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Misinformation can stem from intentional deception effort, but also simply satire
(Rubin et al. 2015) and "honest mistake"
Fake news is as old as journalism, and hard to solve through political means

Example (Napoleon III vs the "rotary press")
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Motivation and Goals

Motivation.
A seminal article by Cohen et al. [Cohen et al.(2011)Cohen, T., and Turner] as
given birth to computational journalism as a displine
Since then research groups around the world have worked to tackle several problems
in the area
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A seminal article by Cohen et al. [Cohen et al.(2011)Cohen, T., and Turner] as
given birth to computational journalism as a displine
Since then research groups around the world have worked to tackle several problems
in the area

Goals.
Analyze and understand what role content management technologies

I Data and knowledge management, information extraction, natural language
processing, and their interactions

Play towards facilitating, speeding up and improving fact-checking work
I Whether performed by journalists or other fact-checkers

Observation
We do not believe it is feasible to “automate” fact-checking or journalistic work ;
nor is it desirable, since journalistic content is authored by humans.Instead, we
are interested in the role content management plays as a provider of models,
algorithms and tools.
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Definition(s)

Definition (Fact checking)
This paper focuses on a posteriori fact checking, which we define as the
investigative process consisting in :

1 extracting claims from some discourse,

2 searching for the facts the claims are based on,
3 assessing the accuracy of the claim with regards to those backing facts, and
4 providing perspective to claims for which there is no straightforward

settlement.
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This paper focuses on a posteriori fact checking, which we define as the
investigative process consisting in :

1 extracting claims from some discourse,
2 searching for the facts the claims are based on,
3 assessing the accuracy of the claim with regards to those backing facts, and
4 providing perspective to claims for which there is no straightforward

settlement.

Other definitions have been given (detail in the survey section.)
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Fact checking ingredients
From the above definition, we can derive conclude :

For a claim to pass fact check, it must
(i) the fact leaves little to no room for alternative interpretations,
(ii) it is backed by sufficient references to sources,
(iii) the sources are reliable, and
(iv) the claim is consistent with the sources.

If the claims is too vague, leading to too many distinct interpretations, it is hard
or impossible to check it effectively.
If the fact checker lacks access to sufficient reliable sources, there is not enough
background against which to check.
If the reliability of the sources is in question, the fact check conclusion is hard to
trust.
Even in the presence of sufficient and reliable sources, evaluating claim accuracy is
tricky, due in part to the need to contextualize the claim, i.e., understand the
precise setting (e.g., in which country, city, at which time) the claim is made ; its
validity can only be assessed in a specific context.
Some claims may be crafted to mislead, i.e., look valid given some context or
source that is either irrelevant or flawed.
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The need for transparency

The International Fact-Checking Network (IFCN), an organization sponsored by
the Poynter Institute to “promote excellence in fact checking” 1 :

1 A commitment to non-partisanship and fairness.

2 A commitment to the transparency of sources.
3 A commitment to the transparency of function and organization.
4 A commitment to the transparency of methodology.
5 A commitment to open and honest corrections.

1. https ://www.poynter.org/international-fact-checking-network-fact-checkers-code-principles
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The limits of fact checking

Confirmation bias : people are more likely to believe what fits their prior views.
I Leads to the man-made part of the echo chamber.
I Automated recommendation system amplify the phenomenon, making it harder for

users to break out of their filter bubbles.
I The actual impact of filter bubbles and echo chambers being

studied[Garrett(2009), Garrett(2016)].

Backfire effect : defiance towards fact checkers may reinforce reader’s perception if
confronted directly [Nyhan and Reifler(2010)]
Timing matters : Emotionally engaging information, including rumors and
misinformations, spread faster than corrections on social
networks [Shin et al.(2017)Shin, Jian, Driscoll, and Bar].

I If a verification may come too late, false information had time to “stick” in their
audience’s minds 2

I However, near instant-correction can exacerbate the backfire
effect [Garrett and Weeks(2013)].

Yet motivated reasoning can be counter-balanced if provided with sufficient and
consistent corrections [Redlawsk et al.(2010)Redlawsk, Civettini, and Emmerson]

2. http ://jonathanstray.com/networked-propaganda-and-counter-propaganda
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audience’s minds 2

I However, near instant-correction can exacerbate the backfire
effect [Garrett and Weeks(2013)].

Yet motivated reasoning can be counter-balanced if provided with sufficient and
consistent corrections [Redlawsk et al.(2010)Redlawsk, Civettini, and Emmerson]

The “arms race” between misinformation and fact checking is still on and
probably will be so for a while.
2. http ://jonathanstray.com/networked-propaganda-and-counter-propaganda
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Defining computational fact checking

The pioneering paper on computational
journalism [Cohen et al.(2011)Cohen, T., and Turner] did not mention fact
checking but identified many content management functionalities for journalists.

