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Motivation T|.|T|

Health = a state of complete physical, mental and social well-being; not merely the absence of disease or infirmity

« Popular point of discussion in real life and online spaces ‘i

A lot of users turn to the Internet for health advice and recommendations:
In EU 55%, Germany 70%, USA 74%, China 79%

« Search for symptoms, diseases, treatments, nutrition advice...

80%

| OF INTERNET USERS
look online for health
information

Abundance of new knowledge and information shared quickly online
=» leads to the problem of untrustworthy sources and misinformation spread!

Automated fact-checking can help verify claims with relevant evidence

N

Claim: Can regular intake of vitamin C prevent colds?
Evidence: The recommendation to take high-dose vi-
tamin C at the first signs of a cold cannot be confirmed

* In this study, we introduce a novel dataset in English in German: by studies. If cough, snifiing or sore throat are already
. . present, vitamin C does not seem to have any detectable
« 750 health-related claims and evidence effect. The daily requirement for the vitamin is about 100
. milligrams, with the recommendations slightly fluctuating
 Evidence from trUStWO['thy sources [2,3]. This amount is contained in an apple, half a pepper
; . .. ! . or two tomatoes [4]. (...)
(systematic reviews and clinical trial studies) Verdict: Refuled

* CheCk_ed by a team Of medical experts Claim: Does melatonin help against jet lag?
« Covering diverse topics related to all health aspects E\:]iigme;ajlh;;;zg:;; ?L?Eﬁfﬁ:éﬁffﬁaﬁcfﬁfﬁn"ﬁ'f}'
« Useful for NLP tasks of fact-checking, claim verification, We have found an overview of ten individual studies [1]
. . . . and a newer individual study [2]. At random, the test sub-
queStlon answering, eXplanatlon generatlon jects received melatonin or a dummy medication. Overall,

the studies show that melatonin may help better against
jet lag than a sham drug. (...)

Verdict: Supported
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Background and Related Work Tum

« Fact-checking is the task of assessing the veracity of a factual claim based on background
knowledge and relevant evidence that supports or refutes the claim

« Part of misinformation detection (fake news)
« Datasets often synthetic (from Wikipedia) or real-world but focusing on political and societal claims

« Medical fact-checking datasets started emerging since 2020

« Claims can be from biomedical research papers (SciFact), COVID-19 claims (COVID-Fact), users’ search
engine queries (HealthVer), fact-checking news titles (PubHealth), tweets (CoVERT)

« Paired with evidence from biomedical research papers (SciFact) or news, online search, Wikipedia (others)

« HealthFC is the first medical fact-checking dataset to use

systematic reviews as its main source of evidence sysnatc information
reviews an
« Systematic reviews are considered the highest meta-analyses
guality evidence in medical research & A——

« The only dedicated fact-checking dataset in German

Case-controlled studies

Case series and reports

/ Background information and expert opinion \

nformation volume
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Dataset Construction: Source

TUTI

« Medizin Transparent is a medical fact-checking project from Cochrane Austria and University Krems
« Cochrane is an international charitable organization formed to synthesize medical research findings
« Target mostly user questions or popular health claims circulating in online news portals

(@ medizin transparent
gepruft o kritisch e unabhéngig

Y
‘i
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Prevent dementia: Ginkgo probably Nattokinase: Studies speak against Wim Hof method: healthier through
Nach einem Themas jneffective blood-thinning effects cold?
Ginkgo biloba is advertised as a remedy for Nattokinase is advertised as a “natural blood Extreme athlete Wim Hof holds numerous
dementia. However, according to studies, thinner.” However, studies tend to speak cold world records. His training method is
ginkgo does not seem to be able to prevent against such an effect. supposed to strengthen the immune system
mental decline. and health, but there is no evidence of this.
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Dataset Construction: Fact-Checking Process

Steps In the process of verification:

1. User submits a health inquiry

2. Form inquiry into a precise question
and search medical research databases

3. Manually filter to only the relevant
studies (preference to systematic reviews)

4. Analyze the studies, assess the quality

5. Synthesize the findings into text and
simplify it for users

6. Assign a final verdict and strength

= Qld articles are periodically updated
with new rounds of evidence search
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Startseite e Fruchtzucker schlecht fiir die Leber?

