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Online Learning has become widespread

(: leetCode coursera ZOO’“Q @ reddit

A Coding Exercises A MOOCs platform A videotelephony An online
Platform (massive open online software discussion forum

courses)



Learning at scale, flexible locations and times

Time

CLASS TIMETABLE A

9.30-10.30

MON SPORT MATHS LITERATURE ART
SPORT LITERATURE ENGLISH HISTORY

WED SPORT SCIENCE COMPUTING MusIc
SPORT ENGLISH HISTORY ART
SPORT SCIENCE COMPUTING GEOGR.\PFV

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

(’}S Andrew Ng #3 more instructors

120,420 already enrolled



Learning at scale, flexible locations and times

Scale Space Time

A CLASS TIMETABLE A
? ‘ 9.00-9.30 9.30-10.30 11.00-1.00 1.30-2.30
‘/~s‘ : MON SPORT MATHS LITERATURE ART
HISTORY
|

Make learning tailored to individual /.
students a grand challenge! >
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Why personalized learning?

Nodl

knowledge motivation
( Koedinger,. Stamper, McLaughlin, & (D'Mello, Lehman, Pekrun, &
Nixon, 2013;) Graesser, 2014)

Cognitive Non-cognitive

problem-solving  self-regulation
strategies, errors  skills

(Adams et al., 2014) (Aleven & Koedinger, 2002)

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

A CLASS TIMETABLE A
? ‘ 9.00-9.30 9.30-10.30 11.00-1.00 1.30-2.30
‘/~s‘ : MON SPORT MATHS LITERATURE ART
HISTORY
|

How could we achieve personalized Vi
online learning? >
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Learning Data is a Comunication Channel

.aik stands ahead of Paul.
blen sl-unds ahm ol c
o
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Online Learning Platforms and Data

# Title
v 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 0 f a Binary Tree lll o
v 426 Convert Binary Search Tree to Sorted Doubly
Linked List o
Problem-solving data Click-stream data Video and audio

communication data

Online discussion 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

® 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)

10



| 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
L i

ﬁ r\
Data ‘ Al Algorithm Human ‘ Decision Making

~/

data-driven interfaces
(e.g., data visualization) 2




Challenges

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

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

13



o
\‘ﬁa Educators (design loop)

@
& Learners (learning loop)

Understanding
and Analyzing

Planning Performing Reflecting
Data

Redesigning

Pe=a® ——r Tios I

Q[o
[l e
luml_uihhl:lﬂi?

RLens (L@S 2022)

Here is how people spend their time

on this problem:

“Gaming the
system”(L@S 2020)

Predication (LAK 2020)  AlgoSolve (CHI 2022)

Distributed Tutorship (LAK =
2022) BlockLens (L@S 2022) 14

Zimmerman, Barry J. "Self-regulated learning and academic achievement: An overview." Educational psychologist 25.1 (1990): 3-17.
Aleven. Vincent. et al. "A new paradiam for intelligent tutoring svstems: Example-tracing tutors." International Journal of Artificial Intelligence in Education 19.2 (2009): 105-154 s




& Learners (learning loop)

Planning Performing Reflecting
Data

Here is how people spend their time on this problem:
Good students: more reflection time + less review time:

s'll ._,, students: less reflection time + more review time:

‘Your recent submission records:

“Gaming the
system”(L@S 2020)

Predication (LAK 2020)  AlgoSolve (CHI 2022)

Distributed Tutorship (LAK
2022)

Zimmerman, Barry J. "Self-regulated learning and academic achievement: An overview." Educational psychologist 25.1 (1990): 3-17.




o
\lﬁa Educators (design loop)

& Learners (learning loop)

Understanding

and Analyzing Redesigning

Planning Performing Reflecting
Data

SegDynamics (EuroVIS 2020) QLens (TVCG 2021)

e—— >
......... - E

Mobile MOOCs (CHI 2022, visual Analytics K-12 (VIS
Best Paper Award) 2019, Best Poster Award)




[ 4
ST Educators (design loop)

Understanding

and Analyzing Redesigning

| @ |

v & Learners (learning loop)

1 Planning Performing Reflecting U
Data —

Peerlens (CHI 2019)

Persua (CSCW 2022)

RLens (L@S 2022)

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

QLens (TVCG 2021)

How data can be used for
educators to improve the design

of learning materials? .



o
\‘EEI Educators (design loop)

@
& Learners (learning loop)

Understanding
and Analyzing

Planning Performing Reflecting
Data

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

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

learning? .




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

19



What is an online question pool?

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

000 —  —

oo
s B2

Math Programming Driving license




Motivation

po0| Questions Pools:

1000 A + B Problem
1001 Sum Problem

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

1002 A + B Problem II problem IDs

1003 Max Sum ® Hidden intents

1004  Let the Bzlloon Rise

1005 Number Sequence Learners:

1006  Tick and Tick ® Different learning scenarios
1007  Quoit Design ® 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? 3



Related work: Educational Recommendation Techniques

(Drachsler et al., 2008) Content-based (e.g., Chu et al., 2011), Collaborative Filtering (e.g., Toledo et al., 2018),
Hybrid approach (e.g., Salehi et al., 2013)

=> We lack the problem label information for use

Deep learning models (e.g., Piech et al., 2015), other models, such as Markov Chain (e.g., Rajapakse and Ho,
2005; Sarukkai 2000; Huang et al., 2009)

=> Learners’ intent is not well considered, and no explanation is
provided for the results

How learning data can be used for planning the learning path?

22



A user-centered design process

® Four participants: two question pool designers and two 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



PeerLens System overflow

Dataset

Crawling

Path Engine

v

Peers Selection

Preprocessing

Filtering
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Statistics
Calculation
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Sequence
Modeling
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Path Planning

.

