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Background

Social media i1s a common and popular opinion
sharing platform.

Social Media Analysis Tools

With the explosive increase of text data, we need = |\ ——=
to analyze and extract content to know the S \M\
public opinions In an event. \

Visualization provides us a quick, clear
understanding of the information.

created_at rephes_count retweets_count hkes_count  tweel

2020-10-23 19:35:17 7 147 181 Here's why. in the final #debate, Trump's "China’ attacks on Biden blew up in his face: Trump withdrew $15M from China from a secret bank account. The cash was deposited in 2017 AFTER he be
2020-10-23 09:32.27 2 3 #Trump can't stop lying. I'm so tired of it. Trump has secret bank account in China. #Russia pays Trump. #PresidentialDebate2020

2020-10-23 09:29:13 6 52 100 Trump throws Fauci under the bus, blames Biden for back room deals, and won't answer questions directly. What is he hiding? Why can't we get an actual straight answer from Trump? Joe answers
2020-10-23 18:56:42 3 6 Kristen Welker: * A report this week, which was referenced, does indicate that your company has a bank account in China. So how can voters know that you don't have any foreign conflicts of intere

2020-10-23 09:41:19 1 21 41 No, Don. Nobody knew about your bank account in China, which you took milkons from after you became President. That's why it's news. hitps/.co/OFNoluupl0 #Debates2020 #Debate




But how to use visualization to help

understand and summarize messages’ opinions?

- Give and gain insights by visual comparison and

exploration.



Goals

A. What do people discuss in an event?
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Goals

B. Can we organize keywords and know more?

Keywords oy Contextual sequence ?
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=) | have a and an apple. =) [f we know the sequence
In order,

we can know the overview

IS a keyword



Goals

C. Are there some frequent contextual sequences to form a pattern?

Contextual sequence

l:H:H:I Pattern
I, m—) I, .
I, ., .

mmm) A Pattern

=) Diversified patterns



Goals

D. What are the relationships between contents and key entities?

Data Streams
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=)  Key entities —)




Goals

E. How these contents and relationships evolve over time?

‘ Temp()ral features -A—‘— NN —A—



Goals
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* A novel visualization technigue for pairwise visual comparison.

* A visual analysis system to explore patterns of contexts in both semantic and
temporal features.

* An in-depth evaluation of ContextWing.



Related work

Static text visualization

- Word cloud or word tree
- Not support to represent sentence-level meaning
- Difficult to support
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1Y. Wu, T. Provan, F. Wei, S. Liu, and K.-L. Ma, “Semantic preserving word clouds by seam carving,” in Computer Graphics Forum, vol. 30, no. 3, 2011, pp. 741-750.
2 M.Hu,K.Wongsuphasawat,andJ.Stasko.2017.Visualizing Social Media Content with SentenTree.lEEE Transactions 23,1(2017),621-630.



Related work

Time-varying text visualization
- Timeline + word cloud

- Timeline + parallel tag cloud

- Not focused on
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1 J. Knittel, S. Koch, and T. Ertl. 2020. PyramidTags: Context-, Time- and Word Order-Aware Tag Maps to Explore Large Document Collections. IEEE Transactions(2020),1-1.
2 C. Collins, F. B. Viegas, and M. Wattenberg. 2009. Parallel Tag Clouds to explore and analyze faceted text corpora. In 2009 IEEE Symposium on Visual AnalyticsScienceandTechnology.91-98.



Related work

Data stream comparison

america families

- Different data steams + word cloud ¥ peD ‘,fgamilieﬂs_sun Slenull

[ victims

- Pair-wise data steams + juxtaposition t‘“ Y B - families
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2S. Chen, N. Andrienko, G. Andrienko, J. Li, and X. Yuan. 2021. Co-Bridges: Pair-wise Visual Connection and Comparison for Multi-item Data Streams.|I[EEETransactionson27,2(2021),1612-1622.



Related work

%\, Brief summary

There are visualizations that focus on :

most of which combine some simple word cloud visualizations,

and do not support:

at the same time.



Visual Design

4pm prevent —refugee mi g rant board
gom roadtrip realise
12pm refugee hilarious assume
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Pair-wise
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Keyword
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---------------------------------------------------------------------------

Encoding for ContextWing Visualization :
Bilateral wing structure: Separated by the central keyword
Pair-wise comparison : Vertical positions and feather colors
Pattern connection: Tree-style links in semanic sequences
Dynamic feature : Chronological arrangement of patterns !

