Computational Fact Checking

Paolo Papotti

EURECOM

EDBT-INTENDED Summer School - 9t July 2022



Outline

A Motivation
A Pipeline
A Worth checking A Evidence A Verification
A Data-driven verification
A Role of humans

A Ready for adoption?



Disclaimer




O @ nytimes.corguys C O @ ncbinlmnih.gov/pmc/articles/PMC6657116/

3 INDEP
oices | C 1
Fro ° Faceboo

Fake n« Violence Global Pediatric Health i i i
Ne'a -.\\\

referen
Glob Pediatr Health. 2019; 6: 2333794X19862949. PMCID: PMC6657116
What t‘ Published online 2019 Jul 24. PMID: 31384629

doi: 10.1177/2333794X19862949

Journal List » Glob Pediatr Health > v.6; 2019 » PMC6657116

Anti-Vaccine Decision-Making and Measles Resurgence in
the United States

Olivia L i -
Measles containing vaccine coverage

second dose*, 2016

I » Al_ﬂ
0 Bl 0-84% %
=4 [ 85-94%

00 ‘ D)

d qC

This mm 95-99%
| Not included
Meas
to otl
and J
Rohingya refugees psycl
Bangladesh, in 2017 State:
keep its platform fn resea
Myanmar. Adam Dei healt]
] o for th
Cameron Harris | S.
electrical worker By AlexandraStevi  ©  Epic
Demczuk for The N =
. = . Luxembourg |
Nov. 6, 2018 = Durn . '
https://www.nytimes.com/2017/01/18/us/ffa_______________ ;‘; State: ﬂ Malta w -
news-hillary-clinton-cameron-harris.html?_r=0 9ove-boris-johns

theresa-may-a7533806. *WHO, reported estimates ECDC.™



https://www.nytimes.com/2017/01/18/us/fake-news-hillary-clinton-cameron-harris.html?_r=0
https://www.independent.co.uk/voices/michael-gove-boris-johnson-brexit-eurosceptic-press-theresa-may-a7533806.html
https://www.nytimes.com/2018/11/06/technology/myanmar-facebook.html

COVID-19 Infodemic

NThe out bbeea ackompanied by a massive

Infodemic - an over-abundance of information i some
accurate and some not 1 that makes it hard for people
to find trustworthy sources and reliable guidance when \Aforld Health

they need it. © Organization

& Y @ Incognito

To help alleviate suffering and save lives, WHO has been working night and day in five key ways:

1. Helping build countries’ capacity to prepare and respond
» 2. Providing accurate information and fight the infodemic, together with numerous partners
3. Ensuring supplies of essential medical equipment for frontline health workers.

4. Training and mobilizing health workers.

https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/events-as-they-happen

9. Accelerating research and development.
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Checking claims

GO gle sun kills coronavirus

UTUIavinuS WIS mans Uil rawime iuicimaiins mun 2 TIVUlS SW wasiimiy wivuaics ...

sites.nationalacademies.org » covid-sunscreen ~

Does sunlight kill the coronavirus? | National Academies

Claim: Since sunlight can kill the coronavirus, wearing sunblock is a bad idea during the

coronavirus pandemic.

Fact check by National Academies: False. Scientists are still studying...

T

Additional Reporting On This

Before you share this content, you might want to know that
fyw thereis additional reporting on this from Snopes.com,

Factcheck.org and Associated Press.
Visit Snopes.com
Visit Factcheck.org

Visit Associated Press

Cancel REHELITEN

Donald J. Trump & @realDonaldTrump - 9h v
There is NO WAY (ZERO!) that Mail-In Ballots will be anything less than
substantially fraudulent. Mail boxes will be robbed, ballots will be forged &
even illegally printed out & fraudulently signed. The Governor of California
is sending Ballots to millions of people, anyone.....

