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Online Learning has become widespread

C leetCode  CoOUrsera zoom Q
A Coding Exercises A MOOCs platform A videotelephony
Platform (massiv? open online software

@ reddit . ChatGPT

An online Virtual teacher
discussion forum (Chatbot)



Learning at scale, flexible locations and times
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Machine Learning Specialization

#BreakintoAl with Machine Learning Specialization. Master fundamental Al concepts
and develop practical machine learning skills in the beginner-friendly, 3-course
program by Al visionary Andrew Ng

% % % % % 4.9 7,331 ratings

(}) Andrew Ng +3 more instructors [TOPINSTRUCTORS

120,420 already enrolled



Learning at scale, flexible locations and times

Scale Space Time
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Make learning tailored to individual Al
students a grand challenge! |

and develop practical machi




Why personalized learning?

Non-cognitive

motivation

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

self-regulation
skills

(Aleven & Koedinger, 2002)

Cognitive

knowledge

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

problem-solving
strategies, errors

(Adams et al., 2014)

=)

@

Aleven, Vincent, et al. "Instruction based on adaptive learning technologies." Handbook of research on learning and instruction (2016):

522-560.




Learning at scale, flexible locations and times

Scale Space Time

l * CLASS TIMETABLE A
ﬁa‘sf— 4 von SPORT MATHS ~ LITERATURE ART
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How could we achieve personalized V.-
online learning?




Learning Data is a Comunication Channel
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I Online Learning Platforms and Data

# Title

1249 Minimum Remove to Make Valid Parentheses
1762 Buildings With an Ocean View «f

1570 Dot Product of Two Sparse Vectors of"

1650 Lowest Common Ancestor of a Binary Tree lll o

S & 8 &<

426 Convert Binary Search Tree to Sorted Doubly

A B
Linked List o @ . [)

Problem-solving data Click-stream data Video and audio Online discussion data
communication data




Research Goal

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



Related Work on Learning Analytics

e [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)

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

Human
Computer
Interaction

Data
Visualization

Education
Technology

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

"




I Why human-centered data-driven systems?

Learners’ needs Educators’ domain knowledge
% @
<9
i Pam 1 ac

Data ‘ Al Algorithm Human ‘ Decision Making

./

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

12




Challenges

e Learners have different aspects that change over time
e Learners and educators are not data analysts
e Different learning scenarios:

o Learning data is voluminous and heterogeneous
o Learners and educators have different tasks

13
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[ 4
\lﬁa Educators (design loop)

& Learners (learning loop)

Understanding
and Analyzing

Planning Performing Reflecting
Data

Redesigning

RLens (L@S 2022)

Here is how people spend their time on this problem:
Good siudents:

EEETE
CIT— T
m | priei
“Gaming the
system”(L@S 2020)

Subgoal Voting task

S |
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Predication (LAK 2020)  AlgoSolve (CHI 2022)
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Ruffle&Riley (AIED 2024) 2022)




@
\STH) Educators (design loop)

& Learners (learning loop)

Understanding
and Analyzing

Redesigning

Planning Performing Reflecting
Data

StuGPTVis StuGPTVis QLens (TVCG 2021) SolutionVis (AIED 2023)
(TVCG 2024)
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\fﬁa Educators (design loop)

E %
& Learners (learning loop)
ﬁ Plannin Performin Reflectin ] Understanding Redesigni
9 9 g » and Analyzing ecesioning

. Data
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Peerlens (CHI 2019) Persua (CSCW 2022)

Learner workflow.
£ (Mouse up) Stage 1 Stage 2 Here is he
= @ [== =
Drag-snd-trop. = — 2 o | Good
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' How data can be used for

re learners to plan, perform, and
reflect on their learning?

SolutionVis (AIED 2023)

a

StuGPTVis (VIS 2024,

under review)
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How data can be used for

Mobiq educators to improve the design

—— Of learning materials?
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Ruffle&Riley (AIED 2024)

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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BlockLens (L@S 2022)
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\lﬁa Educators (design loop)

@
& Learners (learning loop)

Understanding
and Analyzing

Planning Performing Reflecting
Data

Redesigning

: I

1= i 3 0 )

Peerlens (CHI 2019) Persua (CSCW 2022) Qlens (TVCG 2021) StuGPTVis (TVCG

2024)
How data can be used for How data can be used for
learners to plan, perform, and educators to improve the design
reflect on their learning? of learning materials?
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[ 4
\Iﬁa Educators (design loop)

@
& Learners (learning loop)

Understanding

Planning Performing Reflecting and Analyzing

Data

Redesigning

s
e o

flaaol

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

How data can be used for
learners to plan, perform, and
reflect on their learning?
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PeerlLens: 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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What is an online question pool?

