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ABSTRACT CCS CONCEPTS

Cryptocurrencies are a novel and disruptive technology that has
prompted a new approach to how currencies work in the modern
economy. As such, online discussions related to cryptocurrencies
often go beyond posts about the technology and underlying ar-
chitecture of the various coins, to subjective speculations of price
fluctuations and predictions. Furthermore, online discussions, po-
tentially driven by foreign adversaries, criminals or hackers, can
have a significant impact on our economy and national security if
spread at scale.

This paper is the first to qualitatively measure and contrast
discussion growth about three popular cryptocurrencies with key
distinctions in motivation, usage, and implementation — Bitcoin,
Ethereum, and Monero on Reddit. More specifically, we measure
how discussions relevant to these coins spread in online social
environments — how deep and how wide they go, how long they last,
how many people they reach, etc. More importantly, we compare
user behavior patterns between the focused community of the
official coin subreddits and the general community across Reddit
as a whole. Our Reddit sample covers three years of data between
2015 and 2018 and includes a time period of a record high Bitcoin
price rise.!

Our results demonstrate that while the largest discussions on
Reddit are focused on Bitcoin, posts about Monero (a cryptocur-
rency often used by criminals for illegal transactions on the Dark
Web?) start discussions that are typically longer and wider. Bitcoin
posts trigger subsequent discussion more immediately but Monero
posts are more likely to trigger a longer lasting discussion. We find
that moderately subjective posts across all three coins trigger larger,
longer, and more viral discussion cascades within both focused and
general communities on Reddit. Our analysis aims to bring the
awareness to online discussion spread relevant to cryptocurrencies
in addition to informing models for forecasting cryptocurrency
price that rely on discussions in social media.

http://fortune.com/2017/12/17/bitcoin-record-high-short-of-20000/
Zhttps://www.deepdotweb.com/2017/09/20/dhs-says-darknet-criminals-switching-
bitcoin-monero/
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1 INTRODUCTION

Cryptocurrencies are an emerging and disruptive technology. The
coins themselves, the underlying software, and the surrounding
environment of social and trading behavior are highly volatile and
evolve quickly. Cryptocurrencies are disproportionately used by
criminals and hackers, and their use has political and economic
implications. The way information about these novel distributive
technologies spreads across online social platforms shapes online
and offline discussions, and could potentially influence peoples’ be-
liefs and decision making. Thus, it is crucial to understand, explain,
and anticipate the social behavior and communication patterns in
the social environments surrounding cryptocurrencies to under-
stand this phenomena and devise appropriate responses [22, 30, 35].

A preliminary analysis of potential cryptocurrencies of interest
identified Bitcoin (BTC), Ethereum (ETH), and Monero (XMR) as
the top three cryptocurrencies in terms of both developer interest
on GitHub and Bitbucket and community interest on social media
platforms — Twitter, Reddit and Facebook as illustrated in Figure 1.
For that analysis, we collected data from CoinGecko for 1,742 cryp-
tocurrencies.® and compared coins in terms of developer interest
features (a measure of activity in public repos on GitHub and Bit-
bucket) and community interest features (a measure of discussions
and popularity on social media platforms) released by CoinGecko.
Bitcoin is a market-leading cryptocurrency, which laid the founda-
tion for blockchain’s transparent digital ledger system (blockchain).
Ethereum is a cryptocurrency as well as a blockchain development
platform, where developers may build their own automated smart
contracts. Monero is a cryptocurrency similar to Bitcoin but with
added security and anonymity features which enable more pri-
vacy in transactions. Monero is often used by criminals for illegal
transactions on the Dark Web?,

3https://www.coingecko.com/en/coins/all
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Figure 1: Cryptocurrencies plotted by developer and commu-
nity interest according to CoinGecko.

To motivate our analysis we present discussion growth on Reddit
between January 2015 and January 2018, covering a period that
includes the record high Bitcoin price rise at the end of 2017, in the
official r/bitcoin subreddit aligned with related real-world events in
Figure 2. We observe a significant increase in Reddit discussion vol-
ume during the period of the record Bitcoin price increase. During
that time, online discussions could be influenced by adversaries [24]
who could potentially manipulate people’s opinions [3, 10] regard-
ing buying or selling Bitcoin. The same is true for other cryptocur-
rencies, for example, we discover high correlations measured as
Normalized Mutual Information (NMI) between Reddit discussion
volume and coin price for Bitcoin (NMI = 0.64), Ethereum (NMI =
0.89) and Monero (NMI = 0.82).

Our main contribution is a measurement-driven analysis of cryp-
tocurrency discussion spread for three popular coins within two
Reddit sub-populations: the Official Subreddit communities and
a broader Crypto-Ecosystem comprised of multiple crypto-related
communities. We measure the speed of cryptocurrency discussion
spread to understand how quickly discussions begin (initial delay
or responsiveness), how they grow over time, and how quickly they
end (discussion lifetime). We evaluate the scale of cryptocurrency
discussion spread by measuring discussion volume, audience size,
and structural properties of discussion threads e.g., the max-breadth,
max-depth, and structural virality [16].

