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Abstract

Online community networks can help organizations improve collaboration. However, in spite of
their potential value, there has been little empirical research into two important network factors
that determine their success: social characteristics of users and changes in operations that result
from network evolution. Our research addresses these deficiencies by using a cultural framework.
Derived from anthropology, it extends previous system dynamics research on online community
networks. The framework acts as a lens, enabling a better understanding of the effects that changes
in these factors bring to online community networks. Using data collected from Wikipedia for
model calibration, our findings suggest that, contrary to conventional wisdom, removing policies
that focus on building group commitment does not lower performance. The results also show that
online networks need structural control, otherwise their attractiveness, credibility and, subse-
quently, content value might all decrease. To ensure sustainability the network must be moni-
tored, especially during the early stages of its evolution, so that rules and regulations that ensure
value and validity can be selectively employed. Copyright © 2008 John Wiley & Sons, Ltd.
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In today’s highly competitive and dynamic global economy, firms need to
continuously innovate if they are to prosper and survive. To do this, they need
to learn faster than ever, certainly faster than their competitors. To facilitate
this need for rapid learning a firm must find ways to help its workforce benefit
from knowledge that exists inside as well as outside the organization. Unfortu-
nately, traditional organizational forms (i.e., markets and hierarchies) have not
been able to do this (Jones et al., 1997). While practices designed to encourage
learning within and across organizations have been in place for some time
now, only recently have organizations become aware of the potential benefits
that can accrue to them. Practices that employ computers and telecommunica-
tion networks can facilitate learning from entities outside the organization,
including even competitors. Professional associations often employ electronic
networks as part of their membership benefits. Successful networks include
those whose participants are engaged in open source software development.
Programmers voluntarily code software for the benefit of a broader commu-
nity. Wikipedia is, for example, an online free encyclopedia created entirely
by volunteers through a computer network.
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Brown and Duguid (2000) distinguish two types of networks: networks
of practice (NoPs) and communities of practice (CoPs). Van Baalen et al. (2005)
argue that the distinction between CoPs and NoPs seems to be clear on the
surface, but it is hard to determine precisely in advance whether the social
collective should be conceived as CoP or NoP. They define an NoP as a
loosely coupled system that barely initiates collective action and produces
little knowledge. On the other hand, CoPs consist of relatively tight-knit groups
of people who know each other well and work together directly. Lave and
Wenger (1991) characterize NoPs as fluid social arrangements/relations,
enacted among a self-selected group of participants. In contrast to CoPs, where
people may meet face to face, to coordinate activities and to communicate
with each other, NoPs consist of a larger, loosely knit, geographically distrib-
uted group of individuals engaged in a shared practice, without the need
to meet face to face (Brown and Duguid, 1991). Wasko and Faraj (2005) define
an electronic network of practice as a self-organizing, open activity system
focused on a shared practice. It exists primarily through computer-mediated
communication, where members of the network are willing to engage with
one another to help solve problems or make contributions common to the
practice.

One might simply look at CoPs and NoPs as examples of social networks that
facilitate collaboration and knowledge sharing through the use of electronic
networks. The social network can be viewed as a social exchange structure
with its own governance structure and patterns of interaction, in which resources
flow between independent units or individuals (van Baalen et al., 2005). In
such arrangements, interactions take place through computer networks and
members of the social networks seldom, if ever, meet face to face. An important
aspect of these online social networks is that their members create, seek, and
share knowledge. So, they establish a community, where new knowledge is
acquired from the network and transferred among its members.

Previous studies on traditional social networks suggest that knowledge
sharing is positively related to social factors, such as strong ties (Wellman and
Wortley, 1990), co-location (Allen, 1977; Kraut et al., 1990), demographic
similarity (Pelled, 1996), status similarity (Cohen and Zhou, 1991), and a
history of prior relationship (Krackhardt, 1992). Unfortunately, these factors
have not been shown to drive knowledge sharing in electronic networks
of practice (Wasko and Faraj, 2005). In an empirical study of a national legal
professional association in the United States, Wasko and Faraj (2005) found
that network centrality is an important indicator of whether individuals choose
to contribute knowledge. Actors with high-degree centrality maintain contacts
with numerous other network actors. Inkpen and Tsang (2005) argue that
the networks concept suffers from being overstretched. They have shown that
the extent and value of the knowledge transferred varies across network types.
All networks are, at their core, about social relationships and, therefore, social
dimensions have applicability, regardless of the network type.
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While most research on social networks has focused on the existing social
structure, little attention has been paid to the way these networks emerge and
evolve (van Baalen et al., 2005) and how an organization can intervene to
encourage their growth (e.g., Kunda, 1992; Contu and Willmott, 2003). Wenger
et al. (2002) made a first attempt to sketch the evolution of CoPs by identifying
five stages of community development. These social networks typically start
as loose networks that hold the potential of becoming more connected and
to develop towards a tightly knit community. However, the authors do not
discuss the dynamic interactions among determinants that successfully
establish or sustain an online community. Recent studies (Diker 2003, 2004;
Katsamakas and Georgantzas, 2007) propose a dynamic feedback framework
for studying the determinants of open online collaboration communities. While
these studies provide valuable insights and recommendations for improving
functionality and product features that drive community growth, they do not
capture the social dimensions within the different groups who contribute to
online communities.

