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Although the shift of the COVID-19 situation has changed the research
environment and direction of this project, it has achieved contributions in different aspects.
Initially, the proposed multi-device learning environment (MDLE) was expected to support classroom
study for a single student. MDLE provides supplementary information including a learning dashboard
visualizing the reading path on digital textbooks, an analysis of reading behaviors and their
connections with learning performances, and an interactive course recommendation interface.

MDLE is then extended to indoor & outdoor collaborative learning settings. Indoor AR navigation for
a museum and illustrative map storytelling tools are developed on mobile devices for educational
purposes. Finally, this research sought to break through the conventional learning settings with
contemporary devices and inspired the follow-up research applying MDLE in collaborative regional
education, which is accepted as a Kiban-C project.
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Schools and universities have widely applied Learning Support Environments, as they
can benefit teachers and students with functionality and convenience. Furthermore,
learning analytics of the large-scale educational data obtained from such environments
brings opportunities for reflections on teaching and learning strategies. Many
secondary developments based on the existing learning environments provide students
with valuable tools. Based on the learning log data of its digital textbook system,
the applicant was studying and developing a dashboard with visualized learning
processes and behaviors supporting metacognition for self-regulated learning.

Young students are considered quick learners of ICT tools, but their requirements and
preference in learning environments should be addressed. The existing learning support
environment still has usability issues, according to our questionnaire-based
investigations of the students. Especially the students have to switch between the
views of different functions, which may interrupt the use of the primary teaching
materials. Such problems can prevent the students from using the advanced tools
supporting their learning. On the other hand, many young students are more familiar
with mobile devices, such as smartphones, than conventional computers. However, the
mobile version of the learning support systems are usually duplications of their PC
versions with layouts adapted to smaller screens. The students® devices and their
skills still need to be fully utilized.

The motivation of this research was to explore how can the learning support environment
facilitate the learners with all kinds of devices they have and are familiar with
together to utilize their advantages to reduce the students®™ working loads and provide
more useful supplementary information in a user-centered manner. In addition, this
research was expected to evaluate the effectiveness of such a multi-device learning
environment in different learning scenarios.

This research aimed to study, design and develop a novel learning support environment
with multiple synchronized devices (typically, the student"s PC, tablets, and
smartphone), facilitating learners with less working load and more useful supplementary
information. More specifically, this research was expected to

(1) Develop a cross-platform and adaptive framework to realize the multi-device
learning support environment with different combinations of devices of different sizes
and platforms.

(2) Implement a prototype of the environment based on the framework and evaluate its
adaptivity and effectiveness in different learning scenarios through practical
experiments.

A novel learning support environment with multiple synchronized devices of different
types and sizes was studied to utilize their advantages to realize more efficient
learning in different scenarios. Prototypes were developed based on studies of an
affordable technological framework and collaborative designs with students and teachers.
Its feasibility and effectiveness were evaluated with experiments.

The first step was the concept design of the multi-device user interfaces with Fast,
agile development of small-scale prototypes with combinations of functions from the
existing learning support systems of the university deployed on different devices; and

Collaborative design with students, teachers, and developers by interviews and focus



groups based on the formative evaluations of the fast prototypes. This step figured
out preferred combinations of devices in different learning scenarios and the contents
and functions of each device.

The second step was the study of the technological framework for the adaptive multi-
device environment, which made clear the important technological issues that need to
be solved in developing the initial prototype to a cross-platform, scalable, and
adaptive solution for practical uses, for example, Synchronizing the user®"s
operations and contents on different hardware and software platforms; Robustness
of the multi-device synchronizing in different network conditions; Adaptiveness of
the system to different combinations of screen sizes and operation types.

The third step was the development of practical prototypes and formative evaluations
by experiments. The practical prototype was designed to be used in two main learning
scenarios: personal study and group study. In personal study scenarios, such as
classroom or self-study, the prototype sought to provide supplementary information
aside from the main learning material with a secondary screen. In the group study
scenarios, the prototype sought to provide a collaborative platform for tasks using
different types of devices.

The COVID-19 situation has dramatically changed the research environment of this
project, as the anticipated use cases of the proposed multi-device learning environment
(MDLE) were lectures in classrooms. As the lectures all switched to online forms in
May 2020, it also brought opportunities to rethink the potential of MDLE in the new
normal. Questionnaires to the students taking online courses are conducted to collect
their usage of existing ICT devices at home. Instead of looking at the screen or
blackboard of the teacher while operating their own computers in a classroom, the
students attending the online lectures have to frequently switch between the online
meeting software, web browsers, and other tools. Some students use their smartphones
or tablets as secondary screens to reduce their workload. It has shown the potential
of MDLE in online or self-learning scenarios.

For the students to better understand their learning activities and reflect on future
learning strategies, a learning dashboard visualizing the analytics from the operation
logs of the students® online learning activities was proposed, and a prototype
visualizing the reading paths on digital textbooks was developed. The reading behaviors
in viewing digital textbooks were visualized and analyzed to figure out the relations
between the student®s learning styles and reading patterns and the connections to their
performances. The results were presented at international conferences, with one of
them receiving an award, and then published as a book chapter. Such learning dashboard
tools served as a component in MDLE to provide supplementary information aside from
the screen of the main learning material.

To support the students in a larger scope than a course, an interactive user interface
for course recommendations in university environments was designed based on an
investigation of course choice motivations. The visualizations of courses® categories,
types, and relations on an interactive web Ul based on different criteria were realized
and evaluated. The visualization techniques were also applied in the further
development of MDLE. The results were presented at international and domestic
conferences, and three journal papers were published.

As the study progressed, the difficulty of proposing a one-fit-all solution of MDLE in
such small-scale research was revealed. The research adjusted the goal to a more
specific and concrete application scenario of MDLE for prototype development, which
was groupwork-based practice courses with indoor and outdoor activities. In such a
scenario, the needs for mobile devices and multi-device synchronization are more
explicit than classroom learning. A prototype focusing on multi-device and multi-user
collaboration was conceived. The project developed fundamental components for an MDLE
prototype supporting indoor and outdoor group work to create georeferenced hand-drawn
map content, which included a server-side Python package and a client-side JavaScript



module dealing with data structures and geometric calculations. Development of an
indoor AR navigation app for a museum and illustrative map storytelling tools on mobile
devices were also attempted for educational purposes. Three papers were published in
this research aspect.

Finally, this research explored the possibility of breaking through the conventional
learning settings with contemporary devices. It inspired the follow-up research
focusing on applying MDLE in collaborative regional education, which is accepted as a
Kiban-C project, "Research on a Learning Environment based on Synchronized
Heterogeneous Devices for Collaborative Learning between Young Students and Seniors in
Regional Education™ (23K11362).
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