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Abstract

Attaining critical mass is notoriously
difficult for online platforms, and
many online communities fail because
of this. A common feature of most
successful communities, are threads.
Threads are found in newsgroups, fo-
rums, and on Quora, among other
places. In this paper it is exam-
ined whether there is something in the
structure of threads that makes them
especially good at engaging users, im-
proving forums chances of attaining
critical mass. And where in previ-
ous work on critical mass, social fac-
tors have been the primary concern,
here non-social factors, such as how
threads bundle posts, and mimic con-
versations, are the focus.

The research was grounded in two
data-sets, Boards.ie, a bulletin board
site, and Hacker News, a news-site.
Data from the latter was especially col-
lected for this study. Agent-Based
Simulation was then used as an analyt-
ical tool to examine the impact of vari-
ations in thread-structures on growth.
What was found was that threads per-
form better than no threads at all,
and thread-structures that allow users
more control over what to read, suc-
cessively improve engagement. In ad-
dition, based on the empirical data, it
was found that most reciprocity on fo-
rums — rather than resembling social

ties —, was limited to the duration of
the conversation in the thread, and thus
conversational, rather than social.

It can be concluded from this study,
that structural factors impacting en-
gagement are likely to be an impor-
tant determiner for critical mass attain-
ment. And threads, through improv-
ing the reading-experience, and by of-
fering a suitable context for conversa-
tional reciprocity, are a powerful struc-
ture for enhancing engagement.

1 Introduction

Thread-based discussions are enormously
popular on the internet. Not only are they
found in usenet-groups, and on classical web-
forums, but they also appear in mailing-lists,
google-groups, on many news-sites, below
blog-posts, and more recently, on Facebook
walls and Quora!'®. Over decades several at-
tempts have been made at developing alter-
native discussion-structures, but apart from
Twitter and chat, these have not been success-
ful!>73:24123.121 " Thig suggests there might be
something about thread-structures that makes
discussion-platforms successful.

Are threads ubiquitous because they were
developed early on, and people have become
used to this format? Is it because they are sim-
ple? Or is it because they are good at over-
coming the critical mass problem by better en-
gaging users? Probably a mixture of these,
but here the latter is going to be the focus of
research. Thus making the research-question:
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What is it in the structure(s) of threaded fo-
rums, if anything, that makes them good at at-
tracting users, and then retain these users, as it
grows? Also, as some thread-based platforms
are more successful than others, a comparison
is going to be made between the growth-rates
that variously structured threads provide.

An Agent-based Simulation Model (model
henceforth) is built to clarify and formalize
this process. The model is calibrated and
tested against data-sets from Boards.ie and
Hacker News, two real forums-communities.
The latter of these data-sets has been espe-
cially collected for this paper. During the
modelling, special attention is paid to the util-
ity derived by actors from interacting with
threads, and to reciprocity in reply-patterns.
Agent-Based Simulation (ABS) as a method
was employed because, apart from formaliza-
tion, it allows for a controlled comparison be-
tween the performance of thread-structures,
of a kind that otherwise only a large-scale ex-
periment could provide.

The paper proceeds as follows: First its ap-
proach will be contrasted to previous work.
Next, the hypotheses will be specified. Fol-
lowing that, a theoretical foundation will be
laid, and the research-design introduced, and
especially its method: ABS. Then the sam-
pling strategy and data will be presented.
Next, a simple model will be introduced. It
will be extended with short-term reciprocity,
based on findings from our data, in which only
conversational, and no long-term social reci-
procity was found. Then the impact of various
thread-structures will be analysed. This is fol-
lowed by a discussion of their positive impact
on growth and critical mass attainment. The
paper will be concluded with some ideas for
further research.

1.1 Previous work

Previous work has tried to answer similar
questions using a comparable methodology.
Yuking and Kraut have recently used an ABS
to test the influence of different moderation-

regimes on user-contributions, and commu-
nity ties”**>7. A number of other works have
employed ABS for studying how innovations
reach critical mass across various types of net-
works, and how this influences the valuation
of software companies®®!37*. Their analysis
was focused on the impact of social network
structures.

This paper contributes by focusing on one
aspect of virtual communities so far not stud-
ied using ABS; thread-based discussions, and
the impact of thread-structures on critical
mass. Threads have been fruitfully studied us-
ing other methods before. In a work studying
the shape of threads across topics on Slashdot,
it was found, among other things, that politi-
cal threads tend to be much wider and deeper
than those about games®'. Then there are a set
of papers in which the size of Slashdot threads
was predicted successfully, based on how fast
they received their first few posts®>3>4, These
findings suggest that threads have their own
dynamics.

In this paper, threads were not taken
as indicative of social structures, as was
done by numerous papers where social
networks were generated based on reply-
structures2239:63.106,119,117,126,106,13,14,12,122 [y
stead, it was examined here whether the struc-
tural properties of threads, such as them mim-
icking conversations, can be considered the
primary drivers behind both the appearance of
such networks, and the appearance of critical
mass (more on this in section 1.2).

Then there are two papers that look at
critical mass in online communities without
employing ABS. A very early paper exam-
ines critical mass in (deal-in) BBS systems,
which found symmetry in contribution-levels,
and content-diversity to be positive predic-
tors for critical mass®®. The second looked
at the success of Wikipedia, its accelerating
production function (making later contribu-
tions ever more valuable), and heterogene-
ity of contributors as success-factors. They
also note that forum-threads have a decel-
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erating production-function, with early posts
receiving much attention, and later ones in
the thread being hardly read. Which makes
forums good at sparking critical mass, but
harder to maintain growth for®72.

Finally, a lot of work has been done on mo-
tivations for contributing to on-line commu-
nities>*!11,5267.77.78.8291.939497.11.551 ¢ wel] as
on crucial factors for the success of online
communities, such as their governance, us-
ability, visual appearance, and other factors,
including friending, and welcoming newcom-
ers!27:67.9088.89.60 - While acknowledging their
importance, these will not be examined or dis-
cussed here, the former category because in-
dividual motivations are black-boxed in the
model, and the latter because we focus on
threads. Also, only the internal dynamics of
forums will be looked at. External effects,
such as competition between communities,
people posting across communities, or even
advertising-campaigns, will not be taken into
account.

1.2 Hypotheses

As noted, the central question asked in this pa-
per is whether threads make critical mass eas-
ier to attain, and whether there is something in
thread-structures that could be (partially) re-
sponsible for this.

