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Abstract. Arguments used when vaccination is debated on Internet discussion
forums might give us valuable insights into reasons behind vaccine hesitancy. In
this study, we applied automatic topic modelling on a collection of 943 discussion
posts in which vaccine was debated, and six distinct discussion topics were
detected by the algorithm. When manually coding the posts ranked as most typical
for these six topics, a set of semantically coherent arguments were identified for
each extracted topic. This indicates that topic modelling is a useful method for
automatically identifying vaccine-related discussion topics and for identifying
debate posts where these topics are discussed. This functionality could facilitate
manual coding of salient arguments, and thereby form an important component in
a system for computer-assisted coding of vaccine-related discussions.
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Introduction
Decreased vaccination rates caused by vaccine hesitancy have led to outbreaks of
vaccine-preventable diseases in several parts of the world [1]. More might be learnt
about the reasons for vaccine hesitancy by studying the arguments that are given for
avoiding vaccination. The context of Internet discussion forums is one example of a
context where vaccination-related arguments are expressed [2], and such forums are
therefore one possible source from which vaccine-related arguments can be gathered.
There are a number of manual qualitative research methods that could be applied
for coding Internet discussions on vaccination [3, pp. 163–180], and there are studies in
which such a coding has been carried out [4, 5]. To be able to learn from and monitor
Internet discussions on a larger scale, however, the content of large text collections
needs to be coded. This is an intractable task when using manual coding approaches
that require the entire text collection to be read, but is possible if important information
could be automatically extracted and presented for manual coding. We here aim to
explore this functionality, by performing computer-assisted extraction of arguments
from Internet discussions on vaccination. 2
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1. Background
For the task of coding a large text collection of free-text survey responses, Baumer et al.
compared (i) an analysis based on a computer-assisted approach, where a subset of the
texts was automatically selected by topic modelling and manually coded, and (ii) a
manual analysis based on grounded theory, in which the entire document collection
was coded [6]. The former analysis took a few hours to carry out by one analyst, while
two researchers allocated several hours a week over about two and a half months for
the latter approach. Despite the large difference in allocated time, the comparison of the
output of the analyses showed that “The topic modeling results captured to a surprising
degree many of the themes identified in grounded theory, and vice versa”. These results
show the potential of using topic modelling for selecting what material to manually
code. We here followed the computer-assisted approach of Baumer et al., and manually
coded a subset of our document collection, which we selected by topic modelling.

2. Method
Before the topic modelling algorithm was used to select documents to code, a preprocessing was applied to the texts in the collection.
2.1. The document collection used and the pre-processing applied
The texts that we used for exploring computer-assisted coding were vaccine-related
discussion threads from the British parental website Mumsnet, which hosts online
forums where subjects related to parenting are discussed.3 The discussions are publicly
available without a login, and debaters are encouraged to anonymise their texts, which
makes it unlikely that the posts include sensitive or private content.
We have previously compiled a resource of debate posts from six Mumsnet
discussion threads, where we have removed HTML-tags, names of debaters and
citations from previous debaters [7]. We collected the debates with the criterion that
they should have a title that indicates a debate topic related to vaccination or child
vaccination in general, as opposed to more specific aspects of vaccination, e.g.,
vaccination against specific diseases. The publication year for the most recent post
varied between the different threads, from year 2011 to 2017. In the previous study, we
had also manually coded the posts as expressing a stance for or against vaccination, or
as being undecided. For the current study, we were mainly interested in posts where an
opinion was expressed. We therefore removed the undecided posts from the document
collection, which led to a final collection of 943 posts. Each post was treated as one
independent document in the experiment, and no meta-data was used. For instance,
information on who the author was, or which thread the post belonged to, was not used.
The document collection was first automatically pre-processed by concatenating
frequent collocations into one term. Different term instantiations of the same concept
(morphological variations, synonyms, and related terms) were thereafter automatically
replaced by a term that represented the concept. This was achieved by clustering [8]
word embedding vectors that represented the terms. The embedding vectors were
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obtained from an out-of-the-box word2vec 4 model [9]. Table 1 shows examples of
collocations (shown with an underscore) and concept clusters (shown with a slash). The
produced concept clusters were manually corrected, which resulted in the removal of
165 terms from the clusters, and a final set of 402 concept clusters was used.
A standard stop word list [10] was used to remove stop words. We also extended
this list by repeatedly pre-running the topic models to identify terms extracted by the
model that we considered more suitable as stop words than as topic terms.
2.2. Topic modelling
The input to a topic modelling algorithm is typically a collection of text documents and
the number of topics that the algorithm is expected to identify in the collection. The
output of the algorithm, for each one of the identified topics, is (i) a set of terms from
the collection that represents the topic, e.g., the terms in the first column in Table 1,
and (ii) a ranking of the texts according to the probability that they discuss the topic.
The procedure of the previously mentioned topic modelling study by Baumer et al.
[6] was followed. Baumer et al., however, only applied LDA (Latent Dirichlet
Allocation) as the topic modelling method for their document collection of survey
answers. Since previous research indicates that NMF (Non-Negative Matrix
Factorisation) is more suitable to a document collection that consists of discussion
posts [11], we also included NMF in the experiments. We instructed the topic
modelling algorithms to identify ten topics, but only topics that were fairly stable over
ten re-runs of the algorithm were retained. A 70% overlap of the returned term set with
a previously returned term set was required for a topic to be considered stable. The
experiments were implemented with Scikit-learn [10].

