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Knowledge is a fundamental resource for project-based organizations, and it resides within individual employ-
ees. By dividing employees according to their abilities, job roles, and areas of expertise (e.g. business units, func-
tional disciplines), managers create groups within the organization without seeing the impact on underlying
knowledge flows. Knowledge sharing across business units and disciplinary groups can produce immense
benefit, yet anecdotal evidence suggests that these groups produce ‘silos’ that limit connection between
people across the organization. Although communities of practice (CoPs) have recently emerged as a mechanism
to encourage practice-based knowledge sharing across organizational silos, it is not clear if the influence of
business units and disciplinary groups has a similar effect on knowledge sharing within CoPs. There are few
studies that quantitatively assess the impact of organizational structures on informal knowledge-sharing net-
works. To clarify this anecdotal evidence, this study analyses more than 1600 knowledge-sharing connections
in two CoPs using a statistical resampling technique to determine whether informal knowledge-sharing networks
are constrained by business units and disciplinary groups. Results show that in the first CoP, knowledge-sharing
connections were constrained by business units, with few connections existing between business units. In the
second CoP, knowledge-sharing connections were constrained by disciplinary groups. In our discussion of
these findings, we evaluate the applicability of the term ‘community of practice’ to manager-initiated knowl-
edge-sharing groups, and discuss how formal structures created by management produce differential opportu-
nities to connect that influence network structure within CoPs.
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Introduction

Knowledge management is one of many complex pro-
blems facing multinational construction and engineer-
ing organizations as they seek to design and build
projects. As many firms have realized, the collective
knowledge of their employees is a strategic resource of
equal value to financial capital (Grant, 1996), and the
key to capturing this value is the social networks that
serve as a conduit for knowledge (Chinowsky et al.,
2009). Traditionally, organizations manage employees,
in part, by creating structures to group employees by
industry (e.g. business units) and discipline. Both of

these groupings are epistemological in nature, meaning
that they delineate different domains of knowledge.
Unfortunately, group membership in these structures
can rapidly become a boundary that restricts knowledge
flows within the company, isolating expertise to a par-
ticular industry or disciplinary setting. Restricted
knowledge flows, also known as ‘silos’, lead to con-
ditions in which construction companies repeat mis-
takes across projects, fail to learn from innovation
occurring elsewhere in the company, and dedicate
resources to solving problems which have already been
addressed within the organization (Javernick-Will and
Hartmann, 2011). In other words, silos are a
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‘suboptimal organizational construct’ that can limit the
productivity and quality of projects (Yuventi et al.,
2013).
Over the past several decades, communities of prac-

tice (CoPs) have emerged as a potential solution to
this problem. CoPs originated as close-knit groups
that emerge through the social interaction of everyday
activity (Lave andWenger, 1991). More recently, litera-
ture has suggested that these organically emergent
groups can be cultivated and grown to include many
different subgroups (Wenger et al., 2002). In line with
this trend, project-based organizations frequently
initiate CoPs for the express purpose of sharing knowl-
edge throughout the company. Manville and Foote
(1996) provided a succinct definition of a CoP as:

a group of professionals informally bound to one
another through exposure to a common class of pro-
blems, common pursuit of solutions, and thereby
themselves embodying a store of knowledge.

The impact of CoPs can be enormous within project-
based organizations. When professionals are united
across the company in terms of common problems
that they face, each project execution becomes an
opportunity to apply the best of what the company
knows to the project at hand. Because these companies
perform projects in diverse markets, this learning
process can provide a competitive advantage if knowl-
edge is exchanged between various projects and knowl-
edge bases (Kogut and Zander, 2003; Javernick-Will
and Levitt, 2009; Javernick-Will and Scott, 2010).
Although each project, industry, and discipline is
unique, there are common processes, lessons learnt,
and project management expertise that apply across
multiple business lines and disciplines. CoPs bring
together knowledge workers in such a way that they
are able to share their experiences and lessons learnt
with others who face similar problems, thereby
working, learning, and innovating as part of a global
community of practitioners (Brown and Duguid, 1991).
In practice, however, managerial trends have shied

away from cultivating existing CoPs in favour of a
higher degree of control. Rather than trust that CoPs
will emerge that are serendipitously aligned with the
goals of the organization, managers wish to strategically
leverage knowledge sharing to generate value (Saint-
Onge and Wallace, 2012). Thus, many managers
create large CoPs with a membership that spans mul-
tiple disciplines and business units, in the hope that
socially based knowledge sharing will organically
occur, thereby creating consistency of practice and gen-
erating innovation across these formal organizational
groups (Wenger et al., 2002). Because these CoPs
span multiple dimensions of different knowledge (i.e.

business units and disciplinary groups), we refer to
them as multi-lateral. Within CoPs, employees can
connect with one another regardless of formal organiz-
ational groups or reporting structures, and therefore
have the freedom to meet their individual knowledge-
sharing needs. The topical focus unites business units
and disciplinary groups by channelling discussion
towards common problems and solutions, rather than
contextual differences. In the past few decades, CoPs
with this goal have become commonplace in project-
based organizations trying to increase knowledge
sharing.
It is common to create and launch CoPs, although it

is a significant deviation from the original ‘emergent’
model of CoPs that has been proposed by many theor-
ists (Brown and Duguid, 1991; Lave and Wenger,
1991; Wenger and Snyder, 2000; Wenger et al., 2002;
Kimble and Hildreth, 2004; Lindkvist, 2005; Roberts,
2006). This has led to broad criticism regarding the
application of the term ‘community of practice’ to
knowledge-sharing groups initiated by managers
(Amin and Roberts, 2008), and scepticism that these
loosely bound groups would operate independently
from the existing structures of the organization
(Roberts, 2006). At the same time, most of this criticism
has relied on theoretical arguments, due to a lack of
empirical network data. Fundamentally, the effects of
formal business units and disciplinary groups on knowl-
edge-sharing networks within manager-initiated CoPs
are unknown.