~ ’
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Overview

Analysis Tasks

+

Modeling Visual analysis Target Users

- Computing semantics such as topics and patterns for analysis.

- Analyzing temporal information to know how the discussions change.
- Comparing semantic information to know the difference between discussions.
- Pair-wisely comparing the semantics in two data streams.

» Analyzing under streaming setting.



Modeling

1. Topic Modeling

\4

Vector distance Keywords
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Modeling
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Modeling

3. Public Attention

The idea Is derived from

A (c,k) = Log

?:1 Ui (Ca k)'h )

and

rui(e, k)ri [ 27 ui(e, k)
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? ui(e,—k)ri |20 ui(c,—k)
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Distance

Contextual keyword

Public attention of contexts

Central keyword



Modeling

4. Pattern Generation

skip

child covid VIrus death

Select top k patterns by rank
An example of pattern generation process: co-occurrence frequency

Np = Rank([op, , ap, , ..., ap |, k)

covid
virus covid covid virus
have virus covid  test virus covid child covid virus flu covid virus

/N 7N

Trump have virus covid have virus covid positive child afraid covid virus child covid virus death



Modeling

5. Streaming analysis - Topic modeling

Set the sliding
window (S)

BERTopic
Although BERT is typically
Embed : used for embedding
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Grootendorst, Maarten. "BERTopic: Neural topic modeling with a class-based TF-IDF procedure." arXiv preprint arXiv:2203.05794 (2022).
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System Overview

System architecture

4

Data Process
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Detail analysis
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(Iterative exploration)




System Overview

Topic View g Control View @ Pattern View G

Event: @
@

President debate 2020 v

Wes 8am biden VWes 8am
Wes 8pm . million Wes 8pm
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created_at name tweet retweets_count sentiment pre_score
2020/10/22 00:23:22 Janeen Calaway

# TrumplsALier #Biden #UNITE #VoteEarly What Trump's Taxes Reveal About His Dealings In China | Morning Joe | MSNBC https://t.co/VFuY34tQR7/ via @YouTube

0 0.485283196
2020/10/22 03:19:42  Ted Okerson MD FACE Lo;/lficd;r%:g,EﬁBcghzgégon to answer questions about his son's influence-peddling and his own financial dealings—notably regarding China.This is a MAJOR issue that is being ignored...don't you be one of those! #Biden = Lies htt 0 0.4703024328

2020/10/22 03:48:05 icjr What Trump's Taxes Reveal About His Dealings In China | Morning Joe | MSNBC https:/t.co/sFU7waCU7Z via @YouTube Showing the full view of what #TRump is accusing #BidenSon is bullshit! 0

04758269787




A. Topic view

System Overview
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System Overview

B. Control view

Control View @

Event:

President debate 2020 v

Analysis Mode:

Streaming Mode

Current mode:Pattern

- Central keyword
china
- Contextual keywords

ukraine russia

foreign dealing
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billion
tariff

dollar

Go Patterns!

Return! Restart!




System Overview

C. Pattern view

Pattern View G
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System Overview

D. Detalil view

Detail View @

created at

Results delivered in 74 ms

Time Options: 2020-10-21 20:00:00 v

Keyword Query:
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What Trump's Taxes Reveal About His Dealings In China | Moming Jo

laxes Revea Dealings In China | Morning Joe

IS Own Tinanc

MSNRBC https//t.co/VFuY34tQR7 via @YouTube

. ” 3 } MM A R .
regarding China. This is a MAJOR issue

| MSNIBC https://t.co/sFU7waCU7Z via @You Tube Showing the full view of what # TRumy

joe biden dealing china

retweets_count senument pre_score

S being ignored...
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Evaluation
Case study

 The analysis workflow
- The 2020 U.S. Presidential debate
- About Presidential assets

 The streaming analysis
- The 2020 U.S. Presidential debate
- About “Who built the cages?”



Evaluation
Case study 1

The 2020 U.S presidential
election debate.

