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Overview
Ø Introduc)on

ü Ontology, argumenta/on & visualiza/on
ü Knowledge graph (KG)

Ø KG-based interface systems
ü Digital heritage collec/ons

ü Current research in Asia
ü Scien/fic KG-based plaEorms
ü KG-based book catalogues

Ø KG-based systems in the future 
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Introduction



Knowledge & its Representation
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Beliefs
(信念)

Knowledge
(知識)

Truths
(事實)

be represented by 

Ø Symbols & concepts 
(Syntax 句法)

Ø Agreement about the meaning 
(Semantics 語義)

Ø Concepts’ categorization 
(Taxonomy 分類)

Ø Connections among concepts 
(Thesauri 索引典)

Ø Rules specifying 
permissible relations 
(Ontology 本體論) 

Introduction

True beliefs
(真實的信念)

The Metaphysics Research Lab (2021). The Analysis of Knowledge. The Stanford Encyclopedia of Philosophy.



What is an ontology?
Ø Concept–Relation-Concept
概念-關係-概念

Ø Example:
smoking causes diseases
smoking -(cause)-> disease
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Introduction



In LIS…
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Ø Traditional:
Describe and organize books and journal articles
Ø Recent:
Create networks of topics, authors & documents using hyperlinks(超連結)

Ø Future:
Describe and organize the actual knowledge content in 
documents(文件中的知識內容), to support

p Linking of ideas/information
p Integration & synthesis of knowledge
p User learning

Introduction



How to represent an ontology?
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Concept

Smoking Disease

Concept

Smoking DiseaseCause

Relation

Cause

ObjectSubject

Introduction

主體 客體



How to represent an ontology?
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Smoking DiseaseCause
ObjectSubject

Frequency Cardiovascular

has_aspect has_subclass

Lung

has_subclass

PassiveNon-passive

has_attributehas_attribute

Introduction



How to represent an ontology?
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Smoking DiseaseCause
ObjectSubject

Frequency Cardiovascular

has_aspect has_subclass

Lung

has_subclass

PassiveNon-passive

has_attributehas_attribute

Introduction

Attribute 屬性: 內在特徵
Aspect 層面: 外在特徵
Subclass 子類別

肺

心血管頻率

二手菸一手菸



Academic writing?
Ø Covers a wide range of discursive writing by undergraduate 

and graduate students, researchers, and professors
• essays, term papers, and theses
• research papers for journal and conference publications

Ø It is difficult
• for students to learn and do well
• for teachers to teach
• for new researchers and academics in Asian countries 

(non-native English speakers)
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Introduction



Args and info in research papers

Research 
paper

Linking ideas, 
research 

results, & facts 
(Information 

structure)

Using 
information in 
argument to 

convince
(Argument 
structure)
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Introduction

Presenting 
information/ 
argument 

sequentially in 
text to 

persuade
(Rhetorical 
structure) 



Presenting 
information/ 
argument 

sequentially 
in text to
persuade
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Research 
paper

Rhetorical 
structure
(修辭結構)

Figure adapted from: Wu, J. (2011). Improving the writing of research papers: IMRAD and 
beyond. Landscape Ecol, (26), 1345-1349.

The famous structure: Introduction, Method, 
Result, and Discussion (IMRAD) 

Introduction



Argument structure?
Argument (論證):

Ø Claim (主張)
an assertion that the author seeks to convince the reader of

• A Research objective is worth investigating

Ø Support (支持)
supporting evidence (證據)or logical reasoning(邏輯推理)

• A Research gap / Research motivation/justification
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Introduction



Using 
information

in 
argument 

to convince
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Research 
paper

Argument 
structure
(論證結構)

For the coding scheme, see: Cheng, W.-N., & Khoo, C. S. G. (2022). Information and argument 
patterns in the Introduction sections of sociology research papers. Ibérica, (44), 127-154. 

claim(主張)

support(支持)

