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Information Cascades
in Social Media

- Fiona Mills 2 v
@Fiona_ Mills

‘The majority of people who actually get this infection
do not die' - Chris #Whitty, Chief Medical Officer.

Not such a deadly virus then is it?

a’ ! Katie Pavlich &
@KatiePavlich

“The overwhelming majority of people recover from this

reply virus.” - Dr. Fauci

6:54 PM - May 12, 2020 - Twitter Web App

v

22.2K Retweets  2.2K Quote Tweets 64.8K Likes

© T O

a Katie Pavlich & @«KatiePavlich - May 12 ~
"The overwhelming majority of people recover from this virus." - Dr. Fauci

Q 53k 10 244K ) sask 0

This Tweet is from a suspended account. Learn more

. the smocking gun[Z&= v
X @KalaikiMele

Replying to @WillCumberland1 @KatiePavlich and @hollandcourtney

The reason the right loves #Hydroxychloroquine so
much is because it's what morons think a big sciencey-

word sounds like & #* retweet

9:21 PM - May 12, 2020 - Twitter for iPhone

O 1 V)

=

Original user generated content

We don't need a #vaccine. We need to build up our
immune systems with vitamins & minerals & take
hydroxychloroquine if required.

@ Katie Pavlich @ @KatiePavlich - May 12
"The overwhelming majority of people recover from this virus.” - Dr. Fauci

9:56 PM - May 12, 2020 - Twitter Web App

24 Retweets 1 Quote Tweet 38 Likes
quote

=W, Godgivenrights N
@Godgivenrights2
Replying to @thegordonkerr @USAmbUK and 2 others
What a moronic statement. | can keep myself alive and |
don't need you or any State to do it for me. Thanks for

your concern and with the greatest of respect, mind
your own bloody business
&) Fiona Mills 2 @Fiona_ Mills - May 12
‘The majority of people who actually get this infection do not die’ - Chris #Whitty,
Chief Medical Officer.
Not such a deadly virus then is it?
We don't need a #vaccine. We need to build up our immune systems with

vitamins & minerals & take hydroxychloroquine if required.
twitter.com/KatiePavlichys...

5:57 PM - May 13, 2020 - Twitter Web App



Information Cascades in Social Media

2nd Hop
“The overwhelming majority of people
It appears this dimwit has not gotten the memao. recover from this virus.” - Dr. Fauci

\ | - )

- 1st Hop -
1st HDP “T'he majority of people who actually get this infection
) ) do not die’ - Chris #Whitty, Chicf Medical Officor.
ﬂK“'-“-"‘“"!“’-h ﬁ'}'_“‘"“T"i":““ﬂ'""}' Thanks t"f Not such a deadly vires then is 87 We don’t need a #vaccine.
Trump and his pushing of #Hydroxychloroquine We need to build up our immune systems with vitamins &
J minerals & take hydroxychloroguine if required.
w
2nd Hop ——— 3rd Hop i
- 2nd Hop -
BWillCumberlandl @KatiePavlich GKalaikiMele @WillCumberlandl @KatiePavlich
Gihollandecourtney The reason the right loves Gihollandeourtney No. ILs becanse of given towards Githegordonkerr GUSAmbUK @SteveRakerHW @Boris)ohnson
#Hydroxychloroquine so much the beginning of the virus Hydroxychloroguine What a moronic statement. I can keep myself alive and T don’t
is bocause iU's whatl morons Lthink a big is very elfective. IU's about 70 year’s old and cheap. need you or any State to do it for me. Thanks for your concern
seiencoy-word sounds like & Big pharma docsn't want that, Follow the & and with the greatest of respect, mind vour own bloody business
https://t.co/EkYEPcOL09

» D.M. Romero, W. Galuba, S. Asur, and B.A. Huberman. 2011. Influence and Passivity in Social Media. In Dimitrios Gunopulos, Thomas Hofmann, Donato Malerba, and Michalis Vazirgiannis, editors, Machine Learning
and Knowledge Discovery in Databases, pages 18-33, Berlin, Heidelberg. Springer Berlin Heidelberg.
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[ Donald Trump (US President) ] [ Nail Cavuto (Fox News) ]
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healthcare art & show business business

