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Abstract. Effective public health messaging benefits from understand-
ing antecedents to unstable attitudes that are more likely to be influ-
enced. This work investigates the relationship between moral and emo-
tional bases for attitudes towards COVID-19 vaccines and variance in
stance. Evaluating nearly 1 million X users over a two month period,
we find that emotional language in tweets about COVID-19 vaccines
is largely associated with more variation in stance of the posting user,
except anger and surprise. The strength of COVID-19 vaccine attitudes
associated with moral values varies across foundations. Most notably,
liberty is consistently used by users with no or less variation in stance,
while fairness and sanctity are used by users with more variation. Our
work has implications for designing constructive pro-vaccine messaging
and identifying receptive audiences.
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1 Introduction

Moral values and emotions are ubiquitous experiences that shape how we pro-
cess information and form judgments. Efforts to curb public opinion, such as
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promoting the acceptance of COVID-19 vaccines, can leverage moral and emo-
tional reasoning to appeal to target audiences [4,12]. This practice can be more
effective when the moral values or emotions are relevant to members of the
target audience, that is, anti-vaccine belief holders [1,15,17,20]. Furthermore,
moral values and emotions associated with an attitude can affect the stabil-
ity of and openness to updating it. For example, attitudes with a moral basis
have been associated with more attitude-consistent behavior and resistance to
persuasion [2,9]. Similarly, emotional reactions to attitude-relevant information
have been associated with greater attachment to that belief [22]. Understanding
antecedents of attitude strength can reveal which individuals are most receptive
to public health messaging.

Social media provides insight into how people’s public-facing views change
over time, and the corresponding change in justification for those views. In this
work, we examine the relationship between the use of moral and emotional lan-
guage in tweets about COVID-19 vaccines and the variance of stance towards
COVID-19 vaccines expressed by the posting user. The variance of stance across
two months is used as a proxy for attitude strength, which is characterized
by stability over time, resistance to persuasion, and influence on behavior and
information processing [7]. Through an empirical analysis the tweets of nearly
1 million X (formerly Twitter) users who tweeted about COVID-19 vaccines at
least twice in a two month period, we aim to address the following;:

RQ@1: How is moral and emotional language used differently in pro- and anti-
COVID-19 vaccine tweets?

RQ@2: How is moral and emotional language used differently by X users who
indicate variation in expressed stance versus those who have no variation in
expressed stance?

RQ3: Do X users who include more moral and emotional language in their
tweets about COVID-19 vaccines have more or less variation in stance towards
COVID-19 vaccines?

The selected time period between March and May of 2021 coincides with some
of the highest vaccination rates in the United States throughout the COVID-19
pandemic'. For each tweet, we applied a lexicon-based methodology to detect
moral foundations and emotions. In addition, we developed and applied a clas-
sifier to label the stance of each tweet towards COVID-19 vaccines as {pro, anti,
neutral}. We then calculated the average use of each moral value and emotion,
as well as the standard deviation of stances, across tweets for each user.

In RQ1, we provide an overview of which moral foundations and emotions
are used in pro- and anti-COVID-19 vaccine tweets. In RQ2, we compare the
moral and emotional language used by the 310,258 users who expressed a single
stance about COVID-19 vaccines with the 603,158 users with any variation in
stance represented in their tweets. In addition, in RQ3, we identify associations
between moral and emotional language and stance variance among users with
any variation in stance, excluding users with zero variation.

! https://usafacts.org/visualizations/covid-vaccine-tracker-states,.
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2 Related Works

Extensive previous work has examined associations between moral values and
judgments. Moral foundation theory proposes six automatic intuitions (i.e., foun-
dation or value) that affect judgments [6]. These foundations include: care (well-
being of others), fairness (justice), sanctity (purity), liberty (freedoms), loyalty
(in-group/out-group relations), and authority (following rules and traditions).
Moral foundations most associated with vaccine hesitancy are purity and lib-
erty, followed by authority [1]. In addition, vaccine hesitancy is associated with
less need for care [1,17]. However, these studies simply ask people about their
automatic moral intuitions and attitudes towards vaccines, so there is no assess-
ment of changes in stance over time or how moral reasoning is used to justify
judgments about vaccines specifically. Nonetheless, they demonstrate existing
interest in how moral values affect attitudes towards vaccines.