Prediction and
Hints

AV

Visualization

Basic Info

Peers §§Iection

User ID:  BeautfuiCode >tyear
Problems Solved: 67 =
Frequency Proficiency
Accepted: 79 very often’ Verbigh
Submissions: 167
Last Days: 337 '"t:r;my o
Path View "
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Problems

2068 RPORMMIE 3814%
2069 Con Change 767%
2070 Fibbonacci Number 289%
2071 MaxNum 5327%
2072 wWish 2745%
2073 FIRETE 56.92%
014 BE 2758%
275 AB? 7563%

e FANSKEECHRIER oy

077 iV 69.35%
2078 E3E 7266%
e ganm@a CLUES TR,
2080 ERFSAN 49.96%
2081 FuEs 58.56%
2082 %8 69.29%
2083 MBEZMEER 46.20%
2084 #5E 57.04%
2085 EREN 41.04%
2208 A1=? 55.94%
22087 WEAR 5865%
2088  Box of Bricks 20.10%
2089 FE62 a345%
2000 MWRH 43.00%
091 TLTAR 24.99%
2092 ZHW 3430%
2093 EitiE 33%
2004 =EAT 4363%
2005 find your present (2) 38.00%
2006 J8IA8 a795%
2007 Sl 55.08%
2098 AR 4320%
2090 MERAIRH a264%
2100 Lovekey 35.65%

uoloelalu|
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System overflow

Dataset

Crawling

Path Engine

Visualization

E

Peers Selection

Preprocessing

Filtering

Statistics
Calculation

Sequence
Modeling

!

Path Planning

;

Basic Info

User ID:
Problems Solved:
Accepted
Submissions:

Last Days:

BeautifulCode
67 L
9

167

37

Peers Selection

>tyear
i
I
!
|

Frequency Proficency

hu:slty
5 0 matched

Prediction and
Hints

=& -
I

Path View

Problems

2068
2069
270
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Coin Change
Fibbonacci Number

2071 MaxNum
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2073
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L
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How to quantify learner’s performance?

R1: Find peers for a target
learning scenario.

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

Difficulty of the questions

Accept rate? ><

@ 0000

1/5 => Hard problem

Q1 P1 O 00O
P2 @

Accept rate: 1/5 => Still a hard problem?

26



I How to quantify learner’s performance?

Submission type: the way a learner submits a question.

Ea I

LR 00
s~ — Q@@

. /T

Easy Medium Hard

- 00000
B @
d wmm EIT

- Captures learners’ knowledge proficiency and attitute ‘ incorrect ‘ correct
- Enables the inference of question difficulty level

27




I How to recommend?

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.

0%@
Q&

Popular path: X; = X5 = X,

28



I How to recommend?

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.

Popular path: X; =» X5 = X,
m=) Challenging path: X; = X,
m=) Progressive path: X;— X, = X;

Hard  Medium Medium

29



System overflow

Dataset

Crawling

Path Engine

Visualization

g

Peers Selection

Preprocessing

Filtering

Statistics
Calculation

Sequence
Modeling
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Path Planning

\ 4

Basic Info

User ID:  BeautfulCode

Problems Solved: 67 &>
Accepted: 79

Submissions: 167

Last Days: 337

Peers Selection
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|
|
£ !
Frequency } Proficency
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Prediction and
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Basic Info Problem Archive

User ID - Regular Leaming I I Customized Leaming v 2010 AAEM 27 56%
Duraton v 201 SR 56.00%

Problems Solved: 67 - tyenr x> 2012 EnEE 6.26%
Accepted v 2013 sme 74.46%
= x 2014 WERFAXE S5  85%

Submissions: 167 —— S v 015 meTe 952%
x 2016 BERTEREL 36.36%

Last Days. 337 v 017 FEEMRE 55.48%
v 2018 B+NS 4810%

b amatcres L v 200 pmm 4076%

x 2020 ANERE 45.44%

Smasion fps v 2021 ETRE:) 5096%

v 02 SaniR 4182%

B 0 e ooy once and taled % e iette S

B 0 et rmnettns snd nies v 200 CERRRHOH 3185%

0.1 Tred sevoral temns and succeeded v 2025 WREARE 5101%

1 0.1 Wied succeed and validated x 2026 WFBEAS 5176%

B e once s wcced v 27 @R 4%

B Succonded and then validated V2028 Lowest Common Muliple Plus  4162%

v 2029 Pasndromes _easy version  60.74%

x 200 REwit 5274%

® S G
v 20R BEZH 39.89%

v 2B ARAEAE 6464%

X 20 AMARAS 2807%

e v 0% AMAEAE 6276%
o 203 AEGRARN 50 69%

X 200 SEEHTAC 53.36%

v 209 ZRE 31.43%

v 200 Fon 8523%

x 200 @EER 5256%

v 202 FTHSENZIZ 81.47%

0 v 20 8 032%
v M4 -SEN ml

FRBFM 20— LELEN
X e 39908%
. e L




I Visual Design: Peer Selection View

Customized Learning

Frequency
very cften

X

Proficiency
Ver High

0 maiched

Yellow diamond plot: selected peers

Blue diamond plot: learner himself

32



Visual Design: Learning Path View

Submission type

B o

0..0 Tried several times and failed I

Tried only once and failed

0.1 Tried several times and successed s | u m m »
0..1... Tried, successed and validated Chaliengling Path
1 Tried once and successed

B

Successed and then validated

Slide ”5>

@ |
mul] |:| 1 (1] | B u = o ! I u u =
e (S JSISIS | @Populdl Path

@ History Path

Progressive Path

Problem 1D
Major Type
0
0..0
0*1

i)
1

2062

3%
13%
8%
%
20%
0%

33



Visual Design: Learning Path View

Submission type

B o Tried only once and failed

0..0 Tried several times and failed .
0..1 Tried several times and successed s | u m m I
s " Problem 1D 2062
0..1... Tried, successed and validated Chaliengling Path NakE Tre
1 Tried once and successed 0 3%
B Successed and then validated L =
0*1 8%
01* 6%
: 8 1 20%
Slide &) 0%
PO, ——— <)

. |
gL B e ——
S JRISIN ] @Populdl Path
@ History Path

Progressive Path




Visual Design: Learning Path View

Submission type

B o Tried only once and failed

0..0 Tried several times and failed I
0.1 Tried several times and successed s | u m m »
. . Problem ID 2062
0..1... Tried, successed and validated Chaliengling Path NakE Tre
1 Tried once and successed 0 3%
B Successed and then validated L =
0*1 8%
01* 6%
: 8 1 20%
Slide ) 0%
- ——— = - 6

|
gL e ——
S JRISIN ] @Populdl Path
@ History Path

Progressive Path




Visual Design: Learning Path View

Submission type

B o Tried only once and failed

0..0 Tried several times and failed .
0..1 Tried several times and successed s | u m m I
s " Problem 1D 2062
0..1... Tried, successed and validated Chaliengling Path NakE Tre
1 Tried once and successed 0 3%
B Successed and then validated L =
0*1 8%
01* 6%
: 8 1 20%
Slide &) 0%
PO, ——— <)