Fruchtzucker schlecht fiir die Leber?

Fruchtzucker (Fruktose) kammt natirlicherweise in Obst vor. In groen Mengen soll er der Leber
schaden. So pauschal lasst sich das jedoch nicht sagen.

14. August 2023 Review: Bernd Kerschner

AutorlIn: Jana Meixner

.
~ .
\\..&“l,._k 5
.\\\\ 3

1‘ .
“ - —‘-_
- N ~—— -
3 — —— ™~

Ist eine Fruchtzucker-haltige Erndhrung far die Leber unbedenklich?

‘ ‘ wahrscheinlich

Ist der (bermaBige Konsum von mit Fruchtzucker gesiiBten Getranken fir die Leber
unbedenklich?

799-

Viel Fruchtzucker (Fruktose) in der Erndhrung durfte der Leber nicht schaden - besonders Fruchtzucker-haltiges
Obst ist wahrscheinlich unbedenklich. Ob Fruchtzucker das Risiko fur eine Lebererkrankung erhoht oder nicht,
scheint vor allem von der Gesamt-Kalorienzufuhr abzuhangen: Softdrinks und andere gesiite Getranke etwa
fiihrten in Studien zu einer Verfettung der Leber. Allerdings nur dann, wenn die Teilnehmenden insgesamt mehr
Kalorien zu sich nahmen, als sie eigentlich brauchten. Ob fiir die Verfettung tatsachlich (nur) der Fruchtzucker
verantwortlich war, ist damit aber nicht sicher beantwortet. Es kdnnten auch die iberzahligen Kalorien eine Rolle

spielen.
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Dataset Construction: Claims & Evidence

« We scraped the portal in December 2022 (using Scrapy in Python)

« All text fields including question (claim), verdict label, full article text, explanation paragraph, sources
« Two annotators labeled up to 5 most important evidence sentences (rationales) from each article

« Labels are one of the three: supported, refuted, not enough information
« Additionally, supported and refuted claims have one of three levels of evidence (low, moderate, high)

« Example instance of the dataset:

Question:
e Does cat’s claw improve joint disease symptoms?
Verdict label:
e Not enough information
Explanation:
e We found three small studies that investigated cat’s claw
in patients with rheumatoid arthritis or osteoarthritis. The
studies have significant flaws and sometimes come to contra-

dictory results. Therefore, the question cannot be answered
unequivocally.
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Full article:

s People with joint disease often have a high level of suffering,

especially if the medically prescribed products do not help
enough. In the case of joint wear (arthrosis) and rheumatoid

arthritis, therefore, preparations that promise a rapid rem-

edy and are available free of prescription have an economic
impact. This also includes means with cat claw, to which
the request of a reader reached us. Can these help with joint
diseases, thus relieve pain and improve the mobility of the
joints? In laboratory and animal studies [...]

Annotated rationales:

e Whether cat claw helps better in rheumatoid arthritis or
osteoarthritis than a placebo cannot be reliably estimated
on the basis of the available studies.

e Since both osteoarthritis and rheumatoid arthritis are
chronic diseases, no conclusions can be drawn about the
longer-term positive and negative effects of cat claws.

e We can’t make any statements about effectiveness.
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Dataset Description: Statistics
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2001 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year
Alternative and complementary medicine (8%0) Cardiovascular system (7%)

Cancer (7%
Muscles, bones, and joints (9%)

Mental health (%)

Hespiratory system (9% Eyes, ears, and nerves [G%)

Immune system (15%:) Digiary supplements { 18%2)

Nutrition {15%)
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Aspect

n

o Min Max

No. of evid. sent.