According to [Diakopoulos(2012)], how technology improves journalism values and
goals : truth ; public interest ; and information.
Identifies NLP, data mining, ML, KR and IR as areas with the biggest contributions
to computational journalism.
NLP perspective, [Vlachos and Riedel(2014)] defines fact checking as the
assignment of a truth value to a claim made in a particular context, on an
ordinal scale, borrowed from Politifact’s Truth-o-Meter.
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The pioneering paper on computational
journalism [Cohen et al.(2011)Cohen, T., and Turner] did not mention fact
checking but identified many content management functionalities for journalists.
According to [Diakopoulos(2012)], how technology improves journalism values and
goals : truth ; public interest ; and information.
Identifies NLP, data mining, ML, KR and IR as areas with the biggest contributions
to computational journalism.
NLP perspective, [Vlachos and Riedel(2014)] defines fact checking as the
assignment of a truth value to a claim made in a particular context, on an
ordinal scale, borrowed from Politifact’s Truth-o-Meter.

Definition (Fact checking [Babakar and Moy(2016)])
Fact checking is a four-stage process where media sources are
(i) media sources are monitored,
(ii) claims are spotted,
(iii) claims are checked,
(iv) fact checking analysis results are created and published.
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Overview
A very active research and development area today.

Claim accuracy assessment
[Dagan et al.(2005)Dagan, Glickman, and Magnini, Álvaro Rodrigo et al.(2008)Álvaro Rodrigo, Peñas, and Verdejo, Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo, Agirre et al.(2013)Agirre, Cer, Diab, and Gonzalez-Agirre, Lotan et al.(2013)Lotan, Stern, and Dagan, Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck, Ciampaglia et al.(2015)Ciampaglia, Shiralkar, Rocha, Bollen, Menczer, and Flammini, Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]Claim

Reference sources

Reference source search
[Ennals et al.(2010)Ennals, Trushkowsky, and Agosta, Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo, Goasdoué et al.(2013)Goasdoué, Karanasos, Katsis, Leblay, Manolescu, and Zampetakis, Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck]

Reference source
analysis and inte-
gration
[Borodin et al.(2005)Borodin, Roberts, Rosenthal, and Tsaparas,
Dong et al.(2009)Dong, Berti-Equille, and Srivastava,
Dong et al.(2014)Dong, Gabrilovich, Heitz, Horn, Lao, Murphy, Strohmann, Sun, and Zhang,
Dong et al.(2015)Dong, Gabrilovich, Murphy, Dang, Horn, Lugaresi, Sun, and Zhang,
Li et al.(2016)Li, Gao, Meng, Li, Su, Zhao, Fan, and Han]

Claim extraction
[Yu and Hatzivassiloglou(2003), Ennals et al.(2010)Ennals, Trushkowsky, and Agosta, Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo, Levy et al.(2014)Levy, Bilu, Hershcovich, Aharoni, and Slonim, Babakar and Moy(2016), Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]

Fact checking
outputMedia

Putting claims into perspective
[Wu et al.(2014)Wu, Agarwal, Li, Yang, and Yu, Wu et al.(2017a)Wu, Agarwal, Li, Yang, and Yu, Wu et al.(2017b)Wu, Gao, Agarwal, and Yang, Belfodil et al.(2017)Belfodil, Cazalens, Lamarre, and Plantevit, Leblay(2017)]

Publishing
and sharing
[Ennals et al.(2010)Ennals, Trushkowsky, and Agosta,
Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]

Legend
Black boxes : tasks involved in fact checking
Blue boxes : inputs and outputs

Figure – Fact checking tasks, ingredients, and relevant works : an overview.
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End-to-end systems : DeFacto

Fig. 1: Usage of content languages for web pages. (W3Techs.com, 21 November 2013)

2 Methodology

The DeFacto core implementation consists of the components depicted in Figure 2. In
this example, the system receives an input triple as RDF (“Nobel Prize was awarded
to Albert Einstein”) and outputs, as evidence, a confidence value and a set of (ex-
cerpts) web pages as possible sources for confirmation as well as meta-information
on the pages. This generated evidence enables the user to quickly obtain an overview
of possible trustful sources for given statement, instead of having to use search engines,
browsing several web pages and looking for relevant pieces of information (all details
in [2,3]). Figure 3 depicts the schema for the output provenance information.

Fig. 2: Overview of the DeFacto’s architecture.

3 DeFacto Application

Implemented as a open source3 single-page application, the application consists of 3
modules, (1) a graphical user interface (GUI), (2) a RESTful Web service (RWS) and

3 application source code: http://github.com/AKSW/DeFacto

(a) Search form. (b) Result list.

Fig. 4: DeFacto GUI: overall score (a) and proofs for the input fact (b)

Fig. 5: Searching pipelines for DeFacto: using the SameAs service as back-end for
obtaining similar resources. The red SearchEngine component highlights the used
search engine API (Bing) for obtaining the web pages
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End-to-end systems : ClaimBuster
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End-to-end systems : FullFact.org
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End-to-end systems : CJ WorkBench
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Data source
Reference and search.