Point of departure

The purpose of this research is therefore to determine
whether business units and functional disciplines
constrain knowledge flows within knowledge-sharing
networks in global CoPs. Because knowledge is intangi-
ble, it is difficult to monitor and track (Liebeskind,
1996), so that informal networks consisting of relational
connections between employees are largely invisible.
Thus, we seek to answer the question: To what degree
do business unit and functional discipline boundaries
fragment informal knowledge-sharing networks within
multi-lateral CoPs?
To fill this gap, we empirically investigate knowledge-

sharing connections between organizational groups in
two multi-lateral CoPs. Specifically, we analyse
whether organizationally imposed business units and
disciplinary groups create silos in informal knowledge-
sharing networks. We employ a social network approach
to observe, analyse, simulate, and visualize knowledge-
sharing network structures. Using statistical resampling,
we quantitatively determine the degree to which individ-
ual business units and disciplinary groups limit
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knowledge-sharing networks within multi-lateral CoPs.
Ultimately, we wish determine if manager-initiated
CoPs are able to span existing organizational groups,
or if business units and functional disciplines inherently
limit knowledge flows within their domains.

Business units

While the title (e.g. business units, business lines) and
scope (e.g. type of contract/client, sector of project)
vary from company to company, nearly all construction
and engineering companies group employees according
to project type or economic sector. Business units are
knowledge-based divisions with distinct sources of
knowledge and expertise. From this idea, previous
work has found that business units with central
network positions (and thus more access to different
knowledge bases) perform better. Similarly, other
studies found that creativity and innovation are fostered
when knowledge is shared, or recombined, between
business units (Tatum, 1989; Leonard-Barton, 1995;
Hargadon and Sutton, 1997). This work theorizes that
new ideas and more rapid improvement would result
from increased knowledge sharing between business
units.
While inter-business unit knowledge exchange can

lead to new ideas, the distinct knowledge bases can
create communication problems and thus is seen as a
simultaneous source and barrier to innovation
(Carlile, 2002). Perhaps the greatest danger of poor
knowledge flows between business units is that each
business may be trying to solve similar problems, and
are dedicating resources to problems that have already
been solved within the organization (Carrillo and Chi-
nowsky, 2006).
In sum, classifying employees into different business

units helps to delineate what employees know by speci-
fying the type of project they typically work on. Business
units represent differing knowledge bases that can share
knowledge of specific project types. However, this
organizational classification may also cause business
units to become siloed from one another, and thus,
not gain the benefits from knowledge exchange across
the organization.

Disciplines

In addition to business units, many multinational
project-based organizations group employees by speci-
alty or function to differentiate, for example, between
civil and electrical engineers. These divisions group
together people with similar expertise to form knowl-
edge bases within the firm. Past studies have found
that each disciplinary group has a different perspective
(Boland and Tenkasi, 1995), and that the interpretive

schemes that people use in the workplace are deter-
mined heavily by their functional or departmental
‘thought worlds’ (Dougherty, 1992). In the construc-
tion literature, this sentiment is echoed as research
claims that different disciplines develop their own
language consisting of the use and understanding of
specialized terminology (Fong et al., 2007).
Consistent with prior research on different knowledge

bases, heterogeneity in disciplinary perspectives can
easily lead to communication barriers (Bechky, 2003),
and failures of interpretation due to a lack of mutual
understanding (Cramton, 2001). In fact, most studies
explicitly frame inter-disciplinary knowledge exchange
as difficult because each discipline has a unique knowl-
edge base. Communication between disciplines can
therefore pose a ‘translation’ issue. At the same time,
there can be individual- and project-level benefits to
inter-disciplinary knowledge sharing (Cross and Cum-
mings, 2004; Cummings, 2004), and crossing disciplin-
ary boundaries can lead to the production of new
knowledge through novel re-combination of existing
ideas (Alin et al., 2011).
Similar to business units, disciplinary divisions clearly

represent distinct knowledge bases that help the
company organize. While sharing between different
disciplinary knowledge bases is difficult, it can also
add value and productivity for a firm.