Our goal is to extend previous research by integrating a social framework
and to use a system dynamics (SD) model with which we can test and better
understand the effects of interventions, particularly structural interventions,
as organizations establish an online community. We define structural inter-
ventions as policy levers, which organizations can use to build or to sustain
an online community. An example of a policy lever or structural intervention
an online community employs is the imposition of rules and regulations for
individuals who contribute or share resources. If someone from the commu-
nity wants to upload information, for example, he or she must adhere to rules
set by the organization or its governance body. Ease of access or openness
is another policy lever, which could help grow a network. As the network
begins to grow, there is a need to have some rules and policies to maintain the
content quality. This in turn might reduce openness and network attractive-
ness. Another policy lever we can test with our SD model is group commit-
ment. Group commitment refers to activities and incentives that strengthen
group ties in an online community. For example, acknowledging those who
contribute to the online community can motivate them to increase their in-
volvement in the community. This might lead to stronger ties with the online
community.

The conceptual framework we use is based on the notion that, at its core,
a social network is a collection of individuals who have different motivations
for participating in the online community. We build on the work of Wasko
and Faraj (2000), Gu and Jarvenpaa (2003), and Subramani and Peddibhotla
(2003). They suggest that altruism and reciprocity appear to drive motivation
for online participation. We add the notion proposed by Thompson and
Wildavsky (1986): social factors, such as beliefs and values, might also greatly
determine whether and the extent to which individuals participate in online
social networks.
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Fig. 1. The Douglas
grid/group typology
(adapted from
Douglas, 1970)
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To differentiate among the many different personalities that participate in
online social networks, we employ the grid/group typology (Douglas 1970,
1978). This typology groups people to four distinct categories, based on atti-
tudes, beliefs and values (Figure 1). This enables us to assess the role of social
factors in explaining how people interact and support online social networks,
and how various structural interventions might influence participant attitudes
and behavior.

Following a description of the grid/group typology, we present a conceptual
framework of a social network, which we then translate into an SD model.
Our results show that, to function effectively as an online community, groups
need structural parameters to adhere to but, if there is an imbalance in any one
direction, i.e., too much or too little control, the network is likely to experience
decay.

The grid/group typology

The Douglas grid/group typology (1970, 1978) shows that a person’s behavior,
perception, attitudes, beliefs and values are shaped, regulated and controlled
by constraints that can be grouped into group commitment and grid control.
Using the extremes of low and high for each variable yields four possible types
of social life: fatalism (high grid, low group), egalitarianism (low grid, high
group), individualism (low grid, low group), and hierarchy (high grid, high
group). This two-dimensional characterization of social life according to four
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loose groupings is supported by a long and distinguished line of contributions
(cf. Burns and Stalker, 1961; Harrison, 1972; Miles and Snow, 1978; Mintzberg,
1979; Handy, 1986).

According to Douglas (1978) and Gross and Rayner (1985), the strength of
the group ties (high or low) represents the extent to which people are driven
by or restricted in thought and action by their commitment to a social group.
High group strengths result when people devote considerable time and attach
great importance to interacting with other group members in their unit. The
more things they do together and the longer they spend doing them, the higher
the group strength is. Group strength is low when people act in ways that
benefit them individually and are neither constrained by, nor reliant upon,
others in the group.

“Grid” is the complementary bundle of constraints on social interaction—a
composite index of the extent to which people’s behavior is constrained by
normative role differentiation. The strength of the grid is high whenever roles
are distributed on the basis of explicit public social classifications, such
as gender, race, position in a hierarchy, office, descent (by clan or lineage)
or point of progression through an age-grade system. A low-grid social envi-
ronment is one in which access to roles depends upon personal abilities, skills,
qualifications, etc.

Looking at the effects of structural interventions in online communities,
the Douglas grid/group typology has advantages over traditional approaches.
First, the grid/group model accurately captures the social relationships and
characteristics (beyond altruism and reciprocity) of people within a network.
Second, as Inkpen and Tsang (2005) contend, the core of a network is people—
and the Douglas grid/group typology captures the important cultural biases
that affect group behavior. Third, the Douglas grid/group typology differs
from previous studies, where the research focus was, for example, individual
incentives (Bergquist and Ljungberg, 2001), impact of firms’ participation on
individual motives (Dalle and David, 2003), impact of community participa-
tion on individual motives (Franke and von Hippel, 2003), and relationships
between incentives and technical design (Ghosh et al., 2002). Unfortunately, a
typical pitfall of all typologies is their limited power to explain change and
transformation (Holland, 1994). To minimize this limitation, we use an aggre-
gated view of the grid/group typology and employ SD to explore the structural
causes underlying change over time.

Online social networks

An online social network is a virtual place where people collaborate for the
purpose of sharing knowledge. While knowledge sharing is needed to sustain
an online network, Brown and Duguid (2000) and Nonaka (1994) argue that
significant levels of knowledge exchange will not develop in these networks. If
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people who share their knowledge lose the unique value they once possessed,
only the recipients of the shared knowledge really benefit (Thibaut and Kelley,
1959; Thorn and Connolly, 1987).

