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Abstract
Reddit is a social media platform driven by community interac-
tions rather than direct relationships between users; interaction
happens through subforums called subreddits. This structure can
be modeled as a temporal network of subreddits linked by shared
users, evolving as users’ interests and participation shift over time.
However, temporal analysis of such data as a network is still limited
by existing visualization tools’ support for exploring change over
time. This work models Reddit as a temporal network of subreddits
organized into communities and builds on it an interactive web
interface for exploring the network and its communities over time.
Such a tool supports researchers and community analysts in identi-
fying when a community grows, fragments, or shifts its structural
core.
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1 Introduction
Reddit [32] is a social media platform driven by community in-
teractions. Unlike other popular social media platforms, such as
Instagram and X, Reddit users do not establish direct relationships
with one another; instead, they interact through subforums called
subreddits [25]. According to [42], users participate in an average
of 28.85 subreddits over their lifetime. This extensive participation
across multiple subreddits has motivated researchers to model rela-
tionships between subreddits based on shared user participation in
order to better understand user interests and community formation
[31, 43? ]. These relationships are dynamic, evolving as users join,
leave, and redistribute their attention across subreddits over time
[26, 30, 47].

Because these relations evolve over time, understanding how
communities and subreddits change is important. In the context,
we can explore complex network concepts [41] and model these re-
lationships as graphs to enable visualization and analysis. However,
network visualization systems, such as Gephi [7] and NetworkX
[14], are limited in their ability to show the temporal evolution of
network structure and domain characteristics.

In this work, we model Reddit user interactions as a subreddit
network, specialize it into a community graph, and analyze the
criteria of user participation, subreddit relations, and community
formation to construct a network that represents how subreddits
are related and form communities over time.

In addition to the temporal network, this work provides a Web-
based interactive interface (Figure 1)https://subreddit-network-
interface.netlify.app/ to help users discover the subreddit network
and explore its communities, their members, and the structural role
of each subreddit in its community over time.

2 Related Work
Due to the large amount of data available, as well as its relevance and
popularity [12], Reddit has been used in many studies, including
in the field of complex networks. There are also several works
dedicated to the visualization of complex networks, as they are
characterized by their scale and structural complexity [16].

2.1 Reddit Explored as a Complex Network
Reddit is a valuable resource for complex network research due to
its large-scale interaction data and explicit community structure.
Depending on the research objective, previous work has proposed
different network models to encode users, posts, or community
relations.

For instance, several studies model Reddit as a subreddit network
with relationships inferred through different similarity measures.
[36] used crossposts to link subreddits, creating relations based on
posts made in multiple communities. Other work applied natural
language processing (NLP) techniques to model subreddit relation-
ships from content. In this direction, [37] used embeddings to iden-
tify relationships between subreddits sharing named entities, while
[35] used cosine similarity between subreddit representations. [29]
proposed a subreddit complex network representation based on
user interactions across multiple subreddits and used community
detection algorithms to show that the resulting subreddit network
could reveal patterns of user interests. However, the analysis was
limited to a single temporal snapshot.

Many Reddit complex network studies use a single temporal
snapshot of the platform [22, 24, 29]. Although snapshot-based
representations are effective for identifying structural properties at
a specific point in time, they cannot capture temporal changes in
communities or in the structural roles of individual subreddits [17].
Other studies have focused on specific communities or interaction
contexts within Reddit. For example, [11] investigated the temporal
evolution of Reddit discussion networks, while [40] characterized
political communities on Reddit. Their specialized scope limits the
exploration of large-scale structural relationships across Reddit.

In contrast to previous work, this study proposes a subreddit net-
work based on shared-user relationships and examines both inter-
and intra-community structures across multiple temporal snap-
shots. This approach enables the analysis of structural evolution,
changes in community organization, and variations in subreddit
influence over time.

2.2 Visualization Systems for Complex
Networks

Visualizing complex networks remains challenging due to the scale,
density, and structural complexity of these systems [16]. Conse-
quently, different visualization approaches have been proposed

https://subreddit-network-interface.netlify.app/
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Figure 1: Subreddit Network Discovery Interface’s Global View page.

depending on the analytical objectives and the network character-
istics to be represented.

Gephi [7] is a widely used general-purpose network visualization
system that provides interactive exploration, filtering, network
analysis metrics, community detection algorithms, and multiple
graph layout techniques. Despite its analytical capabilities, Gephi
primarily supports the exploration of static network snapshots and
offers limited support for analyzing structural evolution over time.

NetworkX [14] and IGraph [9] are both widely used software
packages for complex network research. They provide functionality
for network construction, analysis of graph properties, and visual-
ization. Although both support the creation of network snapshots
for different time periods, they require proficiency in programming
languages such as Python or R, which poses a barrier to users
without prior programming experience.