Research approach

Research setting

To conduct this research, we selected two CoPs within
two different multinational construction and engineer-
ing companies. Within each of these CoPs, knowledge
sharing between organizational divisions was not inhib-
ited in any way; rather, all members were on equal
standing to help solve problems.
Although there is significant debate surrounding the

applicability of the term ‘communities of practice’ to
manager-initiated groups, the CoPs selected for this
study fit several criteria that are consistent with prior
management theory. Because this study is focused on
the business practice of using CoPs as a mechanism to
manage knowledge, we draw from the practice-based
model of CoPs provided by Wenger et al. (2002). By
this model, CoPs are structures that have three
elements: a domain of knowledge, a community of
people, and a shared practice that is being developed.
First, each CoP has an established domain of knowledge
established through a topical boundary. The members
of each CoP are engaged in knowledge-intensive work,
and belong to the CoP because they have an interest
in the expressed topic (domain) of the CoP. Because
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they face a common class of problem (such as applying
computer-aided design (CAD) to projects), they are not
so different that there are problems with ‘translation’
between two completely different fields of work
(Bechky, 2003). Membership to these CoPs is con-
trolled by a subscription list, but participation in the
CoP is voluntary, and therefore indicates an interest in
the knowledge domain. Because this membership is
clearly defined, we were also able to select communities
whose membership spanned both business units and
functional disciplines, providing the diversity required
to analyse organizational divisions within the same
CoP. Second, both CoPs must have an element of com-
munity, which is difficult to define. Both are driven by
volunteerism, and are more ‘loosely connected, infor-
mal, and self-managed’ (Wenger et al., 2002, p. 41)
than business units and functional disciplines. Each
has a membership that actively participates in the CoP
on some level. Prior to the study, this was evaluated
on the basis of visible participation in an electronic plat-
form; however, the social network design of this study
means that we partially evaluate the degree to which
members ‘interact regularly on issues important to
their domain’ (Wenger et al., 2002, p. 34). As an
additional note, CoPs are not limited in size as long as
it provides the opportunity to learn while embedded
within a social context (Brown and Duguid, 1991;
Lave and Wenger, 1991), maintains a specific and
defined knowledge base which constitutes a ‘common
class of problems’ (Manville and Foote, 1996), and
elicits participation from its members. This means that
the networks can be large enough to display significant
trends to determine whether organizational divisions
constrain informal networks. Finally, each CoP has an
established practice, which includes the socially accepta-
ble ways of doing things, common approaches, shared
understandings, and resources that provide a basis for
action. The practice of each CoP is captured in both
concrete and explicit documents, as well as less tangible
behaviours and perceptions.
The two CoPs selected for this study each have a

domain, demonstrated elements of community, and a
set of documents and behaviours that can be considered
a practice. Because the CoPs are housed in two different
companies, each one has different terminology for classi-
fying business units, and disciplines although the funda-
mental concepts are the same. These CoPs are discussed
more in depth below. Throughout this paper, business
units and disciplines are referred to as divisions, while
the specific units, disciplines, and levels (i.e. Water
Resources Engineering, Contracts, etc.) are referred to
as groups. In some cases, we do not have group data
for all employees, forcing us to exclude individuals
from the networks. In these cases, the reduced number
of network participants is reported in parenthesis.

Process Improvement CoP – Company A consists of
more than 50 000 employees in more than 40 differ-
ent countries. The company has grown organically
through a long history of construction megaprojects,
and is divided into five distinct markets, each of
which forms a formally defined business unit.
Although each business unit is run as a separate
profit centre, management wants knowledge to flow
across the entire company, as evidenced by employee
mobility to different business lines, and several multi-
lateral CoPs. Within this context, the Process
Improvement CoP is a group of 273 process improve-
ment professionals acting as internal consultants for
individual projects. Of the 273 members, we were
able to capture grade-level data for 271 (99%).
There were no missing data in regard to business
units in the Process Improvement CoP, and 96% of
the 273 members are represented in 5 business
units: Government services (29%), Power (25%), Oil
Gas & Chemical (17%), Civil (15%), and Mining &
Metals (11%). Within the Process Improvement
CoP, 20 different disciplines are represented, although
83% of the 273 members are captured in 8 disciplin-
ary groups. These include Engineering (28%), Project
Controls (16%), Field Supervision (15%), Field
Engineering (9%), Project Management (8%), Pro-
curement (7%), Quality Assurance (5%), and Con-
tracts (4%).
Domain: Employees in the Process Improvement CoP

were individually selected and trained in Six Sigma.
Thus, the topical knowledge domain is focused
around using Six Sigma methodologies to improve pro-
cesses on projects.
Community: The membership list of the PI CoP is

defined through training certification. Individuals seek
nominations into the programme where they are
trained together, often forming tight social bonds.
Although membership comes from a formalized train-
ing process, the Process Improvement CoP is still
driven by volunteerism because employees are not
required to participate in the knowledge-sharing activi-
ties which define the CoP. During training, individuals
are introduced to a number of knowledge-sharing tools
by which they can connect with one another and read
about completed process improvement projects. Using
these tools, CoP members can choose to share best
practices, success stories, and project ideas that could
potentially be used in other areas of the company.
After training, members participate in community
through an electronic platform (formal knowledge man-
agement system), face-to-face meetings, informal inter-
actions, common task assignments, ongoing training
(top down), and community awards (formal
benchmarking). The complex array of interactions
within the PI CoP, therefore, contains elements of
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self-organizing, technocratic, and best practice systems
(Kasper et al., 2013).
Practice: Members are constantly developing new

tools, reviewing past process improvement projects,
and working to determine their role in the organization.
The practice is therefore focused on using an estab-
lished set of methodologies, behaviours, and world
views to perform process improvement work.
CAD CoP – Company B consists of more than 40 000

