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Online Learning has become widespread
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A MOOCs platform
(massive open online 
courses)

 A videotelephony 
software

A Coding Exercises 
Platform

 An online 
discussion forum

Virtual teacher 
(Chatbot)



 Learning at scale, flexible locations and times

Time
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Space Scale 



 Learning at scale, flexible locations and times

Time
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Space Scale 

Make learning tailored to individual 
students a grand challenge!



Why personalized learning?
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Aleven, Vincent, et al. "Instruction based on adaptive learning technologies." Handbook of research on learning and instruction (2016): 
522-560.

knowledge
( Koedinger,. Stamper, McLaughlin, & 
Nixon, 2013;)

problem-solving 
strategies, errors
(Adams et al., 2014)

motivation
(D'Mello, Lehman, Pekrun, & 
Graesser, 2014)

self-regulation 
skills
(Aleven & Koedinger, 2002)

CognitiveNon-cognitive 



 Learning at scale, flexible locations and times

Time
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Space Scale 

How could we achieve personalized 
online learning?



Learning Data is a Comunication Channel
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Learning Data

e.g. Mouse movement data



Online Learning Platforms and Data
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Problem-solving data Click-stream data Video and audio 
communication data

Online discussion data



Research Goal
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Help learners and educators to find insights from learning 
data and use the insights to make decisions for achieving 
personalized online learning.



● Focus more on cognitive skills instead of non-cognitive 
variables (e.g., motivations, self-regulation skills)
Learning factor analysis (Cen et al., 2006) Performance factor analysis (Pavlik et al., 2009)

● Algorithms’ outputs are not easy to interpret
Deep knowledge tracing (Piech et al., 2015) Explanatory models for educational data (Liu et al., 2017)

Related Work on Learning Analytics
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Data
Visualization

Human 
Computer 
Interaction

Education
Technology

AI

My Approach
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Design and build 
human-centered 
data-driven systems for 
achieving personalized 
online learning.



Why human-centered data-driven systems?
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AI Algorithm Human Decision MakingData

Learners’ needs Educators’ domain knowledge

data-driven interfaces 
(e.g., data visualization)



Challenges

● Learners have different aspects that change over time

● Learners and educators are not data analysts

● Different learning scenarios:
○ Learning data is voluminous and heterogeneous
○ Learners and educators have different tasks
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QLens (TVCG 2021)RLens (L@S 2022)Peerlens (CHI 2019)

AlgoSolve (CHI 2022) “Gaming the 
system”(L@S 2020)

Predication (LAK 2020) Mobile MOOCs (CHI 
2022, Best Paper Award)

BlockLens (L@S 2022)

Visual Analytics K-12  (VIS 
2019, Best Poster Award)

Data

Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing Redesigning

Distributed Tutorship (LAK 
2022)

Persua (CSCW 2022)

Performing

Educators (design loop)

SolutionVis (AIED 2023)

SeqDynamics (EuroVIS 
2020)

StuGPTVis (TVCG 
2024)

Ruffle&Riley (AIED 2024)



Data

Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)
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2022, Best Paper Award)

BlockLens (L@S 2022)

Visual Analytics K-12  (VIS 
2019, Best Poster Award)

Distributed Tutorship (LAK 
2022)

Persua (CSCW 2022) SolutionVis (AIED 2023)

SeqDynamics (EuroVIS 
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Planning Reflecting

Learners (learning loop)

QLens (TVCG 2021)RLens (L@S 2022)Peerlens (CHI 2019)

AlgoSolve (CHI 2022) “Gaming the 
system”(L@S 2020)

Predication (LAK 2020) Mobile MOOCs (CHI 
2022, Best Paper Award)

BlockLens (L@S 2022)

Visual Analytics K-12  (VIS 
2019, Best Poster Award)

Data

Distributed Tutorship (LAK 
2022)

Persua (CSCW 2022) SolutionVis (AIED 2023)

SeqDynamics (EuroVIS 
2020)

StuGPTVis StuGPTVis 
(TVCG 2024)

Ruffle&Riley (AIED 2024)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

Aleven, Vincent, et al. "A new paradigm for intelligent tutoring systems: Example-tracing tutors." International Journal of Artificial Intelligence in Education 19.2 (2009): 105-154.
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QLens (TVCG 2021)RLens (L@S 2022)Peerlens (CHI 2019)

“Gaming the 
system”(L@S 2020)

Predication (LAK 2020) Mobile MOOCs (CHI 
2022, Best Paper Award)

BlockLens (L@S 2022)

Visual Analytics K-12  (VIS 
2019, Best Poster Award)

Data

Distributed Tutorship (LAK 
2022)

Persua (CSCW 2022) SolutionVis (AIED 2023)

SeqDynamics (EuroVIS 
2020)

StuGPTVis (VIS 2024, 
under review)

Ruffle&Riley (AIED 2024)

Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

Aleven, Vincent, et al. "A new paradigm for intelligent tutoring systems: Example-tracing tutors." International Journal of Artificial Intelligence in Education 19.2 (2009): 105-154.

