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Abstract

Introduction. Despite the growing evidence of the climate crisis and its increasing presence as
a societal issue, many people still doubt anthropogenic climate change. Social media platforms
like Reddit function as locations for climate change discussions, in which emotions
significantly influence opinions, risk assessments, and decision-making of the involved. This
study used text mining to analyse Reddit discussions among climate change believers and
deniers, focusing on comparing the emotional expressions of both groups.

Methods. We selected subreddits focusing on climate change belief and denial, using further
web scraping and keyword searches to gather relevant posts and comments. Furthermore,
Sentiment analysis and emotion detection were performed using VADER and the NRC Word-
Emotion Association Lexicon (EmoLex).

Results. Our findings revealed no differences in emotional expression between the two groups.
Both groups expressed fear most frequently, with trust and anger as secondary emotions.
However, sentiment analysis yielded mixed results. Namely, VADER indicated more positivity
overall, especially among believers, while EmoLex suggested similar levels of negativity in
both groups. Additionally, deniers showed higher engagement levels than believers.
Discussion. The results highlight the function of cognitive dissonance and social identity in
shaping the emotional expressions and behaviours of climate change deniers. The expressed
emotions of both groups may, in turn, influence their risk perception and decision-making. The
levels of fear expressed by both groups may motivate them to seek reassurance and increase
their community engagement

Conclusion. Overall, the study offers insights into the subtle differences and similarities in
emotional expression and online interaction between climate change believers and deniers. We
identified many similarities in the emotions expressed by both groups, while fear can be

highlighted as the most expressed emotion. Future research is needed to gain further insights



into the motivations and topics expressed by both climate change believers and deniers, as well

as into complex emotions like sarcasm and hope, which may further influence their decisions.



Exploring and Comparing Climate Change Discussions on Reddit: Unveiling the

Discrete Emotions Expressed by Believers and Deniers

The climate crisis is present, and, over the last few years, we have witnessed a noticeable
increase in its negative consequences. Hereby, the overall population, especially the inhabitants
of developing countries, are prone to suffer from these adverse effects (Huckelba & Van Lange,
2020). For example, greater rainfall and warmer temperatures increase the risk of malaria
infection, which affects roughly 50% of the world’s population. Moreover, nature is suffering
from the effects of climate change, as European forests become increasingly exposed to
disturbances such as fires, storms, and droughts (Vacek, et al., 2023). Namely, in European
forests, approximately 33.4 billion tons of forest biomass may be severely impacted by those
various disturbances (Forzieri, et al., 2021). Yet we have seen a 41% increase in global
greenhouse gas emissions since 1990, with the private sector playing an important role in
influencing the level of emitted emissions (Coen, et al., 2020; Serheim, 2021). Therefore, it is
crucial to grasp the motives of the population towards climate change, sustainable lifestyles,
and environmental policies.

It can be observed that rising stress and anxiety concerning the climate crisis negatively
impact the mental health and quality of life of the population (Huckelba & Van Lange, 2020).
Consequently, it is an important worry of our current generation. As the young generation will
most prominently be affected by the climate crisis in the future, a large majority of young
individuals from various countries are becoming increasingly worried about it (Hickman, et al.,
2021). This specific worry can better be named climate anxiety, which is defined by the
American Psychological Association (2017, p.68) as “a chronic fear of environmental doom”.
Hereby, it could lead the suffering individual to experience distress in the forms of panic
attacks, insomnia, and irritability (APA, 2017). Furthermore, individuals who have experienced

the negative consequences of climate change, both indirectly or directly, are prone to suffer



from various mental disorders like depression, anxiety, or post-traumatic stress disorder (Sharpe
& Davison, 2021). Moreover, most of the research concerns individuals worried about the
negative consequences of climate change, however, less is known about the experienced
emotions of those people who are termed ‘climate change deniers’. Therefore, it is crucial to
better grasp the motives of climate change deniers to foster sustainable lifestyles and agreement
concerning environmental policies in society to, finally, counteract climate change and its
negative impacts on humankind and planet Earth. Despite an overwhelming amount of evidence
of climate change and its consequences, there remains a considerable group of people who are
sceptical about climate change, either as a whole or as a result of human impact on the
environment (Capstick & Pidgeon, 2014; Treen, et al., 2022).
Climate Change Deniers

Approximately 18% of questioned US citizens reported that they are doubtful and
dismissive concerning our society’s responsibility for climate change, with similar prevalence
rates found in other countries (Beiser-McGrath & Bernauer, 2021; Maibach, et al., 2009). In
addition, the results of a European Social Survey indicated that 3-10% of the respondents of
western European countries are sceptical about climate change (Poortinga, et al., 2019).
However, when accounting for a social desirability bias, often the actual number of climate
change deniers in the general population may be higher (Beiser-McGrath & Bernauer, 2021).
Climate change has become a political issue, and the majority of deniers are conservatives
(McCright & Dunlap, 2011). Additionally, climate deniers are likely to be older, white, male
and from the working class (Poortinga, et al., 2011). They frequently attribute their disbelief to
a perceived lack of weather changes, natural climate variations, or inconclusive and
contradictory scientific evidence (Jones, et al., 2014, as mentioned in Haltinner &
Sarathchandra, 2018). However, some deniers still experience a degree of fear regarding

environmental tragedies, despite their beliefs that climate change does not exist.



A sizeable number of deniers are concerned about the negative impact of environmental
tragedies on the planet, its nature, and its population (Haltinner, et al., 2021). Particularly, they
are worried about specific matters such as, for example, pollution or animal extinction. Thereby,
it is argued that despite their disbelief in the concept of anthropogenic climate change, deniers
are more likely to support pro-environmental policies the greater their experienced worry and
anxiety caused by these negative events. In that respect, research argues that people are
motivated to deny climate change as a way to cope with feelings of anxiety and uncertainty
(Dodds, 2021; Haltinner & Sarathchandra, 2018). Consequently, the deniers mostly engage
with information that affirms their views, which causes them to experience lower levels of
anxiety, worries, and dread than climate change believers (Haltinner, et al., 2021). In an
upcoming section the phenomenon called echo chambers (Farrell, 2015) will be explored
further, which is a place where people of similar view interact to approve and reinforce their
perspectives.

Generally, climate change is frequently discussed on social media platforms such as
Reddit or Twitter, as these platforms are easily accessible to the majority of the population and
allow their users to freely express their opinions, even if they contradict the general public’s
view (Hemsley, et al., 2021; Peace, et al., 2018, Villanueva, 2021). Furthermore, deniers tend
to engage in these discussions, hereby, frequently doubting the opinion of the general public on
climate change, while engaging with other individuals who are like-minded (Haltinner, et al.,
2021; Treen, et al., 2022).

Using Social Media Data to Examine Climate Change Discussions

Amongst its typical applications, social media is increasingly being used as a tool to
easily engage in discussions concerning activism, political action, or societal issues such as
climate change (Chon & Park, 2020; Villanueva, 2021). Researchers extensively examined the

contents of climate change discussions present on social media platforms, specifically on



Twitter (Hemsley, et al., 2021; Pearce, et al., 2018; Treen, et al., 2022). Recent research
indicates that the individuals partaking in these discussions frequently hold polarized opinions
(Pearce, et al., 2018). As most of the recent research on climate change discussions has been
carried out using content from Twitter, it is of particular interest to examine discussions on the
social media site Reddit, which is still relatively little-studied and has a specific architecture
and mechanisms that may encourage discussions among its users (Pearce, et al., 2018; Treen,
et al., 2022; Villanueva, 2021).
Reddit