Personal assets and trades of
two candidates.

a. Overview of Discussions of “China” @

Wes 8am /——me——biden Wes Bam
Wes &pm ﬂ'lmﬂn kr - - other Wes-8pm
Thu 8am ( joe —biden uKkraine Thu a%
Thu 8pm j biden —— Thu 80 = - -
Fri 8am ma mone'v \ Fri Bam T~ -
Fri 8pm hunter——take Fri 8pm ~ N
@ o - Wes 8am ~ have —pay Wes 8am
8:28 AM - Oct 22, 2020 N Wes 8om trademark — saudi -~ qatar Wes 8om 1:00 PM - Oct 22, 2020 @
. |'1<E|mp has bank account in China, [Thu - bank \ daccount Thu 8pm Trump is working for free &
sharkscoopzs  P2Id over $170K in to Fri 8am ivanka trademark trump Fri 8am KarenAnn  losing a fortune. Joe Biden is
@saranicPhecto govt. He paid $750 dollars to US govt. Fri 8pm = violate ~covid Fri 8om @KarenTuthl Jining his pockets in the
[vanka got all of her trademarks fast Ukraine, Russia, China, Jamai-
tracked&approved by chinese gov. As Wes 8am own ﬂ"aﬂff‘;’ Wes 8am ca...using his family members as
usual, #Trump & his supporters just Thw":p'“ oo b};ict’z::aa dealing secret T:Ve; Spm fronts. Hmmmm so hard to
. . . . . u 8am u 8am .
th.row his shit around hc‘)p~mg it will Thu 8pm business biden Thu 8pm decide! Already voted!! #Trump
stick to someone else. #BidenHar- Fri 8am business puppet Fri 8am
L O00( ; statement turn < \ @
r1s2020 Fri 8pm Fri 8pm I
. 1
. Wes 8am : : ~ bank account Wes 8am :
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\ Thu 8am -——chinese virus usage Thu 8am K
\ Thu 8pm secret pay Thu 8pm @ I
' s bank account e 9:58 PM - Oct 23, 2020 !
\ Fri 8pm . ‘recovery —engineer Fri 8pm . Biden did not take a dime 1
N ) . . !
S C h I n a Thomas Balderston from China or Ukraine, )
Y.l Wes 8am nation others Wes gam  ETomBalderston o1y from Hunter who took 1
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!
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policy and also doesn’t pay paxes. Wes 8pm say tariff bring Wes 8pm ,
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o chinese . account Fri 8am Pt
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P e
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"Hunter’s emails show that Joe
Will Sherwood Biden was aware of his son’s
@WillSherwood [Ukraine deals with energy compa-
ny Burisma; Hunter introduced his
. . . » - » . ., father to its executives." #Biden ‘
b. Overview of Discussions of “Russia” and “Ukraine #Burisma #Democrats
. ~
N
. . \
b.1 Some people doubt Biden b.2 Some people support Biden \
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‘ A \
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Fri 8am ~biden —such Fri 8am Fri 8am few word Fri 8am
Fel gpm ~ distract -~ american Fri 8om
T g ( have —debunk traitor Tha g ) -
debunk——schiff claim Fri 8am Fii 8am C collude fabricate dirt Fri 8am )
Fri Bom dirt trump knew 1 Fri 8pm
1
1

Fri 8am

\
\

\

\

\
\ ®
N 7:50 AM - Oct 23, 2020
® Well done you are part of a Russian
Connorstrange  disinformation campaign that @real-

@comnorstrange - DonaldTrump’s own intelligence
agencies have debunked, you are

helping Russia, are you a traitor? It
appears so #goplies #BidenHarris2020

&
Lippy
@LOLJ919

L
1
1
/
/
/

#biden taxes are all on record clearly p
#trump base aren't bright folk - their o- -
gullibility is disability no evidence of
authentic #bidenemails rudy colluded
kremlins in ukraine to fabricate dirt

after their 1st biden story proved false.

01:56 PM - Oct 23, 2020



Case 2 - Streaming setting

a. Overview of Topics on Streaming Setting c. Overview of Discussions of “cage”
Hal:: @D Topic View Halt: @)  Control View Pattern View ‘ 10:06 AN Oct 23, 2020 @
o ---e

Biden can’t answer - Obama
Event: @ _— and Biden build cages and
- FREE MIND ; . .
¢ - alariakaigia.l0cked kids up like animals
#Debates2020 #Debate2020

al. Topic “wage-minimum” a2. Topic “obama-cage” | President debate 2020 v : FDchates2020 Hebare2an.