« A collection of questions for learners to practice their knowledge online

000 —  m—

= S —

Math Programming Driving license




Motivation

o Questions Pools:

1000 A + B Problem
1001 Sum Problem

e No pre-determined syllabus
e A lengthy list indexed by their

1002 A + B Problem II problem IDs

1003  Max Sum e Hidden intents

1004  Let the Balloon Rise

1005 Number Sequence Learners:

1006  Tick and Tick e Different learning scenarios
1007  Quoit Design e One learner’s learning

1008  Elevator scenario may be changing

1009 FatMouse’ Trade
1010 Tempter of the Bone What to do next? What

1011  Starship Troopers sequence to follow? .



A user-centered design process

e Participants: question pool designers and question pool users

e Requirements gathering iteratively for three months

O

O

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



PeerLens System overflow

Dataset

Crawling

!

Preprocessing

Filtering

:

Statistics
Calculation

!
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Modeling

Path Engine

Peers Selection
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) Path Planning

!

Prediction and
Hints

AV

Visualization

Basic Info Peers §I§Iection

User ID:  BeautifulCode >year
Problems Solved: 67 L o it
Frequency Proficency
Accepted: 79 very often Ver High
L
I m;:q 0 matched

Submissions: 167

Last Days: 337

Path View
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2068 RPOIWEIE 38.14%
2069 Con Change 3767%
2070 Fibbonacci Number 289%
2071 Max Num 5327%
072 Wik 2745%
2073 FREWE 56.92%
2074 BE 27.55%
075 AB? 7563%

are SANSKEECARIES 4 oy

2077 TV 69.35%
2078 WA 7266%
om0 gaa;ﬂﬁaaw E3 T I,
2080 EMHBAN 40.06%
2081 FyuEs 58.56%
2082 #wE 59.29%
2083 ABEZMEHR 46.20%
2084 #55 57.04%
2085 EREE 41.04%
2086 A1=7 55.94%
2087 AR 5865%
2088  Box of Bricks 20.10%
2089 FE62 a345%
2000 MR 43.00%
2091 LR 24.99%
092 BHR 3430%
2003 HiHE 3333%
2004 EEAE 4363%
2005 find your present 2) 38.00%
2096 ) EAE 47.95%
2097 St 55.08%
2098 RS 4320%
2000 WRNEH a264%
2100 Lovekey 3565%

uoloelaqu|
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https://docs.google.com/file/d/1awBW6bt-KJzFlM874VE5seleww9XjBHs/preview

I Evaluation

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?

26



Evaluation: Controlled User Study

1234567 89 10 11 12 13 14 15--33 34 35 36 37 38 Submission Type
39 40 41 42 43 44 45 46 47 48 49 50

Search: e ' T In| Title = M= . 0 Iried oniy once and failed
s o . TR i 0.0 Iried several times and failed

m Problem Title Ratio(Accepted/Submissions) U..1 lried several tiems and succeeded Problem ID 2062

1000 A + B Problem 30.56%(240770/787844) 0.1 lvied, succeed and validated Major Type
1001  Sum Problem 25.38%(143110/563922) I Toed once and succeed ‘ e
1002 A + B Problem II 19.47%(84152/432201) B . succecded and then validated %;‘10 ?;6
1003  Max Sum 23.76%(70413/296345) 0*1* 0%
1004 Let the Balloon Rise 39.729%(59043/148661) 9%
1005 Number Sequence 25.25%(51499/203970) ° 7 2%
1006  Tick and Tick 26.73%(6080/22750) g
1007  Quoit Design 26.52%(17197/64856) | B |
1008 Elevator 54.79%(46878/85565) u__u S
1009 FatMouse' Trade 34.859%(33070/94883) Q ‘|l = =
1010 Tempter of the Bone 26.68%(39786/149139)

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

18 CS students:

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



Evaluation: Questionnaires

Informativeness

Decision making

Visual design

System Usability

The information needed to plan a learning path is

2 easy to access.

Q2 | The information needed to plan a learning path is rich.

Q3 | The information is sufficient to plan a learning path.

04 The system was helpful for me to find a proper
learning path for a specific learning scenario.

05 [ am confident that I find a suitable learning path
for the learning scenario.

06 The system helps make adjustment according to
previous performance.

Q7 | The learning path design is intuitive.
The learning path design helps me understand the

Q8
suggested path.