Like moral intuitions, emotions can affect information processing and attitude
formation. While there are a multitude of ways to conceptualize emotions, we
use Plutchik’s six-emotion model: happy, sad, anger, fear, disgust, surprise [14].
This model has been used to study emotions on social media [8,13]. Certain
emotional reactions to vaccine-relevant events can predict vaccine hesitancy, like
anger and anxiety [20]. We build on this work to assess which emotions are used
in pro- and anti-vaccine tweets.

Scholars have evaluated moral aspects of an attitude as an antecedent to atti-
tude strength, finding attitudes with a moral basis are more resistant to influence
[2,9] and predict consistent behavior [9]. Furthermore, emotional responses to
attitude-relevant information typically indicate a high degree of importance has
been placed on that view, implying attitude strength [11,22]. We investigate
if using emotional language to discuss a stance is also associated with stabil-
ity over time. Unlike previous analyses of antecedents of attitude stability, we
use stance variability in social media posts over time as a measure of attitude
strength, extending these works to consider stance over time outside a laboratory
environment. Taking these studies together, we expect that moral and emotional
language are associated with less variation in stance towards COVID-19 vaccines.

3 Data and Methods

3.1 Dataset

Our dataset was initially collected using a streaming keyword search via Twit-
ter vl API between March 12, 2021 thru May 11, 2021. We collected tweets
that contained at least one of the following terms: coronavirus, Wuhan virus,
Wuhanvirus, 2019nCoV, NCoV, NCoV2019, covid-19, covid19, covid 19. We then
further filtered the tweets to select those about vaccines using the following key-
words: vaccine, vax, mrna, autoimmuneencephalitis, vaccination, getvaccinated,
covidisjustacold, autism, covidshotcount, dosel, dose2, VAERS, GBS, believe-
mothers, mybodymychoice, thisisourshot, killthevirus, proscience, immunization,
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gotmyshot, igottheshot, covidvaccinated, beatcovidl9, moderna, astrazeneca,
pfizer, johnson & johnson, j&j, johnson and johnson, jand].

In total, we extracted 2,283,281 users, 1,369,865 of which only tweeted one
time about COVID-19 vaccines during this time period. In this work, we analyze
the remaining 913,416 users who tweeted at least twice in our time period for a
total of 6,811,854 tweets.

3.2 Stance Detection

To evaluate stance consistency, we first developed a classifier to label the stance
(pro, anti, neutral) of each tweet towards COVID-19 vaccines. To generate a
training dataset, two annotators labelled 1034 tweets with Cohen’s Kappa of
0.741 and agreement of 84.2%. A third annotator labelled the 163 tweets the
initial two annotators disagreed on. We removed the 6 tweets that all three
disagreed on. We then fine-tuned a BERT'weet model?® for the stance detection
task to obtain an accuracy of 72.8% on the evaluation data. The stance classifier
returns a stance label and confidence score for each tweet.

We applied this stance detection classifier to original tweets, retweets, replies,
and quote tweets in our dataset. This gives us 3,547,645 pro-vaccine, 2,928,820
neutral, and 335,389 anti-vaccine tweets. To obtain a measure of variation in
stance per user, we calculated the standard deviation of stance expressed across
their tweets. Of the 913,416 users in our dataset, 310,258 express a consistent
stance. Removing the 310,258 users with a standard deviation of 0, the average
standard deviation is 0.62 (std. dev. 0.18) and median is 0.58.

3.3 Moral Value and Emotion Extraction

We use the Netmapper software to extract words and phrases associated with
each moral value (care, fairness, liberty, sanctity, loyalty, authority) and emo-
tion (happiness, sadness, fear, anger, disgust, surprise) [3,21]. We recorded the
number of concepts representing each moral/emotion variable in each tweet.

4 Results

4.1 RQ1: Moral Values and Emotions in Pro and Anti-COVID-19
Vaccine Tweets

Figure 1 displays the average and 95% confidence interval of the number of con-
cepts associated with each moral value and emotion in pro- and anti-COVID-19
vaccine tweets. Overall, anti-vaccine tweets contain more moral and emotional
language than pro-vaccine tweets for most types of moral values and emotions.
That is, anti-vaccine tweets contain more references to care, fairness, authority,
sanctity, and liberty foundations than pro-vaccine tweets. On the other hand,
pro-vaccine tweets contain more loyalty terms. Anti-vaccine tweets are also more

2 https:/ /huggingface.co/docs/transformers/model_doc/bertweet.
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likely to contain sad, fear, anger, disgust and surprise emotions, while pro-vaccine
tweets contain more happiness. Table 1 contains examples of tweets containing

select moral values and stances.

