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Abstract: The systematic use of learning technologies has become widely employed in the
past years, diverse technologies have been applied in a variety of teaching practices; for
instance learning tools which allow you to flip the classroom or monitor and enhance other
learning practices. However, the developed systems are only a subset of different kinds of
learning materials and learning tools that an educator should take into consideration; and most
importantly they do not offer an overview of the different learning experiences and dynamics.
Information gathered from multiple technologies via learning analytics can allow us to
orchestrate the respective technologies and practices, and support better learning. Therefore,
there is an emerging need for the learning technology community to develop new knowledge
about how analytics allow us to better orchestrate different e-learning tools and learning
practises. In this paper, we present indicative examples of how learning analytics from
different sources can allow us to make sense of learning phenomena. Our aim is to provide
insights of how heterogeneous learning analytics can help us to better understand and further
develop teaching approaches enhancing students’ dynamics and needs in a ubiquitous learning
era.
Keywords: heterogeneous learning analytics, learning ecosystems, learning orchestration,
ubiquitous learning.

Introduction
Many scholars have used "orchestration" to refer to the design and real-time management of multiple classroom
activities, various learning processes and numerous teaching actions (Dillenbourg & Jermann, 2010). In 21st
century’s learning spaces, instructors have to orchestrate multiple tools in the best possible way. They need a
fine-grained control of time and progress. To do so, they need to translate students’ interactions into a sequence
of useful information (e.g., learning progress). Contemporary learning practices and scenarios integrate
individual activities (e.g. self-reading), team-work (e.g. problem solving) and class-wide activities (e.g. quizzes,
lectures), an important element of these integrated activities is the required monitoring and management
“orchestration”. Hence, understanding students’ interactions is even more essential in today’s education.
Siemens (2003) described learning ecosystem as a mean for orchestrating a variety of learning
approaches given by the varied characteristics of learning processes. Learning ecosystem is seen as an
environment which is “consistent with (not antagonistic to) how learners learn.” His approach focused on the
learning process dimension and takes into account different forms of learning analytics, like learners’
characteristics and interaction with the learning environment.
The field of learning analytics is broadly concerned with how the collection, analysis and application of
data can be used to improve processes and outcomes related to learning (Siemens et al., 2011). Increasing
motivation, autonomy, effectiveness, and efficiency of learners and teachers is an important driver for learning
analytics developments (Buckingham Shum, Gašević, & Ferguson, 2012). Learning analytics allow instructors
and researchers to discover important learning episodes and phenomena (e.g., moment of
learning/misconception), get better understanding of learner characteristics/needs; and understand the features
that make the learning material effective. There is therefore a need to leverage learning analytics capabilities to
assist instructors in the orchestration of their learning practices and respective technologies.
During the last years several technologies to assist students’ learning have been developed. For
instance various Learning Management Systems (LMSs), classroom response systems and other ubiquitous
learning technologies have proven their ability to improve students’ learning experience. Triangulating
analytics, from different sources like video learning analytics and LMSs, has proven its enormous potential on
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discovering important learning episodes and phenomena as well as portraying better understanding of learners’
experience (Giannakos, Krogstie, & Aalberg, 2016). However, the highly promising potential of combining
analytics from many and diverse resources to better orchestrate e-learning tools and learning remains
unexplored.
Collecting and managing integrated learning analytics from different learning spaces like video
lectures, wikis, mobile learning applications, quizzes, LMSs and so forth, will allow us to better understand
students’ progress, experience and usage behavior. Exploring important issues like, the dynamics between
different e-learning tools, students’ prioritization of e-learning tools, the association of different orchestrations
with students’ learning experience and the combination of different learning practices with different set of elearning tools, will allow us to construct novel principles and technical knowledge in order to increase benefits
arising from the efficient orchestration. Thus, there is a need to leverage learning analytics capabilities to
formulate a conceptual framework for assisting researchers and instructors in improving the orchestration of elearning tools and practices as well as harmonizing heterogeneous learning analytics streams.

Background and Open Research Question
A traditional ecosystem has been described as “the complex of living organisms, their physical environment,
and all their interrelationships in a particular unit of space” (Encyclopedia Britannica (2011)). By applying this
simple and good working definition to learning; we can describe a learning ecosystem “as the complex of living
organisms in a learning environment (e.g. students, educators, resources), and all their interrelationships in a
particular unit of space (can be digital or physical)” (Giannakos, Krogstie, & Aalberg, 2016). In a learning
ecosystem it is important to consider the interrelationships of the main actors (students and educators) but also
the role of the learning space (both digital and physical). The learning space is by analogy the physical
environment in a traditional ecosystem, includes (organisms) information and digital resources like slides,
lecture recordings, blog entries and forum discussions; but also physical materials like books, notes and
handicrafts, to mention few. The space is where teaching or learning is happening and where such processes and
interrelationships are conducted. The interrelationships exist (Chang & Guetl, 2007; Shum & Ferguson, 2012;
Sharples, 2013) between the main actors (students and educators), the main actors with the resources, and the
resources themselves (e.g. recommender systems). Those interrelationships shape the quality and value of
students’ learning experience; heterogeneous learning analytics have a significant role to play in the near future,
since they can help us to better understand and further develop teaching approaches enhancing students’
dynamics and needs in the emerging ubiquitous learning era of the 21st century.
Triangulating learning analytics from different learning spaces will definitely allow us to better
understand and improve students’ progress and experiences. In fact we contend that the most compelling effect
of learning analytics lies on their integration and synthesis in order to portray students’ learning experience. The
thesis of this article is that learning analytics can inform us to better orchestrate different e-learning tools and
learning practises. In particular, we pose the following open research questions as a way to guide our future
work:
RQ1:

What kind of learning analytics can help orchestrate a learning ecosystem?

