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Abstract

Fledgling online communities often hope to achieve crifical
mass so that the community becomes sustainable. This con-
cept however is not well understood. At what point does a
community achieve critical mass, and how does the commu-
nity know this? Furthermore, online communities become
sustainable when they achieve a mass of what? We explore
this question by analyzing growth in a large number of online
communities on Wikipedia. We find that individual commu-
nities often have different patterns of growth of membership
from its pattern of growth of contribution or production. We
also find that in the early stages of community development,
building membership has a greater impact on community pro-
duction and activity in later periods than accumulating many
contributions early on, and this is especially true when there
is more diversity in the early participants in a community.
We also show that participation from a community’s ~power
users” in its early stage is not as valuable to sustainability
as the collective contributions of those who make only small
contributions. We argue that critical mass is established by
developing a diverse set of community members with hetero-
geneous interests and resources, and not purely by accumu-
lating content.

Introduction

Online communities often struggle to get off the ground and
grow large enough to sustain activity and achieve their goals.
This problem is frequently characterized as a problem of
critical mass: the community needs sufficient something to
be successful. What exactly is critical mass in terms of an
online community? Or, put another way, an online commu-
nity needs a critical mass of what?

This is a difficult question to answer because online com-
munities have a number of different components. Online
communities have people, they have content, they have ac-
tivity, and they have participation. For an online commu-
nity to achieve a critical mass, does it need to have grown
to a certain number of distinct members? Or does it need a
certain number of posts, comments, pictures, or other con-
tent regardless of how and from whom they got there? Fur-
thermore, how does an online community know when it has
achieved a critical mass?
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In this paper, we conduct an exploratory analysis of over
1000 communities within Wikipedia known as WikiProjects
and analyze how they grow in order to better understand crit-
ical mass and how it develops. The goal of our analysis is
to answer two questions about WikiProjects. Does the con-
cept of critical mass really apply to these kinds of distributed
peer-production communities? And if so, what kind of mass
needs to be accumulated to generate community sustainabil-
ity? Is it raw content or participation independent of the
people who provide it? Or does a community need a certain
mass of individuals that are independent of the quantity of
content provided?

Background
Theory

Oliver and Marwell (Oliver, Marwell, and Teixeira 1985;
Oliver and Marwell 1988; Marwell, Oliver, and Prahl 1988)
have applied the concept of critical mass to “collective ac-
tion.” They tried to use the concept to understand group-
level behaviors. When does a collection of individuals be-
come a group and start acting like a group, with group goals?
To explain this, they use a metaphor of critical mass, and de-
veloped a theory of how critical mass forms in social groups.

This Critical Mass Theory identifies a production function
for each group, which is the relationship between individual
use and the group-level goals. Production functions are char-
acterized by their shape. Critical mass theory describes three
primary shapes: accelerating, linear, and decelerating pro-
duction functions (Oliver, Marwell, and Teixeira 1985). In
an accelerating function, each subsequent contribution to the
group has a greater value or greater return; for decelerating
functions the opposite is true. It is not clear what production
functions look like for social media systems; do early con-
tributors have to do the hard work of setting social norms,
and later contributors have it easy (decelerating production
function), or do early contributors see few benefits because
there is no one to read their contributions, and later contrib-
utors have the most impact because of their broad readership
(accelerating production function)?

The production function determines the relationship be-
tween individual behavior and group outcomes. For online
communities, it is certainly not clear if there is a group-
level outcome. A “community” — a coherent feeling of



belonging to the group — isn’t always one of the desired
outcomes. Many people contribute to Wikipedia or Face-
book without feeling the need or desire to become part of the
”Wikipedia community.” And on Facebook, there isn’t nec-
essarily a common group output that everyone is working to-
wards. As aresult, it is not clear if the critical mass theory of
Oliver and Marwell applies to these situations, even though
many researchers studying social media have invoked the
concept.

Markus (1987) points out that critical mass theory is se-
quential. Tt assumes that each person is influenced by the
people who came before them. However, in reality influence
runs both directions. Individuals can also be influenced by
the people who will come after them through the setting of
expectations. She suggests that people are frequently aware
of production functions and that knowledge can be used to
make participation decisions.