Introduction

Claim

Support



Information structure?
◎ An argument consists of pieces of information linked 

together:
Concept – (relation) -> Concept

○ Example
Social media affect traveler behavior

Social media – (affect) -> Traveler behavior

◎ Information structure
Conceptual structure of argument content

Concept-
Relation-
Concept 
triples
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Introduction



Linking 
ideas, 

research 
results & 

facts
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Research 
paper

Information 
structure
(資訊結構) cause concept effect conceptrelation

Ontology: Linking books -> Linking claims & supports (apply in argumentation)
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Introduction

Types of research

1. Investigative research(調查研究) 
○ Investigate a relation (i.e. cause-effect) between 

two concepts/entities, often by carrying out a 
survey

2. Descriptive research(論述研究)

3. Development and evaluation research (開發與評估
研究)

Different types of research 
present different types of 
arguments using different 

types of information



Information Structure: Ontology

Each type of research has a 
core semantic frame(核心語義
框架), presenting the main 
information 
Ø Development and Evaluation 

frame
Ø Description frame
Ø Research-relation frame
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Common information types 
across the three types of 
research using the other 
common semantic frames
Ø Comparison frame
Ø Theory/model/framework 

frame
Ø Measurement frame

has subclass: 
Cause-effect(因果), Prediction(預測), Correlation(相關), 
Co-occurrence(共現), Association(關聯)  

Introduction
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Introduction

Research 
Information 

model



Sociology: 
Investigative research
Bioscience research

Cause-effect 
relation frame

Introduction



Sociology: Development 
and evaluation research 
Mechanical engineering

Theory/model/
framework frame

Introduction



Comparison
frame

Research results 
in all types of 
research

Introduction
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Introduction Visualization
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Visualization of 
the argument 

and 
information 
structures in 

research papers

Introduction
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Visualization of the information structure for 
Research objective and Research result claims

The effect concepts in the 
two statements are related

Introduction



KO and KG
ØKnowledge Organization (KO): organizing ＆ describing
ØKnowledge Graph (KG): representing

ü Past: for system & machine 
(from AI & machine learning fields)

ü Current: for user browsing, knowledge discovery, etc.
(from ontology, UX design & HCI) 
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Introduction



What is KG?
ØMy (Dr. Cheng’s) definition:
A semantic model representing concepts (as nodes), 
complex relations (as edges), and attributes on them that 
can be machine- and human-readable.
用來表示概念、複雜關係及概念與關係間屬性的語義模型

ü 此語義模型不僅機器可理解，人類也可理解。

ü 概念=節點; 關係=邊

27

Introduction
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KG-based interface systems:
Digital heritage collections 



日本近代歷史人物
(developed by 

National Diet Library, 
Japan)

A traditional way to 
display



Figure

Texts (listing)



匈牙利國家數位檔案館
(Hungarian National Digital Archive)

Figure

Texts (listing)
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Digital heritage collections: Example 1 Polyglot Medicine
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Digital heritage collections: Example 1 Polyglot Medicine
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Digital heritage collections: Example 2
Majulah Singapura: 

Zubir said KG
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Digital heritage collections: Example 2

Source & more info: https://www.facebook.com/ZubirSaid.info
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Digital heritage collections: Example 3
歷史人文大數據平台Search
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Digital heritage collections: Example 3
歷史人文大數據平台Different graph types 
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Digital heritage collections: Example 3
歷史人文大數據平台

Download the 
graph
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Digital heritage collections: Example 3
歷史人文大數據平台
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Digital heritage collections: Example 3
歷史人文大數據平台
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Digital heritage collections: Example 4
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Digital heritage collections: Example 4
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KG-based interface systems:
DHC-Current research in Asia



Ø Seman&c Knowledge Management of Herbal Medicine for Primary 
Health Care
Dr Na&apong Kaewboonma, Rajamangala University of Technology 
Srivijaya, Thailand

Ø Current State of Herbal Medicine Knowledge Management in Thailand
Dr. Panupong Pu&arak, Prince of Songkla University, Thailand

ØKnowledge Graphs for New Species in the Greater Mekong Subregion
Dr Yu&ana Jaroenruen, Walailak University, Thailand