2 RELATED WORK

Information cascades in online social networks (OSNs) are a phe-
nomena in which the idea becomes widely adopted due to in-
fluence of social network neighbors and has been widely stud-
ied [4, 5, 17, 18, 27, 28, 33]. Researchers presented analyses on how
different types of information spread in different social environ-
ments e.g., how images spread on Flickr [6, 7], pins (images) on
Pinterest [19, 20], videos on YouTube [36], reviews on Yelp [21],
URLs on Yahoo [17], posts on Weibo [34], hashtags and URLs on
Twitter [26, 31], posts and memes on Facebook [1, 9, 11] etc. An-
other line of work focused on predicting cascade properties e.g.,
size, depth [2, 8, 23, 25]

Unlike prior work that focused on how a specific piece of content
e.g., an image, URL etc. spreads in a single social environment and
what factors drive such information spread, we focus on analyz-
ing threaded discussion cascades relevant to the cryptocurrency
domain on Reddit. Our analysis is motivated by the phenomena
where online discussion spread could potentially influence (and

be influenced) by real-world external events e.g., market crashes
and coin prices. The most similar work to ours is [12]. The authors
focused on the most popular subreddits and performed the analysis
of conversation patterns on Reddit by only considering one mea-
surement of speed (responsiveness), and two scale measurements
(volume and virality). We go beyond that: we empirically evalu-
ate and contrast speed and scale of discussion spread related to
cryptocurrencies using multiple measurements within the Official
Subreddit communities and discussions within a broader Crypto-
Ecosystem.

3 REDDIT DATA

In this study we chose to focus on analyzing discussion spread on
Reddit for several reasons. Reddit is a highly popular social news
aggregator? that allows communities of users to share and discuss
information, opinions, and entertainment media. There are 330
million users active in 140 thousand communities on Reddit who
post 2.8. million comments daily, and perform 11 million posts and
11 billion page views monthly®. Moreover, reconstructing cascades
for Twitter and Facebook requires either access to the full data
(not just a sample [13]), the collection of all followers to be able
to reconstruct the cascades, or the application of other methods
for correcting information cascades for missing data [32]. Unlike
these social networks, Reddit post and comment data is public® and
contains full discussion cascades.

Cryptocurrency Official Subreddits. The Official Subreddit dataset
comprises all discussions posted to r/bitcoin,r/ethereum, and 1/
monero subreddits over a period of three years from 2015 through
2017. These three subreddits are the official communities for each
of our cryptocurrencies of interest and had substantial traffic of,
on average, 3.6K, 500, and 380 comments posted each day, for Bit-
coin, Ethereum and Monero, respectively. As these communities
are explicitly tied to each of the cryptocurrencies, we label each
discussion with the subreddit’s respective coin. This resulted in
a total of 212,302 Bitcoin, 41,792 Ethereum, and 15,035 Monero
discussions.

Cryptocurrency Ecosystems. To collect relevant discussions across
the Reddit community in general for the Crypto-Ecosystem data,
we collected the full comment threads for posts that were (a) sub-
mitted from January 2015 through August 2017 and (b) contained
either keywords related to Bitcoin ('#btc’, "#BTC’, "#bitcoin’, ’@bit-
coin’, ’bitcoin’), Ethereum (#eth’, #ETH’, "#ethereum’,” @ethereum’,
‘ethereum’), or Monero (#xmr’, "’#XMR’, "#monero’, ’@monero’,
‘monero’) in the title or text (if the post includes text). This resulted
in 38,118 posts and comments for Bitcoin, 8,989 for Ethereum, and
4,381 for Monero that were submitted from January 2015 through
August 2017. These discussions are not partitioned by subreddit
and, intuitively, discussions can be started by posts that include
keywords for multiple coins. To avoid bias from one coin affecting
analysis of another, we restrict the dataset to include only those dis-
cussions where the initial post included keywords for a single coin.

“The 18th most popular site globally and 5th most popular within the U.S. according
to Alexa.com: https://www.alexa.com/topsites
Shttps://expandedramblings.com/index.php/reddit-stats/

® An archive of Reddit posts and comments is publicly available at https://files.pushshift.
io/reddit/ and covers the time period of 2005 through 2018 as of February 2019.
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Figure 2: Motivation: discussion growth on Reddit for the r/bitcoin official subreddit related to real-world events and a record

high Bitcoin price rise at the end of 2017.
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Figure 3: Discussion activity over time as the number of com-
ments (above) and users (below) for each cryptocurrency of
interest. Y-axes are presented on a log scale.

This resulted in 35,282 discussions for Bitcoin, 6,949 for Ethereum,
and 3,324 for Monero. This restriction did not significantly reduce
the sample size overall or for any one coin.

Figure 3 illustrates the volumes of comments posted (above)
and users active (below) in cryptocurrency-related discussions each
month within two datasets described above. To replicate our results,
one could collect comments from the Reddit archive publicly avail-
able at https://files.pushshift.io/reddit/ and extract all comments
posted to the official subreddits or with related keywords present
in the body of the comment, as described above. Interestingly, we
see that the volumes of active users and comments posted to the
official subreddits, where we did not restrict posts to only those
that included the set of keywords, follow very similar trends to
the corresponding sets of discussions within the Crypto-Ecosystem
dataset.