Coleman (1990) and Putnam (1993, 1995) provide theories of collective action
to explain why individuals in a social network choose to make contributions.
They argue that people contribute their knowledge because of “social capital”,
which Lin (2001) defines as “resources embedded in a social structure that
are accessed and/or mobilized in purposive action”. Studies have focused on
group-level social capital to explain the creation of intellectual capital within
organizations (Nahapiet and Ghoshal, 1998) and on individual relationships
as the primary source for the generation of social capital in social networks
(Wasko and Faraj, 2005). However, different network types have distinct social
capital dimensions. Inkpen and Tsang (2005) examined the boundary con-
ditions of social capital among three network types (Intra-corporate Network,
Strategic Alliance, and Industrial District). Their study concludes that the
three network types involve different dynamics between organizational and
individual capital, and conclude that when studying network behavior it is
important first to examine the nature of the network type concerned and how it
differs from other types.

The online social network we chose for our study is Wikipedia, specifically
the group of people who are contributing, administrating and editing the
collective knowledge of this online encyclopedia and thereby represent the
core of this online network. Wikipedia is an international online project
that attempts to create a free encyclopedia in multiple languages. Using Wiki
software, thousands of volunteers have collaboratively and successfully edited
articles. Within three years, the world’s largest open-content project has
accumulated more than 1,500,000 articles in the English language version and
more than half a million in the German language version. There are 250
language editions of Wikipedia, and 18 of them have more than 50,000 articles
each (Voss, 2005).

Wikipedia defines itself as “a multilingual, Web-based, free content encyclo-
pedia project. The name is a portmanteau of the words wiki and encyclope-
dia.” The content of the Wikipedia encyclopedia is written collaboratively by
volunteers, allowing most articles to be changed by almost anyone with access
to the Web site. We have chosen Wikipedia for a number of reasons. First, it
is an open-source project in a dynamic environment, where people join and
leave the network and collaborate on making knowledge available to a larger
audience. Wikipedia consists of a number of administrators, a small number of
experts who oversee the content quality, and editors, people who contribute
by editing existing articles or uploading new knowledge. Second, the struc-
tural dimension of social capital within Wikipedia involves the patterns
of relationships between the network actors and thus enables analysis of
how structural interventions change network ties, network configuration and
network sustainability.
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Like other open source projects that rely on collective knowledge creation or
sharing by volunteers, Wikipedia faces a number of challenges. For example,
Wikipedia needs a lot of people to keep a project alive. Poor involvement of
editors or even inactivity also challenges the sustainability of the project.
Credibility of content is another issue: inexperienced editors need to build
credibility. If they fail to establish their credibility or take too long to make
it so, the project might falter. The success of such an online social network,
with its editors and administrators at the core, depends in part on how to
encourage participation and to provide the structural dimension and ties as
fundamental aspects of social capital.

Again, the objective of this paper is to evaluate how structural interventions
in online social networks affect sustainability. To assess how interventions
change the nature of social capital, we propose a set of dynamic conditions
that facilitate the creation and sustainability of social networks.

1. A loosely structured environment accelerates the initial growth of an elec-
tronic network of practice.

2. Asnetworks begin to grow, their structural environment needs to be shaped
to increase their value.

3. Strengthening social ties or group commitment will have a positive effect
on the growth of an electronic social network

These dynamic hypotheses will be examined using the system dynamics
method. Substantive interpretation of testing the structural policies with the
simulation model will be discussed. In the next section we provide a frame-
work and boundary of our model.

Contextual framework

As stated earlier, our aim is to develop a theory of how social networks
respond to interventions, and to assess whether our structural theory, derived
from the literature, is adequate to replicate observed behavior. While a simu-
lation model should replicate real-world behavior, it is, at the same time, a
lens through which the modeler views the environment. Given the challenges
of operating in a rather complex environment, we believe that the feedback
structure in Figure 2 represents a high-level perspective of how pertinent
variables in an online community are interconnected. In Figure 2, dividing
cultural bias into smaller segments might help assess personal motivations for
online group participation and knowledge sharing within an online commu-
nity. However, there is little understanding and empirical evidence about the
interrelated nature of cultural bias in the grid/group typology.

Simulation can help assess how structural interventions might change the
social characteristics in an online community and whether the number of
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Fig. 2. Causal loop diagram for the Wikipedia network of practice

active Wikipedians (people who upload articles) and administrators (who
control quality and also upload articles) will increase or decrease. The rein-
forcing “quality” loop drives network growth (as long as there are enough
administrators to edit and safeguard content quality), which strengthens the
group commitment and in effect increases the number of active Wikipedians,
who grow the network. The balancing “attractiveness” loop shows that net-
work credibility also affects its growth as the number of “spoof” articles deter-
mine content attractiveness. Spoof articles vandalize the online encyclopedia
project’s articles, in an attempt to challenge Wikipedia’s credibility. If content
attractiveness and quality increase so does the number of people who contrib-
ute, which in turn attracts more Wikipedia users. The rationale for this feed-
back effect is based on data from Wikipedia (http://commons.wikimedia.org/
wiki/Category:Wikipedia_statistics, accessed December 2007). The data sug-
gest a 0.84 correlation between the number of administrators and “reach”
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(per million viewers) and a 0.95 correlation between active Wikipedians and
reach. The term “user” refers to the viewer visiting the Wikipedia website.

