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Abstract. We present results of a project examining the application of compu-
tational text analysis and distant reading in the context of comparative religious
studies, sociology, and online communication. As a source for our corpus, we
use the popular platform Reddit and three of the largest religious subreddits: the
subreddit Christianity, Islam and Occult. We have acquired all posts along with
metadata for an entire year resulting in over 700,000 comments and around 50
million tokens. We explore the corpus and compare the different online com-
munities via measures like word frequencies, bigrams, collocations and senti-
ment and emotion analysis to analyze if there are differences in the language
used, the topics that are talked about and the sentiments and emotions ex-
pressed. Furthermore, we explore approaches to diachronic analysis and visual-
ization. We conclude with a discussion about the limitations but also the bene-
fits of distant reading methods in religious studies.

Keywords: Religious Studies, Distant Reading, Reddit, Sentiment Analysis,
Computational Social Science, Collocation.

Introduction

With the concept of distant reading, Moretti [17] has argued for the application of
statistical and computational methods, primarily in literary studies and linguistics.
The general idea of distant reading is to explore large quantities of text via methods of
computational text analysis and text visualization, thus enabling findings that would
not be possible by qualitative or hermeneutical work alone. Some of the most popular
methods in this field are stylometry, topic modeling and sentiment and emotion analy-
sis [10]. The application of distant reading is also explored outside of literary studies.
Similar concepts for other media types can be found in film studies ([1]: distant view-
ing) or digital musicology [5]. In addition, in the context of textual analysis, distant
reading is also explored outside of literary studies in other text-oriented domains (e.g.
[21]). In a similar way, we want to explore the application of distant reading in the
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context of religious studies and sociology by analyzing the communication of differ-
ent religious groups on the online platform Reddit!.

With the rise of social media the research area of computational social science is
gaining popularity [12]. However, most text analysis and visualization approaches are
focused on areas like politics (e.g. [11]). In the context of religious content and reli-
gious studies one can find research about extremist groups like ISIS [2] or the appli-
cation of distant reading techniques for famous religious texts (e.g. the Bible) [14, 25,
26].

However, the exploration of the online communication of “ordinary” or “moder-
ate” religious and spiritual groups on social media channels is rather rare although one
can assume that, considering the importance of social media for young adults, a lot of
religious discussions find their place on those platforms. Pfahler et al. [21] show the
benefit of applying distant reading on a Muslim forum by exploring the topics dis-
cussed via topic modeling.

To gather more insights about the subjects and language of religious discussions on
social media across diverse religious creeds, we present the results of a project exam-
ining and comparing three subforums on Reddit: a Christian, a Muslim and an occult
forum. We explore different techniques of distant reading and computational text
analysis. As methods, we employ the analysis of most frequent words and bigrams,
collocation analysis and visualization as well as sentiment and emotion analysis. Our
research goals are (1) to identify differences and specific features concerning lan-
guage usage as well as content discussed among those groups and (2) reflect upon the
benefits and limitations of the different computational techniques used.

Corpus

In the following, we describe how we gathered and constructed the corpus. If not
mentioned otherwise, we made use of Python and the popular library NLTK for all
methods.

Corpus Acquisition

As a source for our corpus, we have chosen the platform Reddit?. Reddit is a news
aggregation website founded in 2005 and is ranked among the top 20 most visited
websites in the world®. In recent years, the platform has evolved from its primary use,
which is to share links and images. Nowadays, it is a collection of subforums for vari-
ous topics. Users can subscribe to a subforum and via a voting system more popular
posts are placed more prominently on the platform. A subforum, also called subreddit
on Reddit consists of submissions (which are equivalent to a thread for general fo-
rums) and corresponding comments. Usually, the majority of entries consists of com-

! https:/fiwww.reddit.com/
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ments. Due to the huge popularity, Reddit has been used for various research using
text mining methods [6, 7, 8]. Furthermore, Reddit’s open source roots and various
open source libraries for gathering data adds to its popularity in research.