4 METHODOLOGY

On Reddit, users may contribute to discussions in several ways:

e starting a discussion by authoring a post which must be
submitted to a specific community (subreddit),

e posting a comment in reply to a post,

e posting a comment in reply to another comment,

e voting (positively or negatively) on posts or comments.
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These discussions can be viewed as tree structures or information
cascades (aka comment trees on Reddit) [4, 12, 18] wherein the root
node represents the initial post, and other nodes in the tree repre-
sent comments to the initial post. We define a discussion cascade as
an undirected tree T = (V, E), where V represent all messages (the
original post and the follow-up comments in the discussion thread),
and E represent the set of edges that connect messages linked by
in-reply (or commenting) actions. Figure 4 presents the discus-
sion cascade for an example post and ten comments. We focus on
measuring discussion growth using comment trees within focused
communities of the official subreddits and across multiple commu-
nities in the wider cryptocurrency ecosystems and characterize the
speed, scale, and a high-level content analysis of cryptocurrency
related discussions on Reddit for three coins of interest — Bitcoin,
Ethereum, and Monero. Before studying discussion spread, simi-
lar to [5, 27], we discuss the affect of the topological structure of
the network, and characterize the population of contributors as
outlined below.

First, we examine the population of contributors who participated
in these discussions in terms of how active they are, e.g., are we
analyzing the behavior of a large population with varied frequencies

u/willsteel 2 u/willsteel: I found this Greek BTC buyer on Bitcoin.de. Should I try, or does his SEPA transfer not reach
. | my german bank account anyway because of capital controls?
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Figure 4: Discussion cascade (aka comment tree on Reddit)
illustrated for a post with 10 comments. Discussion speed
measurements — initial delay, growth over time, lifetime
and discussion scale measurements — volume, audience and
structural properties of information cascades are shown.



of activity or a primarily homogenous, densely connected network
of highly active users? For that, we look at the mean averages and
respective 95% confidence intervals for the volumes of discussions
related to each coin that users initiate, i.e., by submitting the initial
post, or participating in the discussion through posts and comments.

Next, we examine topology of user networks (the forest of cascade
trees) constructed created from the reply-links in the discussion
threads as shown in Figure 4. We define a reply-link as follows:
reply-link <A,B> exists if user A posted a comment in reply to a
comment or initial post authored by user B. The goal is to determine
how closely connected communities contributing to cryptocurrency
discussions are, e.g., are users discussing cryptocurrencies back and
forth with the same set of users or engage new users? The clustering
coeflicients of the resulting user networks measure the extent to
which nodes cluster together in communities within each network.

Finally, we consider the prevalence of posts that do not trigger any
additional commentary for each coin. We call these posts ineffective
posts. Conversely, we define effective posts as posts that prompt at
least one subsequent comment. We compare the relative rate of
ineffective posts for each cryptocurrency of interest across both
datasets. We examine whether there are consistent patterns in
effectiveness of posts related to a given coin or patterns being pairs
or sets of coins across datasets. To mitigate bias on measurements
of growth and speed analyses from these ineffective posts, we
remove them from subsequent analyses in all but one case: when
we consider the size of discussions.

4.1 Measuring Speed of Discussion Spread

There are several ways to characterize the speed of discussion
growth. In this work we choose to focus on the speed of the three
main temporal phases of discussions to characterize discussions
related to each coin based on:

(1) how quickly they begin,
(2) the speed with which they grow over time,
(3) how quickly they end.

Initial Delays (aka Responsiveness). The first speed-characteristic
we consider the delay between when the initial post is submitted
and when the first comment in the discussion is posted in response.
This relies on a minimal discussion threshold of two contributions
(i.e., one post and one comment). We call this the initial delay of the
discussion which we operationalize as a measure of the discussion’s
initial growth rate. As such, we only include discussions that grew
beyond the initial post. To compare the average behavior in terms
of initial growth, we compare the mean and median values for
each coin of interest and determine whether there are statistically
significant differences with Mann Whitney U (MWU) tests [29]. Fi-
nally, we plot the complementary cumulative distribution functions
(CCDFs) for each coin. Complementary cumulative distribution
functions plot the percentages of cascades with delays at least as
long as a given delay. Through this analysis we characterize how
quickly a post triggers a discussion thread.

Growth over time. Next, we consider the time to reach each depth
in the discussion thread. That is, the delay between submission of
the initial, root post and the first comment posted within each depth
in the discussion tree. For this measure, we plot the mean average

delay to reach each depth with associated 95% confidence intervals
for each of the coins. As the mean tends to be influenced by extreme
outliers, we also examine the median delay to reach each depth and
determine whether there are more robust trends or whether trends
remain consistent across both mean and median delays by depth.
Similarly, we also compare the mean and median size by depth. That
is, how quickly (as determined by the depth within the discussion)
do the discussions grow at each stage. Through this analysis we
identify whether discussions grow consistently or sporadically.