The expectation is that structural factors,
such as the way in which posts are bundled
in threads, may help improve engagement.
Threads bundle posts in two ways, first of
all, by collating posts on a single page. And
as moving between pages takes time, and re-
quires a click (+ decision of whether to follow
the link), having fewer pages, reduces over-
head®!'?, Secondly, threads generally collect
posts on the same or similar topics, making
it easier for users to find an interesting read.
A third way in which forums might improve
engagement, is by focussing user-attention on
new threads, raising perceived activity, and
ensuring timely replies to posts. All of these
should increase the utility users derive from

forums, and thus lead to a quicker attainment
of critical mass. Hence our primary (H1) hy-
pothesis is that thread structures improve en-
gagement and enable forums to attain critical
mass faster.

In order to test this hypothesis, an ABS will
be built, and used to test the growth of, and
propensity of attaining critical mass for fo-
rums using four increasingly refined thread
structures. The structures being: T1) Not
thread-based: Users are shown random posts.
T2) Has threads, but they are simple and flat,
as known from traditional bulletin board sites:
So an opening-post, and all replies, ordered
chronologically. T3) Has sub-threads; threads
have multiple levels of indentation, allowing
replies to specific posts. T4) Rated threads;
the same as in 3, but posts on each level are
now ordered by user-ratings (without break-
ing sub-threads). Each of the four thread-
structures are displayed below (figure 1).

A second factor that is expected to be im-
portant for engagement, is reciprocity. Reci-
procity was found to be important for user
retention, by Kraut and Joyce, who respec-
tively saw it as the most important deter-
miner for whether new users would return
to a web-community, and it leading to a 12
percentage points increase in them posting
again°>®>? Such improvements to user re-
tention can make a big, cumulative difference
to the attainment of critical mass. Therefore
this factor needs to be modelled correctly in
the ABS. In addition, examining reciprocity,
also offers an opportunity to test whether the
import that the primary hypothesis assigns to
structural factors, is really warranted.

As briefly mentioned, previous work in-
terprets reciprocity in forums, mailing-lists,
and other online communities socially, rather
than structurally. Not only are social pro-
cesses, such as triadic closure (friends of
friends becoming friends), deemed central to
the operation of online reciprocity, but so-
cial networks are even extracted from reply-
structures. In that case each reciprocation (of
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Figure 1: The four thread-structures.

a certain strength, say 4 messages in each di-
rection) is explicitly interpreted as a relational
tie, or kind of ‘tit for tat’, similar to reciprocity
in offline communities®*.

The view held in this paper, is, that not all
of these interactions might be meaningful so-
cially. That is, most people probably simply
reply to interesting posts they come across,
largely ignoring whether they know the author
of the post they reply to. Patterns in the re-
plying itself could then be explained from the
content of the post (whether arousing, incom-
plete, unclear, etc...) and from people being
conditioned to respond to messages, and other
conversational habits!*!2597  Key character-
istics of this conversational reciprocity, would
be that it is mostly short-term, and confined to
the context of the thread, a single conversation
only. Thus even for reciprocity, non-social
properties of threads and posts are likely to
be important.

In other contexts, such as Open Source
projects, surveys have shown that the motiva-
tions of those contributing include many non-

social motivations, such as the joy of cod-
ing, or scratching ones own itch*0:1249:111.83.116
Parallels to these in forums could be such
things as the pleasure of writing, or following
the flow of arguments. Bimber called this —
contributing to a community without direct in-
tention, mediated by structures created in the
environment — second order communality*.
In any case, social reciprocity can not be the
whole story, as it cannot explain why the post
initiating the (first halve of the) relationship
was made. On forums pre-existing ties are,
after all, generally absent’.

The social and conversational explanations
of reciprocity will be distinguished by exam-
ining what happens in the following exam-
ple: User A comes across a reply to his post
by user B. Now: EIl) There is true social
reciprocity, and once B replied to As posts,
A will be more likely to reply to B specif-
ically, anywhere on the forum, and more or
less evenly spread out over time, as would be
expected when a relationship had formed be-
tween the two users (long-term, social reci-



Simulating the emergence of critical mass in online communities

Wybo Wiersma

procity). E2) After B replied to As post, A
is (much) more likely to post soon after, ta-
pering off with time. This increased likeliness
to post, then is mostly confined to the thread,
and directed towards B, and possibly others,
but mostly in the thread (short-term, conver-
sational reciprocity).

The secondary (H2) hypothesis is that reci-
procity is primarily confined to the thread, and
thus conversational (E2). This hypothesis will
be tested against the forum-data that was col-
lected (see section 3). Findings with regard
to it will then inform the way in which reci-
procity is added to the model.

2 Theory and methodology

2.1 Critical Mass Theory

The most well-known theory of critical mass
in the social sciences, is that by Granovet-
ter’”-38, It starts off by considering people that
have to make a binary choice. For instance,
whether to join a riot or not, or whether to
spread a rumour. He then proposes that each
individual has his own threshold in terms of
how many other people (in their surrounding)
should choose in a particular way, before they
will follow suit. Thus every person that joins
a riot will count, and potentially draw others
in when his joining makes them meet their
threshold. The critical mass is then the point
at which the equilibrium — purely based on
these individual thresholds — tips, say be-
tween very few rioting, and the majority even-
tually rioting.

In other disciplines critical mass is defined
differently®!:!82%7! " And because in this study
the utility derived from direct engagement is
considered of primary relevance, rather than
merely users expected utility based on how
many others chose to participate, several of
these definitions are of interest here. The first
is the simplest conception of critical mass: as
an overall threshold denoting the minimum
number of users required for an application to
display sufficient network-effects'®. Network

effects are an (originally) economic term, de-
noting increased utility derived from a prod-
uct when others are adopting it as well. An ex-
ample is the Blue Ray player, which is made
more valuable as more movies on blue-ray-
disk become available. Another of-cited ex-
ample is the telephone.

Network effects are usually considered a
positive thing, as they can help spur adop-
tion. Though, alternatively, with Jacob Gold-
enberg, one can see network effects as a con-
straint?. In his view the value of the product
is fixed, assuming wide adoption, while net-
work effects prevent adoption until a thresh-
old is met. Interestingly enough, this view
is comparable to Granovetters’, in that Gra-
novetter defines thresholds purely in social
terms, implicitly assuming that the action the
person is drawn into will be valuable once
enough others are participating. Contrary, in
this paper it is assumed that while an indi-
viduals threshold being met might spur him
into joining for social reasons, the (variable)
utility he derives from actually participating
(network effects) will also importantly affect
whether he stays.

A third concept of critical mass, and one
that meshes well with considering both initial
expectations and utility derived from engage-
ment, is that of a minimum core group of ac-
tive users needed to sustain the community.
This concept adds the possibility of a relapse
in activity levels that brings an application
under its (overall) threshold of active users
again. It is analogous to the concept of critical
mass in physics: the smallest mass that will
sustain a reaction'®. In this paper a combina-
tion of these three conceptions of critical mass
will be employed: a general threshold for the
minimum group of active users required, de-
termined both by the extent to which people
meet their social threshold (number of other
users required), and derive sufficient utility
from the activity to sustain them, once they
joined.