As subreddits we have chosen three of the most popular religious subreddits. The
first subreddit, /r/Christianity* is focused on discussions about Christian belief and
practice. It is the biggest of the subreddits with 202,242 subscribers. The Muslim
subreddit /r/Islam® is smaller (82,404 subscribers), possibly due to the fact that Reddit
is more popular in English speaking countries. Next to those monotheistic religions,
we also look at an esoteric forum: /r/Occult®. The subreddit describes itself as “cen-
tered around discussion of the occult, mysticism, esoterica, metaphysics, and other
related topics” (149,379 subscribers; all subscription counts are of September 2,
2019). Spiritual directions as discussed in this forum have become more popular,
especially in the Western world and among the youth. Therefore, it is not surprising
that this subreddit is larger than those of many world religions (e.g. Islam, Judaism,
Buddhism). Please note that we do not want to explore the religious convictions in
these online communities (which might be an interesting topic for religious studies)
but rather want to explore the possibilities of corpus analysis and distant reading. For
this purpose, the chosen subreddits are (1) large enough and (2) varied enough to
investigate the subreddits on their own but also to compare them with each other.
However, one limitation to keep in mind is the difference in size with /r/Christianity
being much greater. We will focus on normalized results to avoid problems because
of these size differences.

To gather submissions, comments and metadata for a specific subreddit we use the
Python Reddit API Wrapper (PRAW)? library and save the data in the JSON format in
a MongoDB database. All submissions and comments have been collected for a
timeframe of one year (from the 1% of July 2018 to the 1% of July 2019). It is im-
portant to regard at least one year since religious communities and their communica-
tion behavior might be influenced due to specific holidays in the circle of the year.

Corpus Description

We have collected 115,556 submissions for all three subreddits. Nevertheless, we
filtered out 74,162 submissions consisting of links only or lacking author information.
Posts with no author information (e.g. deleted authors) are not visible anymore on the
platform. Thus, 41,394 submissions remain. After extracting the comments of these
submissions, 759,992 comments remain comprising more than 50 million tokens and
over 3.5 million sentences. Table 1 summarizes some of the general metrics of the
overall corpus and the specific subreddits after filtering noise.

4 https://www.reddit.com/r/Christianity/
S https://www.reddit.com/r/islam/

6 https://www.reddit.com/r/occult/
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Table 1. Corpus metrics.

Metric/Forum | /r/Christianity /r/lslam /r/Occult Sum
Submissions 28,896 4,123 8,275 41,394
Comments 618,719 64,886 76,387 759,992
Tokens 43,996,066 4,754,301 5,702,675 54,453,042
Sentences 2,897,575 300,854 365,962 3,564,391

Table 2 illustrates some statistics about the lengths of submissions and comments.

Table 2. Comparison of post lengths.

Metric/Forum [r/Christianity | /r/Islam | /r/Occult
Sentences per submission 10.6 9.9 9.3
Tokens per sentence in submission 16.2 16.5 16.4
Sentences per comment 4.2 4.0 3.8
Tokens per sentence in comments 15.1 15.7 154
Comments per submission 21.4 15.7 9.1

Considering the post lengths, there are no specific differences. The only striking dif-
ference can be found concerning the Christian Forum since it is much larger than the
other ones. Submission also have a higher number of comments. However, the overall
sentence length does not differ since sentences are only slightly longer in the Chris-
tian forum.

Analysis

In the following, we present results for various statistical parameters, starting with
word frequencies, followed by bigram frequencies, results for significant collocations
and sentiment and emotion analysis.