[ Dr. Anthony Fauci ] [ Scott Adams (Dilbert comics) ] [ Bill Gates ]




Information Distortion on Social Media

Information
distortion

» J.S. Brennen, F.M. Simon, P.N. Howard, and R.K. Nielsen. 2020. Types, Sources, and Claims of COVID-19 Misinformation. page 13.
J. Shin, L. Jian, K. Driscoll, and F. Bar. 2018. The diffusion of misinformation on social media: Temporal pattern, message, and source. Computers in Human Behavior, 83:278-287, June.

G. Pennycook, J. McPhetres, Y. Zhang, J.G. Lu, and D.G. Rand. 2020. Fighting COVID-19 Misinformation on Social Media: Experimental Evidence for a Scalable Accuracy-Nudge Intervention. Psychological Science,
31(7):770-780, July. Publisher: SAGE Publications Inc.

» Horta Manoel Ribeiro, Kristina Gligoric, and Robert West. 2019. Message distortion in information cascades. page 681-692.
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What are the Public Figures (PF)
tweets on healthcare topics that
generate information cascades?

How does a transformation
of the initial tweet involve
misinformation (topic shift)?
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I Data Collection
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information cascades
from the tweets about
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19 treatments

I Topic Shift

1 Topic shifts within
information cascades

I Semantic Analysis of

Topic Shifts

M Case study of
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terms and their
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Data Collection: Controversial COVID-19
Treatments

W

Twitter Streaming

science retraction, chloroquine, hydroxychloroquine, HCQ,
Raoult, remdesivir, tocilizumab, favipiravir, Avigan,

< azithromicyn, azithromicyne, Axemal, Dolquine, Quensyl,
Hydroxychlorogquinum, Hydroxychloroquin,
Hidroxicloroquina, Montagnier, Hydroquin, Quinoric

10,557,869 hits
Mar 30, 2020 @ 15:05:40.331 - Jul 13, 2020 @ 15:20:56.693 —

Daily s

1000000

80000

6000

Count

O
el 2,159,932

4000

20000¢

0 - .IIII‘I .l.l...lllll.-.lllll.ll-.-n--.lll- ||III..I'..--..... - .-—- I‘I. Il.----

202

?0-04-05 0-04-19 2020-05-03 2020-05-17 2020-0 2020-06-14 2020-06-28 2020-07-12

@timestamp per day

» Marianne Noel, Liana Ermakova, Pedro Rammaciotti, Alexis Perrier, and Bilel Benbouzid. 2020. Controverse scientifique:
10 https://dpa.hypotheses.org/controverse-scientifiqgue



https://dpa.hypotheses.org/controverse-scientifique

Data Collection: Controversial COVID-19
Treatments — Cascades

e y

Original tweets
Hillary Clinton £ @HillaryClinton - Mar 24 000
(:'t retweet RT) e Please do not take medical advice from a man who looked directly at a solar

141,866

Q) 738K Tl 457.2K 7 1.8Mm T

Elon Musk @ @elonmusk - May 17
Take the red pill @

Q) 334K T3 1193k (7 5253K T
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Data Collection: Controversial COVID-19
Treatments — Cascades

e y

Original tweets
(# retweet RT)

141,866

S |
.... | X 1,000
- £

Most retweeted

Y
“ae X 1,000
2 {}_,)

Most quoted

“ _y

Initial tweet

1,356
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Data Collection: Controversial COVID-19
Treatments — Cascades

. .‘ P ‘ - y quoted_status_id
ol y Tnitial in_reply_to_status_id
nifial tweet
. 1,356 Py
Original tweets ) y
(+# retweet RT)

Hops

141,866

Max depth = 10 (9 hops)
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Topic Shift between Hops and Initial Tweets

between neighbouring hops

At=D=1 — cos(hop;, hop;_1) =

sentence [ 1 hopi ’ hopi—l
512 dim vector -

&)

feedback ™ AT E ”hopi”llhopi—l”