A SRy
@ History Path

Learner’s
performance K - R R I & —E

Progressive Path




Visual Design: Learning Path View

Submission type

B o Tried only once and failed

0..0 Tried several times and failed .
0..1 Tried several times and successed s | u m m I
s " Problem 1D 2062
0..1... Tried, successed and validated Chaliengling Path NakE Tre
1 Tried once and successed 0 3%
B Successed and then validated L =
0*1 8%
01* 6%
: 8 1 20%
Slide &) 0%
- ——— = - 6

. |
gL e ——
S JRISIN ] @Populdl Path
@ History Path

Peers’
performance - o IRl B I " | |

Progressive Path




Visual Design: Learning Path View

Submission type

B o

Tried only once and failed

0..0 Tried several times and failed I
0.1 Tried several times and successed s | u m m
0..1... Tried, successed and validated

1 Tried once and successed

B

Successed and then validated

Slide 9,

—_—

e DD-U__HD - Ll e ' @Ipop-uldl Path

@ History Path

@ Challengling Path
0

Problem 1D
Major Type

0..0
0*1

i)
1

Progressive Path

2062

3%
13%
8%
%
20%
0%
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Visual Design: Learning Path View

Submission type

B o Tried only once and failed

0..0 Tried several times and failed .
0..1 Tried several times and successed s | u m m I
s " Problem 1D 2062
0..1... Tried, successed and validated Chaliengling Path NakE Tre
1 Tried once and successed 0 3%
B Successed and then validated L =
0*1 8%
01* 6%
: 8 1 20%
Slide &) 0%
PO, ——— <)

| - I
DD-U——I:ID ﬂ E E @ Popular Path
@ History Path

Progressive Path




Visual Design: Learning Path View

Submission type

B o

0..0

Tried only once and failed
Tried several times and failed

0..1  Tried several times and successed
0..1... Tried, successed and validated
1 Tried once and successed

B

Successed and then validated

mlLl
@ History Path

®

Problem 1D

Challengling Path

Slide

@ Popular Path

Progressive Path

Major Type
0

0.0

0*1

0*1*
1

2062

3%
13%
8%
%
20%
0%
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Visual Design: Learning Path View

Submission type

B o Tried only once and failed
0..0 Tried several times and failed
0..1 Tried several times and successed
0..1... Tried, successed and validated
1 Tried once and successed
B Successed and then validated

oLt
@ History Path

Problem ID
@ Challengling Path
0

@ Popular Path

Major Type

0..0
0*1

i)
1

2062

3%
13%
8%
%
20%
0%

@ Progressive Path
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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?

42



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

0 Ined onty once and faded
Go .

‘ 0.0 Iried several times and failed

m Problem Title Ratio{Accepted/Submissions) 0.1 Iried several tiems and succeeded Problem ID 2062

Search: In Title v

1000 A + B Problem 30.56%(240770/787844) 0..1... Iied, succeed and validated Major Type
1001  Sum Problem 25.389%(143110/563922) | Tred once and succeed 0 0%
1002 A + B Problem II 19.47%(84152/432201) Bl . Succeded and then vabdsted %;'10 ii:"
1003  Max Sum 23.76%(70413/296345) o1 o%
1004 Let the Balloon Rise 39.72%(59043/148661) 1 9%
1005 Number Sequence 25.2506(51499/203970) c = Tl
1006  Tick and Tick 26.73%(6080/22750)
1007  Quoit Design 26.529%(17197/64856) i1
1008  Elevator 54.79%(46878/85565) - -
1009 FatMouse' Trade 34.8596(33070/94883) ° 5 = =
1010 Tempter of the Bone 26.68%(39786/149139)

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

18 CS students -

® determine the starting question under a specific learning scenario
® find the next question to solve given an existing historical learning path 43



Evaluation: Questionnaires

Informativeness

Decision making

Visual design

System Usability

The information needed to plan a learning path is

L 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.

44



I Results: Using peer data is useful (RQ1)

—_— N W BN NN

m Baseline m Primitive(PeerLens) B Full(PeerLens)
M 1 l_\ Iﬁ l_\ l_\

M

IFFERE

accessibility richness

sufficiency

confidence guidance adjustment

Informativeness

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

—_— N W BN NN

l * I

M

M x |
*
II |

1

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

e 1

(o UNOR
() *

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)
)

complexity (RQ3)
¥ Primitive(PeerLens)
7 % | M
6
5
4
3
2
1

intuitiveness comprehension

easy to learn

easy to use recommendable

Visual designs

System usability
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With PeerLens, we enable
students to use peer data to
plan their own learning path
by suggesting and
visualizing multiple paths.

Sequential event-based learning, e.g., other question pools, MOOCs, etc.

48



o
\‘EEI Educators (design loop)

@
& Learners (learning loop)

. - . Understanding I
Planning Perch:tr:mg Reflecting and Analyzing Redesigning

’;;;;."“\’*
i =TT I
11 =

TV

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

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

ing?
learning® 49




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

50



I 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)

Wambsganss, Thiemo, et al. "AL: an adaptive learning support system for argumentation skills." CH/ 2020. 51



I Background

reddit (Q (¥ richangemyview & Search Reddit

Q Change My View (CMV)

r/changemyview

Posts ~ Wiki  Rules

@ Hot {3 New ) Top

Posted by u/Ramza_Claus 1A 3 hours ago

CMV: There are no Epistemologically sound reasons to believe in any
god
Heya CMV.

For this purpose, I'm looking at deities like the ones proposed by classic monotheism
(Islam, Christianity) and other supernatural gods like Zeus, Woten, etc

Okay, so the title sorta says it all, but let me expand on this a bit.

The classic arguments and all their variants (teleological, cosmological, ontological,
purpose, morality, transcendental, Pascal's Wager, etc) have all been refuted infinity
times by people way smarter than I am, and I sincerely don't understand how anyone
actually believes based on these philosophical arguments.