RQ2:

How can different learning analytics be integrated to improve educators’
decisions?

RQ3:

How do integrated learning analytics contribute to the creation of more
meaningful and efficient set of technologies for learning? and how can
different technologies be coupled to help students overcome the difficulties
they face while keeping them engaged?

In order to cope up with the aformentioned research questions there is a need for empirically-oriented
research to develop new knowledge about how analytics allow us to better orchestrate different tools and
practises. Evidence based models, tools and recommendations/guidelines drawn from large scale user-oriented
studies will allow us to shed light and pave the way for richest learning experiences.
The empirically-oriented research needs to be utilized in an iterative process of: design,
implementation, analysis, and revision. This will allow us to address educational problems in real-world
settings, with two primary goals: to develop knowledge and solutions (McKenny & Reeves, 2012). By
iteratively, designing different orchestrations, implementing them and collecting/combining diverse analytics we
will be able to portray students’ progress and interaction with the materials. This will allow us to understand
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how different orchestrations support students’ awareness, experience, participation, and knowledge acquisition
differently. Integration of the empirical results and requirements as well as refinement of a framework with
practical (e.g., best practices) and technical (e.g., systems’ design guidelines) knowledge (Figure 1), will help us
to produce research that contributes towards the orchestration of multiple technologies to support better learning
and teaching.

Figure 1. Graphical representation of the research approach

Early Reflections
As aforementioned, in order to be able to cope with these critical research questions there is a need for repetitive
large scale empirical studies. However, in order to have some initial reflections on the thesis of this article we
attempted to provide some insights of how analytics from different sources can help us to better understand
students’ learning. In other words, the goal of this empirical validation is to provide some analytics-based
evidence regarding the importance of the proposed research questions and approach. The early results should
not be seen as an evaluation of the research questions (since they are definitely not), but as reflections rising
from a particular case as well as empirical evidence for further development of the research area.
The case study in an introductory computer science course, named web technology. The focus of this
course is on the World Wide Web as a platform for interactive applications, content publishing and social
services. By the end of the course students are expected to be able to design and develop web-pages and webapplications. Students have to deliver specific assignments, work with a self-selected group project and take
written examination; these three components are also the evaluation criteria. The course materials, digital
communication as well as the assignments and project-work are orchestrated from a Learning Management
System (LMS). This fundamental knowledge in this course was made available beforehand using video lectures,
and weekly exercises. Upon students’ completion of the video lecture, instructors were able to access all the
video analytics and visualize students’ watching behavior. Such information allowed us to make sense of
students’ engagement with the video lectures.
In order to recall students’ knowledge we used a gamified classroom response system at the beginning
of the class. The instructor prepared a session with questions related to the basic knowledge, supported with
different forms of audio visual materials (e.g., videos). The class was equipped with a projector, which was used
to project the main screen of the quiz/game, and each student used his/her own mobile phone to give the answer
to the respective question (typical setup of clickers). At the end of the each class, the instructor could download
all the collected analytics of the quiz/game (e.g., correct answers, response time) and explore students’
understanding.
With the visualization of the students’ watching engagement (based on repeated views, skips etc.) and
score on the gamified classroom response system, we reach the conclusion that the scores are highly associated
with the video engagement. As we can see from Figure 2, the highly watched videos resulted high scores during
the quiz. Hence, by triangulating analytics from different resources we were able to understand why students’
scored lower in these particular quizzes.
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Figure 2. Visualization of the students’ video lecture engagement and score on the gamified classroom response
system
This particular example is indeed very simple, it however allows us to understand why students’ had
low/high performance the learning technology A (classroom response system) by looking into the learning
analytics collected from the learning technology B (video learning analytics). Hence, by integrating
heterogeneous learning analytics streams from different learning spaces will definitely allow us to understand
the cause of different learning phenomena as well as improve students’ experience in 21st century learning
ecosystems.

Conclusions
Today there is a huge demand for innovative learning and professional development, with strong impact on both
academia and industry. This demand is intertwined with the move towards new modes of new ubiquitous
learning technologies. Contemporary learning systems and their analytics are only a subset of different kinds of
learning materials and learning tools that an educator should take into consideration; and most importantly they
do not offer an overview of the different learning experiences and dynamics. Information gathered from
multiple technologies via learning analytics can allow us to orchestrate the respective technologies and
practices, and support better learning. Therefore, there is an emerging need for the learning technology
community to develop new knowledge about how analytics allow us to better orchestrate different e-learning
tools and learning practices. Making sense of heterogeneous learning analytics can bring innovation by
encouraging schools, universities and life-long learning initiatives to adopt new learning practices.
In this work-in-progress contribution, we explore the notion of learning ecosystem, as well as we
present an indicative example of how learning analytics from different sources can allow us to make sense of
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learning phenomena. Our overreaching objective is to provide insights of how heterogeneous learning analytics
can help us to better understand and further develop teaching approaches enhancing students’ dynamics and
needs in a ubiquitous learning era.
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