Fig. 1. Average and 95% CI number of concepts associated with each moral foundation
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Table 1. Example tweets

Stance

Moral foundation

Example tweet

pro

care

If you can’t see the urgency of saving humanity
by granting a #TRIPSWaiver to ensure
#VaccineForAll, I don’t see what else you see.
Time to stop putting Health in the Marketplace

care

“Vaccinating” babies now with the mRNA jabs?
How can this even be ethical?

loyalty

His son has taken both doses of the COVID-19
vaccine, and hopefully was wearing a mask.
They are both putting action behind their push
towards herd immunity. I hope you’ll get the
vaccine too!

sanctity

I am not taking the vaccine. I take 5000 units of
vitamin D3. If God wants me to die from
COVID-19 no vaccine will stop God’s Will

4.2 RQ2: Moral Values and Emotions in Tweets by Users
Expressing no Versus any Variation in Stance

Table 2 contains t-statistics from t-tests comparing the use of moral and emo-
tional language by users with no versus any variance in expressed stance. Users

= Pro
. Anti
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that are completely consistent in their expressed stance tend to use anger, loy-
alty, care, and liberty in their tweets more than users that express variation in
their stance. Users who express any variation in stance are more likely to use
happy, disgust, surprise, fear, or sad emotional language. Furthermore, they tend
to refer to sanctity, authority and fairness foundations more in their tweets.

Table 2. T-statistics from t-tests comparing the average number of concepts associated
with each moral value and emotion in tweets by users who expressed no variation
versus any variation in stance towards COVID-19 vaccines. Negative values indicate
the variable is used more in tweets by users that express no variation in stance. All
t-tests are significant (p < 0.0001)

Emotion Moral value

Variable | T-statistic | Variable | T-statistic
Anger | —44.22 Loyalty —37.95
Happy |6.36 Care —34.36
Disgust | 17.26 Liberty —22.57
Surprise | 30.18 Sanctity |21.90

Fear 32.3 Authority | 27.42

Sad 37.86 Fairness |44.43

4.3 RQ3: Moral Values and Emotions in Tweets by Users
Expressing Some Degree of Variation in Stance

Figure2 displays the coefficients for an OLS regression model predicting the
standard deviation of expressed stance across tweets for each user given the use
of moral and emotional language in their tweets about COVID-19 vaccines. All
coefficients are significant (p < 0.0001) except for anger (p > 0.1).

More emotional language is largely associated with more variation in stance,
except surprise. Liberty and loyalty are associated with less variation in stance,
while the remaining moral foundations (fairness, sanctity, authority, care) are
associated with more variation.

5 Discussion

The aim of this work is to investigate how moral foundations and emotions
associated with an attitude affect the stability of that attitude in a social media
context. To do so, we analyzed tweets expressing a stance toward COVID-19
vaccines.

First, we examined which moral foundations and emotions are used in tweets
expressing pro- and anti-COVID-19 vaccine views to provide an overview of the
context in which each feature is typically used. The findings in RQ? indicate that
anti-vaccine tweets tend to contain more moral and emotional language than
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Fig. 2. Regression coeflicients for the standard deviation of expressed stance across
tweets. Negative values indicate the variable is associated with less variation in stance.
Error bars indicate the 95% confidence intervals. All coefficients are significant (p <
0.0001) except for anger (p > 0.1) and care (p = 0.049)

pro-vaccine tweets except for loyalty and happiness. Many pro-vaccine tweets
that contain language associated with loyalty contain information about where
a community can access vaccines or celebrate that vaccines were successfully
given to a community (e.g., Americans, indigenous tribes in Oklahoma). As one
may expect, vaccine hesitant messaging tends to use more negative emotional
language than those expressing support.