Simulating the emergence of critical mass in online communities

Wybo Wiersma

2.2 Structural Individualism

Another conceptual issue that is important
for this research-project, but on an episte-
mological level, is whether to favour micro,
or macro-level explanations. The principles
of Structural Individualism are followed on
this issue. Which means explaining social
processes only based on the (inter)actions
of individuals. Quoting Weber: ‘In soci-
ological work ...collectives must be treated
as solely the resultants and modes of or-
ganisation of the particular acts of individ-
ual persons, since these alone can be treated
as agents in a course of subjectively under-
standable action’. Structural Individualism
is neither about grand theory, nor about re-
porting statistical regularities between macro-
processes. It calls for examining social mech-
anisms instead*!#244,

Social mechanisms are the ‘cogs and
wheels’ of interactions between individuals
that actually bring about the macro-effects.
Whereby macro-effects should be understood
as aggregates of individual actions, which can
only have an impact through individuals’ ac-
tions (supervenience)*'*3. A model called
Colemans boat can clarify this further (see
figure 2): Arrow one is the individual being
influenced by macro processes, for example
by perceiving global trends, two represents
the (inter)actions of individuals on the micro-
scale, and three their alterations to the envi-
ronment. Arrow four then shows the macro-
level associations that arise from 1 — 3, which
have no causal effect of their own, and thus
should not be used in sociological explana-

tions'®.

An advantage of focussing on social mech-
anisms is that it brings to the fore the ac-
tual causal mechanisms, allowing for better
predictions and comparisons*®. Also, Struc-
tural Individualisms non-exclusion of contex-
tual factors allows it to encompass limits on
action (or nudges) of a political or techni-
cal nature, and in the case of this research,

also second order communality®®!''?, Leav-

ing room for both social expectations based on
perceived activity levels (would be arrow one
in Colemans boat) and utility derived by indi-
viduals from engagement with threads (arrow
two), to contribute to an aggregate growth pat-
tern (arrow three). Similarly, our hypotheses
are directly about mechanisms, about threads
guiding reading-, and reply-patterns, and both
affecting growth.

While Colemans boat is normally used in
the context of macro effects on a societal or
global scale, the online communities under
study are large enough to make the distinction
between micro and macro processes relevant.
In addition, it should be noted that structural
individualism is not equal to a psychological
approach, as the specific motivational or in-
tentional states of individuals may even be ab-
stracted away, and be modelled stochastically,
as they will be here*?3. It are the interac-
tions between people, and the social processes
emerging from this, that are its, and this pa-
pers’ primary interest.

2.3 Agent-Based Simulation

ABS as a method is employed because
analysing the (possible) impact of thread-
structures on growth patterns would have been
impossible with empirical data only. This be-
cause with such data, due to external events,
and the many differences between forums
(including Boards and HN, see section 3.3)
excluding alternative explanations would be
impossible. A controlled (field) experiment
could have covered this, but these are hard to
do well over the many months required for a
forum to gain momentum. ABS, on the other
hand, can function as an abstraction-layer be-
tween the data and analysis, so everything
can be kept constant, except for the variable
of interest. In addition, ABS allows for ex-
perimenting without having to rely on human
subjects, quickly, affordably, and on a large
scale®.

There are a few well-known applications
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Figure 2: Colemans boat: Model of the interactions between micro and macro processes. Arrow
4 is not to be used, as it arises from arrows 1 to 3.

of ABS in sociology. The first is the mod-
elling of segregation, done by Schelling. He
found that small changes in individual prefer-
ences, such as a rise in preference for simi-
lar neighbours from 25 to 26%, led to a large
rise in segregation at the macro-level. The
second, is the modelling of the movement of
pedestrians, which has already saved many
lives by improving the design of safety fenc-
ing at festivals, in the London underground,
and even around the Masjid al-Haram mosque
in Mecca. The final, is Nigel Gilberts pi-
oneering work on simulating primitive soci-
eties, and innovations-networks?’-100-101.47

In ABS, at minimum, agents behave ac-
cording to decision-rules, possibly enhanced
by memory, computations, and observations
from the environment. The latter of which,
and its most important objects/structures,
would then be modelled as well (threads and
posts are in this study). The state of the
agents, their position in the environment, as

well as the actions of others, then determine
the agents opportunities and actions. Socio-
logical processes will then emerge from these
processes alone®%°. This focus on individuals
makes ABS a good fit with Structural Individ-
ualism, as social mechanisms can be directly
modelled.

It is desirable for a simulation model to
be grounded in theory. This is because a
model that matches the data is not necessar-
ily correct. Multiple models that generate the
same growth-patterns/output can always be
created, without any way to decide between
them. While this problem of so called genera-
tive plurality, is not a new one (any empirical
study trying to establish causality suffers from
it), the fact that in ABS one works with multi-
ple independent variables, some of which are
hypothetical, instead of measured, makes it
more of a problem. There is an alternative
to complete theoretical grounding, however,
acknowledging it as a limit of the methodol-
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ogy®.

A simple, somewhat plausible model that
produces the complex macro-behaviour still
allows one to claim that, on an analytical
level, the model offers a possible explanation:
that is, it is enough to generate the complex
behaviour; it has generative sufficiency®-*.
And given the scope of the current work, and
it being the first in which user-interactions at
the level of threads are modelled, full ground-
ing is not aimed for. Examining whether
thread-structures can impact growth is this pa-
pers primary purpose, not being absolutely
correct on the exact size or shape of the im-
pact. Moreover, a separate advantage of tar-
geting generative sufficiency only, is that this
allows for a more parsimonious model, fur-
thering its intelligibility.

ABS is different from two other kinds of
modelling. The first is equation-based mod-
elling. Equation-based modelling, rather than
modelling the local interactions of individu-
als, approaches sociological processes as uni-
fied systems, and specifies relationships be-
tween macro-outcomes. Secondly, it is also
different from game-theory, in that it relaxes
the rationality requirements on the part of
agents and allows for more extensive mod-
elling of the environment. The latter of
which makes it very suitable for our purpose
of analysing the impact of thread structures.
Both these differences, however, come at the
cost of not having easily calculable outcomes
or optima: One has to run the model to see
what happens®®-$30,

Another advantage of ABS is that it allows
one to integrate multiple, specific, smaller
theories, combining them into a middle-level
framework?®. And all this, while still being
able to open the black-box of micro processes.
A final advantage is that the model/framework
is not just written down in a narrative (as
it otherwise often would have been), but is
rather formalized in the code of the model.
This both enables it to be more strictly de-
fined, and allows for the model to be informed

by, and even be tested against hard data’.
These properties are what allows a model to
mitigate between the data and the analysis.