Fixed reference database ClaimBus-
ter [Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.],
DisputeFinder [Ennals et al.(2010)Ennals, Trushkowsky, and Agosta] (PolitiFact
API) ; FullFact [Babakar and Moy(2016)] (internal manually checked claim DB) ;
TruthTeller 3 used claims manually checked by Factcheck.org ; The Décodex
plug-in developed by Le Monde also leverages their past fact checking analyses
Open database referencing FactMin-
der [Goasdoué et al.(2013)Goasdoué, Karanasos, Katsis, Leblay, Manolescu, and Zampetakis]
manual analysis of online articles against any open data sources.
Search engines
DeFacto [Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo,
Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck]
(search engines) ;
Reference corpus Stance detection aims to determine whether a text in favor of a
given target, against it, neutral or unrelated.
Sources can be general
claims [Levy et al.(2014)Levy, Bilu, Hershcovich, Aharoni, and Slonim,
Bar-Haim et al.(2017)Bar-Haim, Bhattacharya, Dinuzzo, Saha, and Slonim],
debates in online forums [Somasundaran and Wiebe(2009),
Murakami and Raymond(2010), Hasan and Ng(2013)] or student
essays [Faulkner(2014)].

3. http://truthteller.washingtonpost.com/
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Data source
Reference and search.

Fixed reference database ClaimBus-
ter [Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.],
DisputeFinder [Ennals et al.(2010)Ennals, Trushkowsky, and Agosta] (PolitiFact
API) ; FullFact [Babakar and Moy(2016)] (internal manually checked claim DB) ;
TruthTeller 3 used claims manually checked by Factcheck.org ; The Décodex
plug-in developed by Le Monde also leverages their past fact checking analyses
Open database referencing FactMin-
der [Goasdoué et al.(2013)Goasdoué, Karanasos, Katsis, Leblay, Manolescu, and Zampetakis]
manual analysis of online articles against any open data sources.
Search engines
DeFacto [Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo,
Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck]
(search engines) ;
Reference corpus Stance detection aims to determine whether a text in favor of a
given target, against it, neutral or unrelated.
Sources can be general
claims [Levy et al.(2014)Levy, Bilu, Hershcovich, Aharoni, and Slonim,
Bar-Haim et al.(2017)Bar-Haim, Bhattacharya, Dinuzzo, Saha, and Slonim],
debates in online forums [Somasundaran and Wiebe(2009),
Murakami and Raymond(2010), Hasan and Ng(2013)] or student
essays [Faulkner(2014)].

Analysis, integration, refinement.
Truth discovery [Dong et al.(2009)Dong, Berti-Equille, and Srivastava,
Li et al.(2016)Li, Gao, Meng, Li, Su, Zhao, Fan, and Han] defines truthfulness of
facts based on the trustworthiness of those sources.
Fact checkers now have data integration systems (data
spaces [Franklin et al.(2005)Franklin, Halevy, and Maier], Ta-
tooine [Bonaque et al.(2016)Bonaque, Cao, Cautis, Goasdoué, Letelier, Manolescu, Mendoza, Ribeiro, Tannier, and Thomazo],
CJ Workbench 4) at their disposal.

3. http://truthteller.washingtonpost.com/
4. http ://jonathanstray.com/introducing-the-cj-workbench
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Claim extraction

Definition (Claim detection [Levy et al.(2014)Levy, Bilu, Hershcovich, Aharoni, and Slonim])
Given a topic (short sentence) and a set of relevant articles, their goal is to
automatically extract concise statements from the articles that directly support
or contests the given topic.

Claim extraction, w.r.t. to reference base.
In [Levy et al.(2014)Levy, Bilu, Hershcovich, Aharoni, and Slonim], the authors
provide manually labeled benchmark dataset and a classification approach based on
a cascade of classifiers.
DisputeFinder [Ennals et al.(2010)Ennals, Trushkowsky, and Agosta] indentifies
within within text, claims covered by a reference database containing disputed
claims.
In the extraction phase, phrases are transformed in bags of words through stop word
removal, stemming etc. and matched against the database.
FullFact ongoing work [Babakar and Moy(2016)] is researching claim extraction
from text feeds, but also, audio and video streams ;
A follow-up on De-
Facto [Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck]
also allows claims to be given in text ; in this case, entity disambiguation is
performed on the claim, using a reference knowledge base, to bring it a RDF triple.
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Claim extraction (continued)

Claim check-worthiness.
Using neural networks [Park and Cardie(2014)]and
[Guggilla et al.(2016)Guggilla, Miller, and Gurevych] classify sentences as verifiable
and unverifiable
ClaimBuster [Hassan et al.(2015)Hassan, Li, and Tremayne,
Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]
uses SVMs to monitors data sources such as social media, TV programs and
websites. Classes include :

I non-factual (e.g., opinions or subjective content) ;
I factual but not interesting (consensual, general) ;
I factual and interesting (that is, check-worthy).
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Claim check-worthiness.
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ClaimBuster [Hassan et al.(2015)Hassan, Li, and Tremayne,
Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]
uses SVMs to monitors data sources such as social media, TV programs and
websites. Classes include :

I non-factual (e.g., opinions or subjective content) ;
I factual but not interesting (consensual, general) ;
I factual and interesting (that is, check-worthy).