Q9 | It was easy to learn the system.

Q10 | It was easy to use the system.

Q11 | I would like to recommend this system to others.

28



I Results: Using peer data is useful (RQ1)

m Baseline o Primitive(PeerLens)
K

— N W A O\

O Full(Peer ens)

il 1

accessibility richness sufficiency||confidence

guidance adjustment

Informativeness

Decision-making
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I Results: Visualizing more suggestions is useful (RQ2)

— N W A O\

m Baseline m Primitive(PeerLens) m Full(PeerLens)

l * I

M

M x |
*
II |

g

e 1

o (o
N *

dl .

N

accessibility richness

sufficiency

confidence guidance adj ustment|

Informativeness

Decision-making
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I Results: Visualizing more suggestions using the
proposed visualizations did not increase the

= Full(PeerLens)
M

complexity (RQ3)
¥ Primitive(PeerLens)
7 ——
6
5
4
3
2
1

intuitiveness comprehension

easy to learn

easy to use recommendable

Visual designs

System usability
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[ 4
\ST} Educators (design loop)

@
& Learners (learning loop)

Understanding

Planning Performing Reflecting and Analyzing

Data

Redesigning

e
S ) |

flaaol

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

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

TopidAy

Parenthood

@B Here's too many people already.[PathosIT | |
lhe earth deserves better. [Paios]! don't want to p
/ass on my description and anxiety. [Pathos]Life su
(cks. [PathosINow do you see?

2 2 Argument Labels

undefined: This verb is used with the 3rd person singular: ' to ‘are

@ Node View

© Example View

©
T
Rapbornans: Foppooiere () ssaning o parat

| was spanked as a kid. | really Rave no intention of making spanking the forefront of discipline since it really
doesn't accomplish much, but it does accomplish one thing: it teaches children that getting hit hurts.

{There's no
immediate inclination to put yourself in their shoes. That's just something you grow into and (idealy) gets

‘augmented by how you're raised. So, one time, | hit my sister and my mom spanked me. She asked me if it
felt good. | said "No," and the light went off on my head

(0 say "Holy shi -~ is that what Ive been doing to
people. * Same with my sister. One day, my mom bit my sister's finger just enough and, after that, my sister
stopped biting me.

That's part of the problem, since so many people continuously accept the apology.
Replyer name: moonflower

Are you wanting to understand how other people can find it rewarding, or are you wanting to change your view

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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I Background

e Real-time adaptive feedback

e Critical thinking skills, e.g., arguments writing, a major element of
learning framework 2030 by the Organization for Economic
Co-operation and Development (OECD)

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



Taxonomy of Argument Components

Claim
. Argument Logos
‘ Pathos
Premise
Semi-structured Text Ethos
interviews with five
domain experts on Evidence
debating competitions
Non-argument

Classical persuasive strategies of Aristotle, and Rapp, 2002 and Carlile et al., 2018

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 35
the Association for Computational Linguistics (Volume 1: Long Papers). 2018.



Persua

@ Input View
Topl

Parenthood v

Here's too many people already.[Pathos]T
e earth deserves better. [Pathos]l don’t want to p
ss on my depression and anxiety. [Pathos]Life sul
ks. [Pathos]Now do you see? @

Argument Labels
undefined: This verb is used with the 3rd person singular: ‘is' to ‘are".

Node View @ Compare View

Example View

=
oo ©
_________ » The use of logic, rationality, and critical

Replyer name: PepperoniFire reasoning to persuade

| was spanked as a kid. | really have no intention of making spanking the forefront of discipline since it really

doesn't accomplish much, but it does accomplish one thing: it teaches children that getting hit hurts. {44!
does this matter. Because kids often resolve to hitting as a way to problem-solve. | hit my sister all the time
en | was younger, because she was a brat. My sister went through a bad biting phase. Both of these
hings occurred when we were at an age where you aren't really aware of how other people feel. LEICERT
immediate inclination to put yourself in their shoes. That's just something you grow into and (ideally) gets
augmented by how you're raised. So, one time, | hit my sister and my mom spanked me. She asked me if it
felt good. | said "No," and the light went off on my head as if to say "Holy shi --, is that what I've been doing to
people. " Same with my sister. One day, my mom bit my sister's finger just enough and, after that, my sister
BT LT E R Anyway, even if it's wholly wrong, that still isn't Stockholm Syndrome. There is a cycle i
domestic violence and if you include beating in that category then that's really all it is: a cycle. There are a lof]
pof abusers out there who know damn well what they're doing is unacceptable, apologize, and then do it again.
That's part of the problem, since so many people continuously accept the apology.

