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1. Introduction 
Increasing polarization has been a defining feature of the 21st century.1 Systematic evidence shows that               
elevated dogmatism, a tendency to assert opinions as truths and ignore opposing viewpoints, has              
increasingly polarized discourse in topics ranging from the environment, to health, politics, and guns.2,3,4,5              
Some researchers attribute the immense polarization between groups to stagnation in the pace and              
consistency of reform.6 Other large bodies of research have investigated how social, economic, or              
psychological factors contribute to elevating dogmatism, with a primary focus on individual behavior.  
 
However, the past decade has seen fundamental changes in the structure of social interactions with the                
advent of the Digital Age. Today, people can control who, how, when, and where they interact with others.                  
At the click of a button, they can unfollow people with whom they disagree. We therefore propose that                  
dogmatism is not a phenomenon resulting from individual behavior, but rather results from the customized               
structure of the social network with whom a user is communicating. With the new age of information                 
consumption personalization, we expect that investigating the structure of social networks will uncover             
information about how an individual’s interactions with their social network instigate or perpetuate             
dogmatism. 
 
In the remaining sections of this proposal, we review three papers that address various concepts relevant to                 
our area of research. We discuss these papers’ relationship to our topic, and use them as a basis to                   
formulate the specific research question we wish to investigate. Finally, we propose a concrete plan to                
address this question, including a dataset, a methodological plan, and our expected results and deliverables. 
 
2. Literature Review 
2.1 Predicting Positive and Negative Links in Online Social Networks7 

2.1.1 Summary 
Leskovec, Huttenlocher, and Kleinberg develop a machine learning model to predict the sign of links in an                 
online social network using information about local structure, such as node degree and triads. The model, a                 
logistic regression classifier, succeeds in predicting sign with high accuracy on real-world social networks              
from Epinions, Slashdot, and Wikipedia. Comparing their results to the classical theories of balance and               
status in signed social networks, the authors find that while both theories are reasonably accurate in                
reduced-form models, they cannot capture the subtleties of interaction in the full networks with the same                
accuracy as the learned model. Furthermore, at the level of global network structure, only the predictions                
of status theory are empirically supported by the data under consideration. 
 
2.1.2 Critique 
The key result in this paper clearly demonstrates that local network structure provides information about               
the nature of interactions between community members, and that in turn these interactions may have               
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implications for global properties of the network. However, two open questions emerge for further              
research.  
 
First, edge sign is an inherently crude measure of the nature of a human relationship. While many human                  
interaction networks could be represented as signed networks, in most cases this would abstract away               
important subtleties of interactions between users (with the exception of some limited settings, such as a                
voting network). Theories of balance and status in signed networks are well-developed, but could a more                
complex aspect of interactions (such as dogmatism) lead to similarly well-formed predictions about             
structural properties of the network? Or, alternatively, could a prediction model use information from              
network structure to make predictions about the dogmatism of interactions in that network? 
 
Second, while the authors do compare global network properties to expectations from theory, model              
predictions are based only at the level of local structure, which focuses analysis towards individual-level               
behavior. Can we instead characterize, for example, the overall nature of discourse in a community based                
on its global network properties? These questions form the starting point for our investigation, and we will                 
return to them later as we build our research proposal. 
 
2.2 Identifying Dogmatism in Social Media: Signals and Models8 
2.2.1 Summary 
Fast and Horvitz present a statistical model for binary classification of online comments to identify               
dogmatism in social media. Feature engineering techniques included using bag-of-words and linguistic            
features derived from analysis using the Linguistic Inquiry and Word Count (LIWC) lexicon. The final               
model achieved a training accuracy of 0.881 and a test accuracy of 0.791. With this model, Fast and Horvitz                   
labelled millions of unannotated posts to answer four questions about how dogmatic language shapes the               
Reddit community:  

1. What subreddits have the highest and lowest levels of dogmatism?  
2. How do dogmatic beliefs cluster?  
3. What user behaviors are predictive of dogmatism?  
4. How does dogmatism impact a conversation? 