Ø Thai Cultural Knowledge Graph Based on Wikipedia Data
Dr Wirapong Chansanam, Khon Kaen University, Thailand

44

Digital heritage collections: ongoing projects

Current research in Asia



ØResearch objective [First step]:
develop an ontology based herbal usage recommendations (e.g., using 
the right herbal for a particular disease)
ØResults:
The Concepts of Herbal Medicines classes can be divided into 6: 
Habit, UseTheRightParts, Taste, HealthProblem, 
MethodForPreparation, and PartsUsed.
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Digital heritage collections: an ongoing project—Dr. Kaewboonma

Semantic Knowledge Management of Herbal 
Medicine for Primary Health Care

Kaewboonma, N. (2023, October 18). Semantic knowledge management of herbal medicine for primary health care [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.



ØNext step for the research project:
Use the developed ontology (i.e. result) to build an ontology-
based recommendation system for semantic knowledge of 
herbs

46

Semantic Knowledge Management of Herbal 
Medicine for Primary Health Care

Digital heritage collections: an ongoing project—Dr. Kaewboonma

Kaewboonma, N. (2023, October 18). Semantic knowledge management of herbal medicine for primary health care [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.



ØHow to use entity ＆relation extractions from 
Wikipedia to generate a knowledge graph 
representing Thai culture
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Digital heritage collections: an ongoing project—Dr. Chansanam

Thai Cultural Knowledge Graph Based on 
Wikipedia Data

Chansanam, W. (2023, October 18). Thai cultural knowledge graph based on Wikipedia data [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.



1. Collect data from Wikipedia data(收集數據資料)
2. Extract information(擷取資訊)
3. Pre-process text data(預先處理文字資料)
4. Named entity recognition(命名實體辨識)
5. Entity resolution(實體解析)
6. Relationship extraction(關係抽取)
7. Graph database (選擇圖資料庫)
8. Build the knowledge graph(建立知識圖譜)
9. Query and visualization(查詢與視覺化)
10. Continual updating(持續更新與維護)
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Thai Cultural Knowledge Graph Based on 
Wikipedia Data

Digital heritage collections: an ongoing project—Dr. Chansanam

Chansanam, W. (2023, October 18). Thai cultural knowledge graph based on Wikipedia data [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.
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Digital heritage collections: an ongoing project—Dr. Chansanam

Chansanam, W. (2023, October 18). Thai cultural knowledge graph based on Wikipedia data [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.
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Source code: 

https://colab.research.google.com/drive/1EWZkQOk6
1z_oztQrD_vofns-qiYFuUef?usp=sharing

Chansanam, W. (2023, October 18). Thai cultural knowledge graph based on Wikipedia data [Workshop presentation]. NTU Workshop on Knowledge Graph Applications. Singapore.

Digital heritage collections: an ongoing project—Dr. Chansanam

https://colab.research.google.com/drive/1EWZkQOk61z_oztQrD_vofns-qiYFuUef?usp=sharing
https://colab.research.google.com/drive/1EWZkQOk61z_oztQrD_vofns-qiYFuUef?usp=sharing
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KG-based interface systems:
Scientific KG-based platforms
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Sci KG-based platform: Example 1 Summit Keyword Graph

Default: 
turtles’ (龜) keyword graph 

Listing 
research 
papers
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Sci KG-based platform: Example 1

machine learning+ontology+medicine
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Sci KG-based platform: Example 1
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Sci KG-based platform: Example 1
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Sci KG-based platform: Example 1
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Sci KG-based platform: Example 1



INAS
Ø Interactive Argumentation Support (INAS)

ü Heger et al. (2022) aim to develop an academic writing & 
thinking system for researchers to develop their own argument 
by following ongoing argumentation in research papers.