people in 150 countries. The company has grown
rapidly through aggressive acquisitions, and currently
has operations in numerous business sectors (i.e.
energy, transportation, etc.) and functional areas (i.e.
consulting, planning, etc.). The CAD community
exists within Company B as a collection of 1152 CAD
draftspersons, engineers, and managers. The CAD
CoP spans 10 different business units, 6 of which
capture 90% of the 1152 employee population. These
business units include Transportation (33%), Water
(18%), Building Engineering (16%), Planning Design
& Development (16%), Environment (4%), and Min-
erals & Industry (3%). Company B did not have a
formal record of employees’ functional disciplines,
although they do have more formalized functional
groups, so the question was included in the survey
and is therefore subject to response rates. Because of
this, we only captured disciplinary data for 489 (42%)
members of the CAD population, where there are 20
different disciplinary groups represented. Of these,
eight disciplinary groups capture 82% of the known
disciplinary classifications. These eight are Civil
Engineering (20%), Structural Infrastructure (15%),
Transportation Engineering (11%), MEP Disciplines
(11%), Architecture (10%), Water Resources
Engineering (6%), Drafting (5%), and Electrical
Engineering (5%).
Domain: The CAD CoP was chartered to bring

together employees concerned with the use of CAD
software. This includes managers, drafters, technicians,
and support personnel using AutoDesk products,
Microstation products, Revitt, and BIM software.
Community: The basis for the CoP is an online knowl-

edge-sharing platform that allows members to freely join
and share problems that they are working on. Using this
platform, CoP members exchange global CAD prac-
tices and standards, share templates, and discuss CAD
issues. Interactions are not limited to the online plat-
form, however; members interact locally with other
CAD workers, share project tasks, and occasionally
travel for work rotations, collaborative projects, confer-
ences, and trainings. In contrast to the PI CoP, the
CAD CoP is primarily facilitated through bottom-up
informal personal networks and the online sharepoint
system. There is, however, a global CAD council that
facilitates personal exchanges between top managers.

Thus, the CAD CoP facilitates exchange through self-
organizing as well as technocratic systems, but lacks
the formal benchmarking that characterizes best prac-
tice knowledge management (Kasper et al., 2013).
Practice: The CAD CoP has a strong body of practice

around drafting and modelling that includes specific
tools, with their requisite struggles and intricacies, as
well as a particular role within the company. CAD
workers understand themselves as undervalued,
behind the scenes workers whose skills and tools are
rapidly coming to the forefront of design and construc-
tion. As a result, their practice is very focused on tech-
nological progression, advancement of technical skill,
and a rapidly changing work environment.

Data collection

A social network perspective is an excellent platform to
examine the interaction of formal organizational struc-
tures and informal relationships between members of
the organization (Chinowsky and Taylor, 2012). To
assess the degree to which formal organizational div-
isions constrain informal knowledge-sharing networks,
we used social network analysis (SNA), which enables
us to graphically portray network relationships
(Moreno, 1960). SNA is particularly useful for examin-
ing patterns of relationships, and can be used in such a
way that network structures are evaluated by the
number of connections within and between differently
sized groups (White et al., 1976). Social network
methods are a relatively new approach to research in
project-based organizations, although they have been
gaining popularity in recent years because of their
ability to describe underlying relationships (Chinowsky
and Taylor, 2012). Furthermore, by assuming knowl-
edge-sharing connections as the unit of analysis instead
of discreet exchanges, this study adheres to a view of
knowledge as socially constructed, rather than an
object for exchange (Noorderhaven and Harzing,
2009).
For this reason, we use a social network survey meth-

odology to capture knowledge-sharing connections
between employees in a defined community. Social
network surveys include person-centred questions,
which capture individual demographic attributes such
as level of education or prior geographic work locations,
a network identification question, and network ques-
tions regarding characteristics of connections, also
known as dyads. Because of our specific interest in
knowledge-sharing connections, the network identifi-
cation question asked participants ‘with whom have
you exchanged knowledge on job related practices in
the past 6 months?’ We further specified the type of
exchange as CoP-specific knowledge which includes
‘any practice-oriented knowledge that is required for
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you (or those with whom you interact) to perform job
related tasks. “Practices” can be project related or
organization related’. Participants were allowed to
select their knowledge-sharing connections from a
pre-defined list of all other identified CoP members.
At this point, it is important to clarify the definition of
knowledge used in this study. Because we focus on
knowledge-sharing connections rather than discreet inter-
actions, we are capturing social patterns of interaction
that are focused on job-related tasks. For the sake of
data collection, ‘knowledge exchange’ is portrayed as
an activity where an objective commodity is exchanged
(knowledge). This reduces the need to explain to study
participants the theoretical nuances of defining knowl-
edge, while simultaneously capturing the practice of
interacting with others surrounding a particular knowl-
edge domain. Due to the inherent limitations of surveys
in creating clear constructs, we followed up with 5–10%
of the CoP population using phone interviews, and vali-
dated a sample of knowledge-sharing connections from
the survey. For the validated connections, we identified
that discreet interactions within a given relationship are
sharing knowledge, rather than information or data
(Alavi and Leidner, 2001), and that the relationship
constituted ongoing social interaction. Overall, 93% of
the connections from the survey were validated, provid-
ing a high degree of confidence in our knowledge-
sharing connection construct.
As noted above, we obtained business unit data for all