Reddit is one of the largest social media platforms having around 52 million daily active
users in 2020, while 303.4 million posts and 2 billion comments were posted in the same year
(Reddit, 2020). Unlike Twitter, a follower-based network, Reddit’s community is distributed
into various subreddits, acting as separate forums for specific topics of interest (Proferes, et al.,
2021; Treen, et al., 2022; Zapcic, et al., 2023). Hereby, there are over 100,000 active subreddits,
indicating a variety of different topic areas (Reddit, 2024). As Reddit offers a significantly
higher character limit per post when compared to Twitter, one may argue that this greater word
limit may encourage deliberative discussions (Treen, et al., 2022). In general, Reddit users are
more engaged in the site’s content than other social media users (Kemp, 2019, as cited in
Villanueva, 2021). Moreover, Reddit discourages the usage of one’s real name as an account
name as a measure to ensure the privacy of its users. Consequently, this enables anonymous
users to engage in sensitive discussions more comfortably and openly without self-disclosure
(Ma, et al., 2016). Reddit’s anonymity contributes to increased self-esteem and decreased social
anxiety and social desirability among its users (Joinson, 1999). Therefore, one could argue that
anonymous users on Reddit are more inclined to share their honest individual opinions and
experienced emotions regarding sensitive issues like climate change, while not being

discouraged by the aforementioned social desirability bias. Many climate change discussions



are present on the platform (Hemsley, et al., 2021; Treen, et al., 2022). While deliberate
discussions about climate change take place, some authors argue, that these discussions may
further induce polarisation between the two opposing parties of deniers and believers,
contributing to the formation of echo chambers (Falkenberg, et al., 2022; Walter, et al., 2018).
Polarisation and Echo Chambers

While online users can easily access a variety of information and opinions, their freedom
of choice may also facilitate selective exposure, consequently, causing people to only seek
information and discussions that are in line with their own opinions (Falkenberg, et al, 2022;
Walter, et al, 2018). Furthermore, as climate change discussions usually involve politics to
some extent, the authors argue that these political discussions often take place in polarised,
"ideological silos" (Marchal, 2020). The concept of echo chambers “describes the way in which
information can be amplified and repeated within enclosed networks of ideologically similar
individuals, leading to further entrenchment of ideas and beliefs” (Farrell, 2015, p.719).
Consequently, further exploration of novel information which may challenge the already
established view is hindered. Moreover, echo chambers on social media platforms are
characterised by high engagement, which may result in increased negativity and polarization
(Del Vicario, et al., 2016).

When examining climate change Reddit posts on different subreddits, previous research
identified no presence of echo chambers, however, the discourse between both parties of deniers
and believers could be described as polarized (Treen, et al., 2022). The authors extended the
preexisting research on echo chambers on the platform Twitter, on which greater formation of
polarisation and echo chambers could be noted (Williams, et al., 2015, as cited in Treen, et al.,
2022). The specific architecture of a social media platform may influence the formation of echo
chambers. For example, both Twitter and Facebook enforce heavier recommender algorithms

compared to Reddit, resulting in less presence of echo chambers on Reddit compared to the



other platforms (Cinelli, et al., 2021; Pariser, 2012, as cited in Efstratiou, et al., 2023). As
messages in highly polarised climate change discussions contain more negative sentiments and
emotions, the influence of emotions on engagement in these discussions is further explored (Del
Vicario, et al., 2016; Williams, et al., 2015, as cited in Villanueva, 2021).

Influence of Discrete Emotions on Risk Perception

Discrete Emotions and Their Prevalence in Climate Change Discussions

Emotional responses play a crucial role when analysing climate change discussions
occurring on social media platforms because they influence the individual’s posting behaviour
and the individual’s engagement with social media posts. For example, anger stimulates an
individual’s tendency to engage in risk-seeking behaviour, (Heiss, 2020, as cited in Villanueva,
2021), and individuals tend to engage more with negative information, reacting strongly to it
(Fiske, 1992; Taylor, 1991). Consequently, the researchers propose that the content of the
shared message, not just the source of risk information, has a significant influence on the
individual’s evoked level of trust because of the bias towards negative information, regardless
of the source’s credibility (Siegrist & Cvetkovich, 2001). Understanding the emotions present
in online discussions is crucial for gaining insights into the dynamics of online communities
(Laaksonen & Rantasila, 2021).

The expressed emotions significantly varied across different types of subreddits
(Villanueva, 2021). Overall, anger was the most prevalent emotion that was expressed in
climate change discussions on ideologically neutral and denier subreddits, while the emotions
of hope were expressed most frequently in subreddits of climate change believers (Villanueva,
2021). Contrastingly, according to Villanueva (2021), feelings of anxiety were expressed the
least while respecting both their overall sample used and also noting the different subreddits
examined. These findings align partially with the research of Hemsley, et al. (2021) on climate

deniers’ tweets, which uncovered that negative emotions were most prevalent, especially anger
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and sarcasm. Overall, emotions were present in three-quarters of the deniers’ tweets, while
about half of the tweets of climate believers included emotions. Contrastingly to the deniers,
however, the emotions primarily expressed by the believers were a combination of fear and
anger, with low levels of expressed sarcasm, while not analysing the expressed hope.
Appraisal Tendency Framework and Affective intelligence theory

Discrete emotions can have diverse effects on an individual’s risk perception and
decision-making. According to the Appraisal Tendency Framework (ATF) theory by Lerner
and Keltner (2000; 2001), discrete emotions, such as anger or fear, influence an individual’s
risk perception and decision-making by shaping cognitive biases in appraising future situations.
The ATF theory distinguishes emotions based on various cognitive dimensions such as
certainty and perceived control. Specifically, anger tends to lead individuals to perceive risks
as predictable and controllable, whereas fear causes a sense of unpredictability and lack of
control (Drace & Ric, 2012; Smith & Ellsworth, 1985, as cited in Drace & Ric, 2012).
Additionally, the Affective Intelligence Theory (AIT) by Marcus, et al. (2000), indicates that
emotions are crucial in motivating the behaviour of an individual (Hemsley, et al., 2021).
Explicitly, the AIT explores distinct emotions, namely, anxiety, anger, and enthusiasm and,
overall, focuses “on the association of emotional reactions to information-seeking and decision-
making processes” (Marcus, et al., 2019, p. 110). The theory states that individuals possess two
distinct emotional systems, which influence their cognitions, namely a dispositional system and
a surveillance system (Marcus, et al., 2011). Namely, anger and enthusiasm activate the
disposition system, which leads the individual to refrain from processing novel information.
Contrastingly, when a person experiences anxiety, the surveillance system is activated, causing
the individual to seek novel information which challenges their preexisting beliefs.
Additionally, MacKuen et al. (2010) argued that experiences of hope also activate the

surveillance system. In summary, both ATF and AIT highlight the significance of experienced
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emotions in shaping an individual’s decision-making processes and risk perception.
Specifically, fear and hope induce compromise, as the individual seeks new information
because the risk is assessed as beyond control. In contrast, anger causes the individual to rely
on their preexisting risk evaluation because they perceive the risk as in control.

Text Mining

Integrating the ATF and AIT with the technology of text mining can provide meaningful
insights in understanding large-scale emotional dynamics on social media platforms and their
impact on the individual’s decision-making and risk perception. Data mining can be described
as a “strategy for discovering irregularities, examples and connection to predict results inside
enormous arrangements of data” (Thange, et al., 2021, p.198). Furthermore, text mining is an
information retrieval strategy that can be defined as a variation of data mining that is applied to
textual datasets, to identify and extract knowledge (Agrawal & Batra, 2013; Tan, 1999).
Subsequently, the extracted information can be further analysed for the discovery of insights or
patterns within the large dataset. Hereby, text mining has proven to be a valuable tool for
analysing social media climate change discussions (i.e., Hemsley, et al., 2021; Treen, et al.,
2022; Villanueva, 2021; Williams, et al., 2015). While conducting sentiment analysis and
emotion detection, one can gain valuable insights of the expressed opinions and experienced
emotions of communities, which then can be used to predict the motivations of the public
(Paltoglou, 2014).

Specifically, sentiment analysis is a technique which has been used in a variety of recent
studies concerning social media communication to provide accurate predictions of opinions and
emotional states shared by social media users (i.e., Hemsley, et al., 2021; Nemes & Kiss, 2021;
Villanueva, 2021). Sentiment analysis is defined as “a technique to detect favourable and
unfavourable opinions toward specific subjects within large numbers of documents”

(Nasukawa & Yi, 2003, p.71), utilizing machine learning and natural language processing
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(NLP). The technique aims to extract information from the data source that is subjective,
capturing linguistic expressions of sentiments, opinions, emotions, and beliefs (Kumar &
Sebastian, 2012; Wiebe, et al., 2004). A sentiment, thereby, represents a settled opinion, which
reflects an individual’s experienced emotions.