Separating fact from opinions.
[Yu and Hatzivassiloglou(2003)] separates claims between facts and opinions with
an opinion question answering system perspective.
[Walker et al.(2012)Walker, Tree, Anand, Abbott, and King] for research on
deliberation and debate
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Claim accuracy assessment

DeFacto [Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo,
Gerber et al.(2015)Gerber, Esteves, Lehmann, Bühmann, Usbeck, Ngomo, and Speck]
provides evidence potentially proving the claim is text snippets found in a Web
page, sufficiently close to the claim.

In [Ciampaglia et al.(2015)Ciampaglia, Shiralkar, Rocha, Bollen, Menczer, and Flammini],
fact checking a claim (RDF triple) is formulated as authors finding a short path in
the knowledge graph connecting the subject and object.
ClaimBuster [Hassan et al.(2015)Hassan, Li, and Tremayne,
Hassan et al.(2017)Hassan, Zhang, Arslan, Caraballo, Jimenez, Gawsane, Hasan, Joseph, Kulkarni, Nayak, et al.]

1) Matches claims against previously checked claims from trusted repositories.
2) If no similar claim is found, reverts to Web search engines and question answering

systems such as Wolfram Alpha.
3) Combines the responses into a visual interface.

In a separate study, the authors show a strong correlation between the output of
their system, and that claims checked by professionals at CNN and PolitiFact.
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Claim accuracy assessment (continued)

The Fast and Furious FactCheck Challenge 5 proposed to classify news articles
(not claims) among the categories True, False, Somewhat True and
Somewhat False using any combination of human and automated tools ;

Les Décodeurs (Le Monde 6) have developed a set of tools includes :
I A database of manually checked claims, s.t. for each claim a set of Web and social

media sources having propagated it, the fact checking analysis, and the final
level-of-truth classification.

I A web natigator plugin, displaying a trust score from the aggregated outputs of
previous fact checks over that source, if present in the database.

Textual entailment [Dagan et al.(2005)Dagan, Glickman, and Magnini] considers
comparing two portions of text and deciding whether the first one is implied by the
second.
The SemEval’s Semantic Textual Similarity
task [Agirre et al.(2013)Agirre, Cer, Diab, and Gonzalez-Agirre] offers a graded and
typed definition of semantic similarity

5. https ://herox.com/factcheck/
6. http://www.lemonde.fr/les-decodeurs/
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Putting claims into perspective
Query perturbation approach [Wu et al.(2014)Wu, Agarwal, Li, Yang, and Yu].
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(b) Sensibility of parameter settings
Figure 1: Perturbing t (end of the second period) and d (distance between
periods) in Giuliani’s claim while fixing w = 6 (length of periods). Note
the constrain t � d � w � 1988; 1989 is when the data became available.

The parameterized query template here can be written in SQL, with
parameters w (length of the period being compared), t (end of the
second period), and d (distance between the two periods):

SELECT after.total / before.total -- (Q1)
FROM (SELECT SUM(number) AS total FROM adopt

WHERE year BETWEEN t-w-d+1 AND t-d) AS before,
(SELECT SUM(number) AS total FROM adopt
WHERE year BETWEEN AND t-w+1 AND t) AS after;

Giuliani’s claim (after reverse-engineering) is specified by hQ1, (w =
6, t = 2001, d = 6), 1.665i.
Relative Strength of Results To capture the effect of parameter
perturbations on query results, we need a way to compare results.
For example, if a perturbation in Giuliani’s claim leads to a lower
increase (or even decrease) in the total adoption number, this new
result is “weaker” than the result of the claim. To this end, let
SR : R ⇥ R ! R denote the (relative) result strength function:
SR(r; r0), where r, r0 2 R, returns the strength of r relative to the
reference result r0. If SR(r; r0) is positive (negative), r is stronger
(weaker, resp.) than r0. We require that SR(r; r) = 0. For exam-
ple, we let SR(r; r0) = r/r0 � 1 for Giuliani’s claim.

Given a claim hq, p0, r0i to check, SR allows us to simplify the
QRS of q relative to (p0, r0) into a surface {(p, SR(q(p); r0) | p 2
P} in R ⇥ R. We call this simplified surface the relative result
strength surface. For example, Figure 1a illustrates this surface
for Giuliani’s adoption claim. Since the full three-dimensional pa-
rameter space is difficult to visualize, we fix w to 6 and plot the
surface over possible t and d values. Intuitively, we see that while
some perturbations (near the diagonal, shown in greener colors)
strengthen the original claim, the vast majority of the perturbations
(shown in redder colors) weaken it. In particular, increasing t and
decreasing d both lead to weaker claims. Thus, the surface leaves
the overall impression that Giuliani’s claim overstates the adoption
rate increase. However, before we jump to conclusions, note that
not all parameter settings are equally “sensible” perturbations; we
discuss how to capture this notion next.
Relative Sensibility of Parameter Settings Some parameter per-
turbations are less “sensible” than others. For example, in Giu-
liani’s claim, it makes little sense to compare periods with “unnat-
ural” lengths (e.g., 13 years), or to compare periods “irrelevant” to
Giuliani’s term (e.g., periods in the 1970s). While “naturalness”
of values is often an intrinsic property of the domain, “relevance”
is often relative to the original claim (or its context). To capture
overall sensibility, which is generally relative, we use either a pa-
rameter sensibility function or a parameter sensibility relation.