community members from each respective Human
Resources (HR) department. Data for functional disci-
plines were obtained from HR for the Process Improve-
ment CoP, but had to be included as a survey question
in the CAD CoP due to limitations in the HR data set.
The disciplinary responses were then grouped by com-
munity managers into disciplinary categories that
reflected cohesive groups within the CoP.
Several days before deploying each survey, the com-

munity leaders sent an email to CoP members inviting
them to participate in the survey and giving them
instructions on how to use the NetworkGenie online
survey interface. During survey deployment, each
employee in the CoP received a personalized email
with a unique login ID and password to complete the

survey. Surveys were left open for 4–6 weeks to increase
response rates, during which community members were
sent several reminder emails. When the survey was
closed, 100 people had responded within the Process
Improvement CoP, representing a 36.6% response
rate and 483 people had responded to the CAD CoP,
representing a 41.9% response rate.

Network assessment and silos

Using NetMiner, a social network analysis software, we
created blockmodels based upon the organizational div-
isions for each CoP. A blockmodel is a square matrix
that displays the number of connections within and
between different groups (White et al., 1976). In a
blockmodel, the rows and columns are group names,
and each cell in the matrix represents a specific relation-
ship. For instance, when the Process Improvement CoP
was sorted by business unit, the row and column
headers would display the names of each business
unit. Within the cells, the number of knowledge-
sharing connections between two groups (i.e. Civil
Business Unit to Water business unit) is counted and
tallied in the appropriate cell. As a result, the diagonals
represent connections that occur within each business
unit, while the other cells represent relationships
between business units. As an example, Table 1 displays
a block model for the Process Improvement CoP orga-
nized according to business units. In the first column,
there are 61 knowledge-sharing connections between
employees in the Government Services business unit,
but only 4 connections going from the Civil business
unit to Government Services.
Networks can be a powerful tool for examining

relationships, although each network is unique (e.g.
density, degree distribution, clusters, etc.), so there is
no definitive benchmark by which to compare networks
to each other. This poses a problem when we try to
conduct cross-case analysis. To address this problem,
network researchers create a comparative baseline
using two main methods: simulation and statistical
resampling. Exponential random graph modelling
(ERGM) is perhaps the most widely used simulation
tool in network research. It works through generating

Table 1 Blockmodel of process improvement CoP by business unit

Gov. service Civil Mining & metals Oil gas & chemical Power

Gov. service 61 1 1 1 1
Civil 4 84 3 2 7
Mining & metals 1 1 132 3 6
Oil gas & chemical 1 1 1 51 4
Power 5 5 1 6 121
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connections according to a known set of assumptions,
such as preferential attachment (higher probability of
connection to the person with the most connections).
In contrast to ERGM, methods based on statistical
resampling like relational contingency tables (Borgatti
et al., 2002) generate a simulated population of net-
works by holding constant important network proper-
ties, but altering the base assumptions within the
network. For instance, if we know that there are 40 con-
nections within the civil business unit, we would like to
know how many connections we could expect if business
units were not associated with how individuals chose to
connect with one another. Thus, the goal of our simu-
lation is to hold constant as many network properties
as possible, but simulate a null condition in which
business units and disciplinary groups are independent
of patterns of connection. For this reason, we hold con-
stant the number of connections in the network (e.g.
640 connections in the PI CoP), number of groups
(e.g. 5 Business Units in PI CoP), and number of
people within each group (e.g. 273 people in PI CoP,
27% in government services business unit, etc.), and
then simulate new networks by randomly pairing
network members with a business unit or functional
discipline. The result is an expected number of connec-
tions for each relationship in the blockmodel (connec-
tions according to disciplinary group or business unit),
where the expected number of connections is based
on the assumption that there is no association between
organizational divisions and patterns of connection.
Furthermore, we generate a histogram that serves as a
random sampling distribution for each cell in the
blockmodel by aggregating the simulated number of
connections over 10 000 iterations. These generated
distributions provide a point of reference to the
number of ties observed (based upon responses to the
questionnaire). With this point of reference, we can
claim whether a particular relationship is higher,
lower, or relatively close to an expected value. Resam-
pling techniques such as this one are common in statisti-
cal methods for cases when the underlying distribution
of values is unknown (Efron and Efron, 1982). To

accommodate these simulations, groups were excluded
from the analysis if their average expected number of
within group connections based on 10 000 iterations
was less than one. This cut-off was determined
because knowledge-sharing ties are integer values, so
expected frequencies less than one have no practical
significance.
With the simulated random sampling distributions,

we use error tolerances of α = 0.05 for both the upper
and lower tails. For each potential relationship within
or between a group, observed values that fell in the
95th percentile (observed is much larger than
expected) of the random distribution were classified
as strong levels of connection, visualized as a bolded tie
between two groups. This reveals whether there are
far more connections than we would expect, giving a
reasonable degree of confidence that there are more
than enough knowledge-sharing connections to equita-
bly share knowledge for that particular relationship.
Next, observed values that fell in the bottom 5%
(observed far less than expected) of the random distri-
bution were classified as having no connection, visualized
by no tie between two groups. Because the observed
values are significantly lower than the expected
values, we expect that knowledge flow is limited for
that particular relationship due to a lack of connections.
Finally, those ties that fell in the middle 90th percentile
are simply normal levels of connection, and are visualized
through a non-bolded tie. This is summarized in
Table 2.
On a network level, a single business unit or disci-

pline may be isolated, yet the network as a whole is
not considered ‘silo-ed’. Because of this, we created
a scale based on majorities to assess the degree to
which silos occur on a network level. If, for instance,
every business unit displays strong internal ties, we
classify this network as being ‘completely constrained’
because knowledge flows are contained within
business unit groups. As the degree of constraint
increases, the organization has a higher risk of devel-
oping harmful knowledge-based silos. This scale is
detailed in Table 3.