@ Get the facts about mail-in ballots

Q 22k 11 243K QO 86.7k WA,

Donald J. Trump & @realDonaldTrump - 9h v
....living in the state, no matter who they are or how they got there, will get
one. That will be followed up with professionals telling all of these people,
many of whom have never even thought of voting before, how, and for
whom, to vote. This will be a Rigged Election. No way!

@ Get the facts about mail-in ballots

-




Fact checking entities

A Expert / Journalist
A Computational
A Crowdsourcing with end users
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Expert based fact checking

TRUE

POLITIFACT
TRUTH-O-METER™

es

FACTCHECK.ORG

FULL BOOM '- -‘ LES DECODEURS
— minutes VENONS-EN AUX FAITS

FACT FAKE OFF

@ BirdWatch Example Fact-Check

<>
Claim: Donald Trump won the 2020 election, by a lot.

Trump won the election by a landslide. Nacdiot Nogtradibia

4 AM - Dec 17 20217 - Twitt ,
Fact Checker: Lead Stories
96 Retweet 88 Quote Tweet 153 | ks Country: United States
Link:hilps.//leadstories.com/hoax-alert/2020/11/fact-c
\/ i ald--trump-on-twitter-I-won-by-a-lot.html

11 https://www.claimreviewproject.com
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Fact Checklng
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nter.org/coronavirusfactsalliance/
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THE WALL STREET JOURNAL.

English Edition ¥ | May 25,2020 | Print Edition | Video

Home World U.S. Politics Economy Business Tech Markets Opinion Life&Arts RealEstate WSJ. Magazine

| FINDINGAJOB | | BACKTOWORKQ&A | | GOINGOUTSIDESAFELY | | CANIGETSICKAGAIN? || CHILDCARE & SUMMERCAMPS | | CANITRAVEL? || STATEREOPENINGS

| TESTS&TREATMENTS | | WHAT6FEETLOOKSLIKE | | ENESPANOL |

We use cookies for analytics, advertising and to improve our site. You agree to our use of cookies by closing this message box or continuing to use our site. To
including how to change your settings, see our Cookie Notice

Facebook’s Fact Checkers Fight Surge in Fake Coronavirus Claims

Contractors battle bogus assertions about canine vaccines and free baby formula; ‘We've maxxed out’

RECOMMENDED VIDE

Coronavirus Updat
China Scraps GDP
Target, Trump’s

Qunno-Qtate Tnnr

https://www.wsj.com/articles/facebooks-fact-checkers-fight-surge-in-fake-coronavirus-claims-11585580400
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Expertbasedfact checking

Advantages
A Highcredibility
A Can handle nuanced claims
A Can produce detailed evidence of fact checking

Disadvantages

A Not scalable: few claims per day

A Slow: averagéact checking time>7 days
A Possiblehumanbias

A Not easy for nichelomains

15



Factcheckingentities

A Expert/ Journalist
A Computational
A Crowdsourcing witlend users

16



Computational fact checking

A The general problem:
Given some content, assess If it IS true or false

17
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Digital and Technology Workshop on Misinformation

Integrity in Social Networks
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Police & Criminal Justice

The Tackling Misinformation
Conference 2021: Communicating
Effectively to Improve Local
Services

O

Call for
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Dromises and perils
SIGKDD 2019 Workshop, August 5th, Anchorage, Alaska

Miinformation SIGIR'9 Workshop: ROME 2019

EU Fact Checking & EU Fact Finding
The EU at your fingertips!
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Computational pipeline

check o cla . " —)'o
WGI’thil‘IESE ; veri IE‘ Cidlm 2vi :EI'IEE EEIIITI __)0

. , retrieval E retrieval 3 verification
estimation _)*9

balance potential harm vs effort to check claim
quickly detect If viral claims have already been
fact-checked (possibly in other language)
automatically retrieve relevant data from trusted
sources

correct or incorrect

but also partially correct, not enough evidence,
out-of-cont ext é
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Find claims worth checking

A System produces a check-worthiness that provides
fact-checkers abllity to prioritize claims

A ClaimBuster [Hassan et al., 2017]

A trained on manually annotated sentences

(nonfactual, unimportant factual, checkworthy)
features based on sentiment, named entities, part-
of-speech tags, words, and claim length

A More models based on pre-trained transformers such
as BERT/RoBERTa [Wright and Augenstein, 2020]
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1 - Semi-supervised training on large amounts
of text (books, wikipedia..etc).