() 164 comments /> share [ save

Posted by u/beatsmitheathcliff 1 hour ago

P . N

About Community
A place to post an opinion you accept may
be flawed, in an effort to understand other

perspectives on the issue. Enter with a
mindset for conversation, not debate.

& Created Jan 16,2013

1.9m * 1.8k Top 1%

Members Online Ranked by Size

Filter by flair

Fresh Topic Friday
Delta(s) from OP
Delta(s) from OP - Fresh Topic Friday

See more

1.9m » 1.8k Top 1%

Members Online

Ranked by Size

What are the
difficulties for users
to write persuasive
arguments and what
we can learn from
the existing data?
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Needs-finding Stage

R1: Provide examples and support filtering by

) . .

" — persuasive strategies

== R2: Display and compare the composition of different
A

persuasive strategies

A needs-finding survey with  R3: Show the logical structure of the arguments
123 online forum users R4: Offer visual augmented feedback for the
arguments writing

53



I Related Work

"

Text editor Your personal arg| tation learning dashboard
Our algorithms found the following feedback (to know how, click here)

While writing, you can click the Analyze button to get feedback on

your argumentation An overview of your arg i (claims & premises): B Argumentative [89%)
Click on elaims to display them in the detailed view. Click on elaims to display them in the detailed view. W Non-Argumentative [11%]
~ = \
Die Idee Ist im Grundsatz klar: Eine App, welche alles im Haushalt "’""\o
automatisiert, was moglich ist. [Es wird wahrscheinlich immer mehr Services
auch im Bezug auf den Haushalt geben. Entsprechend ist der Zeitplinkt und
die gut gewahit. Es gibt o ? Readability Details
walche grossen oder mit sich pot e | ]
bringen insbesondare wenn man diese durch ServicoAnbieter erledigen O Coherence Osiale
O— [ s —
lassen mochte. Es st mir nicht klar, wie dem Kunden gute Dienstleistungen S Parsuasiverioss Details . .
garantiert werden konnen. Dies ist vor allom wahr, wenn wir von einer N - L kln Id n n
s acking guidance o
haben héufig Vorlieben fiir Dinge, die sie bereits kennen, So weiss ich aus 0-._,,,_.0
Erfahrung, dass man sich bel Handwerkern gerne jene aussucht, von denen 0 °
man schon Gutes gehdrt oder mit welchen man im Idealfall schon t t
Erfahrungen gemacht hat. Es st mir nicht klar, wie dies Gber die ::”” Detailed feedback on the structure of your claims (What are claims and premises?): pe rs u a s Ive s ra eg I es
App passieren wiirde vor allem wenn das geografische Einzugsgebiet gross
Ist. Zudem wire aus meiner Sicht Transparenz beziglich des genauen
Providers sehr wichtig. Dies wére mein Vorschlag fir dich. N
# Words: 167 ) B e D
PR Entsprechend ist der Zeitpunkt und die Stossrichtig gut gewahit. pe SUPPOIT ey Ki mn:\*:omuw
Explanation

Novice Advanced Competent Proficient Expert

Your argumentation improved by 24 % compared to the last exercise.

Wambsganss, Thiemo, et al. "AL: an adaptive learning support system for argumentation skills." CH/ 2020. 54



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 55
the Association for Computational Linguistics (Volume 1: Long Papers). 2018.



Taxonomy of Argument Components

Text

Argument

Claim

Logos uses facts, logic, or reasoning

Premise

Pathos

Non-argument

Ethos

Evidence

Rapp, 2002 and Carlile et al., 2018
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Taxonomy of Argument Components

Text

Argument

Claim

Logos

Premise

Pathos arouse people’s emotions

Non-argument

Ethos

Evidence

Rapp, 2002 and Carlile et al., 2018
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Taxonomy of Argument Components

Text

Argument

Claim

Logos

Premise

Pathos

Non-argument

Ethos build up speaker’s credibility

Evidence

Rapp, 2002 and Carlile et al., 2018
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Taxonomy of Argument Components

Text

Argument

Claim

Logos

Premise

Pathos

Non-argument

Ethos

Evidence describes a concrete example

Rapp, 2002 and Carlile et al., 2018
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I Persuasive Strategies Mining

°
s

140 I I .
120 I - . . )
I I 164 discussion threads with 1269
° I I I I I I sentences coving eight topics and
< & & o5 < & &®
S \@@& o QQ&Q@ < =

mClaim mlLogos mPathos = Ethos mEvidence

1. Converting the sentences into high-dimensional vector representations:
BERT language model

Is claim or premise or non-argument? a multi-class classification task
Does a premise support a claim? a binary classification task
What are the persuasive strategies applied? a multi-label classification

PWN

60



Input View

TopidAY

Parenthood v

Clal@

Here's too many people already.[Pathos]T

he 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? @

Persua @

Argument Labels

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

Node View @ Compare View

________ » 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

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 EL R E T 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
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I Input View @ Input View @
Topl
Parenthood

Clair@

BTG Here’s too many people already [Pathos] T
he earth deserves better. [Pathos]! don’t want to p
ass on my depression and anxiety. [Pathos]Life su

Argument Labels

undefined: This verb is used with the 3rd person singular: ‘is' to ‘are'.
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I Input View @

Input View

Topl

Parenthood

Clair@

BTG Here’s too many people already [Pathos] T
he earth deserves better. [Pathos]! don’t want to p
ass on my depression and anxiety. [Pathos]Life su

Argument Labels

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

Node View

Here’s too many people already
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I Example View

Example View

=4

an ©
> 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. )y
does this matter. Because kids often resolve to hitting as a way to problem-solve. | hit my sister all the time

hen | 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. e
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
CIGT L NG ol -0 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
65
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I Compare View

©

%
D e
*

*
R

a3

%
D @
*

®® @@

s

-31% evidence

-29% logos

-1% is_claim

-5% ethos

-30 -20 10 O 10 20 30 40 S50 60 70
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Case Study

Before:

B 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
-30 20 10 0 10 20 30 40 S50 60 70

_________ > 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

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
ST EL R T R W 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
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Case Study

Before:

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 su

ks. [Pathos]Now do you see?