Lifetimes. Thirdly, we consider the lifetime which we define as
the length of time a discussion is active, i.e., the delay between the
submission of the root post and the last comment in the discus-
sion, to characterize how quickly discussions end. Similarly to the
analysis we perform related to the initial delays, we compare and
contrast the mean and median values and plot the CCDFs for each
coin across datasets. Again, we test for significant differences in
discussion lifetimes between coins with MWU tests as our approach
to partition discussion cascades by coin results in independent sets
of discussions.

4.2 Measuring Scale of Discussion Spread

Next, we measure the scale of cryptocurrency discussion growth.
We focus on summarizing discussions in terms of the discussion
volume, audience size, and structural properties e.g., max breath,
max depth and structural virality.

Volume. The first measure of discussion scale we consider is the
final size of the discussion, i.e., the final volume of nodes within
the discussion tree. Therefore, we define the size as the number of
comments plus the initial post that prompted the discussion. As
such, ineffective posts noted previously are discussions of size 1.
We present CCDFs for discussion sizes for each coin and contrast
behavior across two datasets. We also present and compare the
mean, median, and maximum discussion sizes. MWU tests once
again allow us to determine significant differences between coins.
Intuitively, we would expect discussions posted to larger subreddits
to have a higher maximum size and larger range, in general, for
discussions sizes. This is because with larger subreddit sizes (and,
thus, more contributors), there are more potential users who may
be inclined to contribute to each discussion. However, while in the
larger subreddits, there are more potential participants that could
drive a discussion to a much larger size, there is also a higher influx
of content to the larger subreddits where newer content quickly
pushes old discussions down and out of view. This flow of new
content may motivate users to join a more recently started or active
conversation before they even see the older conversations.

Audience size. We can also consider size in terms of the audi-
ence or contributors to the discussion rather than the contributions
(posts and comments). We define the population as the number
of contributors (users) who participated in a discussion thread by
submitting the initial post or a subsequent comment within the
thread. We can then summarize the overall population sizes and
compare the mean and median values across coins and datasets.
Once again, because of the independence of the samples for each
coin, we can identify whether significant differences in population
sizes exist with MWU tests comparing each of the coins to another.
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We also compare the maximum values to consider the upper range
of populations who discuss each coin. This analysis provides an
overview of the static property, population overall. We also consider
the populations within the discussions’ cascades and at varying
phases of the discussion. To do so, we present the mean and median
numbers of users who contribute within a given depth and focus on
the initial depths within the discussion: is there a consistent popula-
tion contributing regularly or a large population whose contributions
are concentrated within a single depth?

Structural properties. Finally, we consider scale-based character-
istics in terms of the structure of the discussion cascades. Here, we
compare several static properties of discussion structure:

(1) the structural virality or Weiner Index (WI) of the cascade,
a measurement of how closely nodes are connected within
the discussion [16];

(2) the max-depth, i.e., the length of the longest path from the
root (initial post in the discussion) to a leaf node in the
cascade;

(3) the max-breadth, i.e., the largest number of comments within
a single depth of the discussion tree.

Again, we compare the CCDF plots across coins and analyze
first order statistics for each of the structural properties, with sig-
nificant differences identified with MWU tests. Max-Depth and
Max-Breadth provide insight into the primary dimensions of the
cascade individually to identify whether discussions are typically
wide or long. Structural virality, on the other hand, provides a more
easily interpretable measure of the structure as a whole. Weiner in-
dex become minimum when all comments are directly added to the
root, and maximum when the tree becomes a chain. In other words,
do discussions follow a “viral” structure of multiple branches off of
branches within the discussion or a structure that is more reminiscent
of a “broadcast” that is wide but not very deep? To capture a dy-
namic measure of the structure as the discussion grew rather than
the static properties represented with Max-Depth, Max-Breadth,
and structural virality, we also plot the mean average and median
breadth by depth. Here, we see how the breadth or width of the
discussion cascade grows and shrinks over the initial depths. Are
these patterns of growth monotonic (i.e., consistently increasing or
consistently decreasing), or do they oscillate between growing and
shrinking at increasing depths?

4.3 Content Subjectivity and Discussion Spread

We focus on the subjectivity of the initial posts and their effect on
the discussion spread. To get post subjectivity we rely on TextBlob
toolkit”. The subjectivity score is a float between 0 and 1, where
0 is very objective and 1 is very subjective. First, we compare the
subjectivity of successful versus unsuccessful discussions at a very
high level dichotomy: did the initial post trigger subsequent discus-
sion or did the discussion consist solely of the initial post? We plot
the kernel density estimations (KDE) of what we call effective posts
that initiated discussions of at least one additional comment and
ineffective posts that failed to initiate a discussion for each of the
coins. We can then compare these KDE plots to identify changes in
distributions of subjectivity - do ineffective and effective posts have

"https://textblob.readthedocs.io/en/dev/

Table 1: Average number of cascades a user initiated, i.e., as
the author of the initial post, or participated in as the author
of an initial post or subsequent comment.