Critical mass theory proposes that one factor influencing
the shape of a production function for a group is the hetero-
geneity of that group in terms of access to resources or in-
formation. It argues that groups with heterogeneous access
to resources or information are more likely to have acceler-
ating production functions. For example, a group in which
one person has sandwiches, another has salad, another has a
frisbee, and someone else has drinks is more likely to pro-
duce a picnic than a group where four people have frisbees.
Diversity allows for contributions to complement each other
and increase the value of the collective good, as opposed
to contributions replacing each other and generating no new
value for the group as a whole.

We believe that a community’s production function can be
estimated by examining growth over time because of its se-
quential nature. By exploring the growth patterns of a large
number of online communities, we hope to gain insight into
the nature of the production functions for online communi-
ties and inform communities regarding how to develop crit-
ical mass.

Critical Mass in Online Communities

Community Growth and Turnover. Much existing re-
search on online communities has looked at how people
join and leave communities and their motivations for doing
so. Nov (2007) has identified several motivations offered by
Wikipedians for their participation, such as expressing val-
ues, having fun, and socializing. Large communities may
be attractive to potential new contributors because there is
more assurance that there will be people with whom to com-
municate or who will find value in one’s contributions. But-
ler (2001) shows that more people join communities which
have a larger volume of communication and more existing
members than smaller communities. We can infer from this
that community sustainability is a matter of growing large
enough so that people develop positive expectations about
their participation.

But people who join communities do not always stay, and
people leaving communities may also effect growth. Butler
also shows that more people tend to leave large communities
even as more people are joining them. Velasquez, Wash,
Lampe and Bjornrud (2013) found that people leave online

477

communities because of policy changes to the site, personal
life changes alter priorities, or because they can no longer
fulfill their perceived role in the community. Socialization
of new members into a community can also affect whether
people remain in a community after an initial trial. Burke,
Marlow and Rento (2009) found that when newcomers to a
social media site receive a response from the community to
their initial post, they are more likely to remain on the site
and make future contributions.

It is clear that online communities experience significant
turnover in their membership. Some experiments (Farzan et
al. 2011; Dabbish et al. 2012) have shown that people are
more likely to join and participate in a community where
there is high turnover. This suggests that a community that
not only accumulates a lot of new members, but also has
members leaving as well, may actually be more sustainable
in the long run than communities whose members never
leave once they have joined. This counterintuitive finding
is attributed to enhanced social presence on sites with high
turnover. High turnover on a site offers the impression that
those who are on a site are active and engaging, which in-
creases the perception of the site as a social entity.

Distribution of Participation. Other research has taken
different perspectives on critical mass. Peddibhotla and Sub-
rahami (2007) argue that the majority of contributions are
made by a minority of individuals, and that it is this small
minority of contributors who constitute a community’s crit-
ical mass”. From this perspective, the amount of contribu-
tions made in total to the community is what is important,
and not necessarily who makes them or the number of dif-
ferent people making them. Raban and Rabin (2009) show
that most internet data, particularly from online communi-
ties, are power-law distributed in that a large majority of
content or contributions are made by a small minority of
users. In fact, they show that without performing statisti-
cal transformations of data from Usenet communities, there
may not be a meaningful relationship on average between
the number of people participating and the total amount of
participation.

The nature of this distribution has an important conse-
quence for understanding critical mass. Do new members of
a community really influence the productivity of that com-
munity? If new members do not show up, will existing
“power users” make up the slack and make the necessary
contributions to keep the community active and maintain its
value? If not, it suggests that critical mass is not really about
growing in terms of overall community membership, but in
finding any way to accumulate valuable content that pro-
vides some value to the community. The notion that com-
munities with high turnover increases participation supports
the notion that it is the content on the site, and not necessar-
ily the people themselves, that is more important.

Critical Mass Theory. Raban, Moldovan, and Jones
(2010) have explicitly tested critical mass theory on IRC
chat channels by looking at community sustainability over
time. They conduct survival analysis on the lifespan of a
channel based on a number of factors related to interac-
tions in the channel’s earliest stages. They find that, unsur-



prisingly, channels survive longer when more messages are
posted to the channel in its early stages. They also evaluate
the production function of these communities by plotting the
number of posters against the number of posts and define an
accelerating production function as one in which the num-
ber of posts per poster increases over the life of the commu-
nity. They found that increasing production functions lead to
longer survival for communities. They also argue that group
heterogeneity leads to longer community survival.