Replyer name: moonflower

Are you wanting to understand how other people can find it rewarding, or are you wanting to change your view

36




Case Study

Before:

BT Here’s too many people already.[Pathos]T

he earth deserves better. [Pathos]l don’t want to p
ass on my depression and anxiety. [Pathos]Life su

cks. [Pathos]Now do you see?

-31% evidence

-29% logos

-5% ethos

-1% is_claim -

pathos - 76%

m T T T T T T T T
-30 -20 -10 0 10 20 30 40 50 60 70

Example View

=
claim [ logns [ pathos evidence @
@y @ .
> The use of logic, rationality, and critical
Replyer name: PepperoniFire reasoning to persuade

| was spanked as a kid. | really have no intention of making spanking the forefront of discipline since it really
doesn't accomplish much, but it does accomplish one thing: it teaches children that getting hit hurts. {4l
does this matter. Because kids often resolve to hitting as a way to problem-solve. | hit my sister all the time
en | was younger, because she was a brat. My sister went through a bad biting phase. Both of these
hings occurred when we were at an age where you aren't really aware of how other people feel. LLEICERT)
immediate inclination to put yourself in their shoes. That's just something you grow into and (ideally) gets
augmented by how you're raised. So, one time, | hit my sister and my mom spanked me. She asked me if it
felt good. | said "No," and the light went off on my head as if to say "Holy shi --, is that what |'ve been doing to
people. " Same with my sister. One day, my mom bit my sister's finger just enough and, after that, my sister
S LRI R Anyway, even if it's wholly wrong, that still isn't Stockholm Syndrome. There is a cycle i
domestic violence and if you include beating in that category then that's really all it is: a cycle. There are a lof]
of abusers out there who know damn well what they're doing is unacceptable, apologize, and then do it again.
That's part of the problem, since so many people continuously accept the apology.

Replyer name: moonflower
Are you wanting to understand how other people can find it rewarding, or are you wanting to change your view

e
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Case Study

Before:

After:

mHere's too many people already. [

cks. [ os]Now do you see?

-31% evidence

-29% logos

-5% ethos
-1% is_claim

pathos 76%

-30 -20 -10 0 10 20 30 40 50 60 70

[®EThere is no need to have children. [Logos][Evid

ence]The world population is dramatically increasing, |
eadlng to more consumption of the natural resources.

>athos ncelln addition, | saw my uncle’s childre|
n flght wuth each other. —Some peopl
e even abuse children. [@EThus, | disagree with h
aving children.

-5% evidence

-4% logos
ethos 1 4%
is_claim 7%
pathos - 9%

-30 -20 -10 O 10 20 30 40 50 60 70
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\Iﬁa Educators (design loop)

@
& Learners (learning loop)

Understanding

Planning Performing Reflecting and Analyzing

Data

Redesigning

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

How data can be used for
educators to improve the design
of learning materials?
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= =z =  QLens: Visual Analytics of Multi-step
g e Problem-solving Behaviors for
p i e TN Improving Question Design

—| EIEE] Meng Xia, Reshika Palaniyappan Velumani, Yong Wang, Huamin Qu,
Xiaojuan Ma

TVCG 2021
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I A Multi-step Problem

Five peopie stand in a line.

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.

Al 7

') Move each person to their piace in the fine.

Mark

Helen

Paul

Luke

Jane

41



Overview Transition View Comparison View

Problem 1D: 2 Condition{| Relational/Absolute | | Edit | Jser ID: Trans. Freq. Filter:0 NaviBar: Less — More Less More

e S ) 2 ) . -
1 | W R R L s it - 1

ERp——— ST % 2 : (students fufill a condition)  (students reach a state)

ol R 5 - - v
e Dt i of Lk, — b
o by 8 At o aseive hoy e ins. 3 (drops/stops in the level)
[ e—

Mork > Paul 149/233
L) - Helen > Jane: : 1401233
i ﬁ LukesPal>Helen 1567233 H
> A Nobays near cach other 67/233 /
Overall Distribution:

_time(s) “ﬂ |
600(s)
w-
20 et
. 10 1 [ 3 [ 1 C 1C 1 [ 1L 1 C 10 ] [ ]
[ —
k- whole
length(pixel)

PaulLuke,Mark,Jane,Helen
Tane,Paul, Mark Helen, Luke

Paul Luke Mark Helen Jane
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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.

