© O N o U A W N R

10

11
12
13
14
15
16

17
18
19
20
21
22
23
24
25
26
27

28

29
30
31
32
33
34
35
36

37

38
39

Under review as a conference paper at COLM 2025

Cross-corpora argument analysis
using textual entailment

Anonymous authors
Paper under double-blind review

Abstract

We present an entailment-based clustering method for conducting cross-
corpora argument analysis. Unlike traditional clustering based on semantic
similarity, our approach uses natural language inference to cluster tex-
tual propositions based on entailment relationships. We then apply our
method to 2.34 billion Reddit discussions across three vaccines, namely
COVID-19, HPV, and MMR. Our results demonstrate that the entailment-
based clustering method better preserves distinct argumentative relations,
compared to traditional hierarchical clustering, and uncovers reasoning
patterns involved in vaccine hesitancy across multiple different vaccines.

1 Introduction

Facilitating comprehension of the large volume of public opinion is crucial for civic decision-
making (Mahyar et al., 2019). Prior work has used several automated content analysis
techniques, such as topic modeling (Livermore et al., 2017; Council, 2021) and clustering
(Hoyle et al., 2023), to uncover the main beliefs (or propositions) held by the public. However,
many times public opinion (e.g., comments, social media posts) can be argumentative, where
authors not only state their beliefs but also provide reasons to support them.

In this work, we propose a computational method for cross-corpora argument analysis
using entailment-based clustering. We then apply it to study arguments shared across three
different vaccines (COVID-19, HPV, and MMR) on Reddit. Vaccine hesitancy represents
one of the top 10 global health threats declared by World Health Organization (2019), and
prior research has observed spillover effects, suggesting that attitudes toward one vaccine
can influence perceptions of other vaccines (LaCour & Bell, 2024). Furthermore, Larsson
(2020) shows that modern arguments about vaccines tend to mimic common tropes across
history, illustrating how similar argumentation patterns persist across different contexts
and time periods. Motivated by these studies, we develop a computational method to
analyze argumentative structures across different vaccine discussions at scale and identify
cross-vaccine reasoning patterns.

2 Dataset

We analyze 2.34 billion Reddit posts across all subreddits from June 2005 to February 2023,
using keyword filtering to identify posts related to COVID-19, HPV, and MMR vaccines (Ta-
ble 1). Since not all posts are argumentative, we develop a classifier using logistic regression
with DistilBERT embeddings as input features to identify argumentative posts. We train
this classifier using posts from subreddits where community rules indicate the expected
type of discussions (Table 2). For example, we label posts from r/unpopularopinion as
argumentative (where users present and defend their opinions) and r/explainlikeimfive
as non-argumentative (where users mainly ask questions or seek explanations).

3 Entailment-based clustering method

Our method involves two stages: (1) extract and cluster propositions, (2) infer entailment
relations among cluster representatives to build an argument graph.
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Proposition extraction. We first decompose each post into propositions, which we define

as self-contained atomic statements. We prompt L1lama-3.1-8B-Turbo-Instruct model
with a four-shot-prompt adapted from Kamoi et al. (2023) and examples from Peldszus &
Stede (2015) (Figure 1). Table 3 shows the number of propositions extracted per vaccine.
We then cluster propositions separately for each vaccine using k-means clustering (Lloyd,
1982), with the number of clusters (k) chosen proportionally to the volume of posts for
each vaccine. Overall, we obtain 10k COVID-19, 1k HPV, and 1k MMR clusters, with the
proposition closest to the cluster centroid as a cluster representative.

Inferring entailment relations. We infer argumentative relations among cluster repre-
sentatives using the textual entailment task (Jurafsky & Martin, 2025). More specifically,
for each cluster representative, we identify all other cluster representatives that entail it
(Figure 2), using an NLI classifier.? A cluster is then a set of all premises that entail a single
claim. Unlike argument retrieval with predetermined queries (Bondarenko et al., 2021;
Ein-Dor et al., 2020), we treat each cluster representative as a potential claim and retrieve
supporting premises from the corpus. Since a cluster representative can simultaneously
serve as a claim (cluster center) and a premise (cluster member), our approach creates a
directed graph structure.

Our work relates to prior research on argument visualization and mapping. Earlier ap-
proaches focused on manual visualization of individual arguments (Reed, 2001) or collabora-
tive argument mapping tools (Klein, 2012). Closest to our work, Gupta et al. (2024) automate
this process by constructing corpus-level argument hypergraphs, drawing edges among
propositions when authors explicitly argue in their comment/post that one proposition
supports another. In contrast, our entailment-based approach also helps infer relations
among propositions that are never explicitly connected by authors, enabling cross-vaccine
analysis by identifying similar arguments across vaccine types.