Word Frequencies

To gain insights about the subjects discussed and the overall language we analyze the
most frequent words used in the subreddits. For the preprocessing we have eliminated
stop words and lemmatized the tokens using the WordNet-Lemmatizer which is a
general purpose solution for lemmatization often used for social media content [19,
20]. The following figures illustrate the top 10 most frequent words (MFWSs) per sub-
reddit (Figure 1 to 3).
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The results show that the word “god” is an important term in all three sub-reddits. It is
also notable that the word is used with a higher relative frequency in /r/Christianity
compared to the other forums. In /r/Islam it is notable that the words “muslim” and
“islam” are much more common than their equivalents “christian” and “christianity”
in /r/Christianity, suggesting these words are used differently in their respective do-
main, or that more meta discussion takes place in /r/Islam. The lack of the word “Mo-
hammed” as one of the most frequent words in the Muslim forum is due to the nu-
merous different spellings of this name (which have not been unified in this study).
As a last observation on the top words, /r/Christianity is the only subreddit with a
word for an emotion, “love”, in the top ten words, while /r/Occult’s top ten words
uniquely feature two words relating to the senses, namely “feel” and “experience”.

Bigram Frequencies

A bigram is defined as two tokens appearing next to each other. More than unigrams,
bigrams can give insights in the usage of more complex concepts. Figure 4 to 6 illus-
trate the 10 most frequent bigrams for each subreddit.
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Fig. 4. Most Frequent Bigrams in /r/Christianity.
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Fig. 6. Most Frequent Bigrams in /r/Occult.

Both in the Cristian as well as in the Muslim forum specific named entities are the
most common bigrams e.g. “Jesus Christ”, “holy spirit”, “lord Jesus” and “prophet
Muhammad”. One of the most frequent bigrams in the Christian subreddit is “gay
people”. In comparison, bigrams consisting of the word gay are rather rare in the oth-
er forums. “Gay people” is ranked 44 for /r/Islam and there are no similar bigrams
found for /r/Occult showing that this topic is not of interest for this specific communi-
ty. In the Christian subreddit, a specific edition of the bible is often referred to (the
King James Bible, the most important bible edition in the English speaking world).
For the Muslim forum, geographical and political concepts are dominant e.g. “middle
east”, “muslim countries”, “saudi arabia” as well as spiritual authorities (“Yasir
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Quadhi”, “Abu Bakr”, “Ibn Taymiyyah”). Those findings are indeed in line with re-
sults of topic modeling on a similar corpus [21]. /t/Occult’s top bigrams refer mostly
to esoteric concepts and practices which is interesting since religious practices are
rarely discussed in the other forums

Collocations

To gain a better understanding about some of the religious key concepts we look at
the collocations for words representing those concepts. As a text window for colloca-
tion analysis we choose five, meaning words can be a maximum of five positions
away to be regarded as collocations. The collocation strength was measured as
Pointwise Mutual Information (PMI) which scores the collocations based on their
actual co-occurrence in the corpus in proportion to their expected co-occurrence if
they were independent [4]. Because this can lead to high values for very low-
frequency collocations, a minimum threshold was set for each measurement. We vis-
ualize the collocations similar to [3]. The key word is centered in the middle while the
surrounding words are those that are frequent enough in the surroundings of the word
according to the threshold. The lengths of the edges decrease with higher PMI-values,
thus words that occur more frequent are closer to the centered word. We focus our
analysis on various important religious words like god, death, life, love, experience or
religion. In the following, we show the collocation usage for the words “god” and
“death”.
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The collocations for the word god in Christianity (see figure 7-9) show some outdated
verb forms pointing to bible quotes (“giveth”, “commendeth”). In line with the up-
coming results about sentiment analysis, positive characterizations are more frequent
(“forgives”, “loves”) than negative ones (“hates”, “punishing”). Similar holds true for
the Muslim forum with words like “forgive”. Those positive collocations become
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even more apparent when analyzing the word Allah instead of god (which is not
shown here). It is striking that the existence of god seems to be discussed much more
in the Muslim forum (“existence”, “exists”). Furthermore, the word “god” is probably
(also) used in the Muslim forum to refer to a specific Christian or Jewish god (“son”,
“Abraham”). For the occult forum, the multiple perspectives on God become very
clear. The word god is mostly surrounded by other words clarifying which god is
being discussed (“horned”, “Abrahamic”, “Egyptian™, “Christian”, “sun™). It is also
the only forum showing some rather negative perspective on god via the collocation
with “damn”. This might point to atheist or agnostic views.