Official Subreddits Crypto-Ecosystem
Coin Initiated  Participated Initiated  Participated
Bitcoin 3.79+1.20 11.27+1.19 1.90+0.19 6.74 £ 0.54
Ethereum 3.23 +£0.96 7.56 £1.13 1.80+0.09 4.24+0.42
Monero 2.90+0.75 8.50+1.22 1.84+0.17 5.75+0.76

significantly different distributions of subjectivity? Then, to gather
a more nuanced view of how the initial post in discussions influ-
ence discussion growth, we compare correlations measured using
normalized mutual information for each of the static discussion
properties (virality, max-depth, max-breadth, size, and population)
with the subjectivity of the initial (or “root”) post in the discussion.

5 RESULTS

Before we measure the speed and scale of information spread in
cryptocurrency discussion growth, we first examine several influen-
tial characteristics of each dataset and the potential impacts on our
analysis. Here, we examine the population of contributors who par-
ticipated in these discussions, the user-networks for each dataset,
and the prevalence of ineffective posts — posts that did not spread.
First, we look at the mean averages and respective 95% confi-
dence intervals for the volumes of discussions related to each coin
that users initiate, i.e., by submitting the initial post, or participate
in (through posts and/or comments), shown in Table 1. We find that
users are more active within a single subreddit dedicated toi.e., the
Official Subreddits domain than within discussions focused on the
same coin that are started in multiple related subreddits. Thus, there
should be less bias from a single user or group of users on the
results of discussion growth in the Crypto-Ecosystem dataset. Intu-
itively, this composition of contributing users makes sense as users
typically browse, subscribe, or otherwise follow specific subreddits
based on the topics they cover than individual posts that discuss a
topic of interest. Further, a recent study found that users tend to
focus their interactions in a small number of subreddits [14].
Next, we consider the networks created with the reply-links to
examine how closely connected these communities are. Are users
discussing back and forth with the same set of users or are most inter-
actions with new users? We find that users interact with, on average,
13 users in the r/Bitcoin subreddit, 8 users in the r/Ethereum and
r/Monero subreddits within the Official Subreddits domain. Within
the Crypto-Ecosystem domain, users who participate in Bitcoin-
related discussions interact with approximately 9 users and we
see a similar drop as we do in the Official Subreddits to around
5 and 7 for Ethereum and Monero, respectively. The clustering
coefficients are also fairly low for both the Official Subreddits —
0.13 and Crypto-Ecosystem — 0.12 datasets. As shown in Table 1,
users, on average, participate in a fairly low number of discussions
(between 8 and 11 for Official Subreddits and between 4 and 7
for Crypto-Ecosystem) overall. Users are not densely connected
through frequency in discussions or replies to specific users.
Next, we look at the prevalence of posts that do not trigger any
additional commentary for each coin across datasets. We call these

) ) 564
RIGHTS L



RIGHTS

. Official Subreddits Crypto-Ecosystem
E
w2
a4
O 3
O 2
ks
E g 1 1 1 1 1 1 1 1
1] 2 4 6 8 10 0 2 4 6 8 10
Initial Delay (Hours) Initial Delay (Hours)
—— Bitcoin ===- FEthereum ssseee: Monero
Official Subreddits Crypto-Ecosystem
coin mean median max mean median max
Bitcoin 4.61 11.17  6.31 5.26 15.25 6.00
Ethereum 7.60 27.60  6.28 8.12 36.37  5.00
Monero 2.85 20.98 4.38 2.56 23.36 3.00

Figure 5: CCDFs for the initial delays of discussions (above)
and the mean delay in hours, the median delay in minutes,
and the max delay in months (below).

ineffective posts. We remove these posts from subsequent analyses in
all but one case: when we consider the size of discussions. We find an
interesting trend across both datasets where Bitcoin and Ethereum
have similar rates of ineffective posts (31% and 33%, respectively, for
the Official Subreddits and 8% and 9% for the Crypto-Ecosystem) and
Monero has much lower rates (13% and 2%). The relative presence of
ineffective posts related to the more popular Bitcoin and Ethereum
coins are twice to five times as high as found in Monero discussions.

5.1 Speed of Discussion Spread

Here we examine the speed of discussion growth across the three
coins of interest and two datasets. We aim to answer three main
research questions: how quickly do discussions begin, grow over time
and end. By answering these three questions we provide a well-
rounded overview of both dynamic and static properties of the
speed of discussion growth. As we noted previously, we removed
what we call ineffective posts, posts that failed to trigger a discussion,
from the following analysis.