Raban et al. use some measures in their data that may
not correspond well to concepts in critical mass theory as
proposed by Oliver et al. In particular, they define an ac-
celerating production function as one in which the ratio of
posts to posters grows over time, meaning that individuals
are increasing their production. This measurement discounts
the contributions of newcomers, but there is no evidence
that newcomer contributions are less valuable. Raban et al.
also define heterogeneity in terms of the number of distinct
posters in a community. This assumes that all posters offer
unique new resources to the community, which may not at
all be true.

These issues highlight the difficulty of using critical mass
theory to characterize online community growth. The as-
sumptions made by Raban et al. in their measurements are
not unreasonable. However, their findings indicate that both
accumulation of posts, and accumulation of new posters,
lead to longer community survival. But since posts cannot
be made without posters and vice versa, we cannot distin-
guish whether it matters to the sustainability of the commu-
nity who is making contributions. This distinction is im-
portant for understanding critical mass. If critical mass is a
function of content, a community may need to only find a
small number of people with motivation to contribute at a
high rate. And if it is a function of people, does it matter
which people?

WikiProjects

WikiProjects are “groups of contributors who want
to work together as a team to improve Wikipedia”
(http://en.wikipedia.org/wiki/Wikipedia: WikiProject). This
means that each WikiProject represents a distinct commu-
nity of editors within Wikipedia. WikiProjects are typically
organized around either a topic, such as Chinese History, or
around some other task, such as monitoring copyright issues
of Wikipedia content.

WikiProjects do not have explicit ownership of articles
on Wikipedia, but rather they express an interest in main-
taining information relevant to their topic across Wikipedia.
For example, the Wikipedia article about Yankee Stadium
might be monitored by several different WikiProjects, such
as a New York Yankees project, a New York City project, a
Major League Baseball project etc. Each of these projects
might have an interest in some aspect of the Yankee Sta-
dium article, and each project would work independently to
ensure that the article meets their goals. Additionally, many
WikiProjects, dubbed ”Alternative WikiProjects” (Morgan
et al. 2014), have no interest in any particular article but
rather serve other functions such as designing templates,
mentorship, recognizing achievement, and administrative
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work. Morgan et al. show that these alternative projects
are playing an increasing role in Wikipedia without actually
editing topical articles.

A WikiProject can be created by submitting a request to
the WikiProjects Council. Once approved by the Council, a
WikiProject is given its own workspace on Wikipedia. This
workspace has the same components as regular Wikipedia
articles. There are article pages, which frequently have some
descriptive information about the project, and talk pages
where editors discuss the project and its goals.

WikiProjects have become a common subject of research
on online communities. Choi, Alexander, Kraut, and Levine
(2010) have studied socialization of new community mem-
bers in WikiProjects, examining various tactics used to so-
cialize newcomers and evaluating their effectiveness. Other
research (Forte et al. 2012) shows how WikiProjects help
Wikipedians coordinate their work on the encyclopedia effi-
ciently, and that the opportunity to communicate and social-
ize with others was one motivating factor for participating in
a WikiProject. Zhu, Kraut, and Kittur (2012) have looked at
how WikiProjects formally and informally set goals for their
community and how forms of goal setting influence commu-
nity productivity.

Measuring WikiProjects. One issue with studying
WikiProjects is that it can be difficult to consistently
measure some important concepts such as community
membership and community productivity. Some WikiPro-
jects research (Chen, Ren, and Riedl 2010) has measured
community membership by using the stated list of members
present on the home pages of many WikiProjects. Many
WikiProjects invite editors to officially declare their mem-
bership by adding their names to this list. However, this is
not a universal convention in WikiProjects and so using it
creates an additional selection criteria for any sample that is
studied, and it is not clear whether this criteria would create
a biased sample. Also, other research (Morgan et al. 2013)
has demonstrated that many people who make contributions
to a WikiProject’s project page do not explicitly state their
membership on the page even in communities that do use
this convention. Furthermore, Morgan et al. found that there
was very little qualitative difference in the contributions of
those who officially declare membership and those who did
not.