Table 2 Connection visualization

Classification Definition
Visual

representation

Strong levels of
connection

The observed number of connections is in the 95th percentile of the simulated
random sampling distribution (observed >> expected value)

Bolded tie

Normal levels of
connection

The observed number of connections is in the bottom fifth percentile of the
simulated random sampling distribution (observed << expected value)

Normal tie
______________

No connection The observed number of connections is in the middle 90th percentile of the
simulated random sampling distribution (observed ≈ expected value)

No tie
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Results

A network diagramwas generated for business units and
functional disciplines in each community. As a general
guide, each diagram displays the network within a
CoP based upon one division (business units are dis-
played in Figures 1 and 2, disciplinary groups are dis-
played in Figures 3 and 4), where nodes are the
individual groups that belong to that particular division,
and the links reflect the strength of a given connection
relative to the randomly generated network. By displaying
the relative strength of these ties, we mitigate the
effects of different group sizes. Circular ties, which
point at their node of origin, show the relative number
of connections within a group, instead of between
groups. In the caption of each visualization, both the
number of people (np) and the number of individual
ties (nt) are recorded to show the size of each CoP,
and to report our relative sample sizes. For ease of
reporting, the networks have been symmetrized accord-
ing to the highest number of ties, so these networks are
not directional in nature. Although business units and
disciplinary groups appear to be topically aligned in
several instances, we performed a cross-tabs analysis on the HR data sets. We found that there is very little

association between business units and disciplinary
background. This aligns with qualitative knowledge
about the communities. The PI CoP comprises pro-
fessionals who are selected for the programme from a
variety of disciplinary backgrounds, and often placed
in different business units post-training. Similarly, the
CAD CoP involves professionals who may work across
business units to generate drawings, meaning that disci-
plinary background is not necessarily an important basis
for project staffing.
As evidenced by Figures 1–4, there are varying

degrees to which informal networks are constrained by
formal organizational divisions, although the degree of
constraint varies by the attribute considered as well as
the community. Using the scale detailed in Table 3,
we classified the degree to which each organizational
division constrains the informal knowledge-sharing
network in Table 4.

Figure 2 CAD CoP by business unit (np = 1045, nt = 939)

Table 3 Network-level constraint classification

Classification Description

No constraint Normal or strong ties exist among all groups; represents the ability of the informal network to distribute
knowledge equitably

Weak constraint Some groups have strong internal ties, displaying a preference for sharing knowledge internally, but the
majority of groups have normal levels of internal ties

Strong constraint The majority of groups have strong internal ties, displaying a preference for sharing knowledge internally
Complete constraint Every group has strong internal ties, displaying a preference for sharing knowledge internally; there are

no ties between groups

Figure 1 Process improvement CoP by business unit (np =
263, nt = 504)
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To start interpreting the results, the Process Improve-
ment CoP shown according to business units in Figure 1
offers a clear example of silos. This visualization shows
that the network has an extremely limited number of chan-
nels through which to share knowledge between business
units, and that the informal knowledge-sharing networks
are completely constrained by business unit boundaries.
This is in contrast to the CAD CoP shown according

to business units in Figure 2, which has normal or
strong ties between each business units.
The Process Improvement CoP is shown according

to disciplines in Figure 3, which has normal levels of
internal ties for most groups, with connections with
normal levels of connection between all groups.

Looking at disciplinary groups, the CAD CoP shown
according to disciplines in Figure 4 shows a strong ten-
dency to share knowledge within disciplinary groups,
but still has connections between all groups. The
results from Figures 1–4 are summarized in Table 4.
From the figures and Table 4, there are a number of

observations that clearly advance our understanding of
knowledge flows in multinational construction and
engineering organizations. For Figure 1, there are
obvious silos according to Business Units, but for
Figures 2–4, it is less clear whether or not this constitu-
tes a ‘silo-ed’ organization. In Figure 4, there is more
connectivity within disciplinary groups than between
them; the network has some capacity to share knowl-
edge between these groups. This leads to our first
major observation: formal organizational structures do
not produce dichotomous outcomes in which

Table 4 Summary of classifications for each CoP

CoP Division Figure Classification

Process Improvement Business Unit 1 Complete constraint; No between-group ties, all groups display strong
preference for sharing knowledge internally

Discipline 3 Weak constraint; Some groups have strong internal ties, displaying a
preference for sharing knowledge internally, but the majority of groups have
normal levels of internal ties, and connections exist among all groups

CAD Business Unit 2 No constraint; Normal or strong ties exist among all groups, there is no
perceived preference to share knowledge within any group

Discipline 4 Strong constraint; Most groups exhibit a preference to share knowledge
internally, but between-group ties still exist