3td min build answer —question 3td min
answer . answer
4th min answer ——obama—— build 4th min (]
. /
T T T T 1 T T T T T T T 1 Analysis Mode:
09:30 09:40 09:50 10 AM 09:10 09:20 09:30 09:40 09:50 10 AM Y _ - 7
: J @ » Current mode:Streaming 2nd!mid WW 2nd min
) 3td min b d i l.wgmn 3td min
e , 26 0 in  answer ——obama—bui obama i
answer ‘. ! 4th min 4th min e % 10:03 AM - Oct 23, 2020 @
. - - - dmie bt [V, - e ey e * § o e sae el ety e, H Sp— s he o] e o T .
e el Ly e 1 . - = e reribuld 7 Current mode:Pattern A%’  Trump: Children are
£ 0 e ™ T . P L e e N RIS - '"__w‘"_:“” - B R ""_:—:"';"_ Jonnifer Weiner & brought here by bad
o x * T x e T anta, W T ke R Ist min child border I'st min people... they built cages,
S L et - ~ e e oy wateh - G i g dhun ol contn by et T B g .
XS c:*i> ey e e T o s M e X - Satyme- P W BB ae: build Cartels and gangs.
- B & s e e nt s - X a—n e . . sti .
T o - a6 5E__ 98 - - « 9 O e T ™ VARV S - Central keyword . build - 3ud min #Debate2020
- % %98 % ===_= b. Contextual Keywords of “cage” ===+ et ICH - 4o i 4 i
wa g e dempcra it X Yo G 2 . i oy A X SN 2 | qution 2 >
o 25 | word: minimum i x iy -3 - %P TRES TS S ok T cage o b \
minimum e .| Topic Name: wage_minimum | = R * et e = A y o o - b~ _"“ e e T P 7 \
v, e «w | Frequency: 135 % i Noag s Ve - AYAlRI Ay NS - A~
36 a6 @ Correlation degree: 045 | X 28 5828 o2 _ obama \ , R - - Contextual keywords C Ist min bad build cartel Ist miD - '
o e 2 0. i é y SR 2% PRI . - — \
v e Positive Counts: 35 child . child =y Znd min build obama Preagency Znd min
o S -~ e : . v . Qs N~ e T " e - k‘d 3td min cage obama administration 3td min \
G X Negative Counts: 100 - parent B ¥ s . I @ _ _ 4th min care reunite 4th min !
e o P as . e LT o V= Q} 10:05 AM - Oct 23, 2020 ; . \
oy ] H TR - .
e Y sun kid ) v W e e . the @realDonald Trump built the cages d F 11 VV d by D -1
o e R g kld s xR ‘ I T e ..‘_"__::" s stgration RV Chlld ) Jacks the Trump admin took the children ° O e lscus 1
v, A P \ , , e s " »: PV g A YA e 2SO from their parents at the border! The prvent I o « o 99 i
. 10:04 10:05 10:06 —t R AT ey L g, i Si question miss ren t min f
o AV, @ hYe e\ Ve At arent @realDonaldTrump admin put kids in child o o Brd min Slons O raCISt 1
s ¥ build WP : P cages tell the truth Donald Trump you build kid - r °
- R X did it you're administration did it! ] - e (e 3td pin
b meney 7 == TRATEE T -- n] 4th m 6 o % 0 o
* %* R e e answer ® J S e € 26 26 o6
R e s g R ‘questicn | e ek E 7S o
AL - WM ~ \ o 9658, db*b e x% /(A‘\, sy
h g SRS WAEE e coyotes | . . e | s = W)
A APV o e I AV cobe build | Ist min kid question ~melania I'st min Ry ks ;‘*" qum person
po iﬂ:)-*“ Wi YR = ‘)'m 8 \ 2nd min child kid parent 2nd min racist, C e t‘:/‘ S A 1™ t -
| . 4 P . e ] ) K — . racist’ -
e a6 e o sti ‘\ 43htd min build Pattern frequency: 3 C::: m’:’"’“ 41‘" min - 'ﬁrajc{s "Wighe: son " ORT
RS T ks = ars il . thmg . - — ©| Positive Sentiment: 0 o min s night
e . - - . . erson [
B . “ehild o e buil Word: cage \ -~ Negative Sentiment: 3 P vauld
‘ Topic Name: obama_cage | obama \ > I |
. 1019 10:20
Frequen'cy. 225 1 ~ Ist min / child border question I'st mi :
Correlation degree: 0.9 Dl ' child — kid parent et @
| | | | | | | Positive Counts: 28 Go P ' 3td min put administration 3td min
10:01 10:02 10:03 10:03 10:04 10:05 10:06 | Negative Counts: 197 o Fatterns! 4th min build parent AP