Chen et al. (2010) define production of a WikiProject
by measuring the revisions made by the project’s mem-
bers to articles within the project’s scope, as determined by
Wikipedia’s category structures. This measure may ignore
contributions made within a WikiProject page that do not
directly relate to a revision made in an article. For example,
an editor who asks a clarifying question or makes a com-
munication to set community goals may not directly relate
to an edit in the Encyclopedia, but such revisions do make
a contribution to the project. It has been argued (Morgan
et al. 2013; 2014) that measuring edits to associated arti-
cles is unsuitable because editing articles is not a goal of
all WikiProjects. Furthermore, Ung and Dalle 2010 show
that for those WikiProjects that do define and edit a specific
set of encyclopedia articles, there is a strong correlation be-



Year 1 Year 3 Year 5
Revisions 103 (119) 681 (498) 1405 (1005)
Editors 36 (27) 179 (116) 266 (167)
Table 1: Means (Standard Deviations) for WikiProjects
growth
Editors
Decelerating Linear Accelerating
Decelerating 197 8 0
Linear 66 23 8
Accelerating 400 144 223

Table 2: Editor Growth Curve Shape by Revision Growth
Curve Shape (Number of Projects)

tween revisions made to project pages and revisions made to
associated articles.

WikiProject Growth

For our study of critical mass in WikiProjects, we build on
the existing WikiProjects literature by collecting the revi-
sion histories of all WikiProjects listed in the WikiProjects
directory as of March 6, 2013. For each project we col-
lected all revisions from the first five years of that project’s
existence. After removing projects less than five years old,
we were left with 1,069 projects for analysis. These revi-
sion histories are limited to revisions made within the project
workspace, including revisions made in the "Talk” pages of
the workspace.

For each project, we took two measurements of the
project’s growth at weekly time intervals starting from the
project’s inception. We measured the number of revisions
made to the project workspace in the given week, and the
number of editors who made their first revision in the project
during the given week.

These measures of community growth correlate to two
distinct aspects of communities that are relevant for under-
standing critical mass. Revisions made to a project page
represent community productivity. We agree with the argu-
ment made by Morgan et al. 2014 that revisions to project
workspaces is a better reflection of project activity than re-
visions to encyclopedia articles because project workspaces
are more inclusive of all types of contributions, and because
projects that are focused primarily on editing articles show
strong correlation between the project workspace revisions
and article revisions. Therefore, this measure allows for a
measurement that is appropriate for the broadest range of
WikiProjects.

Likewise, we consider anyone (excluding bots, whose re-
visions were removed from the data) who has made at least
one revision to the project page workspace to be a mem-
ber of the community. This definition is consistent with the
findings of Morgan et al. that those who explicitly declare
membership are overall not different from those who do not
declare membership.
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WikiProjects have an average growth rate of 5.70 revi-
sions per week. They also add 1.08 new editors per week on
average. Table 1 gives the average number of revisions and
editors across all WikiProjects at years 1, 3, and 5.

We see that there is considerable variance in the sizes of
projects after 5 years of existence. WikiProject editors on
average make 5.29 revisions over 5 years to a given project.
55% of editors in a project only make 1 revision.

Modeling Growth We modeled the growth curve of each
community over the first five years of its existence as an
estimate of its production function. Critical mass theory
suggests that these communities are likely to have either
an accelerating, linear, or decelerating production function.
These models therefore provide a test of Critical mass theory
as adequate description of community growth.

For each week from the inception of the project, we cal-
culated the percentage of the project’s five year total that
had been accumulated up to that point in time. We then fit
a second-order polynomial for each project that estimates
the percentage of the five year total at each week for the five
years. In these models, Y = By + 31 * weeks+ By xweeks?,
the coefficient 35 represents the degree of acceleration (pos-
itive or negative) for the project.

We found that the polynomial models fit the data very
well. The median R? of these models was .98. This very
high degree of fit suggests that the patterns of acceleration
or deceleration described by critical mass theory are an ac-
curate way to describe growth in WikiProjects.

We found that WikiProjects showed much variation in the
shape of their growth curves for revisions. Figure 2 illus-
trates the distribution of the second-order coefficients from
the models. Most projects have a positive coefficient for
growth of revisions to the project. This means that the ma-
jority of WikiProjects show accelerating growth in the num-
ber of revisions contributed. However, WikiProjects showed
a tendency to have decelerating growth in terms of the accu-
mulation of editors.

We explored this further by explicitly classifying the
shape of each growth curve into accelerating, linear, and de-
celerating categories. We classified projects whose second-
order coefficients were not statistically significant (p < .05)
as having linear growth. Projects with a positive coefficient
are classified as having accelerating growth, and those with
negative coefficients as having decelerating growth.

Table 2 is a cross-tabulation of the classification of
projects’ growth curves for revisions and editors. 37% of
all projects have accelerating growth in revisions and de-
celerating growth in editors, whereas only 20% of projects
had accelerating growth in both editors and revisions. No
project showed decelerating growth in revisions but acceler-
ating growth in editors.