Figure 4 CAD CoP by discipline (np = 402, nt = 394)

Figure 3 Process improvement CoP by discipline (np = 228,
nt = 386)
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knowledge sharing is siloed or not. Rather, silos must be
evaluated in terms of the degree of constraint, which is a
continuum.
Analysing the remainder of the data, we observe that

no single division produces the same degree of con-
straint in both communities. In Figures 1 and 2, we
see that there is complete constraint according to
business units in the PI CoP, but no constraint by
Business Units in the CAD CoP. In Figures 3 and 4,
we observe weak constraint by disciplines in the PI
CoP, but strong constraint according to the same par-
tition in the CAD Cop. This leads to our second
major observation: organizational divisions do not
produce consistent effects across communities on infor-
mal knowledge-sharing networks. The implications of
these observations are discussed in the following section.

Discussion

As multinational construction and engineering organiz-
ations try to benefit from their global expertise through
CoPs, it is vital to recognize and remedy silos that
impede knowledge flows. In the prior section, this
study produced two observations: first, that silos
within multinational CoPs often follow the boundaries
defined by business units and functional disciplines,
but there, the strength of their effect can vary from
group to group within the community. Second, we
observed that in different contexts, silos do not consist-
ently form along the same organizational boundary.
This means that business units and functional disci-
plines are not inherently limiting structures. Each of
these observations is discussed below.

Evaluating CoPs: the strength of a silo

The results of this study clearly show that organizational
structures can constrain informal knowledge-sharing
networks, but that the degree of constraint varies
depending on the community and the structure con-
sidered. Thus, there is a possibility that these CoPs
are not functioning as cohesive communities, and that
fragmentation can occur along many different dimen-
sions. This leads to the following proposition: fragmen-
tation in CoPs is a continuous, rather than dichotomous
concept and can be evaluated in terms of the proportion of
groups that are siloed.
To dig in to this proposition, the degree of constraint

does not indicate absolute numbers of connections, but
rather the balance of connections based on the size of
groups, and connection density of the network. For
instance, weak constraint indicates that there is a
normal balance of within- and between-group connec-
tions for the majority of groups, while strong constraint

would indicate that the majority of groups favour con-
nections between people in the same business unit or
discipline. The result is that strongly constrained net-
works have many isolated groups.
For CoPs, it is very important to determine if there is

an imbalance in network capacity by group, because it
determines how we evaluate the ‘community’ element
of CoPs. Wenger et al. (2002, p. 34) make the case that:

A community of practice is not just a Website, a data-
base, or a collection of best practices. It is a group of
people who interact, learn together, build relation-
ships, and in the process develop a sense of belonging
and mutual commitment

To the degree that groups are siloed within the bound-
aries of a CoP, we must re-evaluate whether the CoP
can be classified as a ‘community’. When silos do
exist along epistemological boundaries like business
units (industry-specific knowledge) and disciplines
(field-specific knowledge), then the prescribed bound-
aries of the CoP do not describe the true patterns of
interaction. This could be because cross-business unit
or cross-discipline knowledge sharing is not useful, indi-
cating that there is no practical value to facilitating
knowledge sharing. This conclusion would be consist-
ent with other work that emphasizes the practice-
based nature of learning and knowledge sharing in
project-based organizations. By this view, professionals
enact knowledge within project environments, and the
lack of overlap in practice between business units or dis-
ciplines may be the true reason for a lack of interaction
(Hartmann and Doree, 2015). On the other hand, it
could be because there is no adequate facilitation of
connection between groups within the CoP. When
this occurs, there may be groups of practitioners who
would benefit from interacting with one another, but
have thus far not had the opportunity.
Through viewing CoP cohesion as a continuous

measure comprising the proportion of siloed groups, it
is possible to evaluate the health of large, multi-lateral
CoPs with respect to formal organizational boundaries,
and to specifically target areas of the network that are irre-
levant to the broader group or under-performing. In the
Process Improvement CoP, there are very few connec-
tions between business units relative to the size and
density of the network. Because of the common process
improvement training among these professionals, we
conclude that silos exist due to a lack of connection
opportunity. If this is the case, then a lack of interaction
can be remedied through relatively simple strategies
such as networking events, job rotations, and mutual
tasks.
In the CADCoP, however, there is some connectivity

between disciplinary groups, although there is a distinct
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preference for within-group knowledge sharing. This is
not sufficient evidence, however, to claim that the CAD
CoP is siloed to the point of damaging knowledge flows.
Even though there is an imbalance of network capacity
to distribute knowledge within groups (many connec-
tions) as opposed to between them (far fewer connec-
tions), it is difficult to say whether the few connections
which span disciplinary groups are sufficient to create
a cohesive community, or if the CoP is too broad, and
does not reflect job roles and practices.
In any case, group-level evaluation allows us to get at

the root issue. If there is relatively little interaction
between formalized groups, then it is important to
determine if the lack of interaction is due to a practice
boundary, or to an interaction opportunity boundary.
In one case, the CoP boundary delineates a phantom
community, bringing together multiple, unrelated
groups of practitioners. If the network is only weakly
constrained, it may indicate that there are one or two
epistemological groups that do not belong to the knowl-
edge-sharing CoP. When this is the case, removing
those groups into a separate CoP may be the most ben-
eficial management strategy. If, however, we are witnes-
sing the influence of an organizational boundary on a
CoP that otherwise has a cohesive knowledge domain
and practice, then the group should be considered a
CoP with unrealized potential. In both cases, fragmen-
tation can occur on a group level, and should be evalu-
ated on a group level.
Lastly, we would like to touch on the role of boundary