5.1.1 Initial Delays. First, we examine how quickly discussions
begin in Figure 5. As a result of the size of the r/bitcoin community
and the number of new posts that are submitted to the subreddit, the
outliers (e.g. extremely long reaction times from posts that either
slowly made their way from the "new queue" to the main subreddit
page or were possibly found through the search functionality long
after the initial submission) may highly influence mean average
delays. On the other hand, the median delay is less influenced by
outliers. Bitcoin discussions in the official subreddit have the short-
est initial delay of approximately 11 minutes. That is, the median
delay between a post submitted to r/bitcoin and that post’s first
comment is around 11 minutes. In comparison it takes at least 20
minutes for a typical post to Monero to attract its first comment
and over 27 minutes for Ethereum. We see that the same ordering
is found in the Crypto-Ecosystem. Although there are larger ini-
tial delays, we still find that Bitcoin discussions begin the fastest,
followed by Monero. Ethereum discussions are the slowest to start.
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Figure 6: Discussion growth over time measured as the mean
average minutes to reach a given depth (above) and the mean
size of the discussion when it reaches a given depth (below).
95% confidence intervals are represented with shaded bands.

But does this trend follow when we consider growth beyond the
first comment?

5.1.2  Growth over Time. Now, we expand beyond the initial delay
to the average time it takes for discussions to grow, in general. We
examine the speed of discussion growth through the average time
to reach each depth, the average size of cascade as each depth is
reached and the population size within discussions as they grow.

First, we plot the mean minutes elapsed before discussions reached
a given depth in Figure 6 (above) with 95% confidence intervals rep-
resented with shaded bands. Although the scale decreases greatly
when medians are used instead of mean averages, we find that the
trends between the three coins remain consistent. Bitcoin discus-
sions grow the fastest followed by Ethereum then Monero. Although
we see some overlap in the 95% confidence intervals when we plot
the mean minutes to reach each depth for the Crypto-Ecosystem,
the ordering remains consistent.

If we consider the size of discussions by the time each depth
in the tree is reached, as illustrated in Figure 6 (below), we see
that Bitcoin discussions are the largest at each depth and more
efficiently increase the number of comments at each depth than
Ethereum and Monero across both the datasets. Although the order
is flipped (BTC > ETH > XMR), this finding is consistent with the
pattern found in average time to reach depth in that Bitcoin shows
the fastest growth to largest sizes. This pattern is consistent not
only across both datasets but in both median and mean discussion
size at each stage of evolution, as determined by the depth in the
discussion tree.

5.1.3 Discussion Lifetimes. Finally, we look at how long discus-
sions are active. The median and maximum periods of activity in
discussions, i.e., lifetimes, are presented in the Figure 7. We find that
Monero discussions have the largest median lifetimes but not the
largest maximum lifetimes. Discussions with the largest possible
lifetimes are related to the Ethereum cryptocurrency. Interestingly,
Bitcoin discussions have the lowest median lifetimes of all three
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Figure 7: CCDFs for the lifetime of discussions (above), the
mean, median (in hours), the max lifetimes in months (be-
low).

coins. In Figure 7, we illustrate the CCDF plots for discussion life-
times focused on a window of up to eight days which captures
90-95% of all discussions. We see that there is a clear distinction
between the complementary cumulative distribution functions for
Bitcoin and the other two coins in the Official Subreddits dataset.

Bitcoin has the largest subreddit in terms of content submitted
and users who subscribe or contribute, and, as shown in Figure 3
a larger and consistent stream of discussions and comments in
both the Official Subreddits and Crypto-Ecosystem datasets. With
the consistent flow of new content, users may be more inclined to
contribute to a newer discussion than join and continue an older
discussion that may no longer be visible because of its score or rank
pushing it below a threshold of highly visible ranks. As rank bias
influences which content gets voted on and seen by new users, this
will also influence which discussions users decide to engage with.

As we noted previously, Monero is the least popular or well-
known of the three coins. This is reflected in the smallest subreddit
(both in terms of subscribers, contributors, and content) and the
smallest sample of posts within the Crypto-Ecosystem. The lower
amount and relative frequency, as opposed to the more popular
Bitcoin and Ethereum cryptocurrencies, of new content submitted
about Monero that would disrupt an existing discussion has prob-
ably influenced the larger median lifetimes. With a smaller core
community, users who comment in the Monero subreddit may also
be more committed to continuing conversations with other contrib-
utors, as opposed to users who are tangentially interested in who
may visit the larger bitcoin subreddit and make one-off comments
on posts they browse. Similarly, the posts related to Monero in the
Crypto-Ecosystem dataset may be submitted to smaller subreddits
or appeal to a smaller population.

5.2 Scale of Discussion Spread

In this section we present the results on the scale of cryptocurrency
discussions, in particular, how large discussions grow and the struc-
ture of discussions overall and as they develop. In this section, we
include the discussions comprised of the ineffective posts that we
removed from the previous analysis on speed.
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Figure 8: CCDFs for discussion sizes (above) with the y-axis
on a log scale, and the mean, median, and max sizes (below).

Table 2: Discussion audience size measured as median and
max volumes of users who participated in each thread.

