicks, scrolling behav-
ior, or time spent on different tasks or content resources.
Also face-to-face classes allow the collection of process
data, although it is often challenging and more time-
consuming. An example is the data collected through the
Think-Aloud protocol [6]. As for background data, they
usually contain student demographics (parents’ educa-
tion, family income, household registration), curriculum
plans, teachers’ quality and style, and student perfor-
mance evaluation. The previous list shows the variety of
formats for educational data referable to a single learning
activity: numerical, categorical and boolean variables are
enriched by other formats e.g. texts, images, videos, and
voice recording. This leads to the problem of how multi-
modal data fusion can be conducted in learning analytics
[7, 8]. We refer to this challenge as the multimodal data
challenge

A second issue concerns how these data are collected,
organized, and labeled [9]. On the one hand, the increas-

ing availability of educational data promotes the applica-
tion of data science and machine learning techniques, to
exploit data potential in enhancing learning and teaching.
On the other hand, we have to consider that educational
data are often highly context-dependent. There are few
standardized large-scale educational datasets, i.e. data
are very heterogeneous for different class groups. Fur-
thermore, data labeling is not a common practice in class-
room settings, because it is not one of the main objectives
of teachers or other stakeholders traditionally involved
in training processes. Moreover, educational data are
often indicators of a learning competence or behavior,
whose evaluation depends to some extent also on the
evaluator. Let us consider, for example, the evaluation of
task on creative thinking skills: different evaluators can
result in different evaluation labels. Therefore, we are
affirming that the collection of data on students cannot
ignore the context in which this occurs and can hardly
be considered free from pedagogical, psychological, and
cognitive science theories, consolidated over years of re-
search and assumed more or less explicitly by teachers,
by those who design the context of learning or by who
carries out the data collection. The research on Intelli-
gent Tutoring Systems or Adaptive Educational Systems
already considers the domain model and the pedagogical
model together with the learner model [10, 11]. However,
in these systems, they are often separate components,
while we are suggesting that the domain model and the
pedagogical model directly influence the learner model.
This assumption relies on the issue already stated in the
literature of the theory-ladenness in data-intensive ap-
proaches [12]. We can name this as the theory-ladennes
challenge.

As a consequence, it is not easy to have robust and
fair datasets on which to apply automatic data mining
techniques, pointing out the third issue on ethics. An un-
balanced or unrepresentative dataset may disadvantage
students not sufficiently represented by the sample. The
model ~here intended as an automated detector for a com-
monly seen outcome or measure in LA and EDM, such as
dropout, underachievement, affects, learning strategies,
and disengaged behaviors— may be prone to overfitting
the profile of well-represented students, resulting inflexi-
ble to new cases or changes that may occur in the school
population. According to Baker [13], this is not just a
technical challenge but it is a challenge for inclusion. In
fact, a lot of the populations that we want to focus on,
including historically underserved and underrepresented
populations, are the ones it is harder to collect data for.
This can be seen as a generalizability challenge for the
models developed in LA and EDM. We can refer to this
last point as the ethical challenge.



2.3. Research Questions

To sum up, the datafication process, which affected the
educational field, is an opportunity to promote data-
informed decisions for revising the learning designs and
avoiding behaviors that lead to poor learning. In partic-
ular, one of the central problems is how to use data for
the design of a learner model, an essential component for
data-informed pedagogies and educational actions. In
the development of this model, there are some challenges
to be taken into consideration: the multimodal data chal-
lenge, the theory-ladennes challenge, and the problems
of inclusiveness, fairness, and generalizability, summa-
rized in the ethical challenge. The considerations in the
previous subsection lead us to formulate the following
research questions.

Most studies in this area have a purely or highly data-
driven approach, which does not consider how context
and several pedagogical assumptions can affect and be
integrated into the machine-learning pipeline. This leads
us to formulate the following research questions.

RQ1 How different educational data can
be used for a reliable representation of

learners’ development of knowledge and
skills?

RQ2 Is there any prior knowledge which
can be integrated into Al tools used for
tracking learners’ development of knowl-
edge and skills to improve their perfor-
mance or their explainability?