3 Sampling strategy and data

3.1 Case study I: Boards.ie

As not much research has been done on crit-
ical mass in web-forums yet, and data-sets
are relatively labour intensive to create/pre-
process, our sampling strategy was not based
on a random selection of web-forums/news-
sites. Instead, two typical, yet different sites
were picked as our case studies. The first
data-set is 30 gigabytes of data from Boards.ie
(Boards), the largest Irish bulletin board site®.
This site offers hundreds of sub-forums on
various topics, from films and real estate, to
hunting. It was founded in 1998, and the data-
set runs until 2008, making it relatively longi-
tudinal.

The Boards data was collected and pro-
vided by John Breslin, from NUI Galway'®.
Even though pre-processed, and stored in
XML, it had to be processed further to ex-
tract thread-structures, posts, posting-times
and other meta-data. The XML pages were
parsed using the Nokogiri HTML scraping li-
brary’®. Then some hoops had to be jumped
through to re-connect posts to threads, as they
were stored separately. Next, tools were writ-
ten for calculating various statistics. Also, the
sheer amount of data (30 gigabytes) required
tools optimized for speed and memory usage.

As for the statistics, the Boards data-set
consists of 7,755,000 posts, made in 623,000
threads, by 72,000 users. In terms of user-
activity, an average of 18.5 posts and 1.2
threads were created by 12,500 users in the
datasets last month. The distribution of these
is left-skewed (the medians are 4 and 1). Sec-
ondly, circadian cycles can be observed for
post-creation, with each cycles peak occur-
ring during waking/work hours of the sites
dominant demographics (Irish users). Sec-
ondly, weekly cycles are visible as well, with
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dips during the weekend (figure 3). These
cycles warrant further study, as by concen-
trating user-activity around certain times, they
could potentially bump perceived activity lev-
els over a critical mass threshold, but in the
model built here, they are not accounted for.

As for growth, a measure for active user-
participation was devised. In the literature the
number of daily posts is often reported, with
another alternative being counting users be-
tween their first and last post on the forum.
The number of unique users posting per day
(UUPD), was chosen here. Its main advan-
tage is that it can also be calculated on the fly
in the ABS (for which, while it runs, it is un-
known when an users last post will be). In fig-
ure 4, the growth of the number of UUPDs is
shown for the whole Boards community. As
can be seen, for the last decade there was a
slow exponential growth on Boards. Interest-
ing to note are the flat line near the beginning
of the graph, and several dips to near zero later
in Boards’ lifetime. These were caused by in-
terruptions in server uptime.

3.2 Case study Il: Hacker News

The second data-set is the Hacker News
(HN) startup/technology news-site, which is
comparable to Slashdot, in that people can
post links to news stories, and comment on
them!%3% It has recently surpassed Slash-
dot in visitor-numbers, and is quite large,
with 100,000 unique visitors per day, most of
whom are lurkers®. It is ran by Paul Graham,
an internet millionaire and a prominent ven-
ture capitalist. This data was collected espe-
cially for this paper. It runs from February
2011 until the end of May.

More scripts had to be written to gather and
process this data, which was done in stages.
An initial script fetched the threads and user-
pages from the web, and a second parsed
the HTML-pages on the local machine us-
ing Nokogiri. All custom scripts together (in-
cluding the ABS) totalled 7,500 lines, which,
according to the Ohloh code-analysis site, is

over 14 man-months worth of programming®.
All code is open source, and available on
Github®®. Apart from enabling a thorough
analysis, some scripts were also needed to
overcome a special challenge with the HN
data.

This challenge is that HN does not pro-
vide time-stamps with posts and threads, but
rather phrases such as ‘X hours ago’, which
complicates getting a handle on the time di-
mension. This is especially true for material
older than a day, as hours are no longer re-
ported after a day. Luckily enough, all items
(posts and threads) on the site are assigned an
unique ID, which increases predictably with
time. This allows us to deduce the time at
which items were posted from the order of
their IDs. By knowing of two items that one
had been posted six hours ago, while the other
was posted four hours ago, it can be deduced
that a third item, with an ID in between these,
must have been posted before the latter, and
after the former, so approximately five hours
ago.

Having this knowledge makes it possible to
reconstruct the time at which all comments
were posted, without having to sample every
thread every few hours in the hope of record-
ing the time of any new comments. By an-
other strike of luck, the site has a ‘comments’
page, which listed all new comments. This
page was harvested every 10 minutes (from
2 separate machines, in case one would go
down), producing a sample of IDs and their
timing dense enough not to leave gaps larger
than two minutes. Threads thus had to be har-
vested only once.

In all, the HN data-set contains 299,000
posts, made by 23,000 users in 10,700
threads. In the data-sets last month, on av-
erage 5.9 posts and 0.2 threads were created
by 11,000 users. These figures were, as ex-
pected, left-skewed again (medians 2 and 0),
and cycles were found again as well (figure
12). However, contrary to Boards, the HN
community did not grow over the four months
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Figure 3: Cycle in daily posts on Boards.

for which there is data, as can be seen in figure
5. However, from the graph of unique daily
visitors provided by Graham (figure 6), it can
be seen that there was growth from 2007 on-
wards, when the site opened. Also interesting
to note, is that there were far more readers on
HN than posters (over 98.5%). A site having
this many lurkers is exceptional, compared to
figures reported for newsgroups (normally up
to 90%)”’. This suggests that HN, in line with
it being a news-site, is predominantly a com-
munity of readers.

3.3 Forum growth patterns

The reason for drawing on both the Boards
and HN data-sets, in addition to increased
robustness, is that Boards uses flat threads,
while HN features indented threads that are
ordered by ratings. These correspond to our
thread-structures T2 and T4 (section 1.2), and
thus provide good coverage for calibrating
the model. On the other hand, a difference
between the two data-sets that makes them
harder to interpret, is that while HN is a sin-
gle forum, Boards consists of 505 sub-forums.
Graphs for 4 Boards sub-forums are shown in
figures 7 to 10. As can be seen, the forums
that are created later on, show high initial user
counts. Which can be explained by them ben-
efiting from users already frequenting other
sub-forums.

Also, Boards largest sub-forum (figure 8),
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Figure 4: UUPDs on Boards.

has on average ‘only’ about 200 UUPDs,
even in its last (and best) year (compared to
HN’s 1,300+). This makes it seem as if (flat-
threaded) forums have a size-limit, which
Boards circumvented by having many forums
in parallel, compounding their growth. This
makes the Boards data not very representative
for the growth of independent forums. In ad-
dition, as noted, no posting-data was available
for HN’s initial years. These things together
make that growth-figures were not used to cal-
ibrate the model directly. Instead, a general
exponential growth-curve was aimed for.