Previous studies have proposed different approaches for visualiz-
ing temporal networks. [28], for instance, introduced the “flip-book”
approach, in which network evolution is represented as a sequence
of discrete snapshots that users can navigate chronologically. [3]
expands this approach with animated transitions between snap-
shots. Animated transitions are not suitable in our setting because
neither nodes nor community assignments are preserved across
snapshots.

Consequently, this study adopts a snapshot-based paradigm and
extends it into an interactive Web-based visualization system that

supports the exploration of subreddit relationships across multi-
ple temporal snapshots, enabling both inter-community and intra-
community analysis of network evolution.

3 Method
This study proposes an interactive visualization system for explor-
ing Reddit communities through the lens of complex networks over
time. To support it, the subreddit network was built with a six-
step pipeline, and each step is explored in depth in the following
subsections.

3.1 Data Source and Preprocessing
To construct the network, this study uses historical Reddit data
provided by Pushshift [8]. It comprises publicly available submis-
sions and comments posted between June 2005 and December 2024,
partitioned by month. The data was preprocessed to remove deleted
users, retain only the attributes required for network construction,
and anonymize user identifiers using a salted hash function.

The raw dataset contains hundreds of thousands of subreddits
with highly heterogeneous activity levels. In December 2024, the
average subreddit received 967.4 interactions, while the median
received only 7. This skew means that most subreddits contribute
negligibly to the overall interaction structure while substantially
increasing the size and complexity of the resulting network. Fol-
lowing common practice in large-scale network analysis [1, 20, 27],
this study addresses this through node sampling [23], retaining
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only the subset of subreddits that contributes most significantly to
the network’s structure.

To determine an appropriate sampling threshold, we evaluated
the cumulative share of interactions and users captured by sub-
reddits ranked by activity (Figure 2). The top 5% of subreddits by
interaction count account for approximately 90% of all interactions
and 92% of all users. Therefore, only the top 5% most active subred-
dits were retained, a threshold that preserves the vast majority of
user activity and network structure while substantially reducing
computational cost and visual clutter in the resulting network.

Figure 2: Cumulative distribution of interactions across sub-
reddits in December 2024, with subreddits ordered by inter-
actions in ascending order.

3.2 Network Construction
The subreddit network used in this study is constructed in three
steps. First, user participation in subreddits is modeled as a bipartite
network in which nodes represent either users or subreddits, and
edges are created when a user submits posts to or comments in a
subreddit. From this network, meaningful participation is distin-
guished from one-time interactions. Second, subreddit-to-subreddit
relationships are derived from shared user participation, and a
backbone extraction procedure is applied to retain only significant
connections. Finally, communities are identified, and structural
properties are measured within the resulting network.

3.2.1 User–Subreddit Network. To represent user participation in
Reddit communities, we constructed a bipartite network connect-
ing users and the sampled subreddits in which they participated.
An edge between a user and a subreddit indicates that the user
participates in that subreddit based on their interactions. However,
defining participation solely by the existence of at least one in-
teraction introduces substantial noise. To better characterize user
behavior, we analyzed the distribution of subreddit participation
and interaction counts per user within the sampled dataset. As
shown in Figure 3, users interacted with an average of 4.2 sub-
reddits; however, only 25% of users participated in four or more
subreddits, indicating a highly skewed distribution dominated by a
small fraction of highly active users. A similar pattern was observed

for interaction counts: users produced an average of 17.1 interac-
tions, while the top 1% of users produced 230 or more interactions
in a month.

To reduce the influence of highly active users while preserving
meaningful participation patterns, this study combines two filtering
strategies. First, a user-centric top-k selection approach was applied,
retaining only the three subreddits with the highest interaction
counts for each user. According to [15], Reddit users explore new
communities, but their participation settles into a small preferred
core. Therefore, selecting the top three subreddits captures users’
primary community affiliations while limiting the influence of users
with highly dispersed activity patterns.

Second, a minimum interaction threshold was applied to distin-
guish sustained participation from incidental interactions. Prior
work suggests that community attachment emerges through re-
peated participation [33]. Consequently, users were considered
members of a subreddit only if they had performed at least two
interactions within that community.

3.2.2 Subreddit–Subreddit Network. Given the user-subreddit par-
ticipation network, subreddits can be related to one another based
on shared user participation: two subreddits are connected with a
strength proportional to the number of users they have in common.
However, a naive relation based on any shared user produces an
extremely dense and noisy network, a single shared user is not a
statistically meaningful signal of a relationship between two subred-
dits, yet the large majority of subreddit pairs (73.3%) share only one
user (Figure 4). To address this, we first apply a minimum threshold
of ten shared users, which substantially reduces network density
while retaining subreddits with at least moderate co-participation.