3.4

No. of all sentences 59.0

Words: articles

857

Words: explanations 40.0
Words: evid. sent. 76.6

1.2 1

253 16 168
369 244 2677
183 7 103
322 15 189

Verdict

Supported

Refuted

NEI 1

Level of Evidence
NEI L low
I high B mediom

100 200

300 400

Number of Claims

202

125

423

© sebis



Experiments: Task Formulation TUT

- Evidence selection: given a claim ¢ and an evidence document consisting of n sentences s,, S,, ... S,
the task is to train a model that predicts whether s;is an evidence sentence

« Veracity prediction: given a claim c and k previously selected evidence sentences e = e, e,, ... , the goal
IS to predict one of the three classes of the final verdicts: y(c, e) € {Supported, Refuted, Not Enough Info}

* Pipeline systems: model the tasks separately

and perform consecutively 1) Evidence sentence selection
« Each candidate sentence s; is concatenated
with the claim to get candidate sequences candidate 1 guug
a; = [c, SEP, s} ————l . g%
« Candidate sequences are embedded with a il 3 3

candicato n MR

language model as h, = BERT (&)
» Classifier model predicts for each sentence

whether it is an evidence sentence 2) Textual entailment prediction

° ' ' . M selected 1 || selected 2 J selected k
Separate NLI model predicts the final verdict
based on claim ¢ and selected evidence e !

NLI classifier

|b Entailment " Contradiction
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Experiments: Task Formulation TUT

- Evidence selection: given a claim ¢ and an evidence document consisting of n sentences s,, s,, ... S,
the task is to train a model that predicts whether s;is an evidence sentence

« Veracity prediction: given a claim c and k previously selected evidence sentences e = ey, €,, ... €, the goal
IS to predict one of the three classes of the final verdicts: y(c, e) € {Supported, Refuted, Not Enough Info}

 Joint systems: perform the two tasks simultaneously

through shared representation and multi-task learning : _
. . . . 1) Dense embedding of [claim + full document text]
* Claim c is concatenated with the full evidence text

as Seq = [C’ SEP’ S1s SEP’ S - SEP’ Sn] candidate ‘;:IrggndidateZ
« The full sequence is embedded with a model | candidate 3| ... |

candidate n

language model as h, = BERT(seq)

* The representation of each evidence sentence ﬁ
from sequence is singled out and fed to the K
sentence selector g

« The full sequence representation is fed to the fine- 2) Multi-task learning  Srepresentafion
tuned NLI model to predict the verdict of both tasks |

sentence NLI
selector predictor

selected k
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Experiments: Results

Evidence Selection

Veracity Prediction

Oracle Ver. Pred.

System Base Model Precision Recall F1 Macro | Precision Recall F1 Macro F1 Macro
XLM-R (German) 48.01 5 48.33.6 48.15 59.09 2 D9.1g 4 08.49 73.6¢ 5
XLM-R (English) 51.99 4 52.94.0 92.31.4 64.87 4 60.05.7 60.46.1 T4.74.4
pipeline BERT 51.43 4 21.01.9 2l.296 20.04 .5 00.54 2 a0.14.6 69.9: 5
BioBERT 02.25 ¢ 4.4 5 03.21.0 62.65 3 50.34.0 07.24.9 78.135
DeBERTa H4.84 7 56.64 3 55.5“[1 67.646 64.54. 0 65.13.2 81.91.4
BERT 79.13.5 70.02 73.21.7 69.44 ¢ 65.53.5 66.94.4 —
joint BioBERT 64.25 o 74.25 5 67.41 o 69.159 63.04.2 63.15 7 —
DeBERTa ?1823 75.2;;.5 ?3.41.4 68245 ﬂﬁ.gq_n E?.S;;,g —

Table 3: Results of all baseline systems and models in the form of the mean and standard deviation

(subscript) of a 5-fold cross-validation over the dataset.

« The multilingual model XLM-RoBERTa performed better on English data than on German version

« The biomedical language model BioBERT beats BERT, showing the importance of domain knowledge
 Still, BioBERT is outperformed by DeBERTa, a model that excels on NLU and knowledge-intensive tasks
« Joint systems outperform pipeline systems, especially for evidence selection

» Oracle verdict prediction assumes gold evidence is given = a lot better performance, demonstrating the
challenge of correct evidence selection before verdict prediction

240502 Vladika HealthFC
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Experiments: Qualitative Analysis

Interesting examples of errors:

Claim: Does cat's claw improve joint disease symptoms?