Diker (2003, 2004) shows similar feedback effects in his theory of open
online collaboration. For example, the positive feedback loop through which
users add to the content collection and the negative loop where “density of
quality problems” affects the number of users. While there are some parallels
in the feedback structure between Diker’s model and ours, Diker does not look
at the social characteristics of online communities, nor does he distinguish
between contributors with different social characteristics. Instead he uses a
single, aggregated stock of “potential developers” and “developers”, an aging
chain where “users” become “experienced users”. Indeed, at the core of a network
is people (Inkpen and Tsang, 2005), so our aim is to capture the important
cultural biases that affect group behavior, using an appropriate framework,
such as the Douglas grid/group typology (Figure 1).

Wikipedia’s founder accepts that the site’s open and egalitarian nature renders
it vulnerable to spoof article attacks (http://www.timesonline.co.uk/tol/news/
world/article766526.ece), which can decrease Wikipedia’s credibility. The
loss of credibility has caused commentators to question whether Wikipedia
is destined to follow the Wikitorial LA Times’ doomed experiment in unre-
stricted Internet comment, which had to be closed down after just two days under
a bombardment of pornographic postings. While the open and egalitarian
nature of Wikipedia invites people to contribute, a network of practice cannot
exist in the long run without structural components or boundary objects, such
as documents, terms, policies, concepts and other controls, through which the
network can organize user interactions (Wenger, 1998). Wenger suggests that
if boundary objects are an important structural dimension then there may be
opportunities for organizations to encourage the growth of a network of prac-
tice by creating initial boundary objects in the form of monuments (symbols),
instruments (infrastructure) and points of focus (focal concepts), around which
network members may congregate and interact. But too much structure is
likely to result in the demise of a community.

We actualize structural intervention via three policy levers. The first policy
lever is “grid control”, a highly aggregated intervention through rules and
regulations when the number of spoof articles increases. From a policy per-
spective, grid control suggests that the organization or governance body be-
hind an online network would impose more or fewer rules or regulations,
which individuals must adhere to. For example, when Wikipedia started its
online encyclopedia, everyone was able to edit or upload articles. Over time,
however, Wikipedia experienced an increase in vandalism, which resulted in
imposing rules of conduct for people who wished to edit or upload articles.
One of the rules to safeguard the quality of Wikipedia was that users who
wanted to upload an article needed to go through a registration process. An-
other rule was that edits were reviewed by a Wikipedia administration before
release. This policy change was intended to address the problem observed in
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the LA Times online community experiment, where the lack of control mecha-
nisms resulted in loss of credibility and, subsequently, the demise of the
network community. Grid control is linked to cultural bias and the four clus-
ters of the Douglas grid/group typology:

e FEgalitarianism (low grid, high group) is a social context where the external
group boundary and the social experience of users are both shaped by the
“we” versus “them” ethos. All other aspects of interpersonal relationships
are ambiguous and open to negotiation, with emphasis on egalitarianism
and active participation.

e Individualism (low grid, low group) represents a social context dominated
by strongly competitive conditions, volatile circumstances and prescription
for individual autonomy. This context gives people maximum options for
negotiating contracts or choosing allies.

e Fatalism (high grid, low group) is a social context dominated by insulation.
In its extremity, individual autonomy is minimal, with little scope for
personal transactions. The organizational environment is hierarchical and
people are classified according to well-established and formal rules.

e Hierarchy (high grid, high group) is a social context with individual behavior
and group boundary controls. Here everyone knows one’s place, but that
place might vary with time. Personal security is obtained at the expense of
overt competition and social mobility.

The second policy lever that affects cultural bias is “group commitment”. This
variable is also highly aggregated since it only shapes the level of group
commitment based on the notion that good contributions from the group
may increase motivation and, subsequently, group ties. The third policy lever
is “accessibility” through which we capture the characteristics of having an
accessible interface to the online network of practice. For example, Wikipedia
inspired users to participate in making knowledge available to a larger audi-
ence by providing a high degree of accessibility with its browser-based inter-
face that allows editing and uploading articles.

Model development

The success of Wikipedia stems from a certain seeding structure that provided
a fertile environment for the cultivation of a vibrant online community. The
seeding structure was a piece of software or “Wiki”: a collection of hypertext
documents that can be directly edited by anyone. Every edit is recorded and
thus can be retraced by any other user. Each version of a document is then
available with its revision history and can be compared to other versions. But
after a surge in spoof articles and vandal attacks, Wikipedia imposed a set of
new rules, a controlling structure to maintain its integrity.
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While previous research focused on the interrelationship between a network
and its host organization, and on the interaction around these structures (Kunda,
1992; Contu and Willmott, 2003; Thompson, 2005), we extend the boundary
for our simulation model but also use an aggregated perspective. As we build
an SD model to test theories about the dynamics of interventions in an online
network, we aggregate from an individual to a group level, following the
Douglas grid/group typology. Our model consists of the following clusters
(or accumulations) of people: (1) administrators (people who control the con-
tent of submitted articles and maintain network quality); (2) users (people who
use the network); and (3) active Wikipedians (people who contribute articles
regularly to build collective knowledge).