How data can be used for 
educators to improve the design 
of learning materials?

How data can be used for 
learners to plan, perform, and 
reflect on their learning?
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Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

How data can be used for 
learners to plan, perform, and 
reflect on their learning?

How data can be used for 
educators to improve the design 
of learning materials?

QLens (TVCG 2021)Peerlens (CHI 2019) Persua (CSCW 2022) StuGPTVis (TVCG 
2024)
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Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

How data can be used for 
learners to plan, perform, and 
reflect on their learning?

QLens (TVCG 2021)Peerlens (CHI 2019) Persua (CSCW 2022) StuGPTVis (TVCG 
2024)



PeerLens: Peer-inspired Interactive 
Learning Path Planning in Online 

Question Pool

Meng Xia, Mingfei Sun, Huan Wei, Qing Chen, Yong Wang, 
Lei Shi, Huamin Qu, Xiaojuan Ma

CHI 2019
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• A collection of questions for learners to practice their knowledge online 

Math Programming Driving license

What is an online question pool?

21



What to do next? What 
sequence to follow?
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Motivation

Questions Pools:
● No pre-determined syllabus
● A lengthy list indexed by their 

problem IDs
● Hidden intents

Learners:
● Different learning scenarios
● One learner’s learning 

scenario may be changing



A user-centered design process

● Participants: question pool designers and question pool users

● Requirements gathering iteratively for three months

○ R1: Find peers for a target learning scenario.

○ R2: Compare with peers’ performance to understand the gap.

○ R3: Offer flexible learning path suggestions with explanations.

○ R4: Provide convenient interaction and intuitive visual designs.

23



24

PeerLens System overflow
1 2 3 4
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https://docs.google.com/file/d/1awBW6bt-KJzFlM874VE5seleww9XjBHs/preview


Evaluation
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RQ1: Is peer data useful?
RQ2: Is visualizing more suggestions helpful for planning 
compared to only one path?  
RQ3: Does visualizing more suggestions using the 
proposed visualizations increase complexity?



Baseline system (List View) Primitive PeerLens (Only provide one path)

Evaluation: Controlled User Study
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18 CS students： 

● determine the starting question under a specific learning scenario
● find the next question to solve given an existing historical learning path



Informativeness

Decision making

Visual design

System Usability

Evaluation: Questionnaires
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Informativeness Decision-making

Results: Using peer data is useful (RQ1)
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Informativeness Decision-making

Results: Visualizing more suggestions is useful (RQ2)
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Visual designs System usability 

Results: Visualizing more suggestions using the 
proposed visualizations did not increase the 
complexity (RQ3)

31



32

Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

How data can be used for 
learners to plan, perform, and 
reflect on their learning?

QLens (TVCG 2021)Peerlens (CHI 2019) Persua (CSCW 2022) StuGPTVis (TVCG 
2024)



Persua: A Visual Interactive System 
to Enhance the Persuasiveness of 
Arguments in Online Discussion

Meng Xia, Qian Zhu, Xingbo Wang, Fei Nie, Huamin Qu, 
Xiaojuan Ma

CSCW 2022
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Background

● Real-time adaptive feedback
● Critical thinking skills, e.g., arguments writing, a major element of 

learning framework 2030 by the Organization for Economic 
Co-operation and Development (OECD)

34Wambsganss, Thiemo, et al. "AL: an adaptive learning support system for argumentation skills." CHI 2020.



Taxonomy of Argument Components

Classical persuasive strategies of Aristotle, and Rapp, 2002 and Carlile et al., 2018
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Semi-structured 
interviews with five 
domain experts on 
debating competitions

Rapp, Christof. "Aristotle’s rhetoric." (2002).
Carlile, Winston, et al. "Give me more feedback: Annotating argument persuasiveness and related attributes in student essays." Proceedings of the 56th Annual Meeting of 
the Association for Computational Linguistics (Volume 1: Long Papers). 2018.
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Persua
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Case Study

Before:
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Case Study

After:Before:
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Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

How data can be used for 
educators to improve the design 
of learning materials?