A number that is directly used in the model,
is the fraction of UUPDs that arrived newly
on the forum every day. In percentages, for
HN this figure was found to be 9.5% on aver-
age, while for Boards it is 4.5%. As this num-
ber appeared slightly higher for younger sub-
forums, 9% is used in the model. It should
also be noted that the percentage of new users
varies considerably from day to day (a stan-
dard deviation of 4.9% for HN), due to exter-
nal events such as changes in Google rankings
and the forums being featured on other sites.
These effects are not included in the model.

Another observed feature that informed the
design of the model, is the ratio of threads rel-
ative to the number of posts that are created.
On Boards the average number of posts per
thread was 12.4 (median 6). While on HN
each thread received many more posts, at 28.0
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(median 15). These ratios were found to be
remarkably stable over the life of sub-forums,
and even across circadian cycles on HN. As
can be seen in figures 11 and 12, thread-churn
simply increases in busy periods, offsetting
extra posts. The ratio is thus kept constant in
the model, and for consistency reasons, is set
to the same value across all thread-structures:
Posting posts was made 20 times as likely as
creating threads.

4 Modelling and results

4.1 The simulation model

The model is built to test the primary hypoth-
esis (H1), that thread-structures benefit forum
growth. The model consists of four entities:
actors, a forum, threads, and posts (see fig-
ure 13). Actors represent the actual users that
visit, and participate in the forum. In each
simulation an initial number of actors enters
the simulation. This number is varied between
experiments, between zero and 200. In addi-
tion, every day a certain number of new ac-
tors show up. This is the fraction of current
users arriving. In experiments testing not just
growth, but also social thresholds (see section
2.1), a fixed number of actors will be created
instead, but more on the experiments in the
next section. ‘Days’ in the model consist of
240 cycles, with every cycle representing 6
minutes, and allowing every actor one action.

Then there is the forum object, of which
there is only one in each simulation. It keeps
track of threads and actors, and keeps vari-
ous counts. The most important parameter for
the forum is the maximum number of threads
that are visible to actors. This should be pic-
tured as, for example, the list of recent news-
items on HN. Two important assumptions are
made here. The first is that actors, once on
the forum, will not browse beyond the front-
page. In the case of Google results pages, this
was found to be true for at least 80 percent of
searches*~°. It is assumed to be always true
here. The second assumption is that actors
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will actually arrive through the front-page,
and not, for example, through a direct link to
a thread, or a search. This assumption, while
reasonable for news-related forums such as
HN, could be less so for Boards. At least
it was found for HN and Boards, that less
than 11.0%, and 25.4% respectively, of replies
came in after a thread had left the homepage.

Actors move along threads while reading
the forum. Threads define the structure in
which posts are displayed. As noted, four
thread-structures are tested: without threads,
flat threads, indented threads, and rating-
ordered threads: making threads’ structure-
type the most important variable of the model.
In addition, threads, as well as posts, have top-
ics. There are 6 topics in the model. Actors
have a preference for certain topics. These
preferences are distributed according to Zipf’s
law: 1/n, with n being the topic’s rank. This
as, besides the frequency of words in the En-
glish language, Zipf’s law was also found to
approximate the frequency of tags in online
communities such as Delicious!®. Topic 1 is
thus preferred by 41% of the actors, topic 2 by
20.4%, roughly halving for each from there.
Topic preferences determine both how likely
an actor is to post on the given topic, and the
utility he derives from reading a post on that
topic. For simplicities sake, post-quality is not
modelled separately, and is thus part of the
topic-preference.

The utility derived from different actions
is, mostly following Hedstrom, modelled in
terms of a desire. This desire is split in two
along a temporal dimension. First of all, there
is the desire to participate during the current
session, and secondly there is a mounting de-
sire to engage with the forum at a later time.
This split was made to provide for a natural
moment to go offline: once the actors current
desire is depleted. When offline, the actor has
a chance of coming online equal to his next
desire over 1000. Upon going online, his next
desire becomes his current. Costs are always
deducted from the current desire, while util-
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Figure 13: The model: actors, a forum, threads and posts.
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ity rewards are mostly credited to the next-
desire. Costs can both be pictured in terms of
satisfying desires (such as being updated on
ones topic) and of annoyances or time spent.
The actions that have associated costs and re-
wards, are listed in table 1, along with their
respective costs/rewards in utility points.

To give a better picture of the simulation,
the following is a simple walk-through: An
actor is offline in the simulation. His next
desire is 12, and he comes online as he hits
his 12 in 1000 chance of doing so. His next
desire now becomes his current desire (his
new next desire is 0). He then reads a post,
loses 1 current to this, and another 0.2 for
loading the page, but as the post is on-topic,
gains 1.8 for his next-desire. Over the next
9 cycles he reads 9 more posts in the thread.
As all of them are on-topic apart from two,
his total next-desire balance becomes 17.2:
(8 % 1.8 42 % 0.5). Finally, he wites one post
in the 11th cycle, and then logs out, as his cur-
rent desire has become —1.7 (10.8 — 1% 10 =
0.8,0.8 — 2.5 = —1.7). He won’t come on-
line again until he hits his new 17.2 in 1000
chance.

Decisions on which action to perform, such
as whether to read or to post, are, as the ex-
ample shows, fully stochastic. Table 2 lists
the respective chances for all the actions that
the actor can perform. The chances are mostly
derived from our data. Notably, things such as
expected utility, are not taken into considera-
tion by actors, nor do actors learn from their
behaviour, evolve, or change their behaviour
over time for other reasons than changes in
their desire-balances. Such factors were left
out of the model because, as noted, parsimony
and communicability, rather than complete re-
alism, were priorities in the modelling strat-
egy. Secondly, as the main topic of this study
is the impact of structural effects on aggre-
gate behaviour, users psychological consider-
ations could be black-boxed without sacrific-
ing much of the models explanatory power.

Pseudo-code for the model can be viewed
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in appendix A. Screenshots, and links to an
online demo and the full source-code, and all
output, are provided there as well. Before any
results were generated, the model was verified
internally and externally. Internal validation
consists of checking the models implementa-
tion. While nothing can ensure that software
is bug-free, the impact of all parameters was
tested by giving each a very extreme value in
turn, and checking that the model behaved as
expected’*8. Two bugs were discovered (and
fixed) this way. Sensitivity testing was done
as well, which means exploring each variables
impact, as well as the ranges at which the
model still displays normal behaviour. What
was found, is, that the model is most sensitive
to the on_topicand of f_topic settings,
which is not surprising, as these are intuitively
linked to users utility earnings.

Its external validity then, consists of hy-
potheses being formulated beforehand, and
the model being appropriate for testing these’.
Finally, the model also seems to be plausi-
ble, both in terms of the variables it considers,
and its output (see figure 14), though we leave
judgement of this to the reader.