Multi-task learning

(Universal Sentence
Encoder) between a hop and

1nitial tweet

A(O)z 1— COS(hOPi; hop()) —
hop; - hop,

1hop:[[[hopo

» Daniel Cer, Yinfei Yang, Sheng-yi Kong, Nan Hua, Nicole Limtiaco, Rhomni St. John, Noah Constant, Mario Guajardo-Cespedes, Steve Yuan, Chris Tar, Brian Strope, and Ray Kurzweil. 2018. Universal Sentence En-coder
for English. In Proceedings of the 2018 Conference on Empirical Methods in Natural Language Processing: System Demonstrations, pages 169—174, Brussels, Belgium, November. Association for Computational Linguistics.
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Topic Shift between Hops and Initial Tweets:

Results
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Topic Shift between Hops and Initial Tweets:

Results
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Topic Shift between Hops and Initial Tweets:
Results
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Topic Shift between Hops and Initial Tweets:
Results
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Topic Modelling of Hops

W10.02
W20.01
W30.04 W70.01
W4.0.02 W8 0.01

LDA
(Latent Dirichlet
Allocation)

Main topic
by hop

2_
hops
l_
hopé
D_
_1—
_2—
T T T I T
-2 -1 0 1 2

LDA

» Matthew D. Hoffman, David M. Blei, and Francis R. Bach. 2010. Online learning for latent dirichlet allocation. In Advances in Neural Information Processing Systems 23: 24th Annual Conference on Neural Information
19 Processing Systems 2010. Proceedings of a meeting held 6-9 December 2010, Vancouver, British Columbia, Canada, pages 856—864. Curran Associates, Inc.



Topic Modelling of Hops

| Initial | 21
. . . hop5
LV d 01l trump, coronavirus, president, say,
people, news, good, state, covid19 y hop?
S 14 : hop2
S , hopé

Hop 4 | >

[ [Hop4 | Y o
4

_1 —

The word common
to topics of all hops , texas, diagnosis, load, viral, long,

-1 0 1 Z
[ PCA-1

LDA

» Matthew D. Hoffman, David M. Blei, and Francis R. Bach. 2010. Online learning for latent dirichlet allocation. In Advances in Neural Information Processing Systems 23: 24th Annual Conference on Neural Information
Processing Systems 2010. Proceedings of a meeting held 6-9 December 2010, Vancouver, British Columbia, Canada, pages 856—864. Curran Associates, Inc.
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Semantic Analysis

Manual semantic
analysis

+

Key term
distribution in
cascades

Context and
substitution
analysis

Term substitutions

Verification of logical
relationships among hops

Distortions w.r.t. the

1nitial tweets
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Semantic Analysis: Information Distortion
within Information Cascades

Erroneous logical connections Misuse of medical concepts

Distortion of connections between medical concepts

Insertion of erroneous conclusions Substitution

Oversimplification Omission of facts
Overgeneralisation Exaggeration
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Semantic Analysis: Information Distortion
within Information Cascades

shift to political views distortion of logical connections | oversimplification Initial

topic shift via ridiculing the opponents overestimating their ignorance

Take the red pill ¥
misinformation, reference to low-credible source

exaggeration

1st Hop b ——— Ist i—IDp

@elonmusk Is the red pill made by the same Oh! Hydroxychloroquine comes in a somewhat

manufacturers as hydroxychloroquine?
Maybe you should take one
of these instead: https://t.co/Z1KKLDS9XE

red blister pack. Thanks Gelonmusk <
https://t.co/khTuupksuV

| AG-1 =08, A =05 |

Al =51, A0 =051

\
2nd Hop i)
: : 2nd Ho
@ Koyezan @elonmusk  The thing is, s 2nd HD]) ) 2nd Hop P
: : avi tCryptd6 * h*
hydroxychloroquine has been shown with a 95% G Koyczan @elonmusk hydroxychloroquine Jack about to change his ht tg:E:" T rgol:;cszi?;ﬁqL
effective rate to lessen symptoms and keep people the antimalarial? what does that have to do blue check-mark policy? ‘ - .
. with taking the red pill? you realize its not T _ 0 - Al =57, A0 =0.80 J
e a literal pill and is in fact a metaphor ‘ A=Y =081, A =074 J
patients. (Not the earlier incomplete study that the Trump for seeing things from a broader perspective.
haters all jumped on. They would rather see people die.) Al-1 =g, AM =046
A1) =092, A =0.99 |
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Semantic Analysis: Information Distortion
within Information Cascades

shift to political views distortion of logical connections | oversimplification

_Initial topic shift via ridiculing the opponents overestimating their ignorance
2nd Hop