While sentiment analysis aims to determine the overall sentiment of the content,
emotion detection provides a more thorough understanding of the emotions that were expressed
in the content (Gaind, et al., 2019). Thereby, emotion detection aims to label the analysed
content into various categories of discrete emotions, for example, happiness, fear, or anger. As
this study is especially concerned with the discrete emotions of climate change believers and
deniers, the technique of emotion detection can be used to gain further insights into the
emotional content of climate change discussions. Overall, while implementing the technique of
emotion detection, we can examine to which extent specific emotions were expressed in Reddit
discussions. Furthermore, while further investigating the results of the analysis, we can better
compare the emotional content and valence of the comments of climate change believers and
deniers.

Lastly, in this study, a lexicon-based approach concerning sentiment analysis and
emotion detection is chosen to classify the analysed content (Sham & Mohamed, 2022).
Thereby, a lexicon is a coded dataset consisting of lexical features (e.g., words), which are
labelled with scores indicating their semantic orientation or revealing the expressed emotions,
in terms of their overall polarity and intensity (Hutto & Gilbert, 2014).

Aims and Hypotheses

This research study aims to further investigate climate change discussions occurring on
Reddit while focussing on the discrete emotions of believers and deniers of climate change. To
achieve further insights into the shared emotions of both groups, the technique of text mining

is used. Specifically, sentiment analysis and emotion detection will be carried out in this study,
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to answer the research question “How do the discrete emotions expressed in social media posts
vary between climate change deniers and believers?”. Hereby, Reddit content from subreddits
created for both climate change believers and deniers were used in the data analysis. The study
will particularly focus on the expressed emotions of both groups and compare them to, finally,
gain further conclusions about both groups’ dynamics, and their motivation for climate action,
while further examining the formation of echo chambers and polarization. To answer the
research question, hypotheses are formulated, which are informed by the previously mentioned
theoretical framework.

H1: Content posted in climate change denier subreddits shows higher engagement than
content posted in believer subreddits.

H2: Climate change denier messages contain significantly more negative emotions than
believer messages.

H3: Messages of climate change deniers contain significantly higher levels of anger
than messages of believers.

H4: Messages of climate change believers contain significantly higher levels of fear and
hope than messages of deniers.

Methods

Overview

Our research methodology focused on techniques for extracting, pre-processing, and
analysing data due to the complexity of the Reddit dataset used in this study. Several steps were
taken to scrape the relevant data, prepare it for analysis, and, finally, analyse the sentiments and
emotions expressed in the texts to answer the aforementioned research question and evaluate
the hypotheses. Figure 1 illustrates the steps that were taken in this process. We used lexicon-
based sentiment analysis to gain insight into the emotional polarity of each community; lexicon-

based emotion detection is used to examine the emotional content expressed in the data.
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Figure 1

Text Mining Pipeline.

Data Web Pre- Sentiment Emotion
selection scraping processing analysis detection

Data Collection

Selection of Subreddits

In this study, the data was collected from posts and comments across various subreddits
explicitly designated as forums for climate change discussions, as indicated by their names and
accompanying descriptions. For the sample of climate change believer content, we collected
data from four subreddits previously used in the study by Parsa, et al. (2022), who examined
climate change discussions on several subreddits. The subreddits the authors named “climate
subreddits” were chosen, including the subreddits r/climate, r/environment, r/climatechange,
and r/climateOffensive (Parsa, et al., 2022). Moreover, content from the subreddit
r/climateskeptics was collected, specifically containing climate change denier content. Notably,
there were significantly more subreddits created for those who believe in climate change than
for those denying climate change, as the r/climateskeptics subreddit was the only active denier
subreddit of noticeable size. Consequently, we decided to also collect content from other

subreddits that deal with conspiracy theories, denial, or scepticism about science as a whole.
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Namely, we collected content from the subreddits r/conspiracy, r/conspiracy commons, and
r/conspiracyNOPOL.

To ensure that the collected posts from all subreddits concerned climate change, a
keyword search within these was carried out, to filter content which was not fitting for the
inclusion criteria of this study. In respect to previous research carried out by Treen, et al.,
(2022), who also used a keyword approach while examining climate change discussions, we

29 ¢e

identified and collected posts that contained the words “global warming”, “globalwarming”,
“climate change”, “climatechange” or “climate” within these subreddits.

Subreddits of Climate Change Believers. Firstly, r/climatechange is the first subreddit
we included, possessing 88.1 thousand members. As this subreddit is devoted to climate change,
thereby, including climate change believers and deniers, it was of interest for this study. The
subreddit describes itself as “A place for a rational discussion on a divisive topic.”, while rules
are present to explicitly promote a rational, deliberate discussion. The mentioned rules prohibit
disparaging other users, mentioning politics in the discussion, and, especially, discouraging
people from convincing other users that climate change matters. By requiring its users to adhere
to these guidelines, the subreddit aims to foster an environment where users convinced of
climate change are not offended by climate change deniers, but where deliberate discussions
are present.

The r/climate subreddit was included in the data collection, which concerns
“Information about the world’s climate” as it is stated in the description accompanying the
subreddit, thereby, also including information regarding activism and politics. The members of
this subreddit amount to 183 thousand. Furthermore, the subreddit prohibits the spread of
conspiracy theories and science denial in its discussions.

In addition, content from the r/environment subreddit was collected, which regarded

itself as a place for discussion regarding “current news, information and issues related to the
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environment”, while prohibiting the spread of misinformation and non-informational posts, like
satire or memes. Consequently, this subreddit can be identified as not primarily designed for
climate change discussions, but as a forum concerning the environment.

Content from the r/climateOffensive subreddit was included, which concerns posts
specifically relating to direct climate action, thereby prohibiting the spread of misinformation,
propaganda, or science denial. This subreddit also prohibits the creation of news posts, as it
describes itself as “a place to organize and to act”. 69.7 thousand users are members of this
subreddit.

Subreddits of Climate Change Deniers. Moreover, we also aimed to include content
from a subreddit that was designed to focus on climate change denial. In respect to this, we
included content gathered from the r/climateskeptics subreddit, which describes itself as
“Climate Skeptics: Trying to see through the alarmism” and as “questioning climate related
environmentalism.”. Consequently, this subreddit is noticeably different from the previously
addressed subreddits providing a distinct perspective of the community of climate change
deniers. The community of the subreddit consists of 43 thousand members and prohibits its
users from disparaging the subreddit and other members.

In addition, as earlier mentioned, we included content about climate change featured on
three different conspiracy theory subreddits, to balance the amount of data collected for both
parties. Namely, we included content from the r/conspiracy subreddit, which describes itself as
“a forum for free thinking and for discussing issues which have captured your imagination”,
comprises 2.1 million members, making it the largest subreddit included in this research.
Simultaneously, the r/conspiracy commons subreddit, describing itself as a “provisional
conspiracy sub”, was created to accommodate Reddit users who were unable to participate in
r/conspiracy due to account age restrictions. Despite its provisional nature, this subreddit is

actively engaged with a membership of 192 thousand users and follows the same rules as its
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parent subreddit. Lastly, the r/conspiracyNOPOL subreddit is similar to the previous conspiracy
subreddits, however, it explicitly describes itself as “a place to discuss conspiracies — with the
primary exception of domestic politics, especially US presidential politics”. The last mentioned
subreddit encourages their members to create posts about conspiracies, while replies to the posts
should be “of a conspiratorial mindset”.
Amount of Content Collected

Content from the mentioned climate change denier and believer subreddits was collected
on the 8" of April 2024. Thereby, the data was comprised of content posted within the last year,
beginning with the first entry posted on the 12" of April 2023. The content from the subreddits
concerning conspiracy theories was collected within the same time range. Overall, 1547 posts
and 41596 corresponding comments from all subreddits were collected. Thereby, 608 posts and
18304 comments were gathered from the climate change denier subreddits, while 939 posts and
23292 comments were collected from the climate change believer subreddits.
Sampling Strategy