A (relative) parameter sensibility function SP : P ⇥ P ! R
scores each parameter setting with respect to a reference parame-
ter setting: SP(p; p0) returns the sensibility score of p 2 P with

respect to p0 2 P. Higher scores imply more sensible settings.
As an example, Figure 1b illustrates the relative sensibility of pa-
rameter settings for checking Giuliani’s claim (again, we fix w and
vary only t and d). Darker shades indicate higher sensibility. The
interaction of naturalness and relevancy results in generally decay-
ing sensibility scores around (t0, d0) = (2001, 6) (because of rel-
evancy), but with bumps when d = 4 and d = 8 (because of
naturalness—the New York City mayor has 4-year terms). Intu-
itively, portions of the QRS over the high-sensibility regions of the
parameter space are more “important” in checking the claim. See
Section 4 for more details on SP for Giuliani’s claim.

In some cases, there is no appropriate SP for ordering all param-
eter settings, but a weaker structure may exist on P. A (relative)
parameter sensibility relation �p0 , with respect to a reference pa-
rameter setting p0 2 P, is a partial order over P: p1 �p0 p2 means
p1 is less sensible than or equally sensible as p2 (relative to p0). The
sensibility relation �p0 imposes less structure on P than the sen-
sibility function SP—the latter actually implies a weak order (i.e.,
total order except ties) on P. As an example, consider perturbing
the Marshall-Boehner vote correlation claim by replacing Marshall
with Clyburn. Intuitively, U.S. Representatives who are well rec-
ognizable to the public lead to more “natural” perturbations; on the
other hand, “relevant” perturbations are Representatives who are
even more liberal in ideology than Marshall (so as to counter the
original claim’s suggestion that Marshall is conservative). While it
is difficult to totally order the discrete domain of Representatives, it
makes sense to define a partial order based on their recognizability
and ideology. See [28] for more details.

2.2 Formulating Fact-Checking Tasks
Finding Counterarguments Given original claim hq, p0, r0i, a
counterargument is a parameter setting p such that SR(q(p); r0) <
0; i.e., it weakens the original claim. For example, Figure 1a shows
counterarguments to Giuliani’s claim in orange and red; they re-
sult in a lower percentage of increase (or even decrease) than what
Giuliani claimed. Since there may be many counterarguments, we
are most interested in those weakening the original claim signifi-
cantly, and those obtained by highly sensible parameter perturba-
tions. There is a trade-off between parameter sensibility and result
strength: if we consider counterarguments with less sensible pa-
rameter perturbations, we might be able to find those that weaken
the original claim more. Finding counterarguments thus involves
bicriteria optimization. We define the following problems:

(CA-⌧⌧⌧RRR) Given original claim hq, p0, r0i and a result strength thresh-
old ⌧R  0, find all p 2 P with SR(q(p); r0) < ⌧R that are
maximal with respect to �p0 ; i.e., there exists no other p0 2 P

with SR(q(p0); r0) < ⌧R and p0 �p0 p.

(CA-⌧⌧⌧PPP) Beyond the partial order on P, this problem requires the
parameter sensibility function SP. The problem is to find, given
original claim hq, p0, r0i and a sensibility threshold ⌧P, all p 2 P

where SP(p; p0) > ⌧P and SR(q(p); r0) is minimized.

For interactive exploration and situations when the choices of
thresholds ⌧R and ⌧P are unclear, it is useful to enumerate Pareto-
optimal counterarguments,3 in descending order of parameter set-
ting sensibility, until the desired counterargument is spotted. This
problem is formulated below:
3More precisely, we say that a counterargument p dominates a counterar-
gument p0 if i) SP(p; p0) � SP(p0; p0) (i.e., p is more sensible than or
equally sensible as p0); ii) SR(q(p); r0)  SR(q(p0); r0) (i.e., p weakens
the original claim as much as or more than p0); and iii) inequality is strict
for at least one of the above. A Pareto-optimal counterargument is one that
is dominated by no counterarguments.

591

Figure – Strength and sensibility for the Giuliani’s claim : "Adoptions went up 65
to 70 percent when [he] was mayor [of New York City]."

Formally define the notions of counter-argument (that weakens the original claim),
reverse-engineering of vague claims, and claim

In [Wu et al.(2017a)Wu, Agarwal, Li, Yang, and Yu,
Wu et al.(2017b)Wu, Gao, Agarwal, and Yang] the work is extended to support
notions of diversity and representativity.