4.2 Conversational reciprocity

Our secondary hypothesis (H2) is that reci-
procity on forums is not tie-like, but confined
to the thread. In addition, whether people re-
ceive a reply, is an important determiner for
whether they come back to a forum, making
it an important factor for the model as well
(which tests H1). In line with Kraut’s re-
sults (section 1.2), in our data receiving a re-
ply made new users 8.4 respectively 16.1 per-
cent points (Boards, HN) more likely to post
again. And as in our data-sets about 24% of
users never come back after their first post (in
some newsgroups it was even 60%), captur-
ing even a fraction of these users can make
a big difference to growth®®. In addition, it
was found that receiving replies causes users
to post more frequently®>®*. On HN, the me-
dian interval in hours between posts was re-
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Table 1: Actions and their associated costs and rewards

Name Reward/cost Description
Current desire being spent
read -1 Satisfied reading desire
create -3 Time/cost of writing
page_load -0.2 Page loading time cost
Building the next desire
on_topic 1.8 Reading ontopic post (net 0.8)

off_topic 0.5 Reading uninteresting post (net -0.5)

Table 2: Actions and their chances (values as X in a thousand calculated at each cycle).

Action Chance Notes
create reply 25
create new thread 1.25 1/20th as likely as replies
move to next thread U x 4 Uninteresting posts seen times 4
move to next post remainder

duced from 36 to 21 by a reply. On Boards
the reduction was less (47 to 45), but there,
more users received replies anyway (59.2 ver-
sus 46.9% on HN).

It will now be examined how the user
A from the example (see section 1.2) re-
acts to receiving a reply; with either social
reciprocity (E1) or conversational reciprocity
(E2). Making the distinction is not easy, as
there are many things going on at the same
time in fora. For example, merely using in-
creased posting frequency as a proxy for the
motivational impact of replies, has limited
value. This because any burst in activity (pos-
sibly for other reasons, such as more time off,
online for the first time, etc.), would also lead
to more posts (and likely some replies). Also,
people often don’t wait until they receive a re-
ply, but keep posting, so the effect of replies
to each individual post cannot be untangled.
Therefore, both aggregation over many users,
and triangulation, is necessary to get a better
picture of reciprocity.

The first way to examine whether reci-
procity is relational, or conversational, is by
tie-strength: Are people more likely to reply
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to someone if they received multiple replies
from them? Relational reciprocity would sug-
gest this, analogous to how people are more
likely to spend time with close friends, than
with acquaintances. However, because some
users post more often than others, simply
counting the number of replies that strong ties
receive, compared to weak ties, will not work,
as people that leave a lot of posts on the forum
are expected to receive more replies, purely by
chance.

Therefore, the chance of replying to each
user was calculated, based on how many posts
they had put out as possible prompts on the
forum. Next, for each user, and for each tie
strength (to all of the other users), it was cal-
culated whether the number of replies they re-
ceived, was more or less, than chance. And in
order to make this calculation more precise,
all of it was done upto the time of each in-
dividual reply, because posts created after the
reply in question could not have been prompts
for it. This calculation resulted in figures 15
and 16, which, as a side-note, only contain re-
sults for HN, as the data from Boards shows
almost the same pattern.
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Figure 14: Threads generated by the model vary naturally.

In the graph on the left, it can be seen
that users which have (strong) ties with oth-
ers, post a lot more often, and through this
alone, increase the chance of receiving replies
to their prompts, by upto 6.7 times. The other
graph shows to what extent reciprocation goes
beyond this chance. As can be seen, the av-
erage user replies to those he never received a
reply from slightly less often than expected by
chance (multiplier of 0.83, 97.6% of replies).
While he is is 8.23 times more likely to re-
ply to those that did reply to him once (1.9%
of replies). However, though replies remain
higher than chance, the multiplier goes down
for users that have replied to him more often
(that he would have stronger ties with), rather
than up. And, though the multiplier seems to
go up again for ties stronger than 8 (upto 6.8),
data is sparse for this, as only 0.04% of replies
fall in those categories. Putting first doubt on
the social reciprocity hypothesis.

The second dimension along which to dis-
tinguish whether reciprocity is relational or
not, is time. Relational reciprocity suggests
stable, or intensifying reciprocity. While con-
versational reciprocity would show a spike
in replying, tapering off in a matter of days.
Therefore, the above calculation was re-
peated, but now with the time in days since
the first reply along the X-axis, rather than
the tie-strength. Where chance was cal-
culated against the prompts created on that
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day. The picture that emerges (figure 17)
is exactly what the conversational hypothe-
sis would suggest, in that replies to repliers
exceed chance on the first day (64.8 times!),
but taper down quickly, to 32.7, 2.4, and then
further down on the second, third, and later
days. If users that replied once or twice are
excluded, results hardly differ, so reciprocity
seems non-relational for stronger ‘ties’ as
well.

The third, and most important dimension
that can shed light on the issue, is whether
reciprocating replies are being made mostly
inside threads, or not. Figure 18 shows the
same calculation, but now split out between
replies to the replier inside threads that the
user received the reply (or any other replies)
in, and outside of such threads. As can be
seen, replies inside threads go beyond chance
much more at 90.2, while outside they exceed
it ‘only’ 45.9 times, about half as much. In-
terestingly, however, inter-thread replies ta-
per down within a day, while those inside
are still at 85.4 on the second day, and go
down after that. This seems to suggest a
tendency towards conversational reciprocity,
though some measure of reciprocation hap-
pens outside of threads as well.

Finally, instead of calculating the chances
for replies to the replier, they were also cal-
culated for replies to a third user, C, the first
to post after the replier, conditional on him
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not having replied to A as well. As can be
seen in figure 19, apart from chance being ex-
ceeded to a lesser extent, the picture is pretty
similar, with most posts happening inside the
thread, and them tapering off faster outside
the thread. And while being lower, the multi-
pliers are still pretty high, at 31.6 for in-thread
replies, and 12.4 for out-of-thread ones. This
indicates that there is a significant general
spike in replying, to all posts in the thread,
no matter by whom they were written. As can
now be concluded, though replies to repliers
are about three times more likely (multiplier
of 90.2 versus 31.6) than replies to others, this
is almost exclusively true at the short term
level, and mainly within threads. Which sug-
gests an explanation for reciprocation that is
primarily conversational (E2), thus confirm-
ing H2.

A concrete, mechanism-based explanation
for conversational reciprocity could be that
threads, as the context in which the user dis-
covers that his post has received a reply, also
present him with prompts to reply to, notably
first in sight, and most relevantly, that of his
replier. Such immediate reciprocation is well
known from so called flame-wars, where peo-
ple respond to one another in quick succes-
sion. But this data suggest that short-term
reciprocity may be the common form in which
it appears.