The first research question is motivated by both mul-
timodal data and ethical challenges, and also wants to
suggest the need to reflect on what information is actually
collected and expressed in the data. The second question
emphasizes the need to consider other sources of infor-
mation. The term prior knowledge here is intended in
the perspective of Informed Machine Learning, chosen
as methodological paradigm, that we describe in the next
section. In our discussion, we can assume the domain
and the pedagogical models as integrative knowledge
source to data.

3. Methodology: Informed
Machine Learning

According to von Rueden et al. [14] Informed Machine
Learning describes “learning from a hybrid information
source that consists of data and prior knowledge”. It is
not a purely data-driven approach due to the integration
of an external and independent knowledge source into
the machine learning pipeline.

With the term knowledge they assumed a computer
science perspective, defining it as “validated informa-

tion about relations between entities in certain contexts”.
There are three types of knowledge, several possible rep-
resentations, and different forms of integration, as shown
in Table 1. When dealing with the approach of informed
machine learning in the educational field, the main source
of prior knowledge to consider is the expert knowledge,
often informal and validated through a group of expe-
rienced specialists. Also world knowledge could be a
source of information to take into account, referring to
facts from everyday life that are known to almost every-
one, subsuming also linguistics.

Some forms of knowledge integration in LA models
already exist; it almost occurs with the search for synergy
with learning design, oriented to data-informed learn-
ing and teaching practice that preserve the agency of
students and teachers [15, 16], overcoming purely data-
driven approach. This way can be seen as integrating
prior knowledge into the final step of the machine learn-
ing pipeline when its output is validated or benchmarked
against existing knowledge through human mediation.
However, there are other forms of knowledge integra-
tion in the machine learning pipeline —Training Data,
Hypothesis Set, and Learning Algorithm- that could be
investigated to face the challenge of the reconstruction of
students’ learning trajectories and students’ competence
development. In this research proposal we want to ad-
dress the problem of developing knowledge and skills by
investigating which supplementary knowledge sources
can be used, how they can be represented and where
they can be integrated into the machine learning pipeline
(training data, hypothesis set, learning algorithm, and
final hypothesis). To do this we consider two case stud-
ies, i.e two situations in which the problem of tracking
the development of knowledge or skills is relevant and
which we propose to approach from the perspective of in-
formed machine learning. The first case study concerns
a predictive model of underachievement and represents
a study already started for which there are some prelim-
inary results. In this first case, we present an example
of feature engineering strongly driven by an explicit in-
tegration of a theoretical framework. The second case
study concerns the problem of knowledge tracing. It rep-
resents a work direction still to be developed which also
requires an in-depth analysis of what already exists in
the literature as attempts at hybrid approaches in which
a theory-laden is present. Therefore, we propose to in-
vestigate the RQs through two case studies that allow to
use of different data (in the first case it is a static dataset
and in the second dynamic) for learner modeling and to
test prior knowledge integration strategies.



Table 1

Informed Machine Learning taxonomy introduced by von Rueden et. al. [14]

Representation
Which source of knowledge is inte-
grated?

How is the knowledge represented?

Integration
Where is the knowledge integrated in
the ML pipeline?

Scientific knowledge
World knowledge
Expert knowledge

Logic ruels

Knowledge graphs

Algebraic equations
Differential equations
Simulation results
Spatial invariances

Training data
Hypothesis set
Learning algorithms
Final Hypothesis

Probabilistic relations

Human feedback

4. Case studies

4.1. Low achievement prediction
exploiting longitudinal large-scale
assessment tests

4.1.1. Problem definition and State of the Art

Firstly, we examine data collected through national large-
scale assessment tests. These tests are often used to sup-
port educational policy decisions [17] or in studies aiming
to determine the relationship between socio-economic
factors and school performances. Nevertheless, they
are designed to measure students’ knowledge and skills
and often to track longitudinally the students’ learning
path [18]. These test design features enable the collection
of data that can be useful for tracking the development
of knowledge and skills and building predictive models
for the risk of long-term underachievement or dropout.
In [19], for example, the authors refer to data collected
through the PISA international large-scale assessment
tests to predict math proficiency.