The collocations for the concept death highlight the differences between the groups
even more clearly (see figure 10-12).
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In /r/Islam as well as /r/Christianity strong correlations with the term “penalty” are
found. Death is much more frequently discussed in the Christian forum, thus more
collocations are identified. However, the collocations also point to the fact that death
plays a much more important role in the life and narration of Jesus since we find a lot
of collocations in this context (“ascension”, “resurrection”, “jesus”). The collocations
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with “angel” and “taste” in the Muslim subreddit refer to specific Quran passages. For
the occult forum, the esoteric and spiritual content becomes clear since death is
strongly connected to words like “rebirth” and “ego” pointing also to spiritual con-
cepts well-known in Buddhism.

Sentiment Analysis

Sentiment analysis means using computational methods for the analysis and predic-
tion of sentiments, mostly in written text [13]. Most of the times, the prediction goal
is whether the overall connotation of a text is negative, positive or neutral. This con-
cept is also often referred to as polarity. Typical areas for sentiment analysis are prod-
uct reviews but also social media [27]. In recent years, sentiment analysis has also
gained a lot of interest in Digital Humanities [15, 18, 22, 23, 24].

To explore sentiment analysis in our specific corpus, we use Vader, an open source
sentiment analysis library for Python®. Vader outputs a polarity score for each sen-
tence, which allows for the classification of each sentence as positive, neutral or nega-
tive. Although Vader employs lexicon-based methods for sentiment analysis, it has
been specifically developed for social media and shows very good evaluation results
on this type of content [9]. Table 3 shows the percentage of sentences classified with
a specific polarity class per subreddit.

Table 3. Ratio of Sentences Classified with a Polarity Class.

Positive Neutral Negative
[rIChristianity 43.60% 31.85% 24.52%
[r/lslam 41.11% 36.20% 22.70%
/r/Occult 42.89% 37.59% 19.52%

While the sentiments expressed are rather similar, it is noticeable that /r/Christianity
has the lowest ratio of neutrality and is thus more polarized than the other forums.
/r/Occult has the lowest ratio of negative sentences, which might be because there are
fewer negative topics like “sin” and “hell” discussed in this subreddit. Overall, it is
rather striking that positivity dominates all subreddits. Please note however, that our
findings are purely descriptive at the moment and we apply no significance tests for
comparisons.

Emotion Analysis

The computational method of emotion analysis is closely related to sentiment analy-
sis. The goal, however, is to analyze and predict more complex emotions instead of
the simple polarity of a text. For our analysis, we use the NRC Emotion Lexicon [16],
a general purpose sentiment and emotion lexicon. It consists of around 14,000 words

8 https://github.com/cjhutto/vaderSentiment
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and their associations with a set of emotions (anger, anticipation, disgust, fear, joy,
sadness, surprise, trust) but also with a polarity category (positive, negative). Words
can be associated with one or more of those emotions and polarity categories. By
counting the number of words associated with emotions one can investigate the emo-
tionalization of the language used. However, please note that this lexicon, unlike
Vader, is not optimized for social media language and is also not as sophisticated, as
Vader also accounts for negations and valence shifters. The following graph illus-
trates the percentages of every category for each subreddit (see figure 13):
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Fig. 13. Percentage of words associated with emotions per subreddit.