Critical Mass of What?
Content vs. People

These results have implications for understanding critical
mass in online communities. Projects are more likely to slow
down in accumulating new members of the community, yet
increase their rate of production of content over the same
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Figure 1: Examples of Accelerating, Linear, and Decelerating projects
Revisions after 5 years _ Value Std. Error t value
OLS necative Revisions  -0.01 0.00 -7.61
i Editors  0.03 000 648
Decelerating|Linear  -1.19 0.13  -9.09
Intercept 670.66"** 6.57*** Linear|Accelerating  -0.65 0.13 -5.13
(55.68) (0.05)
Revisions 0.68 0.0002 Tgble 4: O}rldered Lngit 1\{[0de;l. D]Y is the slllzpe (l)f th§: revi-
after 1 year (0.49) (0.0004) sion growth curve (Decelerating, Linear, or Accelerating)
Editors 22.40%** 0.020%**
after 1 year (1.68) (0.001) of revisions that a project has accumulated after five years
Revisions:Editors —0.016***  —0.00001*** using two independent variables: the number of revisions
(0.003) (0.00000) accumulated after one year and the number of editors accu-
ob : 1,069 1,069 mulated after one year. We also included an interaction term
5 servations ’ ’ between these variables. Table 3 describes this model. This
iIC 0.219 17.450 model suffers from some violations of OLS regression as-

*p<0.1; **p<0.05; ***p<0.01

Table 3: Effect of one year accumulation of editors and re-
visions on 5 years accumulation of revisions

time. This suggests that the acceleration of production of
revisions is due to existing community members increasing
their individual production more than increasing production
by adding new contributors.

This discrepancy suggests an important question for on-
line communities. What exactly is this critical mass that will
help sustain online communities? Do communities need ac-
tivity or content, do they need people, or some combination
in order to become self-sustaining and have an accelerating
production function?

We explored this question further by fitting a model to
the WikiProjects data that compares the effects of growth of
content (in the form of revisions) and the growth of commu-
nity membership. In this model, we estimated the number
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sumptions because the of the nature of the distribution of the
dependent variable. To correct this, we fit a second model
using negative binomial regression. Negative binomial re-
gression can be used to model count data such as these where
the dependent variable cannot be less than 0 and the data
approximates a negative binomial distribution. The distribu-
tion of revisions after 5 years in our data are overdispersed,
meaning that the variance of the distribution is greater than
the mean. Negative binomial regression provides reliable es-
timates of standard errors and statistical significance when
data are overdispersed, meaning that the direction (positive
or negative) of the modeled effects on revision accumulation
from this model are reliable. The effect sizes of this model
are more difficult to interpret than OLS however, and there-
fore we report both models here.

These models show large and statistically significant ef-
fects of the number of editors at year one on the number of
revisions at year 5, holding the number of revisions at year
1 constant. However, there is little effect of the number of
revisions at year 1 on the number of revisions at year 5, hold-
ing editors constant.

According to model 2, projects that have 100 revisions
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Figure 2: Distributions of second-order coefficients

after one year from 25 different editors would be expected
to have 992 revisions after 5 years. Conversely, projects that
have 100 revisions from 50 different editors after one year
would be expected to have 1520 revisions after 5 years.

We can illustrate this model with one example taken from
the data. The WikiProject for Astronomical Objects received
111 revisions after 1 year from 17 editors. The WikiProject
for Astrology also received 111 revisions, but from 54 dif-
ferent editors. Both projects had accelerating growth curves
over 5 years, but the Astrology project had 2242 revisions
after 5 years, compared to 592 for the Astronomical Objects
project.

We also tested the effect of accumulating editors on the
probability of having an accelerating growth curve. We fit
an ordered logit model that estimates the odds of a project
being classified as accelerating versus either linear or decel-
erating with the number of editors and the number of revi-
sions after one year. Table 4 describes this model. Based
on this model, each additional editor accumulated after one
year, when holding the number of revisions constant, in-
creases the odds of having accelerating growth by approx-
imately 3%. Consequently, getting 20 more editors for a
project nearly doubles the odds of an accelerating growth
curve. Also in this model, receiving more revisions reduces
the odds of project acceleration when holding the number of
editors constant.

