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1. Dataset Description 
Interactions among online communities within 
Reddit are captured by the hyperlinks that 
connect one subreddit to another. The dataset we 
analyzed consists of two parts: 55,863 hyperlinks 
within both the body and title of a given 
subreddit post with various properties and 
51,278 vector embeddings of the involved 
subreddits. The data was collected from Jan. 2014 
to Apr. 2017 and made open to the public by 
SNAP from researchers at Stanford (1). 
 

 
Fig 1. (top) statistics for the hyperlink network (bottom) 

statistics for the  subreddit embeddings (1). 

 
2. Dataset Format 
Each row of the hyperlink dataset represents the 
following properties of a single hyperlink in 
tab-separated format. Variables of interest 
include are shown in the following table. 
 

Table 1: Variables of interest 

 
Each data point in the subreddit embeddings 
dataset is a 300 length vector calculated using 
word2vec. 

3. Data Preprocessing 
Since the original file size is too large for the 
laptop to handle, we first trimmed the dataset. 
We ranked all the subreddits in the hyperlink 
dataset by the number of edges, and then picked 
the top 500 ones. We trimmed both hyperlink 
and embedding dataset to contain edges of the 
500 subreddits only. 
 
4. Descriptive Analyses 
The goal of the descriptive analyses is to gain a 
general understanding of the dataset through 
graph visualization and clustering techniques.  
 
4.1: K-means clustering 
We calculated the cosine similarity between all 
pairs of subreddits (using their embeddings) and 
performed K-means clustering with k = 5, 10, 20 
to obtain the similarity matrix as shown below.  

Fig. 2: k-means clustering with (left) k = 5 (middle) k =10 

(right) k = 20 

 
4.2: t-SNE  
To visualize the dataset in two dimensions, we 
ran t-SNE to reduce the dimensionality on the 
dataset and colored the resulting data points by 
the cluster number (k = 5) found from k-means.  

Fig. 3: t-SNE visualization with discernable clusters identified 

 

 



4.3: Embeddings network with cosine 
similarity as edge weights 
We plotted the embeddings network with the top 
50%  of the connections and weighted the edges 
between two nodes by the cosine similarity of 
their embeddings. We also looked at the degree 
distribution of the network to get a sense of how 
many interconnected the subreddits are on 
average. The diameter of the network is 0.96. 

 

 

Fig. 4:  (top) Embeddings network with cosine similarity as 

edge weights (bottom) degree distribution 

 
4.4: Hyperlinks network with number of links 
as edge weight 
We also plotted the combined hyperlinks 
network (hyperlinks in title and body) with the 
edges weighted by the number of hyperlinks that 
exist between any two nodes. The diameter of the 
network is 11.36. 

 
 

 

Fig. 5:  (top) Hyperlinks network with number of links as edge 

weights (bottom) degree distribution 

 
5. Detailed Analyses #1 
The goal of the first detailed analysis is to 
calculate the similarity of the subreddit networks 
defined by hyperlinks vs. embedding similarity. 
 
5.1 Metric for comparison. 
While the edge weight of embedding network lies 
between -1 and 1, that of hyperlink network is 
categorical (-1 and 1 for negative and neutral 
sentiments). Thus we defined two different 
methods to normalize the edge weight of 
hyperlink dataset: 

1. Number of hyperlinks between two nodes 
2. Sum of sentiments of the hyperlinks 

between two nodes 
Also, we normalized the edge weight to the range 
of -1 to 1 to match that of embedding dataset. 
 

We used 499 subreddits, 15017 pairs of 
nodes, and 76274 hyperlinks to calculate the 
correlation of each pair of nodes of the two 

 



datasets. However, our initial calculations 
showed a negative correlation between the two. 
We found the reason was that a vast majority of 
the cosine similarities of the embeddings is above 
0 instead of distributing  evenly between -1 and 
1.  
 

 

Fig. 6:  Histogram of cosine similarities of the embeddings. 

 
Thus, we instead normalized the edge 

weights of the hyperlink dataset to the range of 0 
to 1 instead.  
 
5.2 Correlation results 
Table 2: Correlation of hyperlinks  

 
 

Using sum of hyperlink sentiments as the edge 
weight leads to a relatively high correlation of 
0.64 over 0.33. This is expected since sum of 
sentiments better reflect the sentimental 
relationship between any two nodes. 
 
5.3 Permutation test 
We also ran a permutation test to assess the 
magnitude of similarity between the two 
networks. We randomized the 76274 edges and 
recalculated the correlations for 10000 times to 
create a null distribution. 
 
 

 
Fig. 7:  Histogram of correlation values for 10000 

permutations. 

 
The figure shows that after permutation the 

correlation value drops significantly to a 
maximum of 0.01. We were unable to plot the 
true correlation value on the histogram. This 
confirms calculations of the true correlation 
value. 
 
5. Detailed Analyses #2 
The goal of the second detailed analyses is to 
determine the stability of “important” subreddits 
as measured by their indegree, outdegree and 
pagerank. We calculated the top 50 nodes with 
respect to the three parameters in every time 
window of three months. A visualization of the 
indegree of the top 10 nodes are shown below.  

Fig. 8 : green bar signals the entrance of a subreddit and the 

 



red signals the exit from the top 10 highest indegree nodes 

throughout 13 time windows 

 

Since some nodes are not present in all time 
windows, the top 50 nodes with the highest 
average value in each parameters throughout all 
time windows were chosen as the top 50 nodes to 
analyze. Their appearance ratio (time windows 
appeared over total time windows), jaccard index 
between successive time windows and their 
normalized standard deviations were calculated 
and compared against each other.  
 

 
Fig  9.: stability measures of top 50 nodes in indegree, 

outdegree and pagerank 

 
The results in Figure 10 show that the top 50 

nodes in in-degree have the highest appearance 
ratio and jaccard index and consequently the 
lowest standard deviation (i.e. most stable). The 
top 50 nodes in out-degree are in the middle 
across all three measures and the top 50 nodes in 
pagerank have the lowest jaccard index, which 
means they are more dissimilar between 
successive windows and hence more unstable, as 
indicated by their higher standard deviation. 
 

 
Fig. 10: in-degree, out-degree and pagerank of /r/askreddit 

across all time windows 

 

To examine the stability of a single subreddit, the 
indegree, outdegree and pagerank of 
/r/askreddit was plotted as shown in Figure 9. 
The pagerank and in-degree decreased over time 
while the out-degree increased.  
 
6. Discussion and Conclusion 
Our results show that the network constructed 
from embeddings and hyperlinks are similar to 
each other. When we compared them in terms of 
sentiment, they also demonstrated high 
correlation.  

In terms of stability, we see that the top 50 
nodes remain in their top positions throughout at 
least 60% of the time. The appearance of 
/r/the_donald was a peculiar interruption to this 
trend as it appeared in late 2015 and quickly 
climbed to the top at which it remained relatively 
stable for the rest of the duration.  

While the analyses has been done to analyze 
inter-community interactions on Reddit, it is 
important to note that hyperlinks alone do not 
represent all the possible interactions 
communities have with each other on Reddit. 
Communities could be implicitly interacting with 
each other without evoking any hyperlinks and 
there could also exist sub-communities within 
large subreddits that could be interesting to 
analyze. Other than that, there is also the inherent 
selection bias that users on subreddits are 
probably more tech-savvy and of a younger age, 
suggesting that our findings may not generalize 
well to the entire population.  

With that in mind, we hope that our data 
analysis and visualization can provide readers an 
understanding from which they can build upon 
with their own observations and ideas.  
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