Claim: Are vegetables prepared in a microwave oven
less healthy than those prepared in other ways?

Gold evidence: If there are health problems related to the mi-
crowave, then this is not because the microwave ingredients are destroyed
or changed, but because it is simply too unhealthy to eat altogether. The
week-long feeding with always several times warmed up in the microwave
has not led to any signs of poisoning.

Selected evidence: Recent studies see the matter more differ-
entiated: Depending on the variety of vegetables and the exact type of
preparation, the microwave can sometimes be better and sometimes
worse suited than, for example, cooking [2-12]. If there are health prob-
lems related to the microwave, then this is not because the microwave
ingredients are destroyed or changed, but because it is simply too un-
healthy to eat altogether.

Gold evidence: Whether cat claw helps better in rheumatoid arthri-
tis or osteoarthritis than a placebo cannot be reliably estimated on the
basis of the available studies. We can't make any statements about
effectiveness.

Selected evidence: People with joint disease often have a high
level of suffering, especially if the medically prescribed products do not
help enough. In the case of joint wear (arthrosis) and rheumatoid arthritis,
preparations that promise a rapid remedy and are available free of pre-
scription have an economic impact. Inlaboratory and animal studies there
was evidence of a possible anti-inflammatory effect of cat claw extracts.
As a whole, only a few patients were involved, and very different prepa-
rations were tested. This also includes various joint diseases.

Gold label: NEI || Predicted: Supported

Gold label: Refuted || Predicted: Supported

240502 Vladika HealthFC

Claim: Does brain training boost intelligence?

Gold evidence: Those who train their memory only get better in
these exercises, i.e. only in working memory and not in other aspects
of intelligence. A review from 2013 casts doubt on how much cognitive
training can be helptul for children and adolescents with various mental
developmental disorders.

Selected evidence: [None]
Gold label: Refuted || Predicted: NEI

Table 4. Examples of claims, with gold and selected
evidence snippets, where the DeBERTa baseline
made incorrect predictions.

© sebis
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Experiments: Additional Challenges

« Claims only: pass only the claim to the NLI verdict prediction model (to test the robustness of the dataset)

TUTI

 Google snippets: use the top 5 Google search results (snippets) for fact-checking the claims
« Gold explanations: use the short summary paragraphs from the original portal’s authors to fact-check
« Level of evidence: the task of prediction one of the three levels of evidence (low, medium, strong)

Experiment P R F1

Claims only 37455 43.810 39.305
Google snippets 44.9¢60 48.004 444,56
Gold explanations | 46.8;g 57.495 51.294
Level of evidence | 40.35¢ 44.455 42.2¢%

Table 5: Results of additional experiments with
DeBERTa on veracity prediction with different evi-
dence sources and predicting the level of evidence.

240502 Vladika HealthFC
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Future Work

« Follow-up work: Comparing Knowledge Sources for Open-Domain
Scientific Claim Verification (Vladika and Matthes, EACL 2024)

* Focuses on the open-domain setting, where evidence
document is not given but has to be discovered

« Using popular online knowledge bases as the evidence source
for fact-checking the claims

«  We show that for HealthFC, Wikipedia (with semantic search)
performs the best, compared to PubMed and Google, owing to
its focus on everyday claims and citing systematic reviews a lot

* Future challenges:

* Improving the open-domain setting with enhanced retrieval,
guality assesment of sources, structured queries...

« Explanation generation for final predictions and verdicts
« Using LLMs to improve the fact-checking process
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i' Melatomn helps against jet lag.

! Regular coffee drinking increases the risk of a stroke. X

- Sitting for long periods of time shortens the lifespan.
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Document Retrieval
(semantic search or BM25)
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(sentence embeddings)
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(NLI — entailment recognition)
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