There are only 3 boysand 2 girls, so we have

[

Back Boy Girl Boy Girl Boy Front

Consider the condition with the most restrictions: “No boy is next to another boy in the line.”

“Mark stands ahead of Paul”, “Paul stands ahead of Luke”. Therefore,

Back Luke Girl Paul Girl Mark Front

“Helen stands ahead of Jane”. Therefore,

[

Back lLuke Jane Paul Helen Mark Front
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\"_) Trumptech & §l

Our collaborator, TrumpTlech, 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
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Motivation

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

You
what is data visualization?

ChatGPT
Data visualization is the graphical representation of information and d2t® By using visual
elements like charts, graphs, and maps, data visualization tools pr accessible way to see

and understand trends, outliers, and patterns in data.

Data visualization is important because it allows humans to comprehend complex datasets more

easily, helping to identify correlations, anomalies, and trends that might not be apparent in raw

data. It's widely used in various fields such as business, science, healthcare, finance, and more to

communicate insights, make informed decisions, and discover new knowledge.

oo @
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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.

You

You what is dat You
You whatis dat You o what is da’ -
what is dat You whatis da You
i - You ChatGPT what is data visualization?
whakis f ChatGPT what s
You Data visua ChatGPT

t Datavisua ChatGPT

ChatGPT whal elements |i Data visu:
i i Data visu hatGPT
@ Data visual ChatGPT elements li Data visuz Chat@| and under: elements ChatG

| o | ¢« elements Data visualization is the graphical representation of inf
elements |i Data visu: o and undert _— aidiindd . grap p on of
at( and undel Data visua elements like charts, graphs, and maps, data visualizat
| il elemer ! .
Data Datavisua easily, helg Data visu: and understand trends, outliers, and patterns in data.

elemy easily, help Data visuz @nd un

w

and under elements

and undel
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Context

e Graduate—level
data visualization

e 48 students

e 10 exercise

Remember

- Definition Inquiry
- Question Inquiry

- Technique Inquiry
- Learning Recommendation

Understand

- Elaboration with Example
- Elaboration with Figure
- General Elaboration

- Purpose Inquiry

Apply

- Application Inquiry

Analyze

- Concept Comparison
- Follow-up Questions
- Ask for Guidelines

Evaluate

- Critiquing Questioning

Create

- Hypothetical Questioning
- Learning Materials Creation

Prompt Strategy

- Ask Sub-Questions

- Output Restriction

- Persona

- Provide Example

- Fact Verification

- Prompt Clarification

- Repeated Prompt

- Workflow Description
- Background Checking

Others

- Empty

- Default System Prompt
- Use Other Resources

- GPT Feasibility Inquiry
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StuGPTViz
Filter View

Task Overview

| pifficulty Distribution

| Question Type Distribution
a-

2—

A

Pattern View

apaly ansiyze  Evaluate

e Detail View

Qu )
I8 RLScare.

analyze

e I I
create | | I
apply - I |

(,

D

Taské T
Task2 I
Task11 I

5k9
Task19-
Taska!
Task:

Task27-

Task1?

Task22 l

(;m

*

()

16 RL Score

Taskig

Task21

Task24-

0
self_leaming apply understand analyze create evaluation remember
L I I I
appiy
| Average Score Distribution
se e 0w un e e oM o ow
L. o
0.50 0.81
Student Overview
Set
| Visualization Background
b 1
| CS Background
b 1
| ChatGPT Background

ap

I Average Score Distribution

00 01 02 03 04 05 06 07 08

a

C.~ Avg. ~
17 0.806...
16 0.5615...
Question Inquiry
}
T 4 12 0.326..
Definition Inquiry
}
? S %
>
\be
2 { 7 0.870...
Definition Inquiry
}
b7
LS 7 08287
}
Next Last

DI

ca® HQ® FuQ® co®

D, FuQ  pm

@FuQ, OR

@FQ @
cu(r3)
m

uwa® FuQ® FuQ® Fue® OR®

®FuQ, OR, RP.

al Ql - FuQ, OR® ®FuQ, OR, RP

©

Task Description

This diagram illustrates the updated Visual Analytics
Pipeline (named the knowledge generation model),
which involves a series of operations,
representations, and analytical stages. Using GPT's
assistance, please identify and fill in the blank nodes
which associated Analytical Stages (1 to 5) in the
process.