ü Focusing on invasion biology (入侵生物學)
ü First step: develop a core ontology

• Collaborating with ontology experts!
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Sci KG-based platform: Example 2

Heger, T., Zarrieß, S., Algergawy, A., Jeschke, J. M., König-Ries, B. (2022). INAS: Interactive argumentation support for the scientific domain of invasion biology. Research Ideas and 
Outcomes, 8.
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Sci KG-based platform: Example 2

生物入侵潛在原因的十二種假設之間的關係 

干擾假設的假設層次結構
（可以點擊網路中的節點來檢索）

Heger, T., Zarrieß, S., Algergawy, 
A., Jeschke, J. M., König-Ries, B. 
(2022). INAS: Interactive 
argumentation support for the 
scientific domain of invasion biology. 
Research Ideas and Outcomes, 8.
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Sci KG-based platform: Example 2

Support（支
持）

Questioning（質疑）Undecided
（對假設尚未確定的子假設）

Heger, T., Zarrieß, S., Algergawy, 
A., Jeschke, J. M., König-Ries, B. 
(2022). INAS: Interactive 
argumentation support for the 
scientific domain of invasion biology. 
Research Ideas and Outcomes, 8.



VISAR
ØVisual Interactive System for Argumentative writing 

with Rapid draft prototyping (VISAR)
ü An AI-enabled writing assistant system to help students 

write well-formed argumentative papers (Zhang et al. 
2023)

• revising their own writing context(可在系統上修改文稿內容）
• by organizing the argument structure through “synchronized 

text editing and visual programming (系統提供文字編輯及視
覺化編輯同步功能）”
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Sci KG-based platform: Example 3

Zhang, Z., Gao, J., Dhaliwal, R.S., & Li, T.J. (2023). VISAR: A human-AI argumentative writing assistant with visual programming and rapid draft prototyping. ArXiv, abs/2304.07810. 



文字編輯 視覺化介面
視覺化介面
(縮圖)



書寫項目

Lazy mode: 決定在規劃何時產生草稿原型

視覺大綱

提示項目



1. 可透過文字編輯器(A)或視覺介面(B)編輯
寫作大綱
2. 系統同步文字編輯器＆視覺介面，方便使
用者將編輯器中的書寫項目(E)與視覺大綱中
的節點相對應(C)
3. 可在多個提示項目間選擇是否要添加編輯
(G)
4. 可將新的提示項目(G)加到視覺大綱(C)
產生新草稿 (F)
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KG-based academic writing system
Sci KG-based platform: an ongoing project by Dr. Cheng and Dr. Khoo



KG-based academic writing system 
ØVisualization

ü argument structure of research papers
ü research results summarized in literature reviews 

ØChallenge
More precise placement of nodes (i.e. arguments) to help 
researchers understand the argument structure and 
compare research results across different papers.
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Sci KG-based platform: an ongoing project by Dr. Cheng and Dr. Khoo



KG-based academic writing system 
Ø Disciplines:

ü Sociology
ü Biological science
ü Mechanical engineering
ü Medical science

ØLanguages: 
ü English
ü Chinese
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Sci KG-based platform: an ongoing project by Dr. Cheng and Dr. Khoo
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KG-based interface systems:
KG-based book catalogues



ARCA system
Ø Bernasconi et al. (2023) started developing a KG-based 

system that enables semantic search & exploration
Ø Help users discover new books effectively
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KG-based book catalogues 

Bernasconi, E., Ceriani, M., Mecella, M., & Catarci, T. (2023). Design, realization, and user evaluation of the ARCA system for exploring a digital library. International Journal on Digital 
Libraries, 24, 1–22.



ARCA system
Ø Important requirements for the system:

ü See the relevant books from each entity (i.e. a book)
ü Navigate among entities—discovering new books!

• following the edges/patterns (i.e. relations)
ü Access the basic information of books 
ü Know how to obtain the book (e.g., from a bookstore or a library)
ü Realize how to use the platform by themselves easily

• without any instructions
• following established interaction patterns and metaphors
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KG-based book catalogues 

Bernasconi, E., Ceriani, M., Mecella, M., & Catarci, T. (2023). Design, realization, and user evaluation of the ARCA system for exploring a digital library. International Journal on Digital 
Libraries, 24, 1–22.
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KG-based book catalogues 
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KG-based systems in the future



A well-formed KG-based interface is needed! 
Ø for end users to understand relations across types of 

resources (e.g., images) and their structures.