This suggests that the critical mass that allows projects
to grow and thrive is more likely a critical mass of people,
rather than a critical mass of content or contributions. Get-
ting smaller contributions from a larger number of people
leads to larger long term community production than getting
many early contributions from a smaller number of people.
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Table 5: Effect of editor heterogeneity and Power User In-
fluence on 5 year growth

Revisions after 5 years

Intercept 5.915%** 7.046***
(0.110) (0.036)
Heterogeneity 0.001***
(0.0001)
Editors 0.010***
after 1 year (0.001)
Power User Revisions —0.001**
after 1 year (0.0003)
Non-Power User Revisions 0.005***
after 1 year (0.0005)
Observations 1,069 940
AIC 17,439 15,509
*p<0.1; **p<0.05; ***p<0.01
Heterogeneity

Critical mass theory proposes that groups of people with
greater heterogeneity of resources and information are more
likely to produce an accelerating collective good, as it is
more likely that someone among the interested parties will
have a resource or information that is of greater value to the
collective than the cost of contributing it. We examine this
question in WikiProjects by looking at the participation of
editors across multiple projects. On average, WikiProjects
editors participate in 6.4 different WikiProjects. We use par-
ticipation in multiple projects as a proxy for the breadth
of interests and resources that a given WikiProject mem-



ber brings to any of his or her projects. We measure the
heterogeneity of a WikiProject as the total number of other
WikiProjects that members of the given project have partic-
ipated in. Since we are particularly interested in how this
heterogeneity affects growth, we calculate the heterogeneity
of editors within the first year of each project’s existence.
We only consider projects distinctly, meaning that if multi-
ple editors of a project all contribute to a single other project,
that project is only counted once.

We fit a negative binomial regression model estimating
the number of revisions after five years with the heterogene-
ity of the project’s editors in its first year. We included the
number of editors in the first year as a covariate to further
isolate the effect of heterogeneity, since projects with more
editors are automatically more likely to have greater hetero-
geneity because each member has some probability of par-
ticipating in another project. This model therefore estimates
the effect of having greater access to different resources or
information within a project not related to simply having
more people.

This model is described in Table 5. The model shows
a statistically significant positive effect of heterogeneity on
the number of revisions accumulated after five years, even
when holding the total number of editors who provide het-
erogeneity constant. We conclude that projects whose mem-
bers participate in a greater variety of other WikiProjects
grow faster. These data support critical mass theory, and
suggest that obtaining a critical mass of people is most ef-
fective when a community develops a set of diverse people
with greater reach to various information or other resources.

Power Users vs. Non-Power Users

This finding suggests that even though accumulating new
community participants is the most likely way to develop a
critical mass, that not all participants in a community make
an equal contribution towards developing that mass. One of
the characteristics of most online communities is that par-
ticipation is highly unbalanced, with a few people provid-
ing the vast majority of contributions and many people indi-
vidually providing only small contributions. These distribu-
tions tend to approximate a power law distribution (Raban
and Rabin 2009). Because of the distinct imbalance, it is
clear that there are two identifiable classes of participants in
a WikiProject. One class sits at the head of the distribution
where there are many people who have each made only a
small number of contributions. The other class is the tail
of the distribution, and consists of the few people who have
participated most frequently in the project.

If critical mass is a critical mass of people, which people
are actually more important? Does critical mass mean ob-
taining a small number of people who are willing to produce
a lot for the community? Or is it developing a large number
of people whose contributions and participation supplement
the small number of “power users” to make the community
sustainable? We analyze these questions by classifying users
according to their location in the distribution of participa-
tion, and explore the relative importance of the contributions
made by each class of editor.

To classify editors, for each project we fit a power law
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distribution to the data from the first year. Of the 1,069
projects, a power law distribution was a satisfactory fit for
940 projects according to a Kolmogorov Smirnov test. We
limited further analysis to these 940 projects. From these
fits, we divided the distribution at the ’elbow” to separate the
head from the tail of the distribution, with the distribution’s
z-value representing the number of revisions made by an
editor and the y-value representing the estimated frequency
that an editor would make x revisions. To determine the pre-
cise point of the elbow, we first identified a pivot point on a
fit’s graph with the minimum value of = (always 1) and the
minimum value of y within the range of observed data. For
example, if the most active editor made 100 revisions, the
fitted power law estimate for 100 revisions was used as the
minimum value of y and the y-value in the pivot point. We
then found the minimum Euclidean distance from the pivot
point to the fitted curve, and used the x-value of the point on
the curve as the dividing point between the two parts of the
distribution. Figure 3 provides a graphical representation of
this method. This dividing elbow point for each project rep-
resents the number of revisions for a given editor that would
put the editor into the category of a “power user.” All editors
in a project who made more revisions than this cutoff point
were classified as power users. Figure 4 describes the distri-
bution of these cutoff points, which had a median value of 7
revisions.