Official Subreddits Crypto-Ecosystem
coin  mean median max mean median max
BTC 7.30 3 3,037 11.00 5 685
ETH 5.05 2 707 7.63 4 707
XMR 7.09 5 177 8.63 6 370

5.2.1 Discussion Size. To measure discussion scale we consider the
final size of the discussion, i.e., the final volume of nodes within
the discussion tree, and plot the CCDFs for discussion sizes for
each coin in Figure 8. Across both datasets, the window of sizes
up to 40 captures 90 to 99% of all cascades. We see that sizes are
more heavily concentrated in lower range of sizes for the Official
Subreddits dataset. The CCDF for the r/Bitcoin subreddit rises above
the others, indicating more discussions of a larger final size in
r/Bitcoin than in r/Ethereum and r/Monero.

When we compare the mean, median, and maximum discus-
sion sizes in the table (below) in Figure 8, we see that the range of
r/Bitcoin is much more extended. In contrast, the median size of a
Bitcoin cascade is smaller than that of a Monero cascade. Further,
Mann Whitney U comparisons of the distributions of each coin’s
discussion sizes find that, on average, Ethereum discussions are
smaller than Bitcoin and Monero discussions (p < 0.01), and Bit-
coin discussions are smaller than Monero discussions (p < 0.01).
Although some Bitcoin discussions are much larger than Monero
discussions, most are not. Again, this may be due to the size of
the community. In the larger subreddits, there are more potential
participants that could drive a discussion to a much larger size
but there is also a higher influx of content to the larger subreddits
where newer content quickly pushes old discussions down and out
of view.

5.2.2 Discussion Audience. We can also consider size in terms of
the audience or contributors to the discussion rather than the con-
tributions (posts and comments). The overall population sizes are
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interval represented with shaded bands (above), and the me-
dian contributor count at each depth (below).

summarized in Table 2. Again, we present the median and maxi-
mum overall population (or audience) sizes for discussions related
to each coin. The typical discussion is held between 2 and 6 users.

Among the official subreddits, the population sizes are quite
similar but in the Crypto-Ecosystem when we consider only those
discussions that explicitly reference the coin in the initial post,
we see that Bitcoin and Ethereum have a median of five and four
users participating, respectively, while Monero has a median of
seven users. On the other hand, Monero has the lowest maximum
population size while Bitcoin has the largest. The ordering (ETH
< BTC < XMR) in terms of typical numbers of participants is also
found when we compare the distributions of population sizes with
Mann Whitney U tests (p < 0.01). As with size of contributions,
Monero typically has larger populations in discussions but not the
largest possible.

In Figure 9, we observe that the mean population size at each
depth differs significantly between coins within the first 15 depths.
Across both datasets, Bitcoin discussions have more users partic-
ipating at each depth. In the Official Subreddits, discussions in
r/Ethereum have more users at depths greater than two. That is,
discussions in r/Monero on average have slightly more users who
respond directly to the initial post than those in r/Ethereum, how-
ever this trend is flipped for comments in response to other com-
ments. In the Crypto-Ecosystem dataset, we see an overlap between
Ethereum and Monero discussions. When we consider the median
population within each depth, we see more similar behavior among
the three coins, with spikes above average at several depths for the
Bitcoin discussions.

5.2.3 Discussion Structure. Finally, we look at how the scale of the
discussion and evolution of the discussion in terms of the structure
of the discussion tree. We compare static properties of discussions
overall with CCDF plots of virality, max-depth, and max-breadth
in Figure 10. As we see in the center row, few discussions have
any one given chain grow beyond 5 comments. Less than 1% of
discussions have a chain that is at least 15 comments long in the
official subreddits, approximately 1-2% has such a chain in the
Crypto-Ecosystem dataset.

We highlight the median values for each of the structural proper-
ties in Figure 10. We see that discussions tend to have fewer depths
with a moderate (at most 3 to 6) number of comments at the most
populated depth. Mann Whitney U comparisons of the distributions
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Figure 10: CCDFs for structural measurements of discussion
cascades with alog-scale used for each y-axis (above) and the
median values of each property (below).

find that across both datasets, Ethereum has the shortest, narrowest,
and least viral of all the coins (p < 0.01). That is, these discussions
appear more like a broadcast of information than a viral cascade —
the initial post is typically followed by a single layer of comments
who respond directly to that initial post. Monero discussions have
the most “viral” of all discussions, on average, with larger maximum
depths and breadths, on average (MWU p < 0.01).

When we consider the average comment count (breadth) at
each depth however, we see that Bitcoin discussions exhibit larger
breadths at each of the initial depths. Figure 11 highlights the mean
(above) and median (below) breadths found at each of the initial
15 depths. This illustrates the key differences between coins when
we consider discussions as they grow versus the overall discus-
sion after completion. While the maximum breadth of cascades is
typically larger in Monero discussions, we see more consistently
large breadths in Bitcoin. As we saw in the CCDF plots in Fig-
ure 10, Ethereum and Monero discussions exhibit similar patterns
of behavior.

5.3 Post Subjectivity and Discussion Spread

In this section, we go beyond the static and dynamic measures of
growth and discussion behavior to focus on the contextual features
of the initial posts that either triggers or fails to trigger a discussion
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Figure 12: Kernel density estimation plots for effective posts
that trigger a discussion that includes at least one comment
and ineffective posts that fail to trigger any subsequent dis-
cussion.

to answer the question: how does the subjectivity of the initial post
influence discussion growth?