Like the results of the sentiment analysis, most emotions are much more frequent in
the Christian forum than in the others. This especially accounts for the categories
anticipation, fear, joy and trust. Similar to the results concerning Vader, we could
also identify this effect for the two polarity categories positive and negative. This
suggests that the discussions in /r/Christian are more emotionally charged. We also
investigated what specific words of the NRC emotion lexicon lead to these results:
Top words in the /r/Christianity subreddit with a trust connotation include “god”,
“church”, “faith” and “pray”, words that were found to be especially frequent in this
sub-corpus. All of these, as well as “love”, are furthermore associated with joy. How-
ever, vocabulary from Abrahamic religions is also often associated with negative
emotions. “God”, for example, is also associated with fear (its polarity is positive,
however), as are “sin”, “pray” and “worship”, words most frequently found in /r/Islam
and /r/Christianity. Concerning negativity and negative emotions /r/Occult is much
closer to the other forums. Reason for this are the negatively connoted and frequent
words “occult”, “demon”, “black” and “chaos” (as commonly appearing in “black
magic” and “chaos magic”).
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Discussion

Via various methods of computational text analysis, we were able to gather some
interesting insights concerning the topics that are talked about and the sentiments and
emotions expressed. However, in the following we want to reflect upon the benefits
and the limitations of the methods chosen:

Ngram-frequencies give a compact and easily to understand overview of the key
concepts and topics that are discussed in the forums. The bigrams were more insight-
ful than the unigrams showing some more general differences like the focus on poli-
tics and authorities in the Muslim forum and the focus on practices for the occult fo-
rum. The analysis of word frequencies also proved to be very helpful for the interpre-
tation of more advanced methods like the collocation and sentiment/emotion analysis.
However, comparisons are limited with this method, since similar concepts are often
referred to differently (e.g. “God” vs “Allah”) and dependent of the specific vocabu-
lary of a group. We also want to pursue methods to identify keywords that are specific
for a sub-corpus e.g. using tf-idf weighting or comparative ranked lists.

The collocation analysis and visualizations did prove to be of the most interest for
us. By focusing on specific words that represent important concepts, we were able to
find interesting differences about the contexts of those words. Furthermore, to correct-
ly interpret the data, in-depth knowledge about the religions is necessary e.g. to iden-
tify quotes of the scriptures. Comparisons are easier, since different words for the
same concepts can be easily identified in the surroundings of a centered word. We
recommend investigating collocation analysis for similar future work. We also plan to
explore the possibility to construct a word embeddings model using our corpus to
analyze word associations.

The sentiment and emotion analysis illustrates some interesting results concerning
higher levels of emotional language for the Christian and Muslim forum. Although
these findings are of interest, they should be validated by more in-depth analysis since
now we can only speculate about the reasons for this result. We plan to analyze the
most extreme manifestations of comments concerning the emotional values to gain
more insights. Furthermore, we also want to precisely evaluate the performance of the
sentiment analysis approaches since they have been proven rather problematic in oth-
er areas of Digital Humanities [22]. One obvious problem is the lack of an emotion
lexicon which is specifically designed for the language used on Reddit or other social
media platforms.

Finally, there are several limitations of our study one should keep in mind when in-
terpreting the data. As already mentioned, the size of the subreddits was not equally
distributed. We focused on the analysis of normalized data to avoid skewness because
of the length. The reason for this disproportion might very well be the English lan-
guage. /r/lslam is very likely primarily used by Muslims living in Europe and Ameri-
ca which are of course a minority compared to Christians in those countries. Further-
more, research has shown that Reddit is predominantly used by American male young
adults®. Therefore, we want to point out that we cannot make any statements about the

9 https://www.techjunkie.com/demographics-reddit/
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religious communities in general but only about this limited user group of Reddit and
also just for the specific year we regarded. Nevertheless, we plan to explore distant
reading methods to analyze religious groups on social media and improve our re-
search by increasing the corpora and investigating other social media channels. We
also want to examine other methods like stylometry, topic modeling, and named enti-
ty recognition to evaluate how religious studies and sociology can benefit of those
methods.
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