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研究成果の概要（和文）：知識は教育の不可欠な部分ですが、多くの現代の学習システムでは、学習分析プロセ
スに明示的に知識を統合していない。本研究では、電子書籍システムにアップロードされた学習内容から知識マ
ップを自動的に抽出および簡略化し、それを学習行動データの分析および教材とリンクするための情報基礎を構
築した。知識マップと学習行動データを蓄積及びリンクする方法を開発し、知識マップを学習行動データの分析
と共に提供することで、知識の習得や達成度を示すユーザー向けのダッシュボードを構築した。本研究で構築さ
れたシステムは、遺伝的アルゴリズムに基づいて知識マップを活用したグループ形成プロセスを開発するために
も使用された。

研究成果の概要（英文）：Knowledge is an integral part of education, however many modern digital 
learning systems don't explicitly integrate knowledge into the learning analytics process. This 
research constructed fundamental infrastructure to automatically extract and simplify knowledge maps
 from learning contents that have been uploaded to a e-book reading system and link it to both the 
learning behavior data analysis and the contents from the system. A method of storing and linking 
the knowledge maps and learning behavior data was developed, and this was used to construct a 
stakeholder facing dashboard that provides knowledge maps augmented with the analysis of learning 
behavior data to indicate knowledge mastery and reading completion. This system constructed in this 
project was then used to develop a knowledge map-informed group formation process based on a genetic
 algorithm. 

研究分野： Learning Analytics

キーワード： Knowledge Map　Knowledge Extraction　Learning Analytics　Learning mastery　Smart Learning Sys
tems

  ２版

令和

研究成果の学術的意義や社会的意義
As knowledge is an integral part of education, the achievements of this research can bring meaning 
to learning behavior data analysis. This also closes the gap between analysis and action by directly
 linking back to learning materials and test within the results visualization.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
Research into educational big data to improve teaching and learning has progressed, 
mainly targeting infrastructure for the collection, analysis, and feedback of learning 
behavior logs. There is increasing attention into how educational big data can be 
harnessed to construct smart AI based learning systems to personalize learning to meet 
the needs of every student. The standardization of a study guidance code (学習指導要
領コード) for linking knowledge from different learning materials was recently 
announced by MEXT [1] as a part of the “Shibayama Reform Plan for Learning”, however 
a system to integrate teacher created materials with publisher contents and learning 
analytics systems is required to realize the full potential to support smart education 
and learning. 
 
２．研究の目的 
The purpose of this research is to realize knowledge-aware smart learning environments 
to (1) Accumulate/extract/link learning materials (digital textbook, tests/quiz, 
reference material), (2) Store & manage, (3) Analyze & visualize knowledge maps at 
scale for next generation learning analytics platforms as shown in Figure 1. 

Figure 1. Knowledge-aware smart learning analytics. 
 
３．研究の方法 
 
The current research proposal builds on learning analytics infrastructure that has 
been developed for the e-book reading system, BookRoll, which enables the collection 
of reading behavior data and learning contents that are provided. This is extended to 
systematically collect learning material contents and provide automated methods for 
extracting knowledge structures as graphs. A standardized format for storing these 
graph structures is proposed and a method for visualizing of knowledge items and a 
quantified representation of mastery or completion for presenting analysis results to 
stakeholders will be developed. These visualizations then link back to BookRoll so 
that students and teachers can action tasks based on the results and feedback provided 
by the system. 
 
４．研究成果 
 
A method to provide knowledge and learning behavior as a single graph based 
visualization was developed (Figure 2a) and integrated into a learning analytics 
dashboard to present to stakeholders and link back to learning systems. The interface 
of the visualization that was developed as a dashboard is shown in Figure 2b with 

Existing: Event Log Based Proposed: Knowledge Based

Learning Systems

Collect Activity Logs ❷ Store & Manage

Analyze & 
Visualize Logs

❶ Accumulate/Extract/Link

❸ Analyze & Visualize 
Knowledge

0
5

10
15
20

1 2 3 4 5
Page

Reading Tim e

Learning Materials



reading completion and test mastery automatically estimated, and a function for teacher 
to message students for intervention based on the analysis results. 
 

Figure 2a. A visualization method integrating knowledge graph structures from learning 
contents and learning behavior data. 
 

 
Figure 2b. The interface of the developed learning analytics knowledge map. 
 
A method to automatically extract knowledge map structures from learning materials 
that have been uploaded to the e-book reading system BookRoll was developed and 
evaluated. It is based on the principle that knowledge concepts that co-occur in 
context share a similarity. The co-occurrence of items is analyzed to create a co-
occurrence graph. However the resulting graph is often highly connected, so the minimum 
spanning tree algorithm was used to reduce the graph to highly related connections 
only based on the co-occurrence frequency as shown in Figure 3a. This was further 
extended to incorporate large language models to add semantic and context relevance to 
the knowledge items of the map as shown in the example of an English vocabulary 
knowledge map in Figure 3b. 



 
Figure 3a. Knowledge map structure extraction methods developed to provide a simple 
representation of learning contents for visualization. 
 

Figure 3b. Knowledge map structure extraction methods developed to provide a simple 
representation of learning contents for visualization. 
 
The system constructed in this research was also used to develop a method to 
automatically support study group formation based on the knowledge maps of students 
within a class. We defined a method of vectorizing a student’s knowledge map and 
determined optimal groups of either heterogenous (different knowledge) or homogenous 
(same knowledge) participants using a genetic algorithm. This also led to ongoing 
research into reading behavior data-driven group formation research.  
 

 
Figure 4. Knowledge map-based group formation. 
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