Model validation

The goal of model validation in system dynamics is to determine whether
a model is appropriate for a given purpose and whether model users can have
confidence in it. Sterman (2000), Richardson and Pugh (1981), and Forrester
(1961) argue that no model can ever be truly validated because every model
represents a simplification of reality, not reality itself. Barlas (1996) proposes a
narrow set of model validity tests believed to be most important. But given that
the number and diversity of validity tests in the literature are so large, selecting
and applying a subset is an overwhelming problem. Sterman (2000) offers
12 tests, examining models on both structural and behavioral grounds. Other
tests focus on collaborative model-building projects that include both modelers
and model users. Richardson and Pugh (1981) divide confidence-building
tests into those that test for suitability and those that test for consistency.
Suitability tests determine whether the model is appropriate for the problem
it addresses, while consistency tests examine whether the model is consistent
with the particular aspect of reality it attempts to capture. In validating our
model, we performed direct structure tests (Forrester and Senge, 1980) and
compared our model with generalized knowledge about the Wikipedia system.
As previously mentioned, some of the feedback effects in our model have
been reported in previous studies (Diker 2003, 2004) or are well grounded in
the literature; for example, the model sector in Figure 7 is a Bass diffusion
structure (Sterman, 2000). For dimensional consistency and extreme con-
dition tests, we used VENSIM to (a) ensure that the units of all variables are
consistent and (b) to see how the model responds when changing parameters
to extreme values. In order to perform a parameter confirmation test, we searched
the literature for available knowledge about the real system. For parameters for
which we did not have empirical values we used a “best-guess” approxima-
tion, tested the value of our assumptions using VENSIM’s sensitivity analysis,
and adjusted parameters to replicate the time series data in Figures 3 and 4.
The graphs in Figures 3 and 4 show a fairly good visual fit between model
data and the actual numbers showing how Wikipedia has grown since its
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Fig. 3. Time series
data for the English
version of Wikipedia
administrators source:
http://
commons.wikimedia.org/
wiki/
Category:Wikipedia_
statistics (accessed
December 2007)

Fig. 4. Time series data
for the English version
of Wikipedia
contributors

300

250

200

4ali . Admiins Total

— =  Admins (Model)
100

50 -

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 Months

18000
16000 -
14000
12000 -

10000 -

ActiveWikiPs
= = ActiveWikiPs (Model)

8000

6000

4000 -

2000 -

0 !
1 4 7 1013161922 2528 313437404346 ponths

launch in early 2003. To calibrate the model, we adjusted parameter values, using
our best judgments rather than precise statistical estimates. For example, the
inflows into the stocks consist of “maturation periods” which capture the time
it takes for people to either become “administrators” or “active Wikipedians”. The
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outflows are also controlled by a time constant, which we adjusted to replicate
the baseline. The timeline of the model is 45 months, which is the time since
the inception of Wikipedia (February 3, 2003) and the last data point reported
on the Internet (October 19, 2006). The data we were able to retrieve from the
Internet were scattered both for “administrators” and “active Wikepedians”,
so we interpolated the missing data points in Excel to close the gaps. However,
because most of the variables used in the model are hard to measure, calibrating
against real data does not mean the model is valid. But those interested in seeing
the detailed model, including its documentation, can download the VENSIM
file from the online companion of this journal or contact one of the authors.

Model structure

A crucial element in our model is the representation of the grid/group frame-
work. We use a two-dimensional matrix to capture the different characteristics
of the Douglas typology by grouping active Wikipedians and administrators
into the four clusters (Figure 1). Active Wikipedians make regular contributions
to build collective knowledge for the online encyclopedia, whereas administrators
control the quality of submitted articles and intervene when a spoofis discovered.

We assume that there is no spatial transfer of people among the four clusters
and operationalize the two-dimensional typology with subscripts, separating the
flow rates of every individual cluster, depending on the control variable. Figure 5
shows the model sector that encapsulates the grid/group typology of Figure 1.

Each of the two stocks in Figure 5, active Wikipedians and admins, consists
of four clusters, appropriately subscripted ([low group, low grid], [low group,
high grid], [high group, low grid], [high group, high grid]) to capture how grid
control and group commitment increase or decrease the number of people in
the four clusters. “Active Wikipedians” and “admins” have the same social
characteristics, so they respond similarly to structural interventions. There-
fore, in a symmetric manner, grid control and group commitment determine
the inflow and outflow from the two subscripted stocks, representing four
clusters each (Figure 5).

An example may clarify how the model relates to the conceptual framework.
We start with the inflows and outflows as governed by grid control and con-
tinue upstream from there. Equations 1-5 show how grid control governs
inflows and outflows. At any given time, there are people joining or leaving the
number of active Wikipedians, according to their personal preferences and
the working environment they find themselves in. For example, increased
grid control is likely to win active Wikipedians comfortable with increased
control—in Douglas’ jargon, people who prefer either fatalism or hierarchy.
At the same time, active Wikipedians comfortable with control tend to stay
longer under conditions of increased control. Therefore, increased grid control
must be modeled by both increasing the inflow and decreasing the outflow of
control-preferring people:
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Fig. 5. The grid/group typology model sector

Win Active WikiPs[LowGroup,HighGrid] =
Users x Fractional Transition Rate Users to Active WikiPs x
Group Commitment Effect Draining x Grid Control Effect Driving (1)