- - S W ; . T — : . . Return! Restart!
wage_minimum - kid_parent No word is active mute_button obama_cage immigration_citizenship lie_admit parent_kid No word is active @




Discussion

Implications

. The streaming analysis is heeded.
- Consider the practicability in real cases

. Sentiment adds contexts.
- Not only “relating to ", reveals attitudes
IS also important for better understanding.

a. Overview of Topics on Streaming Setting
Halt () Topic View Halt ()
al. Tt )|W' “wage minimum” a2. ‘||J|1M' “obama-cage”
| L T T 1 f T T T L L T 1
0% )0.4( 10 AM 09:%0 09.20 99.30 A( 9 50 10 AM
a 3 G
\9 . \9
— A
- - - . build
" - ’ o2
— « b. Contextual Key irds of “ca S
s “
g child e
- ‘ - Kid kid
” ain - i
W o .
- - - - ase i e
» —— - — e farent
- o wige - oo ™ e " hd hey .
> > parent
— mn in - s busle s, 6°
o e ||| 0 0 -~ “.__ s as . - taq
wage - o e - bl Cage .. " | word: cage
o) . Toplc Nemw: cbama ¢
Frequency: 22¢
Correlation degree: 0§
| | | 1 | | ] Positive Counts: 28
100 )02 03 1003 W04 1006 008 Negative Counts: 197
9 g —
toyote_bring A (biue_red | No word is active = parent No word is active
Ist min Kkia question melania Ist min
2nd min Fh‘d kid parent 2nd min
. ;‘d min hls Pattern frequency: 3 c:r’:’ e ) 3:“ min
mn Positive Sentiment: 0 o min
Negative Sentiment: 3
_ N\
I st min child bf”d?' queston Ist mi
2nd min child kid parent 2nd min
3td min put administration 3td min
4¢th min build parent 4th min )




Discussion

Limitations

The number of data streams. 2 or more?
- Multiple streams: adjusting the computational model and rearranging P
the design of semantic sequence patterns intuitively. %@ﬁ

More/ less Keywords in the sequence?

The setting of parameters. :
- More users customized, freedom exploration 9 j j
/ ,_;;\:;fwogo ‘o

The time granularity.
- This requires online re-aggregation and computing and is worth further
studying in the future.