4 Results

Comparison with hierarchical clustering. An alternative approach to obtaining argu-
ment graphs is hierarchical clustering (Cohen-Addad et al., 2017), which also organizes
propositional clusters into tree-like structures, though based on semantic similarity rather
than entailment relations. This method recursively groups propositions into clusters until
the inter-cluster distance exceeds a threshold (0.3 in our experiments). We consider three
ways to measure inter-cluster distance: single (distance between closest points), complete
(distance between farthest points), and average (mean pairwise distance). To compare the
two approaches, we applied both hierarchical clustering (HC) and our entailment-based
clustering (EC) to our dataset, analyzing clusters with five or more members. For each HC
cluster, we computed its Jaccard similarity with all EC clusters and identified the number
of HC clusters that have high overlaps (Jaccard > 0.2) with 3 or more different EC clusters.
Across all linkage methods, over 30% of HC clusters significantly overlap with three or
more EC clusters (Table 4). This observation suggests that semantic similarity often merges
distinct argumentative structures that the entailment method preserves.

Qualitative analysis. We next apply our method to analyze cross-vaccine discourse. Fig-
ure 2 shows a cluster centered on “I would rather not take the vaccine,” revealing shared
patterns: both COVID-19 and MMR discussions include religious justifications and illness
concerns, while HPV and MMR propositions reference age differently —MMR emphasizes
child protection, HPV focuses on avoiding vaccination later in life. Figures 3 and 4 show
clusters that share a premise with Figure 2 but support different claims. Figure 3 centers on
death concerns, with COVID-19 posts mentioning elderly protection, while MMR focuses
on children. All three vaccines share concerns about side effects, with HPV posts listing
effects such as infertility and cancer. Finally, Figure 4 highlights a claim related to freedom
of choice, including reasons like work/school mandates and constitutional objections.

Overall, we find our entailment-based clustering method as a promising direction for future
work, which can help reveal and visualize argumentative patterns across different corpora.
More broadly, our work demonstrates how NLP methods could be used to assist interpretive
work or aid exploratory content analysis for public opinion research.

LAccessed via https://www. together. ai
2Using the BART-1large-MNLI model from https://huggingface.co/facebook/bart-large-mnli
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Strong COVID-19  comirnarty, covovax, nuvaxovid, spikevax, vaxzevria
Strong HPV ceravix, gardasil, 9vhpv, 4vhpv, gardasil-9, gardasil

Strong MMR m-m-r ii, mmr ii, mmr v, mmrv, proquad, measles-mumps-rubella,
measles-mumps-rubella-varicella

Weak COVID-19 2019-ncov, astra zeneca, astrazeneca, biontech, biotech, ¢ 19, c¢
vid, c-19, china virus, chinavirus, chinese vaccine, chinese virus,
comirnarty, corona, coronavirus, covid, covid 19, covid-19, covid19,
cvd, darona, delta, j and j, j&j, janssen, johnson & johnson, johnson
and johnson, kung flu, moderna, mrnav, ncov, novavaxv, omicron,
pfizer, pfizer-biontech, rona, rone, roni, rony, roro, sars cov 2,
sars-cov-2, sarscov2, the rona, the vid, wuhan virus, j & j, 2019
ncov, 2019ncov

Weak HPV anal cancer, anal intraepithelial neoplasia, cancer anal, cancer
anus, cancer cervical, cancer head neck, cancer penile, cancer
penis, cancer vagina, cancer vulva, carcinoma in situ, carcinoma
penile, carcinoma penis, carcinoma vagina, carcinoma vulva, cervical,
cervical dysplasia, cervical intraepithelial neoplasia, cervical
neoplas, genita wart, hpv, hrhpv, hsil, human papillomavirus,
laryngeal papillomatosis, 1sil, neoplas anal, neoplas anus, neoplas
penile, papilloma, papilloma virus, papillomavirus, papillomavirus
infections, penile intraepithelial neoplasia, recurrent respiratory
papillomatosis, tumor anal, tumor anus, vaginal cancer, vaginal
dysplasia, vaginal intraepithelial neoplasia, vulvar intraepithelial
neoplasia

Weak MMR measle, measles, mmr, mump, immunisations, priorix, proquad,
rubella, rubellas