3. Results and discussion
The LDA algorithm produced very few stable topics. Only the output of the NMF
algorithm, which returned six stable topics, was therefore analysed. For each of these
topics, we extracted the 50 posts that the NMF algorithm ranked as most typical to the
topic. One of the authors then manually coded the posts for arguments related to
vaccination. A few hours were spent on each topic, and the results are shown in Table 1.
A set of semantically coherent arguments could be identified for each extracted
topic. Topic 2 was the most coherent of the six topics, as only 23 themes were
identified, which all of them were related to Dr. Paul Offit. Both Topic 1 and Topic 4
were related to MMR (measles, mumps, and rubella) vaccination, but the themes of
Topic 1 were related to research on and reports of adverse vaccine reactions, while the
Topic 4 posts discussed the duration of vaccine immunity, disease severity, and single
vaccines. Topic 3 was related to the eradication of diseases through vaccinations,
opinions on how small pox was eradicated and how that should affect vaccination
programs for other diseases. The arguments for Topic 6 revolved around risk
assessments for child vaccination, for vaccine-preventable diseases, and for infecting
vulnerable individuals.
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Table 1. Arguments occurring in at least three posts in the layperson discussions studied (without any regard for their
validity). For the 6 topics, 38, 23, 51, 61, 40, and 33 themes, respectively, were identified.
Extracted terms

Arguments (number of occurrences)

Topic 1: mmr, evidence,
link, worry/concern,
problem/difficulty,
autism/autistic, parents,
thread, sure, case, jab,
issue, study, reaction/
response, research, pro,
opinion/views, wrong,
reason, information

There is no proven link between MMR and autism, despite many studies (7).
Children who have been reported as having reacted badly to MMR are not
examined/parents dismissed/more research needed (6). Many reports of
vaccination damage and regressive autism after vaccination (4). MMR effective
in stopping the spread of 3 potentially dangerous diseases/Children vulnerable
without (3). Personal story of measles after vaccination (3). Personal story of
immune system negatively affected by MMR/measles vaccination (3). The
scientific papers that suggest a link between MMR and autism have been shown
invalid (3). Expression of distrust in government/pharmaceutical industry (3).

Topic 2: offit, 10, 000_
vaccines, theory, baby/
infant, antigen/epitope,
cope, 000, paul, agree,
book, goon, test,
bullshit/nonsense, 100,
theoretical, flawed, day

Criticism of Offit's claim that each infant would have the theoretical capacity to
respond to about 10,000 vaccines at any one time (23). Explanation/defence of
Offit's claim about the theoretical response to 10,000 vaccines (8). Offit is
lobbying for the pharmaceutical industry (5). Offit is a good person (5). Offit
makes money on vaccines, and therefore biased in vaccination debates (3).
Request for evidence of risks with vaccination combinations, rather than
criticism of Offit (3).