Grid Control Effect Driving, which increases proportionally to Grid Control,
drives the Win Active WikiPs rate from among Users attracted by high Grid
Control, who transition to Potential Wikipedians and later, to Active
Wikipedians. But Grid Control Effect Driving might also gradually drive out
some people. Active Wikipedians who prefer a LowGrid (control) environ-
ment and decide whether to stay or to leave after their Stint Average are likely
to leave if they sense a HighGrid (control) situation. Therefore, we also should
include Grid Control Effect Driving in

Lose Active WikiPs[LowGroup,LowGrid] = Max(0,
Min((Active Wikipedians[LowGroup,LowGrid] / ActiveWikiPs Stint
Average) x Group Commitment Effect Driving x Grid Control Effect
Driving, Lose Active WikiPs Max[LowGroup,LowGrid])) (2)
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Lose Active WikiPs Max[LowGroup,LowGrid] belongs to the standard first-
order outflow from Active Wikipedians. Getting back to the previous statement
that increased grid control must both increase the inflow and decrease the
outflow of control-preferring people:

Lose Active WikiPs[LowGroup,HighGrid] = Max(0,
Min((Active Wikipedians[LowGroup,HighGrid] / ActiveWikiPs Stint
Average) x Group Commitment Effect Driving x Grid Control Effect
Draining, Lose Active WikiPs Max[LowGroup,HighGrid])) (3)

In this equation, the loss of Active Wikipedians with an affinity to High Grid
Control is decreased by Grid Control Effect Draining, which around its equilib-
rium value decreases proportionally to Grid Control.

Similar but opposing arguments hold for those who feel less comfortable
with increased control—in Douglas’ jargon, people who tend either towards
individualistic or egalitarian structures. So, with increased grid control, indi-
vidualists and egalitarians will tend to become Active Wikipedians at low
percentages and to stay for a short time. To summarize, under increased grid
control more fatalists and hierarchists tend to join or to stay longer, whereas
individualists and egalitarians tend to keep out or to stay less under decreased
grid control, respectively.

Similar arguments hold for increasing and decreasing inflows and outflows
to and from the clusters, according to increased group commitment, again
with the opposite effects for decreased group commitment, respectively. There-
fore, the model equations for every inflow and every outflow from any one of
the four clusters reflect both changes in grid control and changes in group
commitment.

Following the causes upstream, the set of equations controlling the flows
split effects into Grid Control Effect Driving, Grid Control Effect Draining,
Group Commitment Effect Driving and Group Commitment Effect Draining.
Then, having an appropriate two-effects combination represents the joint ef-
fect of grid control and group commitment on every inflow and outflow to and
from each of the four clusters of Active Wikipedians. The following equation
describes the effect used both in Egs 1 and 2 to increase the inflow of people
who prefer high Grid Control as well to increase the outflow of people who
prefer low Grid Control:

Grid Control Effect Driving = Max(0,
Grid Control x Discrepancy in Spoof Awareness with
Admins + Grid Control OP) (4)

When among quality articles the Fraction of Spoof Perceived rises, Spoof
Awareness with Admins rises, too. If it rises above a value that Admins
consider normal, then Grid Control gets tight. If it sinks below that value then
Grid Control gets loose. This way, Grid Control Effect Driving is a type of
P-control, with an operating point at Grid Control OP. Similarly, Grid Control
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Effect Draining is also driven by the discrepancy in the administrators’ actual
awareness of spoof articles, but changes grid control in the opposite direction,
indicated by the (-1) factor below:

Grid Control Effect Draining = Max(0,
(=1) x Grid Control x Discrepancy in Spoof Awareness with
Admins + Grid Control OP) (5)

Lastly, Grid Control determines how high discrepancies effectively increase
or decrease the various flows. Grid Control is reduced with the network’s
increasing accessibility for Wikipedians. Accessibility captures an internally
self-perfecting networking structure, with a set of policies that gradually raise
accessibility with increasing Content Attractiveness.

But we also want to test different policies of grid control, especially policies
of structural interventions that may run counter to self-referencing network
dynamics. “MgmtGrid Override” allows phasing in or out externally premeditated
levels of Grid Control Normal. To avoid clutter, however, we have omitted
these parts from Figure 5, and from Eqs 1-5.

Switching to the description of Group Commitment Effect Driving and Group
Commitment Effect Draining, there are two differences from the grid-controlled
part of the model: (a) Group Commitment Effect Driving/Draining is driven pro-
portionally by discrepancies between Quality Average Perceived and Quality
Average for Group Commitment Normal; and (b) growing Accessibility pro-
portionally also raises Group Commitment.

How are then are Users becoming Active Wikipedians? In Figure 5 the reser-
voir of Potential Wikipedians is fed by a Fractional Transition Rate of Users
to Active Wikipedians. This rate is modified by an Effect of NoP Novelty on
Win Active WikiPs that assumes higher transition rates due to the novelty
of the network, gradually diminishing to more modest values over the NoP
Maturation period. Potential Wikipedians became Active Wikipedians through
word-of-mouth stimulation. However, this growth mechanism is limited by
the network of practice’s capacity: NoP Capacity. Thus the network of Active
Wikipedians cannot simply grow infinitely large before communication and
production processes among participants become ineffective or unattractive
and no further Potential Wikipedians become integrated into the network.

Figure 6 shows the content sector, which keeps track of serious (Content
Volume Q) and spoof (Content Volume S) articles. These two types of article
differ in their lifespan (spoof articles are soon edited or removed, while serious
articles remain) and their effects on future contributions.