First, we compare the subjectivity of effective vs. ineffective
discussions at a very high level dichotomy: did the initial post trigger
subsequent discussion or did the discussion consist solely of the initial
posts? We plot the kernel density estimations (KDE) of what we call
effective posts that initiated discussions of at least one additional
comment and ineffective posts that failed to initiate a discussion for
each of the coins in Figure 12. We see that KDE plots are centered
approximately around 0.5, indicating moderate subjectivity, but
that ineffective posts tend to skew left, peaking closer to 0.55, for
Bitcoin and Monero. Interestingly, ineffective posts about Ethereum
appear to remain centered around 0.5 but more evenly across the
entire range from 0 to 1, indicating the inclusion of more strongly
objective or subjective initial posts.

To gather a more nuanced view of how the initial post in dis-
cussions influence the growth, scale, and speed of discussions, we
compare normalized mutual information for each of the static dis-
cussion properties in Table 3. We also calculated the correlation
(Pearson R) of these discussion properties and the subjectivity of
the initial post but found significant but low (R<0.05, p < 0.05)
correlations. Paired with the high normalized mutual information
results, we conclude these properties are related but the relation-
ship is not linear. We see that the speed of discussion evolution
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Table 3: Normalized Mutual Information between cascade
measurements and subjectivity of the root node.

Official Subreddits Crypto-Ecosystem

BTC ETH XMR BTC ETH XMR
Virality 029 036 052 061 068 076
Size 0.15 0.21 030 040 049 0.52
# Contributors ~ 0.13  0.18 026 036 043 0.46
Max-Depth 0.10 0.15 022 029 037 0.39
Max-Breadth 012 0.17 024 032 040 0.42
Lifetime 0.56
Initial Delay 0.37  0.57

(lifetime and the initial delays) has the greatest mutual information
with initial post subjectivity values.

Next, we examined the bivariate kernel density estimations for
each of the static discussion cascade measurements and the sub-
jectivity of the initial post (i.e., the “root” of the discussion). We
find that the plots within the Crypto-Ecosystem dataset illustrate
very similar results to the overall distributions of subjectivities
shown in Figure 12 at right. Variations in the plots appear to be
largely indicative or representative of the differences in the static
measurements, highlighted in the previous analyses.

6 SUMMARY

We presented measurement-driven analysis of cryptocurrency dis-
cussion spread for three coins of interest on Reddit, and contracted
discussion tree patterns in the official coin subreddit and a broader
Crypto-Ecosystem on Reddit. Our analysis and novel findings will
not only bring the awareness to online discussion spread relevant
to cryptocurrencies but will also inform models for forecasting
cryptocurrency price that rely on conversations in social media.
We highlight our key findings on the speed of discussion spread:

o [nitial Delay Bitcoin discussions in the official subreddit have
the shortest initial delay of approximately 11 minutes. It
takes at least 20 minutes for a post to Monero to attract
its first comment and over 27 minutes for Ethereum. In the
Crypto-Ecosystem delays are larger but coins follow the
same trends.

e Growth Over time Bitcoin discussions grow the fastest fol-
lowed by Ethereum then Monero. Bitcoin discussions are
the largest at each depth and more efficiently increase the
number of comments at each depth than Ethereum and Mon-
ero in the official subreddits and Crypto-Ecosystem. Bitcoin
shows the fastest growth to largest sizes.

e Lifetime Monero discussions have the largest median life-
times but not the largest maximum lifetimes. Discussions
with the largest possible lifetimes are related to the Ethereum
cryptocurrency. Interestingly, Bitcoin discussions have the
lowest median lifetimes of all three coins.

We highlight our key findings on the scale of discussion spread:

e Volume On average, Ethereum discussions are smaller than
Bitcoin and Monero discussions and Bitcoin discussions are
smaller than Monero discussions.

o Audience Size The typical discussion is held between 2 and 6
users. In the Crypto-Ecosystem, Bitcoin and Ethereum have



a median of five and four users participating, respectively,
while Monero has a median of seven users. ETH < BTC <
XMR in terms of typical numbers of participants.

o Structural properties Ethereum has the shortest, narrowest,
and least viral of all the coins. Monero discussions have
the most “viral” of all discussions, on average, with larger
maximum depths and breadths. Bitcoin discussions exhibit
larger breadths at each of the initial depths.

Future work will extend our preliminary exploration results
and further investigate the effect of the original post content on
how cryptocurrency discussions spread. More specifically, we will
look into content polarity e.g., positive, negative and neutral, nov-
elty, uncertainty and readability. In addition, we will measure user
reactions e.g., answer, elaboration, acknowledgement etc. [15] in
the discussion cascades influence how discussions spread. Finally,
measuring cryptocurrency-related discussion spread before and
after the external events of interest e.g., coin price rise, market
crash; across a variety of coin types (e.g., popular, stable, scam, etc.);
and contrasting signals across multiple social media platforms e.g.,
Twitter vs. Reddit is of interest.
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