The studies’ sampling strategy could be described as purposive sampling because we
intentionally selected the included subreddits and posts based on their relevance to the research
question (Sibona & Walczak, 2012). The collected content specifically contains discussions
concerning climate change; therefore, they were suitable to be included in this study. Moreover,
as previously noted, we purposefully selected subreddits and the amount of content included
from each subreddit to ensure that no bias towards content from a specific group is apparent,
while maintaining a balanced representation of two homogeneous groups. Furthermore, the
inclusion of subreddits from both groups allowed for a more nuanced analysis. Hereby, it
enabled us to better understand the differences in opinions and emotions expressed while

comparing both groups. Lastly, the selection of this sampling technique acknowledged the
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limitation that there were more existing subreddits concerned about environmentalism and
climate change believers than they were about climate change denial.
Scraping Reddit Content

After determining the relevant subreddits, the relevant content was extracted from
Reddit and incorporated into a data set using the technique of web scraping. Hereby, web
scraping describes “a technique to extract data from the World Wide Web (WWW) and save it
to a file system or database for later retrieval or analysis” (Zhao, 2017, p.1). This data, in turn,
can be integrated with natural language processing to examine the way a human user browses
the web (Yi, et al., 2003, as cited in Zhao, 2017). In this study, the R package
“RedditExtractoR”, created by Rivera (2022), was used to scrape Reddit content. The used R
package is freely accessible on both the comprehensive R archive network (CRAN) and on
GitHub. In addition to the collected posts, their subsequent comments, upvotes and downvotes
were collected. Additional metadata was also collected. This included the date the post or
comment was created. Lastly, the scraped datasets were stored into a comma-separated values
(CSV) file.
Reddit API Restrictions

In 2023, the access to Reddit’s Application Programming Interface (API), which was
previously freely available to the public and third-party applications, was restricted (Brown, et
al., 2024; Juel, et al., 2024; Wright, 2024). The API enables researchers to collect and further
analyse social media data; hence, the amount of data that can be collected has been considerably
reduced (Brown, et al., 2024; Trezza, 2023).

Particularly, the RedditExtractoR package intentionally limits the number of collected
posts and comments to comply with Reddit’s API restrictions (Rivera, 2019, Yang, et al., 2024).
The package allows for the collection of maximum 500 comments per Reddit post (Juel, et al.,

2024). In addition, there are rate limits on the number of API requests that can be made, which
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result in further constraints to the amount of data that can be collected in a single session. These
restrictions can cause similar numbers of extracted posts and comments across the various
subreddits, especially when dealing with popular or highly active subreddits.

Pre-processing of Data.

The accuracy of the emotion detection and sentiment analysis relies on the quality and
preprocessing of the dataset used (Gard, et al., 2023). Social media content is frequently
unstructured, consequently, if the data contains a significant amount of noise or errors, the
analysis may, in turn, be less accurate (Nandwani & Verma, 2021). To ensure the accuracy of
the analyses, the dataset was pre-processed and cleaned sufficiently and accordingly.

First, the documents in the dataset were be cleaned by converting the text to lowercase
and removing stop words, accents, numbers, and URLs that are unnecessary to be included in
the analysis (Garg & Sharma, 2022). By removing unnecessary text data, the performance of
the analysis can be improved (Kannan & Gurusamy, 2014). Furthermore, word stemming will
be applied to normalize the text and increase the accuracy and performance of the subsequent
sentiment analysis and emotion detection (Arora, et al., 2023).

Sentiment Analysis

In this study, the technique of sentiment analysis was used to gain insights into the
expressed emotions and opinions of users, who engaged in climate change discussions.
Furthermore, with the use of the analysed data, we compared the expressed emotions and
opinions of users identifying as either climate change believers or deniers. A lexicon-based
sentiment analysis was carried out. The Valence Aware Dictionary for sEntiment Reasoning
(VADER) (Hutto & Gilbert, 2014) was used, which is a sentiment analysis tool designed to be
sensitive specifically to expressed sentiments in the social media context. For the application
of VADER, the r package “vader” was used (Rochrick, 2020). The dictionary was extensively

empirically evaluated. Furthermore, VADER utilizes a general sentiment lexicon and general
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rules related to grammar and syntax. Consequently, it performs well in various applications and
fields without requiring to be trained while using an extensive set of training data. The rules
and the lexicon used by VADER are easily accessible, therefore, someone, even without a
background in computer science, is able to easily understand the model and further modify it.
Lastly, after examining its accuracy, the creators stated that it produces outputs of high quality
while outperforming human raters.
Emotion detection

The technique of emotion detection was used to investigate the expressed emotional
expressions of Reddit users and the intensity of those emotions. The NRC Word-Emotion
Association Lexicon (EmoLex), created by Mohammad (2010; 2011; 2013) is chosen for
emotion detection. The EmoLex is comprised of a lexicon of English words and associates them
to eight different basic emotions and two different sentiments. This lexicon consists of
commonly used English words and terms prevalent in the social media context (Mohammad,
2017). Consequently, we can compare to what extent the social media content of climate change
believers and deniers differ in terms of emotions expressed. The association process is
empirically evaluated and scores high on reproducibility.

Results

Descriptive Metadata
Number of Collected Content per Subreddit

Table 1 shows the frequency of collected content from climate change denier subreddits,
while Table 2 displays the frequency of collected content posted on climate change believer
subreddits. Overall, the community of climate change deniers exhibited a higher volume of both
posts and comments compared to the community of climate change believers. Notably, the
subreddit r/ClimateChange, which represents the community of climate change believers, can

be highlighted as most actively engaging in discussions regarding climate change, with a
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substantial number of posts and comments. Contrastingly, the content collected from the
subreddit r/conspiracyNOPOL was comprised of 7 posts and 590 comments, highlighting it as

the subreddit with the lowest frequency of climate change discussions.

Table 1

Frequency of Collected Climate Change Deniers’ Content

Subreddit Posts Comments

r/ClimateSkeptics 250 5082

r/Conspiracy 246 8703

r/Conspiracy_commons 105 3929

r/ConspiracyNOPOL 7 590

Total 608 18304
Table 2

Frequency of Collected Climate Change Believers’ Content

Subreddit Posts Comments
r/Climate 249 2587
r/ClimateChange 246 15068
r/ClimateOffensive 194 2099
r/Environment 250 3538
Total 939 23292

Moreover, Table 3 and Table 4 display the ratio of comments per post on the subreddits
of both communities. It can be observed that, on average, subreddits of climate change deniers
tend to have a higher ratio of comments per post compared to believer subreddits. Apart from
the r/climatechange community (M = 72.52, SD = 98.25), the ratio of comments per post from
each of the other believer subreddits was comparably lower. In addition, the subreddit, which
had the highest ratio of comments per post was the r/conspiracyNOPOL subreddit (M = 104.43,
SD = 65.34), which was also the subreddit with the lowest amount of collected content.

Table 3
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Ratio of Comments per Post on Climate Change Denier Subreddits

Subreddit Mean SD Max

r/ClimateSkeptics 21.10 27.05 155

r/ConspiracyNOPOL 104.43 65.34 208

r/Conspiracy_commons 42.12 54.97 300

r/Conspiracy 39.42 81.37 496
Table 4

Ratio of Comments per Post on Climate Change Believer Subreddits

Subreddit Mean SD Max

r/Climate 72.52 98.25 654

r/ClimateChange 14.71 32.51 219

r/ClimateOffensive 12.27 30.66 227

r/Environment 11.10 20.03 110
Word clouds

Figure 2 displays word clouds which contain the most frequently mentioned words in
the content posted by climate change deniers and believers, while Figure 3 displays the most
unique mentioned words of both groups. Upon inspecting the word clouds of both groups,
both similarities and differences can be observed.