) misinformation, reference to low-credible source
“The overwhelming majority of people
It appears this dimwit has not gotten the memo. recover from this virus.” - Dr. Fauci

exaggeration

L AG-1) =094, A0 =009 ~
7 J 1 1st Hop
1st Hop

‘The majority of people who actually get this infection
do not die’ - Chris #Whitty, Chief Medical Officer.
Not such a deadly virus then is it? We don’t need a #vaccine.

@KatiePavlich @hollandcourtney Thanks to

oy el e el o We need to build up our immune systems with vitamins &

minerals & take hydroxychloroquine if required.

A1) =091, A0 =091 J

AL = 07A0 =07

2 dVH — 3rd H N L
- ob ! opb 2nd Hop

@WillCumberlandl @KatiePavlich @KalaikiMele @WillCumberlandl @KatiePavlich
@hollandcourtney The reason the right loves @hollandcourtney No. It's because of given towards @thegordonkerr @USAmbUK @SteveBakerHW @BorisJohnson
: 3 1
#Hydroxychloroguine so much the beginning of the virus Hydroxychloroquine What a moronic statement. I can keep myself alive and I don’t
is because it's what morons think a big is very effective. It's about 70 year’s old and cheap. need you or any State to do it for me.  Thanks for your concern
X and with the greatest of respect, mind your own bloody business
sciencey-word sounds like = Big pharma doesn't want that . Follow the & https://t.co/EKY5PcOt09
A=Y =081, A =0.92 A=Y =078, A© =067 AU =075, A® =082




Disease Related Terms (DRTs) and Their
Occurrence

'plague’, 'swine.flu', 'bird.flu’, 'avian.flu', "avian.influenza', 'zika', 'zika.fever', ‘ebola’,

0 1 ’ 'dengue’, 'dengue.fever', 'meningitis', 'yellow.fever', 'jaundice’, 'cholera’, 'chicken.pox’,

disease 'encephalitis’, 'measles’, 'aids', 'koh', 'nipah’, 'bunyavirus', 'lyme.disease’,
'heart.disease’, '(?<lin|milan|wu|nalne)flu(?!ence|nked|shlke)’, 'rheumatological’, 'hiv/,
'whipple.disease', 'whipple.s.disease', 'malaria’, 'infection(?!.disease)’,
'infection.disease’, 'parasite’, 'headache’, 'cough’, 'body.aches', ‘auto.immune.disease’,
'wuhanflu', 'wuhan.flu', 'wuflu’, '(?<lauto)immune.disease’, '(?<!dis)cours(?le)', 'sars’,
'cardiac.disease’, 'china.flu’, 'covid', 'coronovirus', 'sars.cov.2', 'cancer’, 'obesity’,
'diabete’, 'china.virus', 'sinus.infection', 'rhinitis', 'illness', 'heart.attack’, 'herpes’,
WordNet ‘corona’, 'erythematosus', "\spolio\s'

n IR
hyponyms |~ the cascades ‘ y

\/— °
6.493 lemmas 75 unique DRTS 3 939 /91 585

» Princeton University "About WordNet." WordNet. Princeton University. 2010.
» George A. Miller (1995). WordNet: A Lexical Database for English. Communications of the ACM Vol. 38, No. 11: 39-41.
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https://wordnet.princeton.edu/

Disease Related Terms (DRTs) and Their

Occurrence

sars

disease

fiu

hiv

infectious disease
cancer

arthritis

illiness
rheumatoid arthritis
preumaonia

aids

plague

heart disease
heart attack
headache

cough

cold

ebola
autoimmune disease
china virus
diabete

“disease’”