This mechanism was added to the model.
Where short-term was interpreted as the actor
remembering the last ten repliers to his posts
that he came across. And because replies to
repliers were found to be three times as likely
as replies to other users, they were made to
be. Next, to model the general burst in reply-
ing, it was established how much more likely
an user is to reply after receiving a reply, per
model-cycle (rather than per day). To do this,
for each distance from the prompt, the rel-
ative rate of posting when a reply was re-
ceived, was compared to that for when none
was received, producing figure 20. As posts
are 3.7 times more likely directly after read-
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ing a reply, users receive an additional 60
points reply-desire when they see they have
been replied to. This desire drops off by 6 on
each cycle to make it match the graph. If the
user posts, it is reset to 0 immediately. In ad-
dition, users receive a 20 points bonus to their
current desire, when they see a reply. While
arbitrary, this represents the motivational in-
crease provided by a reply.

4.3 Threads impact on engagement

Now that reciprocity is included in the model,
the impact of thread-structures on critical
mass attainment can be tested (H1). This
is done in two stages. General growth pat-
terns will be examined first for each thread-
structure, and in the second stage social
thresholds will be added. For testing growth, a
fraction of current actors enters the model ev-
ery day (9% of UUPDs), each of which comes
online at some point, and engages with the fo-
rum, gaining and/or losing utility (see section
4.1). This should give an impression of how
good each thread-type is at engaging users
through the two mechanisms of bundling, and
facilitating conversational reciprocity. All re-
sults reported in this section are averages over
100 runs, with 95% confidence intervals.

The first of the thread-structures, the no
threads case, serves as a baseline. As its name
implies, it does, not have any threads. Rather,
every post is its own thread. Individual blog-
posts (without commenting), or hyperlinked
homepages, are an example of this structure.
In the model, actors move between posts ran-
domly, without knowing in advance whether
the page they move to is going to be interest-
ing to them. In addition, actors lose a certain
amount of utility per page they visit, because
of loading-times, and lack of a conversation
or narrative that draws the actor to the next
page. Also, as hyperlinks are normally uni-
directional (no trackbacks, which is a recent
feature of blogs to make them bidirectional),
actors will not be able to learn about replies
to their posts. So no reciprocity bonus is dealt
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Figure 19:  Reciprocation exceeding
chance, after days for next user.

out. Together, these factors make that, with-
out threads, there is no growth, and the ac-
tors that enter the platform run out of util-
ity quickly. In figures 21 to 23 the growth-
patterns of all thread-structures are shown,
with 50, 100, and 200 initial users added to
the model. While interpreting them, it should
be noted that not all initial users post on the
first day, so the number of UUPDs is lower.

The flat structure is the first real thread-
structure that was modelled. It is also the sim-
plest one. Actors navigate from post to post
along the thread in linear fashion. In addi-
tion, all posts in each thread are collated on
a single page, so no page-loading penalty ap-
plies between posts. Also, threads, as men-
tioned, have topics, defined by their opening-
post. Actors will occasionally create off-topic
posts (one third of posts will be on-topic, in
a third of the cases the topic is determined
by the post they respond to, leaving the rest
for the usual topics distribution). In addition,
actors have a 1/3rd chance of entering unin-
teresting threads. So threads only provide a
rough guidance on topics. As briefly noted,
actors also have a chance of leaving the thread
prematurely, which increases with every unin-
teresting post they see. As can be seen in the
graphs, thanks to these modest structural im-
provements, flat threads do engage users when
the number of initial users is sufficient.
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Figure 20: Increase in chance of replying
at distance (skipped posts) from reply.
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Indented threads, then, have (recursive)
subthreads, formed by the replies to each post
(see figures 1 and 14). The main advantage of
sub-threads is that they not only allow readers
to skip uninteresting threads, but also replies
to uninteresting posts. Their downside is that,
where in flat threads almost all posts receive a
reply (as in those replies are appended at the
bottom), in indented threads fewer do (also
true in our data, see section 4.2), making
those actors miss out on their reply-bonus.
This makes indented threads especially suit-
able for communities that have proportionally
more readers. The graphs show that indented
threads speed up growth as expected. In ad-
dition, indented threads might be better for
larger communities as well, because in those,
thread-churn is greater (threads are bumped
off the frontpage sooner), so some users might
not find out about having received a reply, and
thus miss their reply bonus anyway.

As for the impact of reply-bonuses, if
they are disabled, only communities with
the largest number of initial users (200) sur-
vive, suggesting the important role reply-
bonuses play while communities are small.
In addition, when conversational reciprocity
is disabled (maintaining reply-bonuses and
the same likeliness of people posting replies,
merely to anyone, rather than repliers), small
communities are also more disadvantaged
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than larger ones (see figures 24 and 25). This
is interesting, not only because it confirms
that conversational reciprocity matters in ad-
dition to reply-bonuses, but also because it
implies that who exactly receives a (recipro-
cated) reply matters. In the model, the only
explanation for this can be that it allows those
that have just invested in writing a post (-3
current desire), to recuperate their investment
(+20 to next desire), before becoming inac-
tive because of the loss. Threads thus not only
make posting worthwhile by ensuring timely
replies, but also — through mechanisms of
conversational reciprocity — ensure that such
replies are sent to the users that really need
them to remain engaged.

The final thread-structure that is analysed,
is the rating-ordered one. This is the struc-
ture used by HN. Posts in it are not ordered
by ratings alone, but by a function of time
and rating ((r — 1)/(t + 2)*®, with rating r,
and ¢ being the time in hours)*. Thus in ad-
dition to ratings, the rate at which posts re-
ceive votes, matters — giving newer posts a
chance. Threads are ordered on the homepage
using the same algorithm. This makes rating-
ordered threads even better for readers, while
being about the same for authors as unordered
indented threads. The only group it disad-
vantages are users with minority interests,
as it makes non-mainstream threads leave
the homepage faster (see figures 26 and 27).
Thus, if, as was found for BBSes, content-
diversity is still important for attaining crit-
ical mass, then ordered threads would be at
a disadvantage®®. Nevertheless, by allowing
most users an even better reading-experience,
ordered threads perform better than all other
thread-types, confirming H1 for the first stage;
growth: thread-structures do improve engage-
ment.

Arriving at the second stage, it is exam-
ined how many days it takes for critical mass
to be attained when, in addition to engage-
ment, individual social thresholds are taken
into account. The thresholds are normally
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distributed, with a standard deviation of 15,
around an average of 25. Every day a num-
ber of new actors are created (from 10 to
50), and sent to the forum. Only those ac-
tors (including those already on the forum)
for whom the number of UUPDs is higher
than their threshold, join the forum. The day-
counter is stopped when a general threshold is
met, here set to the average individual thresh-
old (25 UUPDs), or when a simulated year
has passed. The results are shown in table
3. As can be seen, threads do better than
no-threads, and successively more advanced
thread-structures do better, especially rating-
ordered threads. Ordered threads consistently
attain critical mass in less than 80 days, when
30 potential actors arrive every day, as op-
posed to almost six months for flat-threads
(and only in 37% of cases). Thus also con-
firming H1 for when individual thresholds are
considered; thread-structures do increase the
chance of attaining critical mass, by better en-
gaging users.