Vaccine keywords booster, boosters, dose, immunisation, immunise, immunised,
immunises, immunising, immunization, immunizations, immunize,
immunized, immunizes, immunizing, inoculat, inoculate, inoculated,
inoculation, jab, jabs, needle, shot, shots, vaccin, vaccinate,
vaccinated, vaccinates, vaccinating, vaccination, vaccinations,
vaccine, vaccines, vacine, vaxxer, vaxxers, revaccinated

Table 1: List of keywords used to identify posts related to COVID-19, HPV, or MMR vaccines.
Strong keywords (typically vaccine names) indicate high likelihood that a post discusses a
specitic vaccine. Weak keywords, such as disease names or related terms, suggest a post
may reference the illness a vaccine prevents but not necessarily the vaccine itself. To identify
vaccine-related posts, we first check for strong keywords. If found, the post is included. If
not, we check for weak keywords combined with general vaccine-related keywords; posts
containing both are also included. Posts meeting neither condition are excluded.

Discourse type Subreddits
Argumentative r/unpopularopinion
Information seeking  r/explainlikeimfive
Ranting r/TrueOffMyChest
Storytelling r/tifu & r/PointlessStories

Symptom checking  r/DiagnoseMe

Table 2: Subreddits used for training the argumentative versus non-argumentative post clas-
sifier. Each subreddit’s community rules encourage a specific type of discussion, allowing
us to label posts as argumentative or non-argumentative based on their source subreddit.

Vaccine Extracted propositions

COVID-19 371,261
HPV 6,896
MMR 13,965

Table 3: Number of propositions extracted from posts of each vaccine.
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Base Prompt

Segment the given text into individual unique facts. Each fact should contain
only one main verb and use minimal or no clauses. Each fact should be
decontextualized, incorporating all the necessary information from the
argument to make it self-contained. Ensure all information in the argument is
covered and the wording is as unchanged as possible. Please return the
original argument if it cannot be decomposed. If the given input is not a
complete argument, and thus cannot be decomposed into individual facts,
return the original input. Only give facts (or the original argument) and nothing
else.

Four Shot Prompt *

Here are some examples:

Text: “Yes, it's annoying and cumbersome to separate your rubbish properly all
the time. Three different bin bags stink away in the kitchen and have to be
sorted into different wheelie bins. But still Germany produces way too much
rubbish and too many resources are lost when what actually should be
separated and recycled is burnt. We Berliners should take the chance and
become pioneers in waste separation”

Facts: “"1. Yes, it's annoying and cumbersome to separate your rubbish
properly all the time.

2. Three different bin bags stink away in the kitchen and have to be sorted into
different wheelie bins.

3. But still Germany produces way too much rubbish

4. and too many resources are lost when what actually should be separated and
recycled is burnt.

5. We Berliners should take the chance and become pioneers in waste
separation!™”

Text: “One can hardly move in Friedrichshain or Neukdlln these days without
permanently scanning the ground for dog dirt. And when bad luck does strike
and you step into one of the many 'land mines' you have to painstakingly scrape
the remains off your soles. Higher fines are therefore the right measure against
negligent, lazy or simply thoughtless dog owners. Of course, first they'd actually
need to be caught in the act by public order officers, but once they have to dig
into their pockets, their laziness will sure vanish!”

Facts: “1. One can hardly move in Friedrichshain or Neukélln these days
without permanently scanning the ground for dog dirt.

2. And when bad luck does strike and you step into one of the many ‘land
mines' you have to painstakingly scrape the remains off your soles.

3. Higher fines are therefare the right measure against negligent, lazy or simply
thoughtless dog owners.

4. Of course, first they'd actually need to be caught in the act by public order
officers,

5. but once they have to dig into their pockets, their laziness will sure vanish!”™”

Text: “The parkway was opened in 2001 after just under a year of construction
and almost two decades of community requests.”

Facts: “"1. The parkway was opened in 2001.

2. The parkway was opened after just under a year of construction.

3. The parkway was opened after two decades of community requests.

Text: "Other title changes included Lord Steven Regal and The Nasty Boys
winning the World Television Championship and the World Tag Team
Championship respectively.”

Facts: “"1. Lord Steven Regal won the World Television Championship.

2. The Nasty Boys won the World Tag Team Championship.

Figure 1: Prompt used for decomposing a given post into propositions.
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Linkage
method

HC clusters overlapping
with EC clusters (size > 5)

Total count of HC  Percent
clusters (size > 5) overlap

Single
Average
Complete

22
51
37

58 38%
156 33%
97 38%

Table 4: Comparison of HC cluster overlapping with > 3 EC clusters by linkage method.