-31% evidence

-29% logos

-5% ethos

-1% is_claim

pathos 76%

After:

ToEiThere is no need to have children. [Logos][Evid
ence]The world population is dramatically increasing, |
eading to more consumption of the natural resources.

[Pathos][Evidence]in addition, | saw my uncle’s childre
n fight with each other. [Loges][Evidence]Some peopl

e even abuse children. T§ETIThus, | disagree with h
aving children.

-5% evidence

-4% logos
ethos 1 4%
is_claim - 7%
pathos 9%
m T ™

T T T T T T T
-30 -20 10 O 10 20 30 40 S50 60 70
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User Study

36 participants (20 males, 16 females)
Baseline: 18 Persua: 18

®) rosven
TopidA)
Input Text Node View i
P canA)
Claim:

15 100 many people already [PathosT
he earth deserves better. [P&figs]! don't want to p
lass on my description and anxiety. [PARGSIL e su

cks. [PAIRGEINow do you see?

Here's too many people already . The earth deser
ves better . | don't want to pass on my depression
and anxiety . Life sucks . Now do you see?

[ % Argument Labels:

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

how ather peopl jow
Nnd-\ﬂ-w @ Gompare View
© © ©
® = -
® G
&%
®
d,s

ERROR undefined: This verb is used with the infinitive: 'to better’, ® %
‘to well'. ® ®®

Baseline (\Wambsgans et al., CHI 2020) Persua
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Tasks & Results: Submit more times and more
persuasive

Write a paragraph about the topic “Abortion”.
Task 1 Try to persuade the person who published the following claim by taking the opposite side.
[Claim: I'm pro-life, and I believe that abortion is essentially murder.]

Refine a paragraph about the topic “Parenthood”:
“Here’s too many people already. The earth deserves better.
Task 2 I don’t want to pass on my depression and anxiety. Life sucks. Now do you see?”
Try to make it more convincing to persuade people who published the following claim.
[Claim: I don’t understand why people don’t want to have children.]

Submissions times on tasks Improvements on tasks
2.5
45 * *
’ 2
4
3 1.5
3
2.5
) 1
1.5
: 0.5
0.(5) 0 =
taskl _submission_times task2_submission_times improvement in task1 improvement in task2
m Baseline  ® Persua M Baseline ™ Persua
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Perusa detects and visualizes
persuasive strategies
differences from peer data to
nudge learners and provide
examples for them to refer to.

Component-based learning, e.g., analyze and visualize code structures and provide

code examples to student y



Question Result

How frequently do you usually use
online discussion forums, e.g., Reddit
Baidu forum, Quora ? (1: never, 5: very
ften)?

How often do you actively express opin
ions in the ission on hot topics in
online discussion forums? (1: never, 5

very often)

How often are you worried that the con
ter he published text is
ing enough to convince

recognition? (1: never, 5: often)

How often do you encounter situations
where you need to express your views
and persuade others by publishing text

content? (1: never, 5: very often)

How much do you want to improve
your text persuasiveness th h learn
ing so as to get more suppc nvince

others? (1: not at all, 5: very much)

F1: Participants frequently use online discussion forums and tend to express their opin-

ions online. It confirms that university students fit the behavioral profile of our target users. As

shown in Table 1, nearly all participants used (121 out of 123) online discussion forums, such as

and Quora * (Q 1 = 3.98,5D = 1.00) and 89% people (110 out of 123) at least once

nline d ean = 3.33,5D = 1.11)

to improve the persuasiveness of their arguments onlin ord

ym participants of Q3-Q5, we found that many participants (118 out of were

once worried that the are not convincing enough (Q3: Mean = 3.73,5D = 1.05),

once encountered the situations to persuade others (Q4

3.44,5D = 1.03) C » participants (121 out of 123) wanted to improve text persua
siveness through learning to J ee (Q5: Mean = 3.82,5D = 0.97).

ants find it hard to come up with evidence to support their arguments. Many

participants wrote that writing or finding appr amples to support their opinions and make

arguments

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

04/16/2022 - by

he Hong Kong Un

e share

Persuading people to change their opinions is a common practice in online
discussion forums on topics ranging from political campaigns to relationship
consultation. Enhancing people's ability to write persuasive arguments could
not only practice their critical thinking and reasoning but also contribute to the
effectiveness and civility in online communication. It is, however, not an easy
task in online discussion settings where written words are the primary
communication channel. In this paper, we derived four design goals for a tool
that helps users improve the persuasiveness of arguments in online
discussions through a survey with 123 online forum users and interviews with
five debating experts. To satisfy these design goals, we analyzed and built a
labeled dataset of fine-grained persuasive strategies (i.e., logos, pathos, ethos,
and evidence) in 164 arguments with high ratings on persuasiveness from
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\‘EEI Educators (design loop)

@
& Learners (learning loop)

Understanding Redesigning

Planning Perch:tr:mg Reflecting and Analyzing
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Peerlens (CHI 2019) Persua (CSCW 2022) RLens (L@S 2022)
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QLens (TVCG 2021)

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

ing?
learning® s




RLens: A Computer-aided
Visualization System for Reflecting
Language Learning Progress Under

Distributed Tutorship

Meng Xia, Yankun Zhao*, Jihyeong Hong*, Mehmet Hamza Erol*,
Taewook Kim, Juho Kim

L@S 2022
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I Background

Online language tutoring platforms (e.g., Cambly) are becoming
increasingly popular.

& spicus TG0

eN900 paGODA == M Preply
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Background

These online language tutoring platforms:

>3

Provide temporary jobs for native speakers to
work as part-time tutors

Enable language learners to have 1-1 speaking sessions
with native speakers anytime and anywhere
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Distributed Tutorship

My previous work analyzed 15,959 learners’ data on one of these
platforms and identified that learners actively distribute their learning

time with different tutors during the learning process, which was defined

as distributed tutorship.
(Xia et al., 2022)

Day 1/tutor 1 Day 2/tutor 2 Day 3/tutor3 Day 4/tutor 4 Day 5/tutor 5 Day ...

! :

Xia, Meng, et al. "Understanding Distributed Tutorship in Online Language Tutoring." LAK22: 12th International Learning Analytics and Knowledge Conference. 2022.