Both groups mention “climate”, “change”, and “people” most frequently, emphasizing
climate change as a societal issue. However, the language of climate change deniers is
characterized by emphasizing scepticism, doubt and conspiracy theories, while frequently
mentioning words such as “believe”, “dont”, “know”, “think”, as well as “hoax”, “control”,
and “propaganda”. This is further highlighted by a variety of the most unique words the group
uses, which, for example, are “cabal”, “mRNA”, “illuminati”, “Rockefeller”, “masons”.
Notably, the most unique word mentioned by climate change deniers is archiveis, which is an
online service for archiving web pages.

Contrastingly, climate change believers emphasize scientific terms and concepts such

2 ¢ 29 ¢¢ 2 ¢¢

as “carbon”, “warming”, “science”, “data”, “temperature”, and “°C” as well as “°F”. Among



the most unique words mentioned by believers are “factcheckers”, “factchecked”, and
“factchecks”, highlighting the believers’ handling and concern of misinformation.

All in all, the differences in the words used by both groups highlight the contrasting
issues mentioned. While the language of the believers contains more scientific terms and

concepts, deniers tend to express doubt and broader narratives of conspiracy and control.
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Figure 2

Word clouds Displaying the Most Frequently Mentioned Words
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Figure 3

Word clouds of the Most Unique Mentioned Words
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Extracted Sentiments using VADER

Table 5 displays the sentiments extracted from comments posted in the climate change
denier communities using the VADER sentiment analysis. Notably, the r/conspiracyNOPOL
subreddit displayed the highest proportion of positive sentiments at 42.22% with the highest
weighted average score of the deniers (0.10). The comments of r/climateskeptics demonstrated
a nearly balanced distribution across sentiments, with a weighted average sentiment score close
to neutral (0.02). Overall, none of the denier comments contained more negative sentiments
compared to positive sentiments, which can be observed due to all weighted averages scores
being positive.
Table S

Extracted VADER Sentiments of Comments in Climate Change Denier Subreddits

Subreddit Negative Neutral Positive Weighted average (-1.0 - 1.0)
r/Climateskeptics 34.69% 27.63% 37.69% 0.02
r/Conspiracy 30.24% 30.35% 39.41% 0.06

r/Conspiracy_commons 32.55% 28.62% 38.83% 0.04

r/ConspiracyNOPOL 28.38% 29.40% 42.22% 0.10

In contrast, Table 6 shows the sentiment distribution detected within comments from
climate change believer subreddits using the VADER sentiment analysis. Among these, the
comments in r/climateoffensive emerged with the highest proportion of positive sentiments at
57.7% with the highest weighted average score (0.27). Notably, the comments of r/climate and
r/environment exhibited a balanced distribution of sentiments close to the comments of
r/climateskeptics, despite representing a climate change believer community.

Overall, when comparing the extracted sentiments of both communities, the believer
subreddits stand out as indicating slightly more positive sentiments compared to the denier

subreddits. Notably, the believer subreddits r/climatechange and r/climateoffensive contained



27

the highest proportions of positive sentiments, indicated by the positive weighted average
scores. This suggests that comments in believer subreddits were generally slightly more positive
in sentiment. However, all denier subreddits contained more comments that could be evaluated
as possessing slightly more positive sentiments.

Table 6

Extracted VADER Sentiments of Comments in Climate Change Believer Subreddits

Subreddit Negative Neutral Positive Weighted average (-1.0 —1.0)
r/Climate 34.04%  24.64% 41.33% 0.05
r/Climatechange 28.97% 25.15% 45.88% 0.13
r/Climateoffensive 24.45% 17.85% 57.7% 0.27
r/Environment 33.88% 26.24% 39.87% 0.04

Sentiment Score by overall comment score

Figure 4 displays the relationship between the overall score of each comment extracted
from the climate change denier subreddits with the comment’s overall sentiment score. Hereby,
the score of each comment resembles the number of upvotes and downvotes the comment
received, while an upvote increases the score by 1 and a downvote decreases the score by 1.
The hexbin plot of Figure 3 displays the density of comment score and sentiment score
combinations, while the colour of the individual hexbin indicates the number of comments. The
regression line suggests a negative relationship between these variables. The regression
equation hereby is:

Sentiment Score = 0.0218-0.00156 x Comment Score
The adjusted r-squared value of less than 0.01 indicates that the comment score explains very

little of the variance in the sentiment score.
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Figure 4

Climate Denier Comment Score and its Relationship with the Comment’s Sentiment
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Note. The y-axis displays the sentiment score from negative (-1.0) to positive (1.0), which features the
VADER compound sentiment. The x-axis features the comment score, which is made up of the
number of likes and dislikes combined. The colour of each hexogram indicates the number of
comments falling into that category from low (blue) to high (red).
Contrastingly, Figure 5 displays the relationship between the overall score of the climate change
believers’ comments with their sentiment score. The regression line indicates a negative
relationship between these variables. The regression equation is:

Sentiment Score = 0.0756 — 0.000727 x Comment Score

The adjusted r-squared value of less than 0.01 suggests that the comment score explains very

little of the variance in the sentiment score.
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Figure 5
Climate Believer Comment Score and its Relationship with the Comment’s Sentiment
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Note. The y-axis displays the sentiment score from negative (-1.0) to positive (1.0), which features the
VADER compound sentiment. The x-axis features the comment score, which is made up of the
number of likes and dislikes combined. The colour of each hexogram indicates the number of
comments falling into that category from low (blue) to high (red).

Extracted Sentiments Using the NRC Emotion Lexicon

Table 7 highlights the identified sentiments from comments posted in the climate change
denier community while using the NRC emotion lexicon. Most of the denier subreddits show
similar proportions of negative sentiments in relation to the identified positive sentiments.
Namely, negative sentiments outweigh the positive sentiments leading to weighted average
scores from -0.14 to -0.18 in those subreddits. However, in the r/conspiracyNOPOL subreddit,
a nearly balanced distribution of sentiments can be observed, with a weighted average score of
-0.04. Overall, in all subreddits a higher distribution of negative sentiments in relation to

positive sentiments could be observed.



Table 7

30

Extracted NRC Sentiments of Comments in Climate Change Denier Subreddits

Subreddit Negative Positive  Weighted average (-1.0 — 1.0)
r/Climateskeptics 58.27% 41.73% -0.16
r/Conspiracy 59.21% 40.79% -0.18
r/Conspiracy_commons 57.16% 42.84% -0.14
r/ConspiracyNOPOL 5247% 4753% -0.04

Table 8 displays the sentiments identified in the comments posted in climate change

believer subreddits while using the NRC emotion lexicon. Notably, all climate change denier

subreddits show similar levels of identified sentiment proportions. In the comments of all

subreddits, negative sentiments did outweigh positive sentiments, with weighted average scores

from -0.12 to -0.18. The r/climatechange subreddit displayed the highest number of negative

sentiments, with a weighted average score of -0.18.

Table 8

Extracted NRC Sentiments of Comments in Climate Change Believer Subreddits

Subreddit Negative Positive  Weighted average (-1.0 — 1.0)
r/Climate 58.11% 41.89% -0.16
r/Climatechange 58.77%  41.23% -0.18
r/Climateoffensive 55.93% 44.07% -0.12
r/Environment 57.55% 42.45% -0.16

Emotion Detection

Overall Emotions Detected in each Subreddit

The analysis of detected emotions in the individual subreddits revealed subtle

differences in the expressed emotions between climate change deniers and believers, as shown
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in Tables 7 and 8. Notably, r/conspiracy showed the highest level of fear (17.27%) among the
deniers, with anger (15.09%) and trust (15.47%) also being prevalent emotions. Contrastingly,
r/conspiracyNOPOL exhibited the highest levels of anticipation (14.18%) and trust (19.62%),
while displaying the lowest levels of fear (15.06%) and anger (11.52%). Believers expressed
similar levels of emotions detected, with r/ClimateChange showing the highest levels of fear
(17.19%) and anger (15.15%).