Administrators and editors control spoof articles. Their efforts drive the
(Weed Spoof Content) outflow, a function of the edit rate, based on resources,
and a perceived ratio, based on content quality and spoof. Other variables
in this sector, not shown in Figure 6, are “content attractiveness” (determined
by total content, content normal and attractiveness normal) and “credibility
perceived” (determined by the spoof fraction and credibility normal).
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Fig. 6. The spoof and quality article content sector

The sector in Figure 7 encapsulates the growth of users, operationalized as the
number of Internet users visiting Wikipedia each day (measured in millions).
Winning new users is a function of word of mouth (with a generic WOM structure)
and effects from content attractiveness and the perceived quality of the network,
which increase the probability of becoming a user. Losing users, on the other
hand, is determined by a fractional attrition rate and perceived credibility.

Base Case Simulation

Figure 8 shows the number of active Wikipedians, administrators and the
content volume of users in reach of millions (Internet users visiting Wikipedia
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Fig. 7. The network user model sector

each day). The model visually fits the data from the English Wikipedia site
(Figures 3 and 4). We have set the model parameter values in the base case
to match the environment of the network of practice (accessibility, group
commitment, and grid control) to our best judgment of the historical values
for Wikipedia over this timeframe, rather than to precise statistical estimates.
The values for “accessibility normal” and “group commitment normal” are set
to 0.5 (on a scale of 0—1), assuming a moderate level of accessibility and group
commitment at the inception of the network. Grid control normal is set to
0.3 (on a scale of 0—1), which reflects an environment with moderate control
and rules of conduct.

The initial values for the stock of active Wikipedians is 200 people for each
of the subscript clusters, assuming that at the time of inception the network
had already created some interest to participate. Given the aggregated approach
in our model and the lack of statistical estimates, we assumed that each of the

Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/sdr



P. Otto and M. Simon: Social Characteristics and Sustainability in Online Community Networks 339

Fig. 8. Base case for
the Wikipedia network
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dynamics for the
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four clusters will have the same initial value of 200 people. For the user group
we chose an initial value of 1000 people, considering the buzz created before
the network was launched.

The graph in Figure 9 shows the base condition for the “Active Wikipedians”
stock, with its four subscripts from the grid/group framework (Figure 1). The
ratio of active Wikipedians to administrators is constant (it has not changed
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Fig. 10. Policy test for
low grid control

since the inception of the network) and the behavior of two stocks (each with
its four subscripts) is symmetric, so we only plot the graph of active Wikipedians
to show how the network is populated.

Following the Douglas grid/group typology, the highest growth among
the four groups is for hierachists and fatalists, in the high-grid/high-group and
high-grid/low-group cluster, respectively. We attribute this behavior to how
these clusters respond to changing levels in the fraction of spoof and content
attractiveness. An increase in the fraction of spoof contributes to the growing
need for more grid control (e.g., more rules and regulations), which attracts
hierachists and fatalists, i.e., people who need clearly defined boundaries
and a rather bureaucratic environment. The other two clusters, individualists
and egalitarians, experience slower growth. Altman and Baruch (1998) suggest
that the low-grid/low-group cluster is determined by a high degree of self-
responsibility, so people in this cluster tend to resist group commitment or
rules and regulations interfering with individual autonomy.

Policy experiments

To investigate how structural interventions may determine growth or decline
in an online community network and how the social clusters described in
the Douglas grid/group typology are affected, we use the “group commitment”
and “grid control” policy levers. We keep accessibility unchanged to assume
a moderate level of access for users and those who want to contribute to the
growth of the network. Figure 10 shows how the system might respond when
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Fig. 11. Quality content volume of Wikipedia and fraction of spoof

an organization imposes no rules and regulations, which we simulate by
changing the lever “grid control normal” from its initial base value of 0.3 to 0.
This policy for “grid control” suggests that the organization or governance
body behind a social network would not impose any rules about how people
contribute or facilitate exchange within the network.

In Figure 10 we only compare the two clusters with either low or high grid
characteristics, i.e., fatalists and individualists. Removing all rules and re-
gulations from the network results in losing people who are following rules
of conduct, i.e., fatalists, while gaining people with a high degree of self-
responsibility (individualists). Individualists are inclined not to need rules
of conduct. They feel that each person is responsible for oneself and for
whomever else he or she chooses. The results of this policy (Figure 11) show
that the fraction of spoof for new contributions is increasing, while the content
volume of quality articles is decreasing. Without any structural interventions,
Wikipedia could have experienced the Wikitorial LA Times’ doomed experi-
ment in unrestricted Internet comment. Intuition certainly suggests that an
open unrestricted environment in an online network of practice should result
in fast growth. Yet intuition is a notoriously poor tool for predicting the time-
dependent effects of management policies in complex systems (Sterman, 1989).

The next policy test assumes no efforts to build and to nurture group com-
mitment, which means that we change the policy lever “group commitment”
from its baseline value of 0.5 to 0. In this policy test, we compare social actors
for whom group commitment might be important, i.e., hierarchists and egali-
tarians. However, we do not change the value for accessibility and grid control,
assuming the network does have defined boundaries and control mechanisms
to respond to changing quality levels.