Distributed Tutorship

There is suggestive evidence that more distributed tutorship might

introduce lower learning improvement.
(Xia et al., 2022)

An online English tutoring platform. On Ringle, learners can choose
tutors and class time for 1:1 online speaking sessions.

16 learners, who have learnt from more than one tutor.

Xia, Meng, et al. "Understanding Distributed Tutorship in Online Language Tutoring." LAK22: 12th International Learning Analytics and Knowledge Conference. 2022.

78



Challenge: Feedback Discontinuity

Learners are unaware of their
common language issues (e.g. tense
errors) and they are not sure whether
they have corrected the issues or not,
since previous corrections are not
tracked by different tutors.

@ Grammar
@ Fluency
@ Vocabulary
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NLP: Feedback uptake behaviors
Xvxxv (O

Learners’ corrective actions according to tutors’ feedback
® Two apple -> Two apples
’ “Uh”

® “She always tries to think positively.” -> “She is always so
optimistic.”
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ES
@

Filter Tutors

\

Lorelle Mitra
Julie Reardon
Laura Fitzgerald
Joe Stan
Lindsay Marshall
Shawn Brewer

=

Brandon Schatz
Brooks Jenkins
Calvin Terry

Filter Topics

an

I Visualization: Feedback uptake behaviors

~ The grammar Accuracy is based on the
i
1 Catvin 1 Keeran 1 Mattis 1 Undsary § Uindsay Bon Lorelle Lorelle Lorele Undsay Andrew
1 Lorete ' ™ e L Emia Lex v Lorste s
Grammar Accuracy: 0.95
| Date: May 28, 2021 :
[ Time Gap: 8 days
r T T T T T T T T s a3 T T T T T T T T T T T
kLl a2 a3 34 k] £ k1 38 £ 40 \1{ a2 4 4 45 a6 a“r “ @ 0 s 2 53

Backend
Algorithms

Correction Type:  Grammar Mistakes v Feedback Uptake Track:

(=)= (=(=](=]

°

tsmmy D) (Mistake Count

(Grammar Mistakes Sessions) - (31)32]33)3a][as]26] 7ae] 30 0] 1[4z 43Jas]4s) )78 as)50] 51 525254 N fFoeteck Uake
o 26 Daily Conversation D .
& 11 Management/Economics ) | Y T T T T T T T T T T 2
Other
(0 _coumspornenenan. ) e
Dol et Rocommenca-.) i
o And Loarang) e -
Society ) ®
[ WorkAndlie)
E—rrr | p— Voowans DN (sovmioncon: |
Free Topic
(Suggestion Categories Tutors) ( JoeStan | LauraFitzgerald | Julie Reardon | Lorelle Mitra | |

|

To
2020-09-03 2021-06-27 Q

Session: 1 s«-u:st@

S overall Feedback
I Categorization
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RLens detects feedback uptake |

behaviors and visualizes the

*****

learning progress to keep

consistency when learning

_____

under distributed tutorship.

Learning scenarios with subjective feedback from different teachers.
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@ Ringle

Our collaborator, Ringle, uses some of the algorithms and interface design on
their platforms. The company now serves for 100,000+ users over the world.
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What if the existing learning materials and data online didn’t
cover different learners’ needs?

What if the learners are too young to use the learning
analytics? 84




o
\iﬁa Educators (design loop)

)
& Learners (learning loop)

. . . Understanding N
Planning Performing Reflecting and Analyzing Redesigning

Data

| O
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Peerlens (CHI 2019) Persua (CSCW 2022) RLens (L@S 2022)

i

QLens (TVCG 2021)

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




Exm— QLens: Visual Analytics of Multi-step
o Problem-solving Behaviors for
ey 5 Improving Question Design
= : Meng Xia, Reshika Palaniyappan Velumani, Yong Wang, Huamin Qu,

Xiaojuan Ma

TVCG 2021
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I A Multi-step Problem

Five people stand in 3 line.

Mark stands ahead of Paul.

Helen stands ahead of Jane.

Paul stands behind Helen but ahead of Luke.
No bay Is next to another boy In the line.

ale

b Move each person to their place in the line,

Mork Helen

Paul

Luke

Jane
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I Motivation

Problem-
solving

logic

® Four domain experts
o Question designers (E1, E2)
o System developer (E3)

o Project manager (E4)

Engagement
level

Question Designer
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lterative Design Process - Animation

meda.az '

rk stands ahead of Paul. = — ‘
len stands ahead of Jane. C v | )

Paul stands behind Helen but ahead of Luke. 5 . g

Noboyism’momerboyhuim. ) .

,bmmmwmmh'n.. ~ O ~
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I lterative Design Process - Heatmap




I lterative Design Process - AQOI trasition graph

@ Mar Helen Paul Luke Jane

(@)

students with incorrect answers

Visual Analytics of Student Learning Behaviors on K-12 Mathematics E-learning Platforms (Xia et al., VIS 2019) Best Poster Award

Time order:
0~25%
25~50%
0 50~75%
B 75~100%
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https://www.xiameng.org/vis19e-sub1091-i6.pdf

lterative Design Process - AQOI trasition graph

@ Mar Helen Paul Luke Jane

(@)

students with incorrect answers

Visual Analytics of Student Learning Behaviors on K-12 Mathematics E-learning Platforms (Xia et al., VIS 2019) Best Poster Award

® Mark Helen Paul Luke Jane

QO

G-Q (ié

(b)

students with correct answers
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https://www.xiameng.org/vis19e-sub1091-i6.pdf

I 1. Data preprocessing: Recover the Steps

For each question:

Five people 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.

N

/.
ﬁ Move each person to their place in the line.

1 2 4
Luke Jane Paul Helen K
£
ae : g
« NS .&3\ & &J“a & &
Back Front
7 8 9 10 11

For each student:

211473889..

Stepl:,,,,Mark

Step2: Paul,,,,Mark
Step3: Paul,Helen,,,Mark
Step4: Paul,,Helen,,Mark
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P 1000011
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I1Q1101
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111001
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McBroom, Jessica, et al. "A data-driven method for helping teachers improve feedback in computer programming automated tutors." International Conference on

Atrtificial Intelligence in Education. Springer, Cham, 2018.
Wang, Yiting, Walker M. White, and Erik Andersen. "Pathviewer: Visualizing pathways through student data.” Proceedings of the 2017 CHI Conference on Human

Factors in Computing Systems. 2017.
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I 2. Data Analysis - State Transition Model

Step: one drag-and-drop

Stage: number of
correct conditions

Stepl:,,,,Mark

Step2: Paul,,,,Mark
Step3: Paul,Helen,,,Mark
Step4: Paul,,Helen,,Mark

Five people stand in a line.