 
While not primarily focused on network science, Fast and Horvitz’s work directly relates to course content                
considering human behavior online. The paper explores how psychological theory translates into real-world             
data, finding that the features with the most predictive power (such as negative emotion, second person                
singular pronouns, and present tense) align well with current psychological theories. Additionally, in their              
examination of the clustering of dogmatism, Fast and Horvitz identify links between subreddits where a               
given user posts dogmatic comments in each, thereby developing a network of subreddits linked by               
common dogmatic users. 
 
2.2.2 Critique 
A key strength of the analysis is its rigorous definition of dogmatism, with findings validated against                
relevant psychological theory. Subjecting the training and test set to multiple layers of filtering evokes               
additional confidence in the overall robustness of the model. Moreover, layering analysis of the Reddit               
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ecosystem on top of the dogmatism model offers further validation by confirming prior intuitions about               
human behavior. For example, the most dogmatic subreddits were found to be “oriented around politics               
and religion,” while the least dogmatic subreddits “tend to focus on hobbies.” In particular, the Reddit                
analysis offers a natural avenue to connect the study of dogmatism to more explicitly network-based               
questions. 
 
However, the analysis is not without weaknesses. Establishing ground truth presents a notable challenge:              
despite recruiting only Master workers on Amazon Mechanical Turk (AMT) to label comments, the              
authors find that comments in the middle two quartiles for dogmatism rating (on a 1-5 scale) exhibit                 
inter-rater agreement no better than chance. Analysis is therefore limited to the top and bottom quartiles                
only; yet even for these comments, (where is equivalent to chance and denotes      .69α = 0  α = 0       α = 1   
perfect agreement). This indicates that even with a clear definition of dogmatism, understanding of how it                
is expressed in communication can be highly subjective.  
 
The accuracy of the model presents another limitation. A test accuracy of 80% compounded over millions                
of comments results in hundreds of thousands, if not millions, of misclassifications. Between this and the                
lack of agreement between AMT workers, the challenges of modeling a phenomenon as complex as               
dogmatism become clear. Exploration of other classifiers beyond logistic regression, particularly those            
without assumptions of linearity, might offer a first step towards improving results. 
 
2.3 A Measure of Polarization on Social Media Networks Based on Community Boundaries9 
2.3.1 Summary 
As discussed in the introduction, polarization is highly related to dogmatism, with more dogmatic discourse               
tending to increase polarization between opposing groups. Guerra et al. approach this question from a               
network perspective, arguing that the traditional metric of modularity is not a sufficiently direct measure of                
polarization, and proposing a new metric based on network boundary conditions between the             
communities. Specifically, they develop a model in which polarization is defined in terms of nodes’               
likelihood of connecting to others outside their group, relative to those within their group. They also                
demonstrate empirically that nonpolarized networks are more likely to have many “popular” (i.e. high              
degree) nodes along the boundary, whereas in polarized networks intergroup antagonism reduces            
crossover. 
 
2.3.2 Critique 
Guerra et al. offer a compelling model of polarization, but its reliance on inter-community boundary               
conditions is both a key strength and a key weakness. The authors rightly note that a) evidence of                  
antagonism between two communities is likely to be most evident in the structure of the boundary, and b)                  
inference on the polarization of communities that do not share a boundary may not be appropriate (as the                  
communities may simply be unrelated or disconnected). Their model’s explicit consideration of these             
assumptions is its foremost advance over previous metrics. 
 
However, as discussed in the introduction, features of discourse in a community such as elevated               
dogmatism contribute to the rise of polarization. Thus, while boundary analysis may be necessary to               
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determine the existence of polarization, intrinsic features of a community should predict a propensity for               
antagonism and polarization, irrespective of actual relationships to other communities. The model            
developed by Guerra et al. is descriptive rather than predictive, but we plan to instead approach the latter                  
problem in our research. 
 
3. Literature Discussion & Brainstorming 
Fundamentally, our project addresses a similar question to the sign prediction problem: can we predict the                
nature of discourse and interactions in a network based on structural properties? However, we extend the                
problem in two important ways. First, rather than edge sign we adopt dogmatism as our measure of                 
interest, per the work of Fast and Horvitz. While this is a much more complex and challenging measure to                   
accurately quantify, it captures a dimension of human interaction that goes beyond mere positive or               
negative sentiment, and one that is especially relevant in the current political climate.  
 