QLens (TVCG 2021)Peerlens (CHI 2019) Persua (CSCW 2022) StuGPTVis (TVCG 
2024)
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QLens: Visual Analytics of Multi-step 
Problem-solving Behaviors for 

Improving Question Design

Meng Xia, Reshika Palaniyappan Velumani, Yong Wang, Huamin Qu,
 Xiaojuan Ma

TVCG 2021



A Multi-step Problem
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Mark stands ahead of Paul.
Helen stands ahead of Jane.
Paul stands behind Helen but ahead of Luke.
No boy is next to another boy in the line.
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Our collaborator, TrumpTech, uses QLens to improve questions design. The 
company serves more than 500 schools in Hong Kong.
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StuGPTViz: A Visual Analytics 
Approach to Understand 

Student-ChatGPT Interactions

Under review

VIS 2024



Motivation

To empower students to fully leverage the capabilities of ChatGPT in educational 
scenarios, understanding students’ interaction patterns with ChatGPT is crucial 
for instructors.
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Problem

However, this endeavor is challenging due to the absence of datasets focused on 
student-ChatGPT conversations and the complexities in identifying and analyzing 
the evolutional interaction patterns within conversations.
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Context

● Graduate－level 
data visualization 

● 48 students
● 10 exercise
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Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing RedesigningPerforming

Educators (design loop)

QLens (TVCG 2021)RLens (L@S 2022)Peerlens (CHI 2019)

AlgoSolve (CHI 2022) “Gaming the 
system”(L@S 2020)

Predication (LAK 2020) Mobile MOOCs (CHI 
2022, Best Paper Award)

BlockLens (L@S 2022)

Visual Analytics K-12  (VIS 
2019, Best Poster Award)

Distributed Tutorship (LAK 
2022)

Persua (CSCW 2022) SolutionVis (AIED 2023)

SeqDynamics (EuroVIS 
2020)

StuGPTVis (TVCG 
2024)

Ruffle&Riley (AIED 2024)

Enable learners and educators to find insights from 
learning data and use the insights to make decisions for 
achieving personalized online learning.



● More Comprehensive
● More Actionable
● More Effective
● More Context-aware
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Future HAI in Education



Peerlens
(CHI 2019)

Persua
(CSCW 2022)

Predication
(LAK 2020)

AlgoSolve
(CHI 2022)

Distributed Tutorship
(LAK 2022)

QLens
(TVCG 2021)

SeqDynamics 
(EuroVIS 2020)

BlockLens
(L@S 2022)

Visual Analytics K-12
(VIS 2019, Best 
Poster Award)

Mobile MOOCs 
(CHI 2022, Best 
Paper Award)

Event Sequence

Text

RLens
(L@S 2022)

Video 52

More Comprehensive

Code

SolutionVis
(AIED 2023)

StuGPTVis 
(TVCG 2024)
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QLens: Learning analytics
CTAT (cognitive tutor authoring tools): 
Learning design

More Actionable

Teacher-AI collaboration: data-driven optimization for learning materials



More Effective

Learner-AI collaboration: Long-term monitoring and accompany
54

Multiple Rounds Conversations/Interactive Knowledge Map Other data



Learning in AR?
● Exploring Interactions with Printed Data 

Visualizations in Augmented Reality (Tong et al., TVCG 

2023, Honorable Mention Award)

Learning in VR?
● Cinematography Education on a Soundstage in 

VR (ongoing, poster, VR 2023)

● VR Story for Awareness of Covid Spread 
Threats (Zhu et al., IJHCI 2023)

● Towards an Understanding of Asymmetric 
Collaborative Visualization on Problem-solving 
(Tong et al., VR 2023)

Other opportunities, e.g., on-the-go 
learning, digital twin campus? 55

More Context-aware - Immersive Online Learning



Future Education for HAI

● Fairness 
● Accountability
● Transparency 
● Social responsibility
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Human-AI Interaction in other domains?

● Autonomous Driving
● Roburt Surgury
● Sports

57
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Personal page: https://www.xiameng.org Email: mengxia@tamu.edu 

Human-AI Interaction for Personalized Online Learning
Welcome to join our lab!

Data

Educators (design loop)

Planning Reflecting

Learners (learning loop)

Understanding 
and Analyzing

RedesigningPerforming

QLens (TVCG 2021)Peerlens (CHI 2019) Persua (CSCW 2022) StuGPTVis (TVCG 
2024)

https://www.xiameng.org
mailto:mengxia@tamu.edu