Julien: [Insert image]

Figure – Diversity and representativity for the same claim."
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Putting claims into perspective
Query perturbation approach [Wu et al.(2014)Wu, Agarwal, Li, Yang, and Yu].
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Figure 1: Perturbing t (end of the second period) and d (distance between
periods) in Giuliani’s claim while fixing w = 6 (length of periods). Note
the constrain t � d � w � 1988; 1989 is when the data became available.

The parameterized query template here can be written in SQL, with
parameters w (length of the period being compared), t (end of the
second period), and d (distance between the two periods):

SELECT after.total / before.total -- (Q1)
FROM (SELECT SUM(number) AS total FROM adopt

WHERE year BETWEEN t-w-d+1 AND t-d) AS before,
(SELECT SUM(number) AS total FROM adopt
WHERE year BETWEEN AND t-w+1 AND t) AS after;

Giuliani’s claim (after reverse-engineering) is specified by hQ1, (w =
6, t = 2001, d = 6), 1.665i.
Relative Strength of Results To capture the effect of parameter
perturbations on query results, we need a way to compare results.
For example, if a perturbation in Giuliani’s claim leads to a lower
increase (or even decrease) in the total adoption number, this new
result is “weaker” than the result of the claim. To this end, let
SR : R ⇥ R ! R denote the (relative) result strength function:
SR(r; r0), where r, r0 2 R, returns the strength of r relative to the
reference result r0. If SR(r; r0) is positive (negative), r is stronger
(weaker, resp.) than r0. We require that SR(r; r) = 0. For exam-
ple, we let SR(r; r0) = r/r0 � 1 for Giuliani’s claim.

Given a claim hq, p0, r0i to check, SR allows us to simplify the
QRS of q relative to (p0, r0) into a surface {(p, SR(q(p); r0) | p 2
P} in R ⇥ R. We call this simplified surface the relative result
strength surface. For example, Figure 1a illustrates this surface
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surface over possible t and d values. Intuitively, we see that while
some perturbations (near the diagonal, shown in greener colors)
strengthen the original claim, the vast majority of the perturbations
(shown in redder colors) weaken it. In particular, increasing t and
decreasing d both lead to weaker claims. Thus, the surface leaves
the overall impression that Giuliani’s claim overstates the adoption
rate increase. However, before we jump to conclusions, note that
not all parameter settings are equally “sensible” perturbations; we
discuss how to capture this notion next.
Relative Sensibility of Parameter Settings Some parameter per-
turbations are less “sensible” than others. For example, in Giu-
liani’s claim, it makes little sense to compare periods with “unnat-
ural” lengths (e.g., 13 years), or to compare periods “irrelevant” to
Giuliani’s term (e.g., periods in the 1970s). While “naturalness”
of values is often an intrinsic property of the domain, “relevance”
is often relative to the original claim (or its context). To capture
overall sensibility, which is generally relative, we use either a pa-
rameter sensibility function or a parameter sensibility relation.

A (relative) parameter sensibility function SP : P ⇥ P ! R
scores each parameter setting with respect to a reference parame-
ter setting: SP(p; p0) returns the sensibility score of p 2 P with

respect to p0 2 P. Higher scores imply more sensible settings.
As an example, Figure 1b illustrates the relative sensibility of pa-
rameter settings for checking Giuliani’s claim (again, we fix w and
vary only t and d). Darker shades indicate higher sensibility. The
interaction of naturalness and relevancy results in generally decay-
ing sensibility scores around (t0, d0) = (2001, 6) (because of rel-
evancy), but with bumps when d = 4 and d = 8 (because of
naturalness—the New York City mayor has 4-year terms). Intu-
itively, portions of the QRS over the high-sensibility regions of the
parameter space are more “important” in checking the claim. See
Section 4 for more details on SP for Giuliani’s claim.

In some cases, there is no appropriate SP for ordering all param-
eter settings, but a weaker structure may exist on P. A (relative)
parameter sensibility relation �p0 , with respect to a reference pa-
rameter setting p0 2 P, is a partial order over P: p1 �p0 p2 means
p1 is less sensible than or equally sensible as p2 (relative to p0). The
sensibility relation �p0 imposes less structure on P than the sen-
sibility function SP—the latter actually implies a weak order (i.e.,
total order except ties) on P. As an example, consider perturbing
the Marshall-Boehner vote correlation claim by replacing Marshall
with Clyburn. Intuitively, U.S. Representatives who are well rec-
ognizable to the public lead to more “natural” perturbations; on the
other hand, “relevant” perturbations are Representatives who are
even more liberal in ideology than Marshall (so as to counter the
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is difficult to totally order the discrete domain of Representatives, it
makes sense to define a partial order based on their recognizability
and ideology. See [28] for more details.