Several machine learning techniques have been ex-
ploited to build predictive models for students’ perfor-
mance [4], including supervised learning, e.g., random
forests, support vector machine and Bayesian network,
unsupervised learning, e.g., k-means and hierarchical
clustering, and recommender systems, e.g., collaborative
filtering.

4.1.2. Specific objectives and outcomes

In [20] we present some preliminary results about maths
low achievement prediction exploiting a very large ital-
ian dataset (more than 700000 students). Specifically, we
exploit data collected through the INVALSI' large-scale
assessment test to predict at grade 5 low achievement in
math at the end of compulsory school at grade 10. We
used three Al tools based on state-of-the-art machine
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learning models: random forest and two neural networks
(categorical embedding neural network and feature tok-
enizer transformer). Finally, we presented a knowledge-
based methods to encode students learning. Specifically,
in the design of the learner model, we exploit features
already present in the dataset regarding demographic
information and the socio-cultural-economic context of
the student, together with other features more related
with the student’s learning. This second set of features
is obtained through engineering the boolean features
that record the correctness of the student’s responses to
the individual items of the test. The new features are
defined based on the framework used by INVALSI for
classifying the items, in terms of areas, processes, and
macro-processes. The rational for this choice is two-
folds: firstly, this allows application to students from dif-
ferent cohorts who have taken different tests; secondly,
they are directly related to students learning in terms of
knowledge and skills, that are very important to design
educational interventions to counteract the phenomenon
of underachievement. The classification framework is
shown in Table 2 This framework represents the source
of integrative prior knowledge. Its representation is in
the form of algebraic equations, with which we define the
new features, i.e. for each student a correctness rate is
computed for each area, process, or macro-process. The
integration takes place into the train set.

Our results are summarized in table 3, which are
promising. We aim to improve the research in three
main directions. Firstly, we want to test the transfer-
ability to other disciplines such as Italian and English,
which are tested by INVALSI, by using a similar represen-
tation or encoding for students learning. Secondly, we
aim to improve the data quality by training and testing
the model with students from different cohorts. This is
possible by using at least four cohorts of students and
may improve the transferability of the models to new
cohorts. In fact, training the model on students’ data
from different school years could help in avoiding over-



Table 2
Maths INVALSI framework for question encoding.

(NU) Numbers

(SF) Space and figures

(DF) Data and forecasts
(RF) Relations and functions

Process

(P1) Know and master the specific contents of mathematics

(P2) Know and use algorithms and procedures

(P3) Know different forms of representation and move from one to the other
(P4) Solve problems using strategies in different fields

(P5) Recognize the measurable nature of objects and phenomena in different

contexts and measure quantities

(P6) Progressively acquire typical forms of mathematical thought
(P7) Use tools, models and representations in quantitative treatment
information in the scientific, technological, economic and social fields
(P8) Recognize shapes in space and use them for problem solving

Macro-process

(MP1) Formulating
(MP2) Interpreting
(MP3) Employing

fitting patterns to a specific test. Furthermore, we can try
different student modeling approach, which is not driven
by the Invalsi theoretical framework but which take into
account other contextual information, e.g the items diffi-
culty or the items embedding based on their texts. A last
point of development concerns the interpretability which
can be improved by comparing the feature importance
analysis of the random forest model with the weights
which define our neural networks.

To sum up, With this case study we want to investi-
gate the potential of educational data collected through
longitudinal large-scale assessment tests for the repre-
sentation of the development of knowledge and skills,
and look for other prior knowledge resources that can
improve the performance of the model.