Condition 1 Mark stands ahead of Paul.

Condition 2 Helen stands ahead of Jane.

Condition 3 Paul stands behind Helen but ahead of Luke.
Condition 4 No boy is next to another boy in the line.

v\
Stage 0 {j Move each person to their place in the line.

Stage 1
Stage 2
Stage 2
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I 3. Visualization - State Transition Visualization

4 Stage

=2
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I 3. Visualization - State Transition Visualization

4 Stage

=2
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I 3. Visualization - State Transition Visualization

Less More  Stage

} =,

(students fulfill a condition)

98




I 3. Visualization - State Transition Visualization

4 Stage

=2

(1,0) = (2,1)
116 Student(s)
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Five people 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.

Qlz

ﬁ Move each person to their place in the line.

Back Front
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Problem ID: 2 Condition:| R«

tional/Absolute | | Iidit |

v

Overall Distribution:

Common Errors

Luke,Jane Helen, Paul Mark

Luke,Paul Mark Jane, Helen
Luke,Paul Helen Mark
Luke,Paul Jane Mark Helen

Luke,Jane, Helen, Mark,Paul

Jane,

Mark,Paul,Helen,Jane,Luke
Luke,Jane,Mark,Helen,Paul
Luke,Paul Jane,Helen Mark
June,Helen,Paul Luke Mark
Paul Helen Mark Jane, Luke
wmeMark

Paul,Luke,Mark Jane Helen

Jane,Paul,Mark, Helen,Luke

Paul,Luke Mark,He!

Jane

Mark > Paul

Helen > Jane

Luke > Paul > Helen

No bays near each other

Trans. Freq. Filter:0

2

length(pixel)

149/233
140/233
156/233
67/233
=
" .
. .

T

:

(mm

H
A

[muns)

o
T

|

TH]
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Less More Less More

(students fufill a condition)  (students reach a state)
v v

(drops/stops in the level)

H

600(s)
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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.

Consider the condition with the most restrictions: “No boy is next to another boy in the line.”
Thereare only 3 boysand 2 girls, so we have

JUU

Back Boy Girl Boy Girl Boy Front

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

3

Back Luke Girl Paul Girl Mark Front

“Helen stands ahead of Jane”. Therefore,

Back Luke Jane Paul Helen Mark Front
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Transition View

Comparison View

Filter:5 NaviBar: Less ore Less More
u i
B use st agu (times fufill a condition) .
- v (times reach a state)
(drops/stops in the level)
EGEIEE(E ; | /] ‘I
40/44
[ll]_[ll] 12/44 T HH
16/44 | i E E
27/44
15744 —H —
[P verall Distribution: E E E E E E H E i
1544 -
10
'] . - . H [
']l""“"“ B /R /B B\/ENE /R F BB B B
10
no|z:4ccru||o1|um f [H ll l
1l = E/BE B 2 E B 8 B\E|=E 8
°
1 2 3 4 5 €& 7 8 9 10 1 pme H l I
o “§ B B B B B & 8§ § B|IE-B
o - 1
632541 H | I
64,1532 [ 570(s; 570(s 570(s)
642531 I v
62,1543
- 1
53,1642
612543 u [
651432 600(s) 600(s)|[ 600(s)
645321
32,654 P
52361 1L 1L 1L 1L | — 1L 1L 1L llf
54321 5—’_’_._,_,_—~—’~\\ whole S6 S0
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—
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Overview

Problem ID: Cmditioni Relational/Absolute | | Edit

Buen

EGEIEE(E
HEELEEE

Overall Distribution:
10
5
°
° 1 2 3 4 5 & sore

Common Errors:

632541 |
641532 [
642531 [
62,1543

=a 1
53,1642

612543

651432

645321

32,654

5236,1

54321

64253, \
S

[User ID: Filter:5

40/44
3 12/44
1 16/44
S(large number in the highest digit) 27/44
4 15/44
2 1544

Transition View
NaviBar:

OErE @ OOOE 2 =SS 0°0°ococ;;
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Evaluation

* Cases studies with four domain experts during the
‘ . development
e Semi-structured interviews with another three domain
experts (two questions designers form a different
education company, one senior manager); each interview
lasts about 1.5 hours

Introduce Introduce Free Answer
system three cases exploration questions 105



I Evaluation Overall, all experts confirmed the usefulness and the

intuitiveness of the system.

System “The insights from Transition View will be very useful for the
question designer (for example to decide which question is
usefulness more suitable for which grade students) and the system
developer.” —E6

“As more and more learning activities conducted are online, it
was also very useful to compare students from different
schools (e.g., international and local ones) or regions.” - E5

“The on-the-fly guidance is what we expected but needs

more considerations.” - E5

. Positive
Visual design & < is so clear to view the problem-solving process using B Neutral
interactions the visualization like this (Transition View).” 7 . Negative
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QLens visualizes learners’ S S N =
multi-step problem-solving e e i
processes to help educators = . 77T T
improve learning materials. =~ "t

Multiple-step problem solving, e.g., how different test cases/rules are satisfied in
coding exercises.
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\T) Trumptech & §]

Our collaborator, TrumpTech, uses QLens to improve questions design. The
company now serves more than 500 schools in Hong Kong.
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Conclusion

How data can be used for learners and educators
in achieving personalized online learning?
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Conclusion

(]

|

=

/ I
H

Munzner, Tamara. "A nested model for visualization design and validation." IEEE transactions on visualization and computer graphics 15.6 (2009): 921-928.