The model is trained on a certain task that enables it to grasp
patterns in language. By the end of the training process,

BERT has language-processing abilities capable of empowering
many models we later need to build and train in a supervised way.

Semi-supervised Learning Step

#_______

r N\

I Model:
|
|

I Dataset:
WiIKIPEDIA I
I Dhie freie Enzylelopddie
o Predict the masked word
Objective: (langauge modeling) }
\ | I | ] I | | #

2 - Supervised training on a specific task with a

labeled dataset.

Supervised Learning Step

/ L I I I I I I
' [ Classifier ] > ] oram
J 25% | Not Spam
[S—
I Model: ® o
(pre-trained
I in step #1)

I Email messagi

Buy these pills
I Dataset:

\

Win cash prizes

Dear Mr. Atreides, please find attached. ..

lh_——__

Fig. credits: https://jalammar.qgithub.io/illustrated-bert/

22
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https://jalammar.github.io/illustrated-bert/

Detect previously checked claims

A Misleading claims repeated Iin different channels and

languages, independently of existing fact-checks published
with ClaimReview

A Once a claim established as misleading, the spread of its
variants could be minimized with rapid detection

A [Shaar et al. 2020] matching with BERT and BM25 Datasets:
A tweets, which are to be compared to claims in Snopes

A political debates, to be matched to claims in PolitiFact

23



Evidence retrieval

A FIind external evidence to help human/system
checkers decide factuality of input claim

A Evidence lie In large text documents, audio-visual
recordings and streams, or in multiple languages

A Given claim and a (closed) data collection (1) rank
relevant objects (docs), or (2) extract specific pieces
of evidence, e.g., a text snippet or a recording

A FEVER dataset [Thorme et al., 2018] + BM25/NER/BERT

24



Automated verification

A Goal: internal tools presenting evidence,
(reasoning) and conclusion regarding a claim,
before the (human) fact-checker publishes article

A Non-explainable vs Explainable

A+ General o cl| wnassindai@R o b u s
- Just a label as output

A + Evidence of the arguments that support/refute
- Stricter assumptions on claim and data

25



Standard nbl a
verification

Claim: Red Sundown
screenplay was written by
Martin Berkeley; based

a story by L
Eentenna Retrieval
_ Verdict:

N Supported

Retrieval Corpus Table Retrieval Cell Selection

A Gather evidence + classifier (true/false/NEl)

ACan check nanyo textual cl
COorpus

[Thorne et al., 2018] [Aly et al, 2021]
26



Standard nbl a
verification

Claim: Red Sundown screenplay was written by
Martin Berkeley; based on a story by Lewis B. Patten,
who often published under the names Lewis Ford,
Lee Leighton and Joseph Wayne.

Evidence:
Page: wiki/Red_Sundown
¢ (Introduction):

Red Sundown

Directed by Jack Arnold
Produced by  Albert Zugsmith
Screenplay by  Martin Berkeley
Based on  Lewis B. Patten

Page: wiki/Lewis_B._Patten
ez (Introduction): He often published under the names
Lewis Ford, Lee Leighton and Joseph Wayne.