This threshold alone, however, is insufficient: a relation of ten
shared users between two large subreddits with hundreds of thou-
sands of users each is not as meaningful as the same shared-user
count between two much smaller subreddits. Because the result-
ing network exhibits a scale-free degree distribution [5], with a
small number of high-degree hub subreddits and a long tail of low-
degree ones (Figure 5), a single fixed threshold cannot adequately
distinguish significant from incidental relationships across such
heterogeneous connectivity.

Therefore, we follow [39] and apply the disparity filter, a per-
node backbone extraction method that retains edges whose nor-
malized weights are statistically significant relative to the node’s
total edge weight, under a significance threshold 𝛼 . This node-
adaptive criterion is well suited to scale-free networks, as it ap-
plies stricter retention criteria to hub nodes while preserving the
comparatively weaker but structurally meaningful connections of
peripheral nodes.

To determine the optimal threshold 𝛼 , we conducted a sensitiv-
ity analysis to evaluate the trade-off between retaining network
connectivity, measured by the size of the largest component, and
enhancing the clarity of the underlying community structure, mea-
sured by modularity. As shown in Figure 6, decreasing 𝛼 yields
higher modularity by effectively filtering non-significant “noise”
edges; however, extreme values result in severe network fragmen-
tation, where the size of the largest component falls below 60%.
We selected 𝛼 = 0.05 as our threshold, maximizing community
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Figure 3: Subreddits and interaction count per user distribution in December 2024.

Figure 4: Shared user participation distributions across sub-
reddits in December 2024.

Figure 5: Subreddit network degree distribution after apply-
ing the threshold filter.

definition while preserving the global structural integrity of the
network.

In this process, some subreddits became irrelevant because all
their interactions were dropped. Starting from 16k nodes and 4.4M
edges, applying the minimum shared-user threshold reduces the
network to 14k nodes and 115k edges; the disparity filter further
reduces it to 5k nodes and 7k edges. The resulting backbone retains
the statistically significant relationships between subreddits while

Figure 6: Trade-off analysis of disparity filter thresholds in
relation to modularity and largest component size in the
December 2024 network.

substantially reducing network density, yielding a graph suitable
for community detection.

3.2.3 Community Detection. Before community detection, the back-
bone network is restricted to its largest connected component. This
discards the many small, disconnected fragments and isolated nodes
left over from the disparity filter, and focuses the analysis on the
network’s densely interacted core.

Communities within the subreddit backbone network are identi-
fied using the Leiden algorithm [44]. Community detection is per-
formed independently on each monthly network, using a resolution
parameter of 1.0 and a fixed random seed to ensure reproducibil-
ity. The resulting community assignments form the basis for both
the community-level structural metrics and the community-based
navigation supported by the visualization system.

3.3 Temporal Analysis
Once monthly subreddit networks are generated, structural prop-
erties are computed for every subreddit in each snapshot. Degree
and strength quantify the extent and intensity of a node’s direct
connections [6]. Betweenness centrality [10] indicates its potential
role in the flow of information across the network. The clustering
coefficient [46] captures local cohesion. Finally, the k-core number
[38] provides a measure of a node’s structural persistence.
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Each metric is computed both on the complete network and on
the community subgraph, following the distinction between within-
community and between-community node roles proposed by [13].
Global metrics describe a subreddit’s structural position within the
broader Reddit ecosystem, while community-level metrics describe
its relative importance among subreddits in the same community.

Communities are also analyzed over time based on their subred-
dit members. Using IDF-weighted Jaccard similarity [19] of commu-
nity members over time, we identify trajectories: chains of commu-
nities that, despite membership changes, retain a persistent core,
allowing each community’s evolution to be tracked individually
over time.

In the trajectories, communities are matched to their best coun-
terpart in the next snapshot when similarity exceeds a threshold;
for this work, we used 0.3. If a community snapshot does not reach
the threshold with any community in the next snapshot, we create
its standalone trajectory. Over 5 snapshots, we identified 516 tra-
jectories; of these, only 191 (37%) span more than one snapshot, so
most communities are standalone trajectories.

3.4 Interactive Visualization System
To support exploration of the network, the system follows an
overview-plus-detail design in which users navigate from a coarse-
grained, community-level representation to a fine-grained, subreddit-
level one.

3.4.1 Global View. The global view represents each detected com-
munity as a single node, sized by its number of member subreddits
and colored consistently across views. Edges between community
nodes indicate inter-community relationships in the underlying
subreddit network. A date slider lets users move between monthly
snapshots, reloading the community-level graph for the selected
month. This view is intended to support comparison of high-level
community structure over time. Selecting a community node opens
a detailed view of the community, showing its largest members,
and allows the user to transition to the corresponding community
view.