Figure 12 shows that imposing no interventions for group commitment in an
online network means losing people guided by group boundaries (hierarchists).
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Fig. 12. Results for
policy test without
group commitment
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Examples of this social dimension include bureaucracies, with individual
roles based on seniority rather than merit. Removing group commitment
marginally changes the size of the “egalitarian” cluster, typically dominated
by considerations as the social experience of individuals is shaped by “we”
rather “them” (Altman and Baruch, 1998). Changing this policy lever in a real
system means that the organization or governance body behind the social
network would not make any efforts to create mutual commitment for mem-
bers of the community to collectively pursue common means. Wikipedia, for
example, strengthens group ties by providing people who regularly contribute
and share knowledge with special privileges, such as easier upload or editing
capabilities. After removing group commitment, we observe that the content
volume of quality articles and the fraction of spoof articles do not change
compared to the base run (Figure 13). We attribute this behavior to the feed-
back effect in our model, where the fractional spoof rate increases spoof aware-
ness with administrators (the content quality gatekeepers), which subsequently
increases grid control.

This policy test shows that focusing on group commitment results in
counterintuitive behavior. Removing this lever does not lower performance,
as long as boundary-related policies hold. This insight is contrary to our
third proposition that group commitment is positively related to the growth
of the network. Thus management policies aimed at building group commit-
ment might not achieve the desired result. This finding supports Bagozzi
and Dholakia (2006), who investigated participation in the Linux user
group (an open source initiative through an online network of practice). Their
study found that subjective norms failed to significantly predict intentions to
participate.
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Fig. 13. Content volume and spoof fraction without group commitment

Discussion

Online social networks are an important architecture for the distribution and
sharing of knowledge and show promise to become an important medium
for resource sharing in different domains. However, in spite of their potential
importance, there has been little empirical research into the impact of user
behavior and the dynamic nature of their operation.

Our research seeks to bridge this gap by integrating a cultural framework,
derived from anthropology, to determine the effects of structural interventions
in an online social network. The grid/group framework may also help in develop-
ing an understanding of how policy interventions affect the social dimension
of the network, as well as how to align organizational characteristics with
personal attributes. However, the use of a cultural typology for organizational
analysis has an implicit limitation: culture, a multifaceted construct, cannot
be easily captured by a two-dimensional typology, or any other simple frame-
work for that matter (Sackmann, 1992). The grid/group typology too has only
limited explanatory power.

A number of tangible and timely recommendations emerge from the simula-
tion experiments that evaluate policy options. Some insights contradict our initial
expectations about policies that would help establish a sustainable online
community network. For example, counter to our beliefs, policies aimed at
building group commitment might not achieve the desired result. We attribute
this behavior to changes in the social characteristics of the network, i.e., lowering
group commitment results in losing people who look for hierarchy and group
commitment, while gaining people with a high degree of self-responsibility.
These two quadrants (“hierarchy” and “individualism”) represent what is known
in the grid/group typology as the “stable axis” (Thompson et al., 1990). Changing
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the social characteristics in these two quadrants may affect the stability of
the network. It is therefore suggested that an online social network focusing
too much on group commitment might not achieve sustainability. On the other
hand, the simulation experiments supported our proposition that online net-
works need structural control. Having no control decreases attractiveness,
credibility and, subsequently, content volume. An implication for an actor in a
real system is to carefully monitor the growth of the network in the early stages
and then impose rules and regulations as soon as the network begins to grow.
While an open environment accelerates the growth of an online network at
the early stage, openness may negatively impact quality and subsequently the
attractiveness of the network, so that users will be less inclined to join or to
participate in the network. The findings of our study have practical implica-
tions that can be used in corporate settings, given that at the core of an online
network are social dimensions. Network operators can use our model to assess
how structural interventions shape online network growth and what policies
must be in place to achieve sustainability.

While many factors, internal as well as external, may contribute to the
success of an open social network, our aim was to gain insights into how high-
level interventions change the shape of the network. Despite the limitations
associated with our cultural typology for organizational analysis, experiments
with the simulation model can provide useful insights to help manage an
online network effectively.

Of course, a number of issues remain open. For example, future research
must identify explicit measures for the grid/group dimensions in the organ-
izational context. This paper is based on a dynamic theory to help develop
an understanding of how structural interventions affect the sustainability of
an online network. The task remains, however, to establish reliable, valid and
distinctive measures for the social dimensions of the grid/group typology and
to empirically assess the simulation model. Given the growing importance
of online social networks to facilitate information exchange, and given the
small number of system dynamics models that have addressed the dynamic
nature of online networks over the years, we believe that the SD community
can and must contribute to this research agenda.

Notes

1. Alexa.com defines “reach” per million viewers. When Wikipedia’s reach
per million hit 10,000 in June 2005, it meant that 1% of Internet users
with the Alexa toolbar were visiting Wikipedia each day. In September
2006 this figure reached 50,000 or 5%. The percentage of Internet users who
visit Wikipedia in a longer period, such as a week or a month, will be higher
than that, as further Internet users visit it each day, but it cannot be calcu-
lated from the information published by Alexa.

Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/sdr



P. Otto and M. Simon: Social Characteristics and Sustainability in Online Community Networks 345

2. Wikipedia hit by surge in spoof articles, http://www.timesonline.co.uk,
December 15, 2005.

Supporting information

Supporting information may be found in the online version of this article.
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