Verdict: Supported

. Well formed, factual, not

ambiguous sentence Ac

. High quality relevant
sources

[Aly et al, 2021]
27



Standard nbl a

verification

Final Leaderboard

Evidence Recall

FEVEROUS score  Accuracy EvidenceF1

Evidence Precision

1 Bust a move! 0.2701 0.5607/ 0.1308 0.0773 0.4258
2 Papelo 0.2592 0.5757 0.1187 0.0716 0.3460
3 NCU 0.2514 0.5229 0.1581 0.0991 0.3907
4 Zteam 0.2251 0.4901 0.1312 0.0/776 0.4264
5 EURECOM_Fever 0.2001 04779 0.1952 0.1373 0.3373

N G o mternal tools presenting evidence, (reasoning) and
conclusion regarding a claim, before the (human) fact-
checker publishesar t i cl e o

28
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Computational fact checking

A General problem: Given some content, assess If it IS true or
false

A Focus today:
Given some textual content and some reference data,

assess If the content is true or false and explain why

w T identifying check-worthy claims [ClaimBuster]

r matching claims to existing checks [FullFact, ClaimReview]

| model trust [bahbiht he sources
| propagation, mitigation and intervention [ N C o mb akeiNews: A
Data Managementand MiningPer specti veo tutori al

A Effective, Scalable, Interpretable

29
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Fact checking

O

Yassine Belattar pancarte "Nous vous coloniserons”

Q Al () Images & News [*] Videos

About 306 results (0.31 seconds)

Manif contre l'islamophobie : attentic

https://www.liberation.fr » checknews » 2019/1
6 days ago - «Avec vos lois démocratiques, nous v
I'une tenue par I'humoriste Yassine Belattar, et |'au
I'numoriste Yassine Belattar était effectivement pré

Non, I'humoriste Yassine Belattar n'z
https://factuel.afp.com » non-lhumoriste-yasgsi

Claim: L'humoriste Yassine Belattar brandit une pan
Tea DY SOUrce
Fact check by AFP Factuel: Faux
Feedback

@ google.com/search?q=VYassine+Belattar+pancarte+“Nous+vous+coloniser... ¥¢ Ql (k|

2 Maps

“

<

Q

Y

¢ More Settings  Tools

Additional Reporting On This

Before you share this content, you might want to know that
there is iti rting on this from Snopes.com,
check.org and Associ

Visit Snopes.com
Visit Factcheck.org

Visit Associated Press

Cancel Post Anyway
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Computational fact checking

A Given some textual content and some reference data,
assess If the content is true or false and explain why

A Check(claim,data) =
true/false label,
confidence value,
description of the subset of the data that implies the
decision

A Property and statistical claims

31



Checking property claims

A Input textual claim:
Elon Musk iIs the founder of Chevroleto

A Output: FALSE because
N Ch e v was fomnded in 1911 and Elon
Musk was born in 19710

32



Checking property claims

Not In data. Count occurrences/text

patterns/ é on

A Output: FALSE becal

Ch e v was fomndled In 1911 and Elon
Mlusk was born in 19710

roieto

Concepts of person, company, birth yeatr,

founding year, logical contradiction



Checking property claims

A Input textual claim:
MI ¢c hael Whi teds al ma

A Output: FALSE because
nM. WilonkgaeUT Austin and
has Abilene Christian University and Yale
Divinity School as alma matero

34



Checking property claims

A Input

ATextual cl al m: NMiI chael \
AustAl no
almaMater(Michael White, UT Austin) Ac

City
//ﬂ@ @
\To :
S
@ is located in
— —— ._>
. (“‘»-\V"Sﬂ‘ed P\UCQ L,?
S L. T
| \%

\ a; A 9, 35
ol\ace B‘”[ \ @, : aA0na [/,



RDF Knowledge Graphs
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RDF KGs

<Barack Obama> <spouse> <Michelle Obama> .

<Barack Obama> -a8014rot h D a
(<Michelle Obama> <birthPlace> <lllinois>. ™

MMH | )

*SUBJECT PREDICATE OBJECT+

Name # Entity types # Entity instances | # Relation types

Knowledge Vault (KV) 1100 45M 4469

DeepDive [21] 4 2.TM 34

NELL [6] 271 5.19M 306 A

PROSPERA [20] 11 N/A 14 S

YAGO2 [16] 300,000 9.8M 100

Freebase [4] 1,500 40M 35,000

Knowledge Graph (KG) 1,500 570M 35,000

[Dong and Srivastava, 2015]
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Computational fact checking

A Given some textual content and some reference data,
assess If the content is true or false and explain why

A Check(claim, incomplete KG) =

true/false label, \m
confidence value,

description of the subset of the data that implies the
decision

A how to assess/explain if claim is NOT in KG?