2.2 Formulating Fact-Checking Tasks
Finding Counterarguments Given original claim hq, p0, r0i, a
counterargument is a parameter setting p such that SR(q(p); r0) <
0; i.e., it weakens the original claim. For example, Figure 1a shows
counterarguments to Giuliani’s claim in orange and red; they re-
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maximal with respect to �p0 ; i.e., there exists no other p0 2 P

with SR(q(p0); r0) < ⌧R and p0 �p0 p.

(CA-⌧⌧⌧PPP) Beyond the partial order on P, this problem requires the
parameter sensibility function SP. The problem is to find, given
original claim hq, p0, r0i and a sensibility threshold ⌧P, all p 2 P

where SP(p; p0) > ⌧P and SR(q(p); r0) is minimized.

For interactive exploration and situations when the choices of
thresholds ⌧R and ⌧P are unclear, it is useful to enumerate Pareto-
optimal counterarguments,3 in descending order of parameter set-
ting sensibility, until the desired counterargument is spotted. This
problem is formulated below:
3More precisely, we say that a counterargument p dominates a counterar-
gument p0 if i) SP(p; p0) � SP(p0; p0) (i.e., p is more sensible than or
equally sensible as p0); ii) SR(q(p); r0)  SR(q(p0); r0) (i.e., p weakens
the original claim as much as or more than p0); and iii) inequality is strict
for at least one of the above. A Pareto-optimal counterargument is one that
is dominated by no counterarguments.

591

Figure – Strength and sensibility for the Giuliani’s claim : "Adoptions went up 65
to 70 percent when [he] was mayor [of New York City]."

Formally define the notions of counter-argument (that weakens the original claim),
reverse-engineering of vague claims, and claim
In [Wu et al.(2017a)Wu, Agarwal, Li, Yang, and Yu,
Wu et al.(2017b)Wu, Gao, Agarwal, and Yang] the work is extended to support
notions of diversity and representativity.

Julien: [Insert image]

Figure – Diversity and representativity for the same claim."
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Putting claims into perspective (continued)

Data mining techniques are used
in [Belfodil et al.(2017)Belfodil, Cazalens, Lamarre, and Plantevit] to highlight
claims about behaviors in voting or rating contexts.
Identifying groups of individuals and situations where their agreement significantly
differs from usual.

In [Leblay(2017)], hard context-specific axioms and soft weighted axioms are used
to assign to each context, reflecting what holds in it and whether it entails a
contradiction.
Systems such
as [Sato et al.(2015)Sato, Yanai, Miyoshi, Yanase, Iwayama, Sun, and Niwa] can be
used provide a general and balanced picture of a complex issue (e.g. “casinos
increase criminality”).
Crawls from a textual corpus in search for positive and negative stances, and
outputs a summary of the articles for each stances.

25 / 33



Computational Fact Checking State ot the art Perspectives

Putting claims into perspective (continued)

Data mining techniques are used
in [Belfodil et al.(2017)Belfodil, Cazalens, Lamarre, and Plantevit] to highlight
claims about behaviors in voting or rating contexts.
Identifying groups of individuals and situations where their agreement significantly
differs from usual.
In [Leblay(2017)], hard context-specific axioms and soft weighted axioms are used
to assign to each context, reflecting what holds in it and whether it entails a
contradiction.

Systems such
as [Sato et al.(2015)Sato, Yanai, Miyoshi, Yanase, Iwayama, Sun, and Niwa] can be
used provide a general and balanced picture of a complex issue (e.g. “casinos
increase criminality”).
Crawls from a textual corpus in search for positive and negative stances, and
outputs a summary of the articles for each stances.

25 / 33



Computational Fact Checking State ot the art Perspectives

Putting claims into perspective (continued)

Data mining techniques are used
in [Belfodil et al.(2017)Belfodil, Cazalens, Lamarre, and Plantevit] to highlight
claims about behaviors in voting or rating contexts.
Identifying groups of individuals and situations where their agreement significantly
differs from usual.
In [Leblay(2017)], hard context-specific axioms and soft weighted axioms are used
to assign to each context, reflecting what holds in it and whether it entails a
contradiction.
Systems such
as [Sato et al.(2015)Sato, Yanai, Miyoshi, Yanase, Iwayama, Sun, and Niwa] can be
used provide a general and balanced picture of a complex issue (e.g. “casinos
increase criminality”).
Crawls from a textual corpus in search for positive and negative stances, and
outputs a summary of the articles for each stances.

25 / 33



Computational Fact Checking State ot the art Perspectives

Sharing and publishing fact checking results

DeFacto [Lehmann et al.(2012)Lehmann, Gerber, Morsey, and Ngomo] shares
outputs as RDF graphs with provenance information ; ClaimBuster provides access
to their fact checking outputs ; CJWorkbench claims to enable the sharing of prior
work for reuse in similar settings.