1 would rather not take
the vaccine.

mm COvVID
. HPV
mm MMR

Please stop getting COVID shots.

I'm anti covid vax.

Please do not take the vaccine.

People get offended if you mention you don't really want to forcefully get vaccinated.

He is against the vaccine.

They are under 30 years old, female, no other health issues apart from occasionally low
iron, and do not want to take the vaccine but will be fired if they don't and are trying to
determine which vaccine has the least or less severe side effects and are being forced to
choose between Astrazeneca and Pfizer.

I disagree with child baptism of the holy elixir vaccine.

The vaccine can cause abnormal reactions including death at a higher-than-usual rate so |
gave it a miss because | was concerned and | find it absurd that anyone would have a
problem with someone taking one risk but not another and the vast majority of those dying
from this illness are elderly.

I"d rather live giving up something for a couple months than deal with the HPV virus.

I'm too old for any vaccines.

"The flu shot makes me sick, so why bother?"

Vaccine aversion is often driven by love for one’s children.

Christian ists are rejecting i

Figure 2: EC cluster centered around “I would rather not take the vaccine.”

The vaccines may cause
death.

<=

mm COVID
mm HPV
mm MMR

Figure 3: EC cluster centered around ”"The vaccines may cause death.” The underlined

But you insists on declaring that there is no way the vaccine did cause his death.

Independent investigations have revealed that some lots of the shots are associated with very
severe side effects and death.

If a person dies after vaccination, it's a vaccine death.

You are killing grandma if you are not vaccinated and die of covid

The vaccine is going to be what's going to kill lots of people.

The vaccines dont protect against hospitalization and death effectively.

Some people have died from the vaccine.

The death announcement reportedly comes now of the first man to get the Covid-19 vaccine to kick
off the vaxx campaign of someone named Shakespeare who got the Covid-19 vaccine.

But honestly, at this point, you would be possibly killing yourself and your neighbour's heart attack
or stroke victim or car crash survivor if you decline vaccination.

The Vaccine Injury Compensation Program compensates people injured or killed by vaccines.

The AstraZeneca vaccine is linked to 253 spontaneously reported fatalities for blood disorders on
the European database on vaccine injuries as of 11/27/21

You have a very high chance of dying if you don't take the vaccine.

The vaccine is killing people.

There's a code of silence shielding the massive increase in deaths (and other serious injuries)
reported to VAERS from the covid shots.

The vaccine can cause abnormal reactions including death at a higher-than-usual rate so | gave it a
miss because | was concerned and | find it absurd that anyone would have a problem with someone
taking one risk but not another and the vast majority of those dying from this illness are elderly.
Respondent has failed to put forth preponderant evidence that J.B.s death was in fact caused by
factors unrelated to the vaccines.

All vaccines come with risks and benefits, including initial pain with administration, severe
complications, and even death.

A picture says Gardasil is linked to infertility, POTS, HPV cancers, Autoimmune diseases and death.
A federal court has recently ruled that a vaccine likely caused a death.

Antivax parents should be tried for manslaughter if their child dies from a preventable disease such
as the flu, measles, etc.

25,000 dying from vaccines is compared to 45,000 dying from diseases.

Another vaccine that was found to be unsafe had doubled mortality in low-income countries and
would have caused 500000 each year if they had continued to use it.

Not vaccinating children could cause their death.

proposition is shared with the EC cluster from Figure 2.

—

<5

People should have the
right to choose a
vaccine but not to be
forced into one.

. COoVID
mm HPV
s MMR

People should not be forced to get the shot.

Children should not be required to vaccinate in order to attend public school.

People get offended if you mention you don' really want to forcefully get vaccinated.

Being forced to take a vaccine is objectively against human rights because you completely deny
the freedom of choice thus being a more severe consequence than outlawing a substance.
Conservatives want no vaccine mandate.

| disagree with forcing employees to get a vaccine and yet still wear a mask at work

Businesses should not be forced to have employees vaccinated unless in a healthcare setting

| do think it's reasonable to strongly disagree with forcing people to inject their products into your
body

Physil:al forcing of a vaccine on a citizen is not constitutional.

If you have a number of other viable reasons not to you shouldn't get forced to take a vaccine.

Figure 4: EC cluster centered around “People should have the right to choose a vaccine
but not be forced into one.” The underlined proposition is shared with the EC cluster from
Figure 2.
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