These findings indicate the emotional landscape within each subreddit. Fear is
consistently high in both groups, while anger is similarly expressed. Notably, the
r/conspiracyNOPOL subreddit showed significant variations in different emotions. For
example, trust was most prevalent in this subreddit (19.62%), while the highest trust levels
among believers were expressed in the r/Climate subreddit (16.62%), highlighting a notable
difference how trust is expressed across the two groups. Overall, while the levels of expressed
emotions remained relatively consistent across both groups, each subreddit exhibited unique

differences in the prevalence of certain emotions.



Table 7

Detected Emotions in the Corpus of Climate Change Denier Subreddits

Subreddit Anger Anticipation Disgust Fear Joy Sadness Surprise Trust

r/ClimateSkeptics 15.25% 12.22% 11.65% 16.9% 8.51% 12.68% 6.91% 15.88%

r/Conspiracy 15.09% 11.63% 11.44% 17.27% 8.32% 13.38% 7.39% 15.47%

r/Conspiracy_commons 14.37% 12.23% 10.78% 17.14% 8.29% 12.65% 7.53% 17%

r/ConspiracyNOPOL 11.52% 14.18% 10.13% 15.06% 10.38% 11.14% 7.97% 19.62%
Table 8

Detected Emotions in the Corpus of Climate Change Believer Subreddits

Subreddit Anger Anticipation Disgust Fear Joy Sadness Surprise Trust

r/Climate 14.66% 12.22% 11.1% 16.55% 8.73% 12.92% 7.19% 16.62%
r/Climatechange 15.15% 11.49% 12% 17.19% 8.29% 12.84% 7.28% 15.75%
r/ClimateOffensive 13.73% 13.45% 10.26% 16.57% 9.08% 13.04% 7.35% 16.5%

r/Environment 14.29% 11.76% 11.51% 17.33% 8.22% 13.41% 7.27% 16.19%
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Measuring Fear and Anger

An analysis of variance (ANOVA) was carried out to examine the effect of group
(deniers vs believers) on the normalized emotion scores for the two emotions “fear” and
“anger”. The emotion scores, hereby, represent the aggregated total count of words associated
with each emotion. These scores are normalized per 100 comments to account for the varying
amount of content collected from the individual subreddits. The main effects of the type of
emotion and group on the emotion score were evaluated, in conjunction with their interaction.

The results indicated that there was no significant main effect of emotion F(1,12)=0.31,
p = .59. Consequently, the emotions “fear” and “anger” did not significantly differ in their
scores, suggesting similar levels of expression. Similarly, no significant main effect of group
could be observed F (1,12) =0.18, p = .68. This indicates that there was no significant difference
between both groups in terms of their overall normalized emotional scores for “fear” and
“anger”. In addition, the interaction effect between emotion and group on the score was not
significant F(1,12) = 0.01, p = .906. This suggests that the difference in normalized emotional
scores of “fear” and “anger” does not correspond to the group.
Measuring Hope

An analysis of variance (ANOVA) was conducted to examine the effect of group
(deniers vs believers) on the normalized emotion scores of “hope”. The emotion score, hereby,
represent the aggregated total count of words associated with the emotion, normalized per 100
comments. The main effect of the groups on the emotion score was evaluated.

The results indicated that there was no significant main effect of group F(1,6) =0.21, p
= .66. Therefore, there was no significant difference between both groups in terms of their
overall score of “hope”.

Discussion
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The purpose of this research was to further investigate climate change discussions
occurring on Reddit while focussing on the discrete emotions of believers and deniers of climate
change. Specifically, techniques of sentiment analysis and emotion detection were employed to
achieve further insights into the differences in emotional expressions of both groups. Emotional
expressions play a crucial role when analysing climate change discussions because they may
influence the individual’s behaviour, risk perception and decision-making (Heiss, 2020, as cited
in Villanueva, 2021; Lerner & Keltner, 2000; 2001; Marcus, et al., 2000). Previous research on
the emotional expressions in climate change discussions has mainly focussed on the social
media platform Twitter (Hemsley, et al., 2021; Pearce, et al., 2018; Williams, et al., 2015),
while Reddit possesses a different architecture and mechanisms that may encourage climate
change discussions among its users (Pearce, et al., 2018; Treen, et al., 2022; Villanueva, 2021).

Our findings indicated that climate change discussions of believers and deniers were
similar in the levels of emotional expressions. Namely, fear was the most expressed emotion of
both groups, with trust and anger being emotions that were consistently identified as the second
and third most. Furthermore, slight differences could be observed in terms of the proportions
of the expressed sentiments of both groups. The comments of climate change believers and
deniers contained similar levels of positive and negative sentiments, while slight differences
could be observed among the individual subreddits. Lastly, the engagement levels of both
groups significantly differed, as climate change deniers wrote more comments to each post than
believers did.

Emotional Expressions

Our findings indicated that the most expressed emotion of both climate change deniers
and believers was fear. These findings are in line with the research done by Amangeldi, et al,
(2024), which indicated that the most expressed emotion in environmental posts on Reddit was

fear. Consequently, since both groups express fear, they may be inclined to challenge their
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preexisting views while reaching out for novel information because they mostly perceive the
danger as not in control (Lerner & Keltner, 2000, 2001; Marcus, et al., 2000). Thus, the
assumption that the deniers tend to evaluate the risk as in control while relying on their
preexisting views can be refuted. However, our findings are surprising, because, in previous
research, anger predominated in messages of deniers (Hemsley, et al., 2021; Villanueva, 2021),
whereas believer messages most frequently contained the emotion hope next to fear
(Villanueva, 2021). Contrary to popular belief, climate change deniers do experience feelings
of worry and dread concerning environmental problems, such as dying species or pollution, as
shown by Haltinner, et al. (2021). Consequently, they persist in engaging with conspiracy
theories and climate denial to cope with these feelings (Haltinner & Sarathchandra, 2019).
Hereby, they may tend to disconnect anthropogenic climate change from these environmental
problems. However, to which aspects of climate change, natural catastrophes, and social issues
the group of deniers of our sample expressed fear remains unclear. Furthermore, while climate
change deniers are typically categorized as distrustful of scientific consensus (Beiser-McGrath
& Bernauer, 2021; Maibach, et al., 2009; Poortinga, et al., 2019), our research identified high
levels of expressed by the group of deniers. This notable finding can be explained by the
dynamics of social identity and cognitive dissonance.

Climate change deniers may frequently engage with their community of deniers to
reduce cognitive dissonance and strengthen their identity (Del Vicario, et al., 2016; Oswald &
Bright, 2022). While interacting with subreddits centered around conspiracy theories and
climate change denial they encounter arguments they assess as strong because these align with
their views (Taber, et al., 2009). This communication allows them to establish a supportive
network, in which they can distance themselves from opposing views and perceive climate
denial as a consensus (Oswald & Bright, 2022). When being frequently confronted with

dissonant content, their belief in their group’s view may be strengthened (Karlsen, et al., 2017,
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as cited in Oswald & Bright, 2022). This process may be facilitated by motivated social
cognition, where individuals are more inclined to trust the opinions of their ingroup than the
content of an outgroup (Jost & Amodio, 2012, as cited in Oswald & Bright, 2022).
Consequently, frequent interaction within these networks could further strengthen the beliefs
of climate deniers, as indicated by our findings.

Expressed Sentiments

The findings indicated that only minor differences in the proportions of sentiments could
be observed between the subreddits of climate change deniers and believers. Discrepancies in
the sentiment analysis results between the NRC and VADER lexicons could be observed.
Namely, the results of the VADER sentiment analysis indicated balanced proportions of
negative and positive sentiments, with a slight tendency towards positivity. Contrastingly, the
NRC sentiment analysis highlighted a general trend towards negativity in the comments of both
groups, while slight differences in the distribution of sentiments could be observed when
inspecting the comments of each subreddit. These discrepancies in the results of the sentiment
analyses highlight the importance of using multiple sentiment analysis tools to gain a
comprehensive understanding of the data to be analysed.

