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Being self-directed is an essential skill for students. While student have access to various online
learning environments and devices that they use in their daily life, this research focused on how to
give data logged in such system for the learners own self-direction skill development.

For students, daily activities include learning as well as physical
activities. Data generated during such activities can be recorded in a learning environment and by
using wearable sensors. In this research, we extended the developed GOAL system. GOAL can
synchronize data from various services such as interaction logs within a learning system and
activity logs from smartwatches. The infrastructure was then implemented in actual public school and

university contexts in Japan. It reached more than 300 students in the K-16 context. The project
investigated how learners interact with their own data from multiple contexts in such an environment
to develop their self-direction skills. We conducted multiple studies focusing on the co-design of
the system for multi-modal learning analytics, learning behavior analysis, the impact of using
self-directed learning support on extensive reading skills of learners and providing process
feedback based on pattern extraction from interaction data.

Learning Analytics

GOAL Self-direction skills DAPER Wearable devices Activity logs Learning logs Behavior
analytics Adaptive system



(Background)

GOAL platform synchronizes data from BookRoll, an e-book-based learning system and
physical activity data from wearable devices and applications such as Google Fit and
Apple Health. It aims to design and develop Al-based adaptive scaffolds using the data
collected in the GOAL system and evaluate its efficiency and effectiveness. key question
of investigation is "How does learners develop their self-directedness using learning and
wellbeing activity data and adaptive technology support?"

(Purpose)

Goal Oriented Active Learner (GOAL) project takes an interdisciplinary approach to
design and develop smart support for student ’s self-direction skill (SDS) acquisition with
data-driven technology. It applies methods from Learning Analytics to synchronize
individual’s Lifelong Activity Log and visualize it in dashboard. Students can set goals
and monitor progress of any learning or physical activity plan. The current extension
plans to add data-driven services using the GOAL interact ion logs and activity data. It
would then train machine learning algorithms to build Self-directed Activity Profiler and
Personalized Feedback generator. These new functions can then periodically analyze
user’s competency of planning, execution, data collection, monitoring and evaluation.
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Figure 1. DAPER model of Self-direction Skill execution and acquisition.

(Method)
The current proposal extends the basic GOAL system which can synchronize learner’s
activity data from multiple sources. Now, it focuses on designing Al services for the
learners, based on their integrated data pool. The developmental objective is to create
specific system support functions for self-direction skill execution phases as proposed in
our DAPER model. For instance, automatically analyze activity trends, goal
recommendation based on activity analysis, automatic learner’s skill assessment and
extr action of learner strategies of skill acquisition. To achieve that the period is chunked
into seven research and development activities. The context analysis period focuses on
creating offline baseline from the data already collected in the GOAL system. Co
nducting expert-facilitated data-tagging sessions would ensure validity and reliability of
the Al training dataset. Based on the context analysis, GOAL Al-features would be
developed. All the Al prototypes would be tested and evaluated in the lab following
standard user studies protocols. Each user study would follow a redesign and
development phase. The field implementation would then prepare the system for



longitudinal studies in university and school levels. The target is to introduce to our
existing school and university collaborators with potentially reaching more than 500
participants base. From our previous experience, it is noted that a considerable work is
involved as outreach to introduce the involved stakeholders about the system and to
facilitate them to adopt in their own context. A research agenda during such students
and teachers’ outreach is to study cultural constraints of adoption and propose a multi-
cultural adaptation model of data-driven services in the context of learning. Findings
from both the lab studies and field implementations would add novel perspectives in Al
in education and learning analytics communities. Figure 2 gives the system architecture

of the system.
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Figure 2. System Architecture of the GOAL system.

Our novel approach used data from learners own daily life to provide a context to exercise
self-direction skills. The system tracks the learner’s activities and interactions to define
their self-direction strategy and measure their skills in each phase of DAPER (see Figure
3). We elaborate on the analysis phase workflow.
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To ANALYZE the activity status, select your context.
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(Result)

With the developed models, the projected investigated various aspect of development of
SDS in learners both at university and K12 level.
At school level there was a significant improvement of total reading time and page for
both groups with high and low SDL ability.



Different self-directed learning abilities on reading engagement.

Variance SDL ability N Mean SD Adjusted Mean SE F U
Total time read High 56 91.92 115.67 92.41 12.53 5.94* 0.05
Low 61 50.56 73.53 50.11 12.00
Page read High 56 202.59 247.70 200.28 26.14 5.02* 0.04
Low 61 116.96 134.83 119.08 25.05
*p < .05.
There was also significant difference for the self-planning and self-monitoring.
Different self-directed learning abilities on self-directed learning behaviors.
SDL ability N Mean SD t Cohen D
Self-planning and self-monitoring behaviors High 56 37.68 39.99 2.00* 0.37
Low 61 25.20 26.55
*p <.05.
There was also significant difference for learners’ motivation and autonomy.
Different self-directed learning abilities on motivation and autonomy in extensive reading.
SDL ability N Mean SD t Cohen D
Motivation High 56 4.29 0.45 3.27** 0.62
Low 61 4.01 0.46
Autonomy High 56 4.43 0.48 4.41%* 0.81
Low 61 4.04 0.48

**p < .01, ***p < .001.

Further behavior analysis was conducted with the following study design
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