Domain situation: formative studies to understand
target users’ requirements: educators and students

Data/task abstraction:

Data: event sequence data
Tasks: representation, summarization, comparison

Learning behavior modelling:
Learning materials: difficulty level, test knowledge
Students: cognitive skills, non-cognitive variables

Visual encoding: justify alternative designs; address
interaction; show the data step by step

lterative design with educators and students

Lab study, deployment, and post-study interviews
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o
\oiﬁa Educators (design loop)

@
& Learners (learning loop)
. . . Understanding
Plannin Performin Reflectin ﬂ igni
ﬂ 9 9 9 and Analyzing Redesigning
. Data
< =
HN ~ i% 0 1
Peerlens (CHI 2019) Persua (CSCW 2022) RLens (L@S 2022) QLens (TVCG 2021)

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

® More Comprehensive
® More Actionable

® More Effective

® More Context-aware

12



More Comprehensive ®

\‘ﬁa Educators (design loop)
@

& Learners (learning loop)

. . . Understanding A
Planning Performing Reflecting and Analyzing Redesigning
[ S - = == e = S
=Peerlens—— : ! Dlstrlbuted Tut‘qrsmpUSquynamms Bid ]
- {(CHI 2019)#
TTTTTRANE I
Event Sequence —
“Predication ¢
(LAK 2029) LT 1
S sl B |
]E’ersua‘“
Text .(CSCW 2022)
= ®. = ";:&
LAIgoSolve -
Code (CHI 2022) = (
Video :

Mobile MOOCs
I(CHI 2022, Best

Paper Award) Ihj [ (
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I More Comprehensive - Education data visualization library

Important factors to be considered and explored comprehensively




I More Actionable

[ 4
\ST}] Educators (design loop)

@
L

Learners (learning loop)

Planning Performing Reflecting Understanding Redesigning

Data 2 and Analyzing 5

How to push forward learning — ( 2
analytics towards learning design? p




More Actionable

QLens: Learning analytics

TAT
- Sy Ty ey R e —— T ——
L a <0 Perform the Fraction Addition Problem
0 Pt A O Ghen  Converted
Fractions Fractions
1
12
1
a =

gy |
.secDenGiven, 6! ok B a1 e

» Mass Procuctcn ©

CTAT (cognitive tutor authoring tools):
Learning design
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I More Effective

o
\‘EEI Educators (design loop)

@
&l Learners (learning loop)

Understanding

Data 2 and Analyzing 5

Planning Performing Reflecting Redesigning

( How to infer learners’ accurate
¢ o inowiedge level and
[ (

psychology status?
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More Effective

G
Total student number: 98

MHUE YUIBTES DEUET
> ATl n o9 34 294
74% i

viewd " sxmmenm

23
CAFE TE AGUA No question
tate Properties
55 4455
un café
Better answer: “Un café, por favor.” T
| [ seno ) - = £ S 9
‘ HELP ME REPLY ‘ e 7
QIWIEJR|TJYJULI JO|P Recurrence Three equivalent statements for recurrence
- E - - b .- T
AJSID]JFJIGIH]JJIK]L Question 120 ® Question 121 ® Question 142 (0] Question 154 (O]
E ZIXICIVIBINIM Which states are transient and A Markov chain on states Consider the transition matrix in A Markov chain has transition o P @
- which are recurrent {0,1,2,3,4,5) has transit Example 4.8.Su probability matrix $ w -

Bl -~ e

Multiple Rounds Conversations/Interactive Knowledge Map Other data

Learner-Al collaboration: Reason the Knowledge Level and psychology status
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I More Context-aware

‘r
Desktop only \"EEI Educators (design-loop)
7 P N
& Learners (learning loop) ’
Planning Performing Reflecting Understanding Redesigning

and Analyzin
Data yzing

What are the needs, challenges, and opportunities of personalized online
learning in contexts other than desktop?
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More Context-aware - Immersive Online Learning

Learning in VR?
® Cinematography Education on a Soundstage in
VR (Xian et al., VR 2023 poster)

® VR Story for Awareness of Covid Spread Threats
(ongoing)
® Towards an Understanding of Asymmetric

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

» Learning in AR?
® Exploring Interactions with Printed Data

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

Other opportunities, e.g., on-the-go
learning, digital twin campus? 120



More Context-aware - Ubiquitous Online Learning

Mobile-Friendly Content Design for MOOC:s:

Challenges, Requirements, and Design Opportunities
(Kim et al., CHI 2022; Best Paper Award)

Intelligent tutors on smartphones
(4-year IES project; ongoing)

Interactions on
intelligent tutors?

121



More Context-aware

Stationary PC envrionment

Immersive Ubiquitous Synchronized Informal Collaborative

(2 « (

- Towards an Understanding of
Asymmetric Collaborative Visualization
on Problem-solving VR2023

Mobile-Friendly Content Design for
MOOQCs: Challenges, Requirements, and
Design Opportunities (Kim et al., CHI
2022; Best Paper Award)

- Exploring Interactions with Printed Data

Visualizations in Augmented Reality

(Tong, et al., VIS 2022; Honorable 122
Mention Award)




More Broad - Enhance Personalization in Other Domains

How about other scenarios like personal health data analysis,
investment data analysis, searching engine analysis?

A —

EE
[N O

Bias-Aware Design for Informed Explaining Air Quality Forecast for
Decisions Verifying Domain Knowledge using
(Zhu, et al., CSCW 2022) Feature Importance Visualization

(Palaniyappan, et al., IUl 2022)
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COMPUTER SCIENCE
Welcome to my lab! AllM | & ENGINEERING

® TEXAS A&M UNIVERSITY

m) ."" i
ek .. r
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a 008!&-3’:-!-3 8..3

Send me your CV!

: p ‘ - 2 - L s % a B ; . 3 '-‘ . . =
mengxia@andrew.cmu.edu Vi e i e [ THNT ——NL ) K‘
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o
\oiﬁa Educators (design loop)

)
& Learners (learning loop)

(
{

ﬂ Understanding

Plannin Performin Reflectin . iani
9 g g . and Analyzing Redesigning
Data
il LG DR 1Y
uﬁ = u S [y
“T[’f.?‘:“ =
Peerlens (CHI 2019) Persua (CSCW 2022) RLens (L@S 2022) QLens (TVCG 2021)

Apply here!

Human-centered Data-driven Systems for Personalized
Online Learning

mengxia@andrew.cmu.edu Homepage: https://www.xiameng.org

ELLON
& EEMBKAD S
=e= THE HONG KONG %
lll” UNIVERSITY OF SCIENCE

AND TECHNOLOGY
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