Second, we choose to focus on the properties of a community as a whole rather than individual links. We                   
aim to characterize the dogmatism of groups rather than individuals, because as the model proposed by                
Guerra et al. suggests, group-level interactions ultimately define polarization. Indeed, a large fraction of              
research on the topic emphasizes individual-level analysis, and thereby risks missing relevant phenomena             
on a larger scale. Our approach can potentially offer a predictive complement to the polarization model,                
insofar as we hypothesize that high community-level dogmatism might by proxy indicate the likelihood of a                
community developing polarized relationships. 
 
4. Proposal 
4.1 Problem Statement 
Social media is playing an increasingly important role in shaping the national discourse around              
conversations related to race, gender, politics, and other contested topics. Online users can instantly              
connect to individuals across the country and around the world with diverse backgrounds and beliefs. Fast                
and Horvitz suggest that while dogmatism is a deeper personality trait, its expression may be influenced by                 
engagement with other dogmatic users online. In light of these findings, we hope to better understand                
specifically how online interactions can influence dogmatism. In particular, we will investigate the network              
characteristics of dogmatic Reddit communities with the ultimate goal of predicting the formation of              
dogmatic groups online. 
  
4.2 Data 
We will use Reddit data from over 2000 subreddit communities, courtesy of TA Will Hamilton, in order to                  
understand the relationship between network properties and community dogmatism. We have “monthly            
interaction networks” for four week periods for each subreddit during 2014. In the interaction networks,               
each node is a user, and users are “connected” if the users replied in the same linear thread within three                    
comments of one another. Only users who commented at least 50 times in 2014 are included.  
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4.3 Specific Aims 
4.3.1. Label the sentiment polarity and level of dogmatism of every subreddit community in 2014. 
We will apply the TextBlob sentiment classifier and Ethan Fast’s dogmatism classifier in order to label both                 
the polarity and level of dogmatism for each user in the 26,000 communities in our dataset (~2000                 
subreddits x 13 monthly snapshots). A network will be considered dogmatic if the average dogmatism of its                 
users is higher than a given threshold, which will be empirically determined by calculating the average                
dogmatism of known dogmatic networks from the Fast and Horvitz paper. We will randomly divide the                
data into training and test sets, keeping all weekly snapshots of the same subreddit in either the training or                   
test sets.  We will  also ensure that each set includes both dogmatic and non-dogmatic communities. 
  
4.3.2. Characterize the network properties of both dogmatic and non-dogmatic networks. 
Using the training set alone, we will perform an exploratory analysis to determine whether there are certain                 
network properties that are characteristic of dogmatic and non-dogmatic networks. The network properties             
we will consider include, but are not limited to: clustering coefficient, average path length, triadic closure,                
degree and excess degree distributions, diameter, size and number of connected components, various             
metrics of centrality, and the presence of bridges and strong and weak ties. We hypothesize that more                 
closed triads and cliques will be indicative of dogmatic communities.  
  
4.3.3. Predict the level of dogmatism in a subreddit community using network properties as features. 
After describing the features of both dogmatic and non-dogmatic communities, we will use these features               
to develop a classifier to predict the presence of dogmatism in a community. We will use Python’s Sklearn                  
toolkit to develop naive Bayes, support vector machine, and random forest classifiers, making sure to               
weight according to imbalanced class sizes. Finally, we will perform feature importance analysis to              
determine which features are most important in predicting dogmatic networks. 
 
4.3.4. Predict the formation of dogmatic communities by incorporating temporal features describing network changes              
over time into our algorithm 
If we are able to accomplish the above specific aims, we additionally plan to explore whether we can                  
predict the formation of a dogmatic community. Rather than using each monthly snapshot of a subreddit                
as a separate training example, we will instead consider only the ~2000 individual subreddits. In order to                 
predict formation, we will examine temporal motifs describing changing network connectivity over time             
and include these as features in our machine learning algorithms.  
 
4.4 Evaluation 
We will evaluate the success of our models by calculating sensitivity, specificity, and F1 scores against our                 
training and test sets.  
 
4.5 Deliverables 
Upon the completion of this project, we will have developed a better understanding of the network                
properties associated with dogmatism in online Reddit communities, and we will have produced a model               
for predicting the level of dogmatism in static communities. Time permitting, we will have also extended                
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our model to account for temporal trends in order to predict the formation of dogmatic communities over                 
time.  
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