5 Discussion

Two hypotheses were tested in this paper. The
secondary hypothesis (H2) was tested first,
and served both to test the relative impor-
tance of structural- as opposed to social fac-
tors, and to inform the way reciprocity was
added to the model. It consisted of two alter-
native scenarios (E1, E2, see section 1.2). No
long-term, persistent tie-like reciprocity was
found, so E1 was rejected. Instead, the replies
that exceeded chance most were confined to
the context of the thread, and short-term only,
thus conversational (E2). Where conversa-
tional means that it follows the rules of con-
versation, in which, minding the context, one
responds to utterings directed at (ones own,
sometimes others’) previous remarks.

And as with conversations at many a con-
ference or party, making conversation does
not necessarily constitute, or even lead to, a
tie. Online communities might thus mostly
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Table 3: Critical mass attainment for the four thread-structures
Arrivals Days until attained (95% confidence interval) Achieved
Lower Average Upper
T1: No threads
10 X X X 0%
20 X X X 0%
30 X X X 0%
40 X X X 0%
50 X X X 0%
T2: Flat threads
10 X X X 0%
20 X 361 X 1%
30 144 174 204 37%
40 106 123 139 85%
50 76 89 102 100%
T3: Indented threads
10 X X X 0%
20 X 177 X 5%
30 188 154 222 33%
40 120 140 160 84%
50 76 89 102 96%
T4: Ordered threads
10 X 203 X 19%
20 135 149 164 93%
30 67 73 79 100%
40 45 49 53 100%
50 36 39 42 100%

thrive on second order communality. Which,
to speak with Benedict Anderson, would
make online forum communities, predomi-
nantly imagined communities!.  Anderson
uses the term to describe modern nations as
‘communities’ imagined by the people per-
ceiving themselves as part of them. This as
opposed to real communities, of people that
know one-another personally, and interact on
a regular basis. The short-lived nature of the
reciprocity found on forums, and it in reality
being mostly confined to threads, makes this
a fitting analogy.

It, nevertheless, is likely that a small num-
ber of real and valuable forum-based rela-
tionships do exist, but that these are simply
not detected among the noise of the many
brief conversations. Though, for ties up to
strength 8, a lower reciprocity was found than
for those of strength 1, suggesting that most
‘ties’ come to be through pure chance, simply
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because some people post a lot, or enjoy read-
ing about the same topics. Either way, these
findings strongly question the assumption that
reply-relationships are primarily social rela-
tionships, in the sense of persistent ties. And
most relevant for modelling, are replies gener-
ated by structural factors; as most people in-
teract with the topic under discussion, and fol-
low the flow of the conversation, replying to
posts, rather than authors. Naturally, this does
not preclude people from deriving their ‘reply
bonus’ from imagined social reciprocity. Af-
ter all even lurkers identify with ‘their’ online
communities®®’8,

In any case, as far as the facts are con-
cerned, threads, and structural factors, such
as the differences between thread-structures,
were not a bad place to look for mechanisms
explaining forums relative success at attain-
ing critical mass. And while it should be
noted again that the second part of the study
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cannot go beyond claims of generative suffi-
ciency, threads were indeed found to be good
at engaging users. In all cases they per-
formed better than the baseline (no threads)
model, both because of bundling (on pages,
and of posts with similar topics), and timely
replies brought about by conversational reci-
procity. And as for differences between
thread-structures, more advanced structures
performed better, because they offered im-
proved ways of skipping uninteresting posts.
Finally, better engagement also translated into
a faster attainment of critical mass when so-
cial threshold were introduced. Especially
flat threads performed better than expected on
this, possibly because they retained minorities
longer, meeting more social thresholds early
on.

6 Conclusion

To conclude, in the first section this paper set
itself apart from previous work by focussing
on threads and thread-structures, rather than
social factors, as possible mechanisms behind
the growth of online communities. Then the
hypotheses were introduced. These were fol-
lowed by a clarification of the way in which
critical mass was defined here; namely as de-
pendent on both social thresholds, and util-
ity derived from forum-participation itself.
Next, the research-method, ABS, was chosen
and explained against a background of Struc-
tural Individualism, stressing the importance
of thread-structures in the way individuals de-
rive utility from forums. The ABS was used
as an abstraction-layer between the data, and
the analysis.

The secondary hypothesis was tested first;
regarding to whether reciprocity in forums
is social or conversational. Conversational
reciprocity was found to be the most likely
mechanism. The model was extended for
this, and then used to test the primary
hypothesis, whether thread-structures make
a difference for the attainment of critical
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mass. It was found that they do, with
rating-ordered threads performing best, but all
thread-structures being beneficial for commu-
nity growth. Thus — with the provision that
only generative sufficiency was proven — it
can be said that threads have a positive impact
on the attainment of critical mass.

As for further research, there are many op-
portunities. The model could be informed
by surveying, interviewing or recording peo-
ple that regularly interact with forums. It
could employ more advanced probability dis-
tributions, and be tweaked to make it bet-
ter fit empirical data. Examining how reci-
procity varies with community-size could also
be valuable in this respect, and if extended,
the beyond-chance measure used here, might
prove useful for detecting meaningful social
networks in a range of studies. Factors could
be added to the model as well, such as ma-
licious actors (trolls), emotional polarity of
posts, and circadian cycles. The model could
also be generalized, and extended to other do-
mains; such as the modern blogosphere, or
even the journal-based publication system.

A more practical use-case could be the test-
ing of various possible improvements to fo-
rums. One such possible improvement may
be showing new threads to new users first, al-
lowing them to rake in the likely reply-bonus
that comes with posting early. Another inter-
esting endeavour could be to model commu-
nities in open competition with one-another.
As competition could possibly explain why,
in succession, flat threads, indented threads,
and now rating-ordered threads, have grown
in popularity. That is, initially most, or all
forums provided flat threads, then indented
threads won out against them, and now in-
creasingly, by better being able to serve nar-
row audiences, rating-ordered threads attract
many people interested in the niches for which
they exist.

The continuous appearance of new on-line
platforms, such as Twitter and Quora, also re-
minds us of the fact that the world of online
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communities is still very much in flux. What
makes them tick, and determines their suc-
cess, is still ill understood. But tapping into
conversational reciprocity, and getting struc-
tural factors right, could be a large part of it.
Even though providing users with a sense of
community, will probably remain important
as well, even if much of it is imagined.
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