3.4.2 Community View. The community view displays the sub-
graph induced by the subreddits in the selected community, with
node size proportional to interaction count. Selecting a subreddit
reveals a panel summarizing platform-level attributes, interaction
and user counts, and structural metrics, both globally and within
the community. This panel plots each metric across every monthly
snapshot in which the subreddit appears, showing how the sub-
reddit’s structural role changes over time. Together, the two views
allow users to move between macro-level analysis of how communi-
ties relate to one another and micro-level investigation of individual
subreddits’ structural roles.

4 Results
4.1 Network Structure
Table 1 summarizes the structural properties of the subreddit back-
bone network across five annual snapshots from December 2020 to
December 2024. All networks exhibit low density (<0.0025), which
decreases as network size increases, consistent with observations
in large-scale real-world networks [2].

Modularity increased from 0.590 to 0.800 between 2020 and 2024,
while the relative importance of high-degree hubs decreased. To-
gether, these observations suggest that subreddit interactions be-
came increasingly organized into more cohesive communities.

4.2 Interface Demonstration
To illustrate how the system supports temporal exploration of com-
munity evolution, we present a case study of the Brazilian hub
on Reddit, tracked across five snapshots from December 2020 to
December 2024.

InDecember 2020, the Brazilian communitywas small and strongly
centered around r/brasil (Figure 7). By 2024, the community had
grown (Figure 8) and become more decentralized, with the influ-
ence of r/brasil decreasing (Figure 9) and other subreddits emerging
as influential nodes, such as r/MeJulgue and r/opiniaoimpopular
(Figure 10).

Figure 7: Brazilian community in December 2020

Figure 8: Brazilian community in December 2024.

This case study illustrates how the interface supports identifying
the subreddits responsible for community growth and changes in
structural influence. The interface is available at https://subreddit-
network-interface.netlify.app/.

https://subreddit-network-interface.netlify.app/
https://subreddit-network-interface.netlify.app/
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Table 1: Monthly Snapshot Networks Stats

Date Number of nodes Number of edges Density Number of communities Modularity Max degree Average degree

2020-12 2224 4511 0.00182 162 0.5899 830 4.0566
2021-12 2573 5282 0.001596 195 0.5964 1027 4.1057
2022-12 2761 5266 0.001382 214 0.6470 932 3.8146
2023-12 2939 5096 0.001180 180 0.7461 713 3.4678
2024-12 3333 5797 0.001044 140 0.7997 464 3.4785

Figure 9: r/brasil in community view highlight, December
2024 snapshot.

Figure 10: r/opiniaoimpopular in community view highlight,
December 2024 snapshot.

5 Discussion
The observed increase in network modularity, together with the re-
duction in maximum and average degree during the later snapshots,
suggests that subreddit interactions are becoming less concentrated
around a small number of highly connected hub subreddits and
more fragmented. This interpretation is consistent with previous
work describing Reddit user behavior, in which users curate their
participation across smaller, topic-specific groups rather than rely-
ing exclusively on general-purpose subreddits [18].

Thus, this work contributes to the study of user behavior over
time with respect to topic and community relations [4] by providing
an interactive interface for exploring the temporal evolution of
subreddit networks across multiple domains. This approach enables

the analysis of how topic and community influence evolve over
time in domains such as politics, pop culture, sports, and others.

5.1 Limitations and Future Work
The temporal coverage of the dataset is constrained by computa-
tional and data availability limitations. Processing each monthly
interaction network requires substantial storage and computational
resources because the Reddit dataset exceeds 3 TB. In addition,
recent changes to Reddit’s API access policy have limited the avail-
ability of newer data, further restricting the temporal range that
could be incorporated into this study.

There are several opportunities to extend the proposed system.
Expanding the temporal dataset with additional network snapshots
would enable investigation of longer-term structural trends. Fol-
lowing [21], the visualization can be used to identify trends in
community growth and decay, and to predict community behavior.
Another opportunity is to use Reddit community trends to under-
stand user behavior and model shifts in interest around real-world
events, following the research of [34, 45].

The visualization interface itself can also be enhanced. Future
versions could incorporate additional interaction techniques, in-
cluding filtering, richer edge representations, and community-level
analytical summaries.

Finally, although the proposed system was developed for Reddit
interaction networks, its visualization paradigm is not inherently
tied to this domain. Future work could generalize the preprocess-
ing pipeline and expose a configurable data interface, allowing
networks generated from different domains, community detection
methods, or node and edge attributes to be visualized within the
same analytical framework.

Artifact Availability
The web interface presented in this work is available at https:
//subreddit-network-interface.netlify.app/. The full source code,
including the web application, the network construction pipeline,
and the exploratory notebooks that support this study, is available
at https://github.com/gfmota/subreddit-community-analysis.
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