Time interval

PP P —



onclusion

Topic View @

Control View @

Pattern View @

Event: @
@ President debate 2020 v | Wes Bam trump——biden Wes 8am
Wes 8pm million - other Wes 8pm
Thu 8am joe biden ukraine Thu 8am
Thu 8pm joe Thu 8pm
Fri 8am make money Fri 8am
Fri 8pm hunter take Fri 8pm
T r T J T T T J T T T T Analysis Mode:
12 PM 06 PM Thu 22 06 AM 12 PM 06 PM Fri 23 06 AM 12 PM 06 PM Sat 24 06 AM Y Wes & o — .
fes 8am es 8am
@ Wes 8pm trademark — saudi qatar Wes 8pm
; Thu 8 bank ‘occount Thu 8
D Streaming Mode Frigam ivanka _~~trademark trump Frigam
Fri 8pm violate covid Fri 8pm
foreign Wes 8am busin him babn?:"k account Wes 8am
. Wes 8; 1ess ese Wes 8
v desling Current mode:Pattern plVes 8pm A ezt b \es B
‘ e - - ’ Thu 8pm secret bay Thu 8pm
- dkraine Fri 8am bank account Fri 8am
5 date forign ™" et sppoine  bout china foreign Fri 8pm recovery engineer Fri 8pm
BE young e —~ ' poc peibe UkrlinE 2 oy !
« SeRiia . - Central keyword Wes 8am own finanial Wes 8am
¢ pack & " S a pons o roe Wes 8pm ) financial secret Wes 8pm
' fu f— date '+ M . IR rrar i TOSTE Thu 8am joe biden _~_deuling . Thu 8am
- K flu hin: Thu 8pm business biden Thu 8pm
’ poc - pacl wa B e china Fri Bam business puppet Fri fam
. o virus i coroma e fiearing Fri 8pm statement tum Fri 8pm
room cure >
mom e = * o date ... . virus - Contextual keywords
= ke Wes 8am cp . - d;;';;rita Wes 8am
e 100 sepor o Wes 8pm h on == joe Wes 8pm
2 % — . . e china dollar worth Thu 8
raom " debt room N - young « income debt -, . ukraine — Thu ;p"a‘m o L = T Q‘,,,,“,m
. & 1 hispanic shady Fri 8am money biden Fri 8am
o | M - FOUTE mie g date e e Fri 8pm company——buy Fri 8pm
YA oo A s = court . corom Games "% foreign dealing
. e ™ R 36 Wes 8 nation others Wes 8:
frosy chifese Mom pac "Ch’iaa‘ g, Wes’gwim - fam “trending Wesggpn.:m
. FOOM - J . Thu 8 - account reign Thu 8
debe - R poc e .- o chinese Thu ;pv:m security foreign hawish. Tho gpm
russia young supreme " incom —— L i [ T Fri 8am bank " account Fri 8am
" . putin ponin 965 virus | brown ¢ - - Fri 8pm e ukraine Fri 8pm
rapise  vile recover ) o
pandemic e i o herd suburban YOURE. s trademark Wes 8am ol dollar tax lie Wes am
. tax demicusreme Wes 8 lar trump Wes 8§
o woman chinese aG o6 G & s Bpm . by e s gpm
forel e =
- : ot coURE e billion gm0 0T ump Tk
racist s o Judge death Fri Bpm hundred —dollar Fri 8pm
05 woman  taX putin . putin putin
virus " - death 5
Py e 2 2y i covid room R tariff e - S efect s tam
pandemic o es Bpm es Bpm
g russia e Tho 8am - L o Thy 8am
! covi \ i L Thu 8pm ta urt own Thu 8pm
tax R 1 russia e ™ e = dollar Fri Bam chinese account Fri 8am
1 , racist - wolan Fri 8pm bayer, Ppay Fri 8pm
1 ehinese -y . d
china chinese covid pandemic Schina covid covid/ woman taX ' woman ' racist’ room covid
. — Wes 8 demise russia = saudi Wes &
Go Patterns! Wes Bpm ukraine el il am
Thu 8am biden ukraine . Thu 8am
Thu 8pm ukraine *==russia == vote Thu 8pm
Fri 8am make ukraine Fri 8am
Fri 8pm ukraine trump Fri 8pm
: . o : : " Return! Restart!
Diplomacy Sexuality Legislation Economy Epidemic Racialism No word is active (5 3
Detail View @ Results delivered in 74 ms Time Options:  2020-10-21 20:00:00 v Keyword Query: joe biden dealing china x Search
created_at name tweet retweets_count sentiment pre_score
2020/10/22 00:23:22 Janeen Calaway #TrumplsALier #Biden #UNITE #VoteEarly What Trump's Taxes Reveal About His Dealings In China | Morning Joe | MSNBC https://t.co/VFuY34tQR7 via @YouTube 0 0485283196
Joe Biden has an obligation to answer questions about his son’s influence-peddling and his own financial dealings—notably regarding China.This is a MAJOR issue that is being ignored...don’t you be one of those! #Biden = Lies htt 0 04703024328

2020/10/22 03:19:42  Ted Okerson MD FACE

2020/10/22 03:48:05 igjr

psi//t.co/2xOEMBQZKO

What Trump's Taxes Reveal About His Dealings In China | Morning Joe | MSNBC https:/t.co/sFU7waCU7Z via @YouTube Showing the full view of what #TRump is accusing #BidenSon is bullshit!

0 0.4758269787

* A novel visual metaphor for pairwise visual comparison.
* A visual analysis system that

* supports exploration of patterns of contexts from semantics and temporal aspects.
* supports analysis on both static and streaming settings.



Thanks for your listening!
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