Our findings echo previous work showing vaccine hesitancy is associated
with moral values like sanctity and liberty [1]. Anti-vaccine tweets that use lan-
guage associated with sanctity include concerns about the efficacy and safety of
COVID-19 vaccines [1], and use more negative emotional language [5]. However,
while vaccine hesitancy has been associated with lack of need for care [1,17], we
find care is the most used moral foundation in anti-vaccine tweets. These tweets
include concern about how negative side effects from vaccines are affecting or
may affect others.

In addressing RQ2 and RQ3, we find emotional language is associated with
more variation in stance, except for anger and surprise. That is, certain emotions
(fear, sadness, happiness, disgust) indicate unstable attitudes. Users may be less
tied to their view once their emotional reaction is less salient. Indeed, studies
show that both positive and negative emotions can override analytical think-
ing processes, increasing the effect of biased information processing on truth
discernment [16,18].
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Conversely, anger is associated with consistent stance, but the association
between anger and stance variance among those who do vary to some degree is
not significant. This highlights the different ways different emotions can impact
judgments depending on the individual and context. Surprise is most associated
with users that express some, but small, variance in stance. Surprise drives belief
updating by attracting attention to unexpected information, motivating people
to reconsider and potentially rectify their understanding [10].

The role of moral language varies across stance foundations. Liberty is con-
sistently used by users with no or less variation in stance, while fairness and
sanctity are used by users with more variation in stance towards COVID-19 vac-
cines. Care and loyalty are associated with no or high variation, while authority
is associated with some but low variation. The same moral value can play a very
different role depending on the context and individual differences. For example,
moral identity is how important the individual considers being a “moral” person
to their self-concept. Prioritizing “binding” values (loyalty, authority, sanctity)
represent a group-oriented view of morality. Adherence to binding foundations
is associated with out-group derogation if moral identity is weak and willingness
to help out-group members if moral identity is strong [19]. More work is needed
to identify variables influencing the effect of moral values on stance consistency.

The results of this work inform how moral values and emotions associated
with a belief affect the stability of that belief. Our work has implications for
constructing effective campaigns to promote vaccines and debunk vaccine misin-
formation, as well as directing these messages to receptive audiences. Specifically,
promoting and tailoring pro-vaccine messaging to people expressing moral and
emotional language associated with less attitude stability (i.e., sanctity, fairness,
fear, sadness, happiness, disgust) can help to optimize public health outreach.

5.1 Future Work and Limitations

Our study is limited to the platform X. Future work should assess the use of
moral values and emotions towards vaccine attitudes on other social media plat-
forms. These analyses could provide vital insight into how organizations design-
ing public health messaging should anticipate shifts in motivations as vaccines
are developed and approved for the public. Furthermore, we did not attempt to
identify automated accounts (“bots”) in our analysis [13]. Future work should
examine the extent to which removing users displaying bot-like behavior affects
the observed relationship between moral-emotional bases for an attitude and the
consistency of that attitude.

Rather than separately examining which moral values and emotions predict
more or less vaccine hesitancy over time, we looked at any change in stance
regardless of the direction. Disentangling the effects on increases and decreases
in anti-vaccine attitudes can directly inform public health messaging aiming to
increase vaccinations [17].

Lastly, attitudes towards vaccines are multi-faceted, complex judgments that
often include far more nuance that we include in this work. Indeed, vaccine hesi-
tancy can be motivated by a wide range of factors, such as concerns over vaccine
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testing protocols, institutional distrust, and belief in alternatives [23]. Consider-
ing more fine-grained stance categories may reveal important distinctions in the
role of moral values and emotions in stance (in)consistency.

6 Conclusion

We studied the influence of moral and emotional associations with an attitude
on the stability of that attitude over time. Specifically, we examined the moral
values, emotions, and stance expressed in tweets by nearly one million users on
X over a two month period. We find that (1) moral and emotional language
is used more in anti-vaccine tweets, except for happiness and loyalty. (2) Emo-
tional language is associated with larger variation with stance, except for anger
and surprise, which are associated with consistent stance. (3) The role of moral
language and stance variability differs across values, e.g. liberty is associated
with consistent stances while fairness and sanctity are associated with larger
stance variation. Our work shows that moral and emotional reasoning in atti-
tudes can be used to predict receptive audiences, which can be especially useful
in counter-misinformation campaigns.
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