Topic 3: small_pox,
countries, eradicate,
mass_vaccination,
early/late, anybody/
somebody, endemic,
population, polio,
complex, epidemic/
outbreak, current, poor

That small pox vaccination has been successful does not mean that there are no
problems with other vaccines (7). Small pox was eradicated by the vaccine (6).
No proof that vaccination was responsible for eradicating small pox, but it could
have been caused by other factors, e.g., better sanitary and health care conditions
(6). Better conditions is not the reason small pox was eradicated, since it was
eradicated also in poor countries without these improvements (6). We are close
to eradicating polio through vaccination (5). Selective vaccination was enough to
eradicate small pox, no need for mass vaccination to eradicate a disease (3).

Topic 4: mumps, dose,
measles, wanes, waning,
protect, mumps_
vaccine, complication,
caught, cases, student,
introduce, groups,
meningitis, difficulty/
problem, single, age,
mmr, singles, economic

Duration of protection from mumps vaccine is unknown or uncertain (9). Not
only the MMR combination should be offered, but also single vaccinations (5).
Mumps is more dangerous in adulthood (4). Infant mumps vaccination increases
risk for outbreaks of mumps in older age groups (4). Mumps vaccination is
motivated by economics, not health reasons (4). There are serious complications
from mumps, e.g., sterility, meningitis and deafness (4). Mumps in children is a
mild disease with few complications (3). Vaccination decreases risks for
complications, even if immunity wanes (3). Complications caused by mumps are
rare (3).

Topic 5: doctor/
physicians, assumption,
anti, smoking, digging,
single, critical, parents,
patient, swine_flu,
fringe, refusal, medical_
professionals, article,
switzerland, loibner,
austria, shows, lie

Expression of trust in science and medical professionals or a criticism of distrust
in science and medical professionals (5). Expression of distrust in medical
professionals (4). Expression of distrust in the pharmaceutical industry, e.g.,
unethical, biased in information given (4). There are physicians who do not
vaccinate themselves or let their children be vaccinated (4). Many reports of
vaccination damage and regressive autism after vaccination (3). A questioning of
the claim that there is a recent trend of vaccine hesitancy among physicians (3).
There are other ways than vaccination to protect others who are vulnerable, e.g.,
quarantine (3).

Topic 6: risk, benefit,
small/tiny, end, carry_
risk, vulnerable/prone,
surgery, effects, higher,
case, worth, catch,
parent, real, protection,
rare, healthy_child,
decision, accept, choose/
decided, minimal,
community, disease/
infectious_diseases, immoral, herd_immunity

The risk of catching the vaccine-preventable disease or that the disease will
result in complications is higher than the risk of the vaccination (17).
Vaccination can protect others who are vulnerable/contribute to herd immunity
(10). The risk of vaccination is higher than the risk of the disease (6). There is no
need to take the risk of vaccination, since vaccination is unnecessary (6). A child
should not be vaccinated with the aim of protecting others (4). The children that
are vulnerable to vaccination damages cannot be identified beforehand/no
screening done to identify them, and for those children vaccination carry a high
risk (4). Parents are not appropriately informed about risks of vaccination (3).
The risk of serious side effects from vaccination for an otherwise healthy
individual is minimal (3). Parents' primary responsibility is their own child, not
to protect others (3).
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Topic 5 was related to trust or distrust in the medical profession and industry, and to
attitudes towards vaccination within the medical profession. This topic was, however,
less semantically coherent than the others, and included many examples of themes not
related to these issues. It can also be noted that both arguments for and against
vaccination were identified, for all six topics analysed.

4. Conclusion and future directions
The semantic coherence of the texts analysed for each topic, and the fact that
reoccurring arguments were found among these texts, indicate that the application of
NMF-based topic modelling is a useful strategy for extracting frequently occurring
discussion topics and salient arguments. As these topics and arguments were extracted
by only analysing a subset of the text collection, this method is suitable for computerassisted analyses of Internet discussions on a larger scale, with the potential of finding
reasons upon which vaccine hesitancy is based.
The study does, however, not show that the topics and arguments extracted were
the most salient ones. Future work will therefore include a manual annotation of
randomly selected texts to determine if there were important topics not included in our
analysis. It should also be noted that programming skills were required to perform the
pre-processing and topic modelling. As this limits the usability of the approach studied,
we aim to develop an interactive, graphical tool by which computer-assisted argument
mining with topic models can be carried out.
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