38



Fact checking with KGs

s Structure-based: KL [1], KG-Miner [2], SFE [3]
exploit the topological structure: fact modeled
by predicate paths/proximity between subject

and object p2

s Embeddings: TransE [4]
relation in graph interpreted as a translation in
a low dimensional vector space:
check s+p=o0

[1] Ciampaglia et al., PloS one, 2015 [2] Shi et al., AAAI, 2016
[3] Gardner et al., EMNLP, 2015 [4] Bordes et al., NIPS, 2013




Explaining the decision
A Output

AANMI chael Whi teds al smBALSEat e
because

A EvI 1. employer(Michael White, UT Austin)
5 Evi 2. almaMater(Michael White, Abilene Christian Univ.)
- almaMater(Michael White, Yale Divinity School)
A Approximate rules over the KG
0.1: almaMater(x,y), almaMater(x,z), y<>z+ U
0.3: almaMater(x,y), employer(x,y)+ U

N

40



Negative rules

0.9 foundingYear(x,z)~ birthYear(y,w)~ (z OW founder(x,y)

t U

N\

Atom = predicate from KG

claim] founder(Chev., E.Musk)

KG] foundingYear(Chev,1911)
[KG] birthYear(E.Musk,1971)

—

x=Chev. , z=1911,
- At least one triple is
Incorrect

—

Nnegat i v a@aentifyincdngstencies
1.0 President(x, USA)~ PlaceOfBirth(x,y)” y | USA+ U

0.9 isMarriedTo(x,y)~ hasChild(x,y) + U

41

[Ortona et al., 2018]



Horn rules discovery

0.7 hasChild(x,z)~ hasChild(y,z) + spouse(X,y)

child(Barack, Sasha) = child(Michelle, Sasha)
/ spouse(Barack, Michelle)

ANposi t i vaddressinconglete data

1.0 notableWork(y,x) + creator(x,y) (Wikidata)
0.8 hasChild(z,y) " isMarriedTo(x,z) + hasChild(x,y) (Yago)

[Galarraga et al., 2013]
42 [Lajus et al, 2020]
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< C @ Notsecure | rudikeurecom.fr:8080 & v © 0@ @ o e |

RuleHub Show rules EEGHRTEE Rule Administration About

Search Rules

List out rules base on following criteria. Users can vote the rule quality and rule confidence by clicking the cell value.

Knowledge Base DBpedia v |

Predicate | http://dbpedia.org/ontology/spouse v

Rule Type | Positive v |

Human Confidence from 0.01 to|1.0

Apply

| Selectall || Deselectall | JSON Export | SHACL Export

Search:
Quality Human Computed .

Type Rule Evaluation © Confidence Confidence Operation

O N successor(subject,v0) & parent(v0,object) 5 045 028 m
= spouse(subject,object) ' ' SPARQL Query

O predecessor(v0,object) & spouse(v1,v0) m

+ & successor(subject,v1) = 5 0.15 0.25

spouse(subject,object) SPARQL Query
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ExpClaim system

NEl on Musk I s
founder of :
Chevroletd A ExpCIalm
founder(Chevrolet,
E.Musk)

Ahmadi et al. Explainable Fact Checking with
— Probabilistic Answer Set Programming. TTO 2019.
EURECOM - . .
Soen e aniiselis https://github.com/ppapotti/expclaim
44




















https://coronacheck.eurecom.fr/



https://github.com/CSSEGISandData/COVID-19

























































https://twitter.github.io/birdwatch/









https://birdwatch.eurecom.fr/












https://arxiv.org/pdf/2103.07769.pdf


















https://en.wikipedia.org/wiki/Motor_vehicle_fatality_rate_in_U.S._by_year



