FactCheck.org and PolitFact already provide API access, and their ouput is
already used by several other tools
Structured Journalism 7 encourages journalists to publish database items directly
Google introduced ClaimReview 8 in 2017. It uses articles annotated with this
metadata to display links in search result

7. https://reporterslab.org/structured-journalism/
8. http ://schema.org/ClaimReview
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Publishing ClaimReview using MicroFormat
<div itemscope="" itemtype="http://schema.org/ClaimReview">

An example paragraph reviewing a claim expressed in another document.
<dl>

<dt>Date published:</dt>
<dd itemprop="datePublished">2014-07-23</dd>
<dt>Review url:</dt>
<dd itemprop="url">http://www.politifact.com/texas/statements/2014/jul/23/rick-perry/rick-perry-claim-about-3000-homicides-illegal-immi/</dd>
<dt>Review by:</dt>
<dd>
<span itemprop="author" itemscope="" itemtype="http://schema.org/Organization">

<span itemprop="name"><a itemprop="url" href="http://www.politifact.com/">Politifact</a></span>
<img itemprop="image" src="http://static.politifact.com/mediapage/jpgs/politifact-logo-big.jpg" alt="Politifact" />
<link itemprop="sameAs" href="http://twitter.com/politifact"/>

</span>
</dd>

</dl>
<h3>Claim reviewed:</h3>

<blockquote itemprop="claimReviewed">
More than 3,000 homicides were committed by ’illegal aliens’ over the past six years.
</blockquote>
<span itemprop="reviewRating" itemscope="" itemtype="http://schema.org/Rating">

Rating: <span itemprop="ratingValue">1</span>
(best score: <span itemprop="bestRating">6</span>),
"<span itemprop="alternateName">True</span>".
<img itemprop="image" src="http://static.politifact.com.s3.amazonaws.com/rulings/tom-pantsonfire.gif" alt="Politifact Pants on Fire rating logo" />

</span>
<h4>Item reviewed:</h4>
<div itemprop="itemReviewed" itemscope="" itemtype="http://schema.org/CreativeWork">
<ul>
<li itemprop="author" itemscope="" itemtype="http://schema.org/Person">Claim author’s name: <span itemprop="name">Rich Perry</span>.

Job title: "<span itemprop="jobTitle">Former Governor of Texas</span>".
<link itemprop="sameAs" href="https://en.wikipedia.org/wiki/Rick_Perry"/>
<a itemprop="sameAs" href="https://rickperry.org/">rickperry.org</a>
<img itemprop="image"
src="https://upload.wikimedia.org/wikipedia/commons/thumb/1/15/Gov._Perry_CPAC_February_2015.jpg/440px-Gov._Perry_CPAC_February_2015.jpg"
alt="photo of R.Perry."/>

</li>
<li>Claim original document: "<span itemprop="name">The St. Petersburg Times interview</span>"

(<span itemprop="datePublished">2014-07-17</span>)</li>
</ul>

</div>
</div>
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ClaimReview as used in Google News
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Needs and open problems

Develop pluridisciplinarity Social and cognitive sciences useful to help devise
psychologically effective fact-checking tools

Establish theoretical foundations yardstick to validate approaches, evaluate their
coverage and efficiency, and compare their capabilities.
Improve transparency Fact checks should be reproducible and made available
through a neutral entity
Ensure explainability Revive the “explain facility” of expert system
Develop collaborative tools Efforts like CrossCheck and the ICIJ are showing the
way
Standardize Beyond “ClaimReview” more standards are needed to cover additional
elements such as protocols, tools and functions.
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Societal aspect

Adapt the delivery of fact checking results
I Timely, sharp and balanced results.
I Avoiding frontal attack on one’s convictions and beliefs.
I Choice of the best media for fact-checking to reach each group of audience

Focus more on issues than on claims most newsworthy questions are usually
broader than just a claim.

I For instance, a misleading statement about the criminal activity of refugees in the
countries receiving them, participates to a larger discussion about immigration and
the way different political parties argue it should be handled. Thus, effective fact
checking should focus more broadly on issues, as noted also in??.

Engage and entertain the audience Fact checking success is (also) judged by the
audience it can gather and retain.
Educate

I data literacy, envisioned as a set of math and statistic skills, through dedicated
education modules at all levels
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Towards a fact check management system
Data storage

I popular formats (PDF, JSON, CSV, etc.), automatic data types detect, automatic
back-up mechanisms, e.g. (cloud-storage), CMS functionalities

Data matching, linking and integration Techniques developed for data integration
and for Linked Data production can be applied here
Time management Tracing data and its evolution for accuracy, transparency,
reproducibility. A FCMS should record and permanently store time informations
such as

I data creation time stamp, acquisition times, statement date, version management.
Fact and validity time Facts and events almost all have a limited period of validity,
whether explicit in the dataset or implicit in the different snapshots or versions of a
same dataset
Data quality management Applying data life cycle management tools to reference
sources and fact checks.
Support for reproducibility Enabling to “replay” fact checking effort and get the
same results.
Modularity Modularity and reuse should by available by design.
Compliance with the standards Should adopt all standards of the trade, be open
in the export and sharing of its inputs and outputs.
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