Table 3
Performance on test set

Models Accuracy Precision Recall
Random Forest 0.77 0.62 0.67
CE neural network 0.76 0.76 0.76
FTT neural network 0.78 0.77 0.78

4.2. Knowledge tracing for personalized
learning

4.2.1. Problem definition and State of the Art

As a second case study, let us consider an instructional
unit provided through a learning management system
(LMS). This is usual for MOOCs courses, it has also been
the case for many students and teachers during COVID-
19 pandemic [21] and potentially it may also be exploited
in face-to-face classes, as a tool to organize teaching ma-
terials and manage different activities. As students work
with the LMS they produce a wealth of data including
product data (e.g. an explanation written in an electronic
journal, or a video recorded through a mobile app) and
process data (e.g. the number of edits made in the writ-
ing of this explanation, or log data). This data can be
exploited for the well-known problem of knowledge trac-
ing [22], which can be described as monitoring students’
changing knowledge states during the learning process
and accurately predicting their performance in future
exercises. This information can be further applied to pur-
sue personalized learning in order to maximize students’
learning efficiency.

The most common machine learning techniques to
handle knowledge tracing are Bayesian Network [22]
and Dynamic Bayesian Network [23], to build proba-
bilistic models. Another frequent approach is that of
logistic models, such as learning factor analysis [24], per-
formance factor analysis [25] and knowledge tracing ma-



chines [26]. In recent years, it has been explored also
the use of deep neural networks [27], which outperform
more traditional techniques, named Deep Knowledge
Tracing (DKT).

4.2.2. Dataset and goals

For this case study we will consider data collected by
the ALICE project (Learning Progression Analytics - An-
alyzing Learning for Individualized Competence devel-
opment in mathematics and science Education), led by
IPN Kiel, with the cooperation of DIPF Frankfurt and
Ruhr-University Bochum. ALICE aims to exploit data
from students’ interactions with digital technologies in
STEM —Science, Technology, Engineer, and Mathemat-
ics— classroom learning, both to predict the productivity
of students’ learning trajectories for their competence
development and to identify underlying causes of unpro-
ductivity. The data is collected through the implemen-
tation of some instructional units in face-to-face classes
using an LMS as a teaching aid. In this context, we want
to investigate which useful prior knowledge related to
ALICE educational context can be modeled and how. Fur-
thermore, we aim to explore where they can be integrated
in the ML pipeline to improve the learning trajectories
analysis.

Our hypothesis is that the analysis of log data for the
knowledge tracing can benefit from information on the
face-to-face context, such as the choices of the teacher in
the exposition of the unit contents and teaching times, re-
lationships peer-to-peer, or the didactic model on which
the unit itself is designed. We want to investigate the pos-
sibility of representing one or more of these sources of
prior knowledge through a graph or a bayesian network,
that can be used as input for a DKT network together
with the log data collected on the student’s interactions
with the learning management system.

4.3. Remarks

In both cases, we refer to data collected about students’
learning to build a learner model. However, we have to
consider that the learning dynamics are strongly influ-
enced by the domain model — understood as physical
space, social-relational space, disciplinary space—, as well
as by tutors/teachers and the pedagogical model they as-
sumed. Domain model and pedagogical model may be
considered as prior knowledge, here intended as a sepa-
rate source with respect to data about students’ learning
behaviors or performances, which can be integrated into
the machine learning pipeline, following the paradigm
of Informed Machine Learning[14].

5. Expected results

On the one hand, the brief background presentation in the
previous section demonstrates how crucial and transver-
sal the proposed RQs are in the educational field. On
the other, it highlights their complexity and the need to
address them focusing on case studies, which may be
very different from each other, although they share the
need to identify suitable data to represent the learners’
development of knowledge and skills. The comparative
analysis of the results obtained in different case studies
can bring out good practices or scalable solutions.

Therefore, in this research project, we aim to focus
on different educational issues, referable to those pre-
sented in the previous section: underachievement and
knowledge tracing. For each case study, we are going to
identify or build a dataset useful for defining a learner
model, intended as a representation of learners’ devel-
opment of knowledge and skills, thus contributing to
RQ1. To handle RQ2, the proposed representations will
be used to test several state-of-the-art solutions of ma-
chine learning, which can tackle the educational problem
that motivates each case study. Furthermore, we aim to
identify significant sources of prior knowledge (domain
model and pedagogical model) and investigate how to in-
tegrate them into the machine learning tools. Hence we
will evaluate their effectiveness, with respect to conven-
tional machine learning solutions, by considering models’
performances and their explainability, trying to come up
with the main goal of RQ2.
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