We estimated the relative influence of power users to non-
power users by again fitting a negative binomial regression
model to the five-year revision totals. This model, described
in Table 5 uses the number of revisions made by power users
and the number made by non-power users in the first year to
estimate five year growth.

This model shows a statistically significant effect of the
number of revisions made by both types of users. Of par-
ticular interest in this model is the direction of each effect.
Revisions in the first year made by non-power users have a
positive effect on five year growth, whereas revisions made
by power-users have a negative effect. In our analysis above
we showed that when controlling for the total number of ed-
itors, the total number of revisions in the first year had lit-
tle effect. This model provides additional insight, showing
that revisions made by those who infrequently participate
do in fact help a project grow, but this can be offset by over-
participation from a project’s power users.

Discussion

Our analysis suggests that the way a community grows in
the long term is related to how it grows in its early stages.
WikiProjects that get early contributions from many people,
and particularly from a heterogeneous group of people with
diversity of interests, are likely to experience accelerating
growth in contribution. Getting a lot of contributions early
on is not by itself very predictive of future growth, particu-
larly if those contributions come from power users.
Solomon and Wash (2012) found that when wiki users
were presented with a blank page, rather than a page that
had been seeded with content, the users made more of a con-
tribution to the wiki. This suggests that a sense of opportu-
nity and need can drive contribution to a community. For
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WikiProjects, when users with an interest in a project see a
small number of people rapidly making contributions early
on, it may trigger a free-riding effect since it might appear
that the goals of the project will be accomplished given the
current rate of production. Conversely, when users see more
sparse contributions, it leaves a more apparent opportunity
to contribute. And once a large number of people have made
some initial investment, this critical mass becomes aware of
the potential for significant production and increases contri-
butions.

This notion is further supported by our finding that the
more a project’s power users participate in its early stages,
the less it will ultimately grow, whereas small amounts of
participation by many other people lead to better long-term
growth. However, some caution should be taken in inter-
preting this result as well. It is possible that power users
of failing projects increase their participation in an effort to
keep it afloat or attract new participation, and that such ef-
fort is simply futile. Both interpretations however support
the conclusion that communities become more sustainable
when they grow by adding new people, and particularly peo-
ple with diversity in resources or interests. Power users who
hope to see a community continue to grow may see their
efforts best rewarded through recruiting others rather than
contributing new content to a community.

Recent research (Halfaker et al. 2013) has shown that
Wikipedia has become calcified and perhaps even hostile to
new editors, and consequently the number of new editors
on Wikipedia has experienced a rapid decline for the last
several years. We examined our data from WikiProjects to
account for this, and we found that there is a tendency for
more recent projects to have more decelerating production
functions. Halfaker et al. suggest that this decline began
around 2007. Since our data only include projects with at
least five years of history, and were collected in 2013, the
vast majority of our sample comes from before this decline
began. However, our findings offer additional support that
rejection of new participants is a likely cause for a decline in
production, since we show that new contributors who make
small contributions are actually more important for sustain-
ability.

Panciera, Halfaker, and Terveen (2009) argue that power
users are the lifeblood of Wikipedia, and show that on
Wikipedia articles these power users produce higher quality
edits and maintain consistent production over time. Our data
argues that at least in the case of WikiProjects, these power
users are insufficient to sustain a community and therefore
do not constitute a critical mass. Rather, the larger mass of
infrequent editors collectively produce a value that makes
the community sustainable. There are a number of possible
reasons for this, and we can only speculate at this point. The
presence of a large number of shallow participants may be a
proxy of the collective value of a project. More people will-
ing to make at least some small contribution may mean the
project is inherently more useful and therefore worthwhile
to continue. These users may also set a higher expectation
of a community, such that people interested in contributing
may feel more assured that someone will interact or respond
to them, or that there is some audience for their contribution.



This is an important topic for future research.

These results can help those trying to start communities.
Adding content or taking measures to make a site or com-
munity appear more active may not work in the long run.
Rather, technologies and policies should be crafted to en-
courage new community members and encourage smaller
levels of participation from more different people. This ap-
proach is more likely to be successful for building critical
mass and creating a sustainable and productive community.
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