73

KG-based systems: future

Conclusions & Suggestions
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KG-based systems: future

Conclusions & Suggestions

Ø Various graph types (e.g., spread-out) with texts
Ø How to manage huge data (e.g., storage & modeling)
Ø User studies: colors, labeling, and an instruction?
Ø The platform/system has to be supported by: 

ü data, KO, and the full-stack of technology

A well-formed KG-based interface is needed! 
Ø for end users to understand relations across types of 

resources (e.g., images) and their structures.
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KG-based systems: future

Conclusions & Suggestions
Ø Various graph types (e.g., spread-out) with texts
Ø How to manage huge data (e.g., storage & modeling)
Ø User studies: colors, labeling, and an instruction?
Ø The platform/system has to be supported by: 

ü data, KO, and the full-stack of technology

Experts(e.g., LIS & ML)+Funding+Time(develop & maintain) 

Long-term fight or Short-term fun?



Ø KG systems development 
[ontology + machine learning]
Ø A well-formed ontology to represent
Ø Algorithms/models to manage & analyze big data

Ø KG-based interface design
Ø Visualizing complex relations of nodes & edges

Ø Information behavior
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KG-based systems: future

Future research trends & applications



For various systems/platforms:  
Ø academic writing & teaching systems

ü advanced “Grammarly” 
Ø literature databases

ü info-arg-aspected rather than citation-aspected
Ø digital/cultural heritage collections
Ø healthcare platforms

ü clinical decision support
ü enterprise information systems 

ü human resources
77

KG-based systems: future

Future research trends & applications
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Ø Digital heritage collections
ü 日本國立國會圖書館:日本近代歷史人物

https://www.ndl.go.jp/portrait/e/
ü Hungarian National Digital Archive

https://en.mandadb.hu/
ü Polyglot Medicine

https://kgraph.sg/polyglot/?drug
ü Majulah Singapura: Zubir Said Knowledge graph

https://zubirsaid.sg/ZS.graph.html
https://www.facebook.com/ZubirSaid.info

ü 歷史人文大數據平台
https://dhc.library.sh.cn/

ü 宋元學案知識圖譜
https://syxa.pkudh.org/

Links to the relevant platforms/systems

https://www.ndl.go.jp/portrait/e/
https://en.mandadb.hu/
https://kgraph.sg/polyglot/?drug
https://zubirsaid.sg/ZS.graph.html
https://www.facebook.com/ZubirSaid.info
https://dhc.library.sh.cn/
https://syxa.pkudh.org/
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Ø Scientific KG-based platforms
ü Summit Keyword Graph

https://keywords.groundedai.company/

Links to the relevant platforms/systems

https://keywords.groundedai.company/
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Ø Propositions for conceptual modeling scientific theories
科學理論的概念建模
(Dr. Robert Allen, New York, formerly Drexel University(US) and Yonsei    
University (Korea))

Ø Designing casual frame for representing literature-review updating: 
Case study of COVID-19 public health measures 
設計代表文獻綜述更新的因果框架:以COVID-19公共衛生措施為例
(Dr. Chris Khoo, NTU, Singapore)
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Rich Semantics, Knowledge Graphs and 
Generative AI for Digital Libraries on Dec 7, 2023, 
afternoon, Taipei



Ø Semi-supervised based generative AI technique to recognize the potential 
ontology of medical issues 
基於半監督的生成式人工智慧技術以識別醫學問題的潛在本體
(Dr. Shin-Jye Lee & Dr. Wei-Ning Cheng, NYCU, Taiwan) 

Ø The Research Information Model: Using semantic frames to represent 
scientific knowledge in sociology research papers
研究資訊模型：使用語義框架表示社會學研究論文中的科學知識

(Dr. Wei-Ning Cheng, NYCU, Taiwan)
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Rich Semantics, Knowledge Graphs and 
Generative AI for Digital Libraries on Dec 7, 2023, 
afternoon, Taipei
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Questions?
You can find me at:
wcheng009@e.ntu.edu.sg