Our findings revealed no significant differences in the overall negativity between denier
and believer comments based on the NRC lexicon. Namely, based on the NRC sentiment
analysis results, both groups expressed high amounts of negativity within their comments. The
results of the VADER sentiment analysis underline that no substantial differences in the
proportions of expressed sentiments between both groups could be observed, with a general
slight tendency of the comments to contain positivity. Notably, the comments of the denier
subreddit r/conspiracy commons contained considerably high amounts of positive sentiments.
Moreover, the believer subreddits r/climatechange and r/climateoffensive also contained

increased levels of positive sentiments when compared to negative sentiments.



37

Amangeldi, et al. (2024) pointed out that environmental discussions on Reddit exhibited
a rise in the levels of expressed positive sentiments, in contrast to the discussions present on
Twitter and Youtube, which consistently contained a higher frequency of negative sentiments.
In these environmental discussions, climate change could be identified as the predominant
topic. These findings present a contrast to the findings of previous studies examining the
sentiments expressed in climate change discussions on Twitter, which indicated that negative
sentiments were predominant in messages of climate change deniers (Hemsley, et al., 2021).

Increased involvement in the discussions inside an echo chamber tends to result in
increased negativity among the members of communities of both conspiracy theorists and
believers of science (Del Vicario, et al., 2016). Thereby, group polarization, which is reinforced
by interactions among like-minded individuals, may further influence the behaviour and
emotions of the members of the community (Del Vicario, et al., 2016; Oswald & Bright, 2022).
High interaction within these groups often corresponds to increased negativity and engagement,
while the most active members of the community express more polarized views (Baumann, et
al., 2020). However, according to the findings of the NRC sentiment analysis, the comments of
deniers did not contain higher proportions of negative sentiments when compared to the
believers, even though higher engagement could be observed in the community of deniers.
Engagement Levels

Our analysis revealed that posts published in climate change denier subreddits showed
a higher ratio of comments per post compared to the posts in climate change believer subreddits.
Consequently, higher engagement levels could be observed among deniers in comparison to
believers. This finding may be explained by the research by Oswald & Bright (2022), who
found that dissonant submissions to the r/ClimateSkeptics subreddit led to increased
engagement. Cognitive dissonance, the formation of echo chambers and social identity may

further contribute to the discovered differences in the rates of engagement.
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Climate change deniers can be identified as a minority group (Beiser-McGrath &
Bernauer, 2021; Maibach, et al., 2009; Poortinga, et al., 2019). Moreover, during recent times,
the COVID-19 crisis emerged as a critical event, which has disrupted the media coverage of
the climate crisis, which previously was at its peak (Stoddard, et al., 2023). Lastly, a recent
growth of environmental discussions on Reddit could be observed, particularly in 2023
(Amangeldi, et al., 2024). The combination of these factors could have caused climate change
deniers to be more frequently exposed to content created about the climate crisis, increasingly
confronting them with content that questions or threatens their identity (Amengeldi, et al.,
2024).

When confronted with opposing views, individuals tend to defend their identity and
reduce their feelings of dissonance by posting identity-reinforcing content within their
community (Oswald & Bright, 2022). This selective engagement with content that affirms their
views can be named as confirmation bias (Falkenberg, et al., 2022; Hart, et al., 2009; Walter,
et al., 2018). Furthermore, the heightened community engagement may be caused by the
formation of echo chambers and social identity (Del Vicario, et al., 2016; Oswald & Bright,
2022).

On Reddit, users can choose to engage in subreddits that reinforce their existing beliefs,
leading to more frequent interactions within their community. Consequently, contact with the
ingroup may result in an increased desire to maintain one’s identity, while engaging more with
the ingroup and discrediting the outgroup (Oswald & Bright, 2022). Climate change deniers
thus interact more with like-minded individuals to reduce their cognitive dissonance and
strengthen their preexisting opinions and social identity. Hereby, further confrontation with
opinions that may threaten their identity is hindered, while the formation of more extreme views

within the echo chamber is fostered (Farrell, 2015).
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In summary, while the hypothesis that denier content shows higher engagement is
confirmed, the reasons behind this are complex. As Reddit users are free to choose what
subreddit they want to engage with, the interplay of various factors such as the formation of
echo chambers, cognitive dissonance, confirmation bias, subreddit selection, and broader social
dynamics may contribute to the observed engagement differences.

Strengths and Limitations

Our data collection process was affected by the recent restrictions to Reddit’s API,
which have limited the volume of social media content available for research (Brown, et al.,
2024; Rocha-Silva, et al., 2024; Trezza, 2024; Wright, 2024). This limitation of our study is
reflected in the uniformity in the number of posts that were extracted across the various
subreddits that were chosen. Specifically, the chosen RedditExtractoR package intentionally
limits the number of collected posts and comments to comply with Reddit’s API changes (Juel,
et al., 2024; Rivera, 2019; Yang, et al., 2024). Moreover, Reddit limits the number of posts
accessible by browsing individual subreddits to one thousand posts (Rocha-Silva, et al., 2024).
This could potentially impact the representativeness of our sample, especially for highly active
subreddits where not all content could be collected. Consequently, our analysis does not capture
the whole picture of the discussions within climate change communities on Reddit. This could
cause an incomplete understanding of the dynamics and sentiments within climate change
discussions on Reddit. Additionally, the uniformity in data collection across the subreddits may
obscure the observed differences in engagement levels.

The Pushshift Reddit dataset can be used in future research to overcome these
limitations by providing extensive historical data archives and allowing for increased query
limits (Baumgartner, et al., 2020). The dataset consists of the content extracted from the top 40
thousand subreddits from June 2006 up until December 2023 and is available online on the

website Academic Torrents (Cohen, et al., 2024; Lo & Cohen, 2016). The pushshift dataset has
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been used in various peer-reviewed publications and enables the researcher to quickly collect
and analyse large amounts of data (Cummings & Lipworth 2023; Rocha-Silva, et al., 2024;
Stillman & Kruspe, 2024).

However, it is important to acknowledge the limitations of the pushshift dataset. Firstly,
the dataset may contain content that has been removed from Reddit, which raises ethical
considerations (Rocha-Silva, et al., 2024). Furthermore, the use of a data repository can be
characterized as a constraint, as the dataset may be incomplete (Gaffney & Matias, 2018, as
cited in Rocha-Silva, et al., 2024). Despite these potential limitations, the Pushshift dataset
remains a valuable resource for overcoming the constrains imposed by Reddit’s API restrictions
on the data collection process.

Furthermore, the selection of subreddits can be highlighted as a limitation. Namely, only
one subreddit of substantial size could be identified which revolved around climate change
denial, namely, r/ClimateSkeptics. By implementing a keyword search, we ensured that the
content posted by the Reddit users contained impressions regarding climate change and global
warming. However, while supplementing the dataset of climate change deniers with climate
change content posted on conspiracy theories subreddits, our dataset contained a majority of
individuals who identify themselves as conspiracy theorists. Climate change deniers have
different motives other than conspiracy-based narratives that have caused them to deny
anthropogenic climate change (Haltinner & Sarathchandra, 2021). Moreover, individuals are
inclined to support conspiracy theory beliefs due to mechanisms of social identity, which may
further cause increased engagement (Del Vicario, et al., 2016; Oswald & Bright, 2022;
Robertson, et al., 2022). This difference in engagement levels when comparing the
r/ClimateSkeptics subreddit with the conspiracy subreddits was identified in our findings.
Consequently, future research is needed to evaluate the content created by climate change

deniers. Specifically, we advise comparing the climate change content of climate denier
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subreddits with conspiracy subreddits, to gain a better understanding of the different motives
of individuals that cause them to deny the climate crisis and to gain further insights into the
discovered differences in engagement patterns.