Disease term

parasite

WordNet opesity 1

onyms | | Cusom ]
\/_-

6,493 lemmas @
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100 150 200 250 300
Mumber of mentions in unique texts

, )
Occurrences 1n
|
the cascades

75 umque DRTS

b Pri rsity "About WordNet." WordNet. Pri ty2010
» Geo gAMII (1995). WordNet: A Lex

cal Databas f EgIhCmm nica

350

)

Y

s of the ACM Vol. 38, No. 11: 39-41.


https://wordnet.princeton.edu/
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Disease Related Terms (DRTs)
and Their Occurrence

75 unique DRTs

14 contexts

hcg = {hydroxychloroquine, hcg, hc, azithromycin, chloroquine, zpack, z.pac, antimalarial, zinc, sulfate, zithromax}
symptom = {symptom, congestion, blood, cough, aches, lungs, fever, antibody, headache, mucus, signs,
asymptomatic, respiratory, shortness.of.breath, symptom.free, back.pain, diarrhea, nausea}

treatment = {treatment, cure, curing, treat, pill, medicament, remedy, therapy, drug, acetaminophen, prescribe,
prescription, breathlessness, medications, diagnos, recovery}

prevention = {vaccin, mask, hand.wash, distanc, prevention, detection, test, cover."mouth, self.isol, prophylaxis,
immunity, stayhome, staying.home, stay.nome, prophylactic, serum.test, preventative}

alternatives = {antibiotic, anti.hiv.drug, analgesics, remdesivir, favipiravir, antiviral.medication, anti.biotic}
propagation = {contaminate, contamination, propagation, viral.load, (?<!ldead.zone.)\splague(?!."dead.zone)}
study ={study, control.group, randomi.ed, research, treatment.group, trial, expert, scientific.evidence, success.rate,
science, protocol, effective.rate, placebo}

complication = {ventilator, complication, transfusion, coma, hospitalization, death, severe.case, critically,
critical.condition, severe, urgent.care.center, emergency, icu, intensive.care.unit}

epidemic = {epidemic, pandemic, plague, zika, ebola, lockdown, locked.down, outbreak, swine.flu}

sideeffect ={side.effect, heart.disease, cardiac.problem, hallucination, psychiatric.symptom, vision.loss, vomiting,
loss.of.appetite, dizziness, slow.heartbeat, heart.failure, swelling.ankles}

riskgroup = {elderly, diabete, obesity, obese, asthma, comorbidity, 60.plus, 60.year}

synonyms = {corona, wuhan.virus, wuhan.disease, sars.cov.2, covid19, covid, c19, coronavirus, chinese.flu, china.flu,
cv.19, sars.cov, sars, chinese.plague, coronahoax, wuhanflu}

plaguereference = {dead.zone.”plague, 2003.*plague, plague.*dead.zone, plague.*2003, dead.zone}

otherissues = {shortage, economic.crisis, economy.crisis}




Disease Related Terms (DRTs) 0
and Their Occurrence s . o TG ==

zinc deficiency ) dice
e R cold . @
) ® cwugh rheumatoid arthritis
rhinitis ebola .
L -
pneum.a
Yl
) . ® headache
contagion - -
. immune disease _®
75 unique DRTs parage
. |nl‘ecuign disease
) '] oomplication
. porphyria ObESI'L}’. hepatitis_
sore throat . G@NCer whipple s disease
° aud .
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communicable disease

auto immune disease @taract

disease
. .
]
ching virus
retinopdeR§ss

ery sus
sinus i ion v @
pus arthrills . . anthrax
polic respfafinnPHistess syndrome
Context

pm synonyms M treatment  pom sideeffect @ complication @ prevention
mm hcg mm epidemic m symptom nskgroup E study
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Conclusions

.

Information cascades
about
COVID-19 Treatment

Tweets posted by Public Figures

generated multiple information
cascades

Topic Shift as a common
phenomenon of information
cascades about Covid-19 treatments

Substitution & confusion of medical
terms

Politisation of the discussions

Oversimplification & distortion of

logical links between fact