Analytical Stages

Stage 1 is [Stage_A]
Stage 2 is [Stage_B]
Stage 3 is [Stage_C]
Stage 4 is [Stage_D]
Stage 5 is [Stage_E]

s

| Student Answer

Finding,Action,Insight, Hypothesis,Knowledge

@ Raw Conversation

Do you know the diagram of updated
visual analytics pipeline

o

Yes, the updated visual analytics
pipeline typically consists of the
following stages: 1. Data acquisition
and integration 2. Data cleaning and
preprocessing 3. Data transformation
and feature extraction 4. Data mining
and analysis 5. Visualization and
exploration 6. Knowledge
representation and reasoning 7.
Decision making and action This
pipeline is iterative and interactive,
allowing analysts to refine their
understanding of the data and adjust
their analysis and visualization
approaches as needed.

B




o
\lﬁa Educators (design loop)

@
& Learners (learning loop)

Understanding

Planning Performing Reflecting and Analyzing

Redesigning
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RLens (L@S 2022) SWGPTVis (TVCG QLens (TVCG 2021)  SolutionVis (AIED 2023)
|| = tag ow people spend thei > on this

g | T T | 2024)

©.r (Mowse up)
@

[ g

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

e | — | = S LT i T—% — T : \\ ,ﬂ[ —
Distributed Tutorship (LAK [§= F0% /). R T
Ruffle&Riley (AIED 2024) 2022 =EC .

SeqgDynamics (EuroVIS
2020)

BlockLens (L@S 2022) 50



I Future HAI in Education

More Comprehensive
More Actionable
More Effective

More Context-aware

51



More Comprehensive

\o Educators (design loop)

@
& Learners (learning loop)

Planning
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More Actionable

il |
| P
PP
; 1R
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QLens: Learning analytics
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Y ~~ @80 o Q0w v Perform the Fraction Addition Problem
Ghv Converted
Fractions Fractions
12
1
+ =
?
fi TSR (T
o= == 7 firstDenGiven, 4] e

13.secNumGiven, 1]
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CTAT (cognitive tutor authoring tools):
Learning design

Teacher-Al collaboration: data-driven optimization for learning materials
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More Effective

v LHUE YUIETES DEUET ¢

Total student number: 98

view4
' o =
oj0 0/0
CAFE TE AGUA X
State Properties

un café

Better answer: “Un café, por favor.”
|
HELP ME REPLY ‘

n 0.9/

Period

Recurence

QIWIE]R|TIYJUJI jO]P Recurrence  Three equivalent statements for recurrence

AISIDIFIGIH]JIK]L Question 120 ®

4 Z X C VB NWM . Which states are transient and

which are recurrent

Bl -

Multiple Rounds Conversations/Interactive Knowledge Map

view5

Question 121

A Markov chain on states
{0,1,2,3,4,5) has transit

oo o/

No question
Communicative states have equal periods

34 2974

23 2013
o0 o
No question

7 LX) Communicative states share recurrence
n o9/t

se% W%

Three equivalent statements for recurrence

Question 142 @ Question 154
Consider the transition matrix in A Markov chain has transition
Example 4.8. Su probability matrix $

Mall

Monthly
Yearly

Store.

Monthly
Yearly

T -
< Sales Analysis
Sales Analysis

Contrast of Accumulated Profit

Trend Analysis
2451  Ratio M

6432 Proportion 411 osd PR . A

1511 Ratio
3988 Proportion

Other data

Learner-Al collaboration: Long-term monitoring and accompany
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More Context-aware - Immersive Online Learning

Learning in VR?
e Cinematography Education on a Soundstage in
| VR (ongoing, poster, VR 2023)
“a ‘ e VR Story for Awareness of Covid Spread
Threats (zhu et al., IJHCI 2023)
e Towards an Understanding of Asymmetric

Collaborative Visualization on Problem-solving
(Tong et al., VR 2023)

» Learning in AR?
e Exploring Interactions with Printed Data

Visualizations in Augmented Reality (Tong et al., TVCG
2023, Honorable Mention Award)

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



I Future Education for HA

e [airness

e Accountability

e Transparency

e Social responsibility

56



Human-Al Interaction in other domains?

e Autonomous Driving

e Roburt Surgury
® Sports

oon
®

FJ

e ».. . ..'.“. ' ;J .

Changing lanes to follow route
Use turn signal to cancel
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\lﬁa Educators (design loop)

)
& Learners (learning loop)
i : ; Understanding I
Planning Performing Reflecting and Analyzing Redesigning

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

Il

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

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

TEXAS A&M UNIVERSITY

Department of Computer
. Science & Engineering 58
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