Moreover, the use of a lexicon-based approach to identify the expressed emotions and
sentiments of climate change deniers and believers can be emphasized as a limitation. Hereby,
hope is a complex emotion that is not included in a sentiment- or emotion lexicon (Guerra &
Karakus, 2023). Therefore, based on the findings by Guerra & Karakus (2023), we used
different subscales of the NRC-emotion lexicon to evaluate whether the content contains hope.
Moreover, climate change discussions frequently contain sarcasm, an emotion that may be
difficult to label for humans (Hemsley, et al., 2021; Verma, et al., 2021). Hereby, sarcasm can
have effects on the accuracy of the sentiment analysis applied, as sarcasm frequently aims to
imply negativity, while implying a positive sentiment on the surface (Amangeldi, et al., 2024;
Joshi, et al., 2017; Maynard & Greenwood, 2014). In future research, deep learning models
may be used to identify the contained sarcasm in climate change discussions and its effect on
the detected sentiments and emotions (Razali, et al., 2021; Verma, et al., 2021). Machine
learning and deep learning algorithms may provide higher accuracy and improved flexibility to
complex concepts like the expression of hope and sarcasm (Hung & Alias, 2022).

Future Research

We recommend that future research into climate change discussions on Reddit should
distinguish the opinions of conspiracy theorists, climate deniers, and believers to better
understand the distinct motives of each group. Machine learning and deep learning algorithms
could be employed to identify characteristics of the content created by these groups and to
accurately detect complex emotions such as hope and sarcasm. This approach could offer a
more nuanced understanding of the emotional dynamics within online climate change

communities. Additionally, future research should explore how media coverage, political



42

events, and climate catastrophes influence sentiments and emotions expressed in climate
change discussions. Examining trends in expressed emotional content over a broader timespan
could provide valuable insights, and utilizing datasets like Pushshift could enable a more
comprehensive analysis of the diverse range of climate change discussions online, without
being restricted by API regulations.
Conclusion

This research aimed to compare the expressed discrete emotions and sentiments of
climate change believers and deniers. The study found that both groups primarily expressed
fear in their comments, with trust and anger being secondary emotions. Contrary to previous
findings, slight differences were observed in the expressed sentiments of both groups,
depending on the sentiment analysis tool used. The NRC analysis indicated that both groups
expressed similar levels of negativity, whereas the VADER analysis suggested that believers'
comments contained more positive sentiments than those of deniers. Additionally, deniers
demonstrated higher engagement levels by posting more comments per post than believers.
These findings suggest that cognitive dissonance, social identity theory, and emotional
processes play a role in shaping the behaviour and decision-making of climate change deniers.
Despite higher engagement levels among deniers, the expected formation of echo chambers and

significantly increased negativity in denier content were not observed.
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Appendix A
Wordclouds before pre-processing

Figure 6

Most frequently mentioned pre-processed words

and =

Note. The left wordcloud displays the pre-processed words most frequently mentioned by climate change believers, while the right wordcloud
displays the ones by the climate change deniers.
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Figure 7

Most unique mentioned pre-processed words
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While labelling the topics, their most prominently featured words were taken into

consideration, hereby, featuring the words with the highest frequency-exclusivity (FREX) and

the highest probability to be included in the topic (Ding, et al, 2020). Thereby, words with the

highest FREX score were mainly considered to generate the label of a topic. However, when

the FREX statistic was difficult to evaluate, the words with the highest probability score were

considered. The generated topics, their label and the words that were used to create the labels

are featured in Table 9.

Furthermore, topics that contained similar themes and words were grouped together

and labelled. These topic groups can be seen as major discussion points that the climate

change discussions of the collected comments contained. These topic groups and their

corresponding topics are displayed in Table 10.

Table 9

Topic labels and Top Words

Topic Topic Label Distinctive words (FREX) Highest probability
Number words
1 Reddit Moderation and rule, rconspiray, apply, comment, please, keep,
Interaction meta, concerns, lol, rule, rconspiracy,
subreddit, bot apply
2 Climate Change Denial wrong, deniers, change, climate, change, don't,
and Debate deny, changing, denier, point, wrong, evidence,
cult doesnt
3 International Conflict and ukraine, deleted, Russia, one, that’s, don’t, youre,
Politics war, israel, hamas, yeah, anything, maybe
russian
4 Unidentifiable Topic fucking, gonna, shit, just, think, going, know,

really, thanks, heard, just

see, really, well



10

11

12

13

14

15

Government Policies and

Societal Issues

Electricity Production and
Ecology

Scientific Research

Global Warming and its

Consequences

Weather Events and

Predictions

Interaction with Media

Climate Change Effects
(Change to “Seasonal
Weather Patterns”?)
Energy Consumption and

Sustainability

Increasing Atmospheric

Pollution

Social Concerns and
Public Opinion
Unidentifiable

Discussions

children, capitalism,
interests, socialism,
protest, wef, legal
forests, forest, soil, wood,
panels, burn, batteries
article, studies, chart,
papers, ncei, reviewed,
peer

cycles, activity,
temperatures, warming,

periods, correlation, graph

insurance, collapse, look,
checkers, deaths, worse,
scenario

religious, god, video,
logical, religion, troll,
narrative

snow, polar, winter,
summer, bears, days,
florida

meat, eat, market, india,

economy, buying, cows

radiation, atmosphere,
vapor, gases,
greenhouse, venus,
stratosphere

care, people, kids, want,
problem, app, let

sounds, else, peoples,
working, guys, everybody,

truly
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Government, world,
theyre, state, public,
got, pay

carbon, fossil, water,
solar, fuels, fuel, use
science, data, article,
scientific, research,
study, read
warming, global,
temperature, human,
past, temperatures,
levels

will, time, every, look,

weather, already, bad

believe, say, different,
find, media, question,
makes

years, now, year, last,

ice, ago, next

energy, oil, power,
emissions, money, stop,
need

earth, atmosphere,
heat, effect, planet,

greenhouse, water

people, will, can, make,
want, get, problem

like, even, lot, much,
everything, things,
better




Table 10.

Topic groups and their corresponding topics

Group

Topic Number

Topic Label

Reddit Interactions

Interaction with Science and Media

Consequences of Climate Change

Government and Politics

Public Opinions and Personal Expressions

1
2
7
10

11
13

12

14
15

Reddit Moderation and Interaction
Climate Change Denial and Debate
Scientific Research

Interaction with Media

Global Warming and its Consequences
Weather Events and Predictions
Climate Change Effects

Increasing Atmospheric Pollution
International Conflict and Politics
Government Policies and Societal Issues
Electricity Production and Ecology
Energy Consumption and Sustainability
Unidentifiable Topic

Social Concerns and Public Opinion

Unidentifiable Discussions
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Evaluation of the topic quality

After the creation and labelling of each topic, their semantic coherence and exclusivity
were further evaluated. As can be seen in Figure 8, most of the topics score reasonably well
when being compared with each other. Most notably, Topic 1, labelled as “Reddit Moderation
and Interaction” scores the highest in both exclusivity and semantic coherence. In
comparison, Topics 3, 5, 6, and 10 score lower than the majority of topics on exclusivity,
while also scoring average to low on semantic coherence.
Figure 8

Exclusivity and coherence of each topic
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Topic proportions

Figure 9 displays to what extent each topic is unique to either the group of climate
change believers or deniers. Overall, the topic proportion is predominantly balanced between
the content of believers and deniers. Notably, topics 7 and 12 are the most unique topics of
climate change believers. Hereby, topic 7 is labelled as “Scientific Research” (FREX =
article, studies, chart, papers, ncei; highest probability = science, data, article, scientific,
research). Moreover, topic 12 resembles “Energy Consumption and Sustainability” (FREX =
meat, eat, market, india, economy; highest probability = energy, oil, power, emissions,
money, stop). Contrastingly, topic 14 is the most unique topic of climate change deniers and it
resembles “Social Concerns and Public Opinion” (FREX = care, people, kids, want, problem;
highest probability = people, will, can, make, want).

Figure 9

Topic proportions of deniers and believers
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Topic prevalence over time

Figure 10 presents the prevalence of the topics throughout the time period from which
the data was collected. Hereby, the x-axis resembles the number of days from the earliest data
collected, which was on the 12 of April 2023, up until the 8" of April 2024, while the y-axis
displays the topic prevalence in the corpus. The prevalence of the majority of topics over this
time period remained stable. However, the prevalence of Topic 3 “International Conflict and

Politics” spiked in between the around the 300 days mark. so around February to March 2024.
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Figure 10

Topic prevalence over time
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