spanning within CoPs. Even in strongly constrained
networks, there are connections that defy the trends of
the majority and link different groups. Practically speak-
ing, these boundary-spanning connections can be a
powerful change agent for group-level fragmentation,
and should be identified and exploited by managers.
They represent existing channels of communication
between organizational groups which do not require
the relational start-up of initiating new connections.
Furthermore, boundary-spanning connections can
give managers a template for successful knowledge
sharing across boundaries in the event that they want
to expand the inter-group knowledge-sharing capacity
of the network. On a theoretical level, the presence of
boundary-spanning connections in the midst of highly
constrained networks raises a number of interesting
questions such as: How did these connections form?
What purpose do they serve in the network? What
capacities do boundary-spanning connections have to
distribute knowledge throughout the network?
Although several studies have broached this topic for
small teams (Di Marco et al., 2010; Di Marco and
Taylor, 2011), examining the role of boundary spanners
in diverse, multinational organizational settings is a ripe
area for future research.

Contextual differences

One of the most interesting findings of this study is that
business units and functional disciplines did not exhibit
the same degree of constraint across both communities.
Going back to Table 3, we see that business units com-
pletely constrain the Process Improvement CoP, but
only weakly constrain the CAD CoP, and functional
disciplines weakly constrain the Process improvement
CoP, and strongly constrain the CAD CoP. From
this, we conclude that knowledge-based organizational
structures do not have inherent characteristics that
limit connection between groups. Instead, the patterns
of interaction that we observe fit more closely with the
findings of Hartmann and Doree (2015), in which
project-based interactions tend to determine which
organizational divisions constrain knowledge-sharing
networks. This leads to our second proposition:
Within organizations, commonalities according to business
units and disciplines cannot be used to predict the formation
of silos.
First, let us note that grouping people into CoPs by a

common interest does not guarantee an overlap in prac-
tice. If a CoP is siloed, as is the case with the PI CoP by
business unit, it may indicate that there are practice
boundaries along business unit lines. If this is the case,
then it would not be useful for professionals to interact
across business units, because the group lacks a cohesive
knowledge domain, and a particular practice that is
agreed upon (Wenger et al., 2002). Furthermore, this
is often reinforced by the project-driven nature of the
business, in which CoPs connect professionals who
then enact their knowledge while working on project-
based problems (Hartmann and Doree, 2015). On the
other hand, low levels of interaction do not necessarily
indicate a practice boundary. When managers prescribe
CoP boundaries, they may include employees who have
a cohesive knowledge domain and practice, but have not
been connected to one another, and thus do not have
community.
Although it is not a part of the formal methodology,

the authors have conducted exploratory interviews
with members of the Process Improvement and CAD
CoPs to try to explain the different patterns observed.
Through discussions with CoP participants and
leaders, we determined the basic management struc-
ture, purpose, and culture of these knowledge-sharing
communities to assess why business units so strongly
constrain the Process Improvement CoP, and func-
tional disciplines have such a strong effect in the CAD
CoP. Through these talks, we learned that Company
A, which houses the Process Improvement CoP,
encourages competition between the business units,
and runs each of these divisions as separate profit
centres. Because of this, each business unit develops
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unique processes and languages that have limited trans-
ferability between business unit contexts. Thus, man-
agement has fabricated practice-based boundaries that
make it difficult to engage in project work across
business unit boundaries. Interestingly, one of the
goals of the Process Improvement CoP is to facilitate
inter-unit knowledge exchange, although based on our
analysis, this does not occur. As one interviewee stated:

Our entire company is organized around these
business lines; how each business line executes work
is typically dictated by the type of clients within that
business line etc. So they have a management style
and an execution culture. And so we align all of our
different functions within that business unit when in
essence in our company the business unit is the
ranking entity for work execution. (Manager,
Process Improvement CoP)

In contrast, Company B is not rigidly organized into
business units, but has grown aggressively through
acquiring smaller companies. The CoP provides a plat-
form to encourage knowledge sharing across business
units and disciplines, but affiliation is stronger with
legacy companies than it is with proscribed business
units. In contrast to the Process Improvement CoP,
the CAD CoP members specialize in certain disciplin-
ary areas such as pipelines or road design. Most of the
drawing blocks, CAD standards, and systems that they
use are discipline-specific. Therefore, when CAD
employees share knowledge, it is frequently discipline-
specific, so it appears that employees seek out connec-
tions that have similar educational backgrounds. They
see people in different fields as having less relevant
knowledge to what they do. One employee, when
explaining why they did not have a strong knowledge-
sharing connection with another said this:

I think we do completely different lines of work. He’s
a structural modeler, I do electrical drafting. So we
might talk about Revit, but we wouldn’t talk about
the finer details of what we do. (CAD Drafter,
CAD CoP)

Many of the connections which span these disciplinary
boundaries exist to coordinate between multiple disci-
plines for a project-based need, not to transfer best prac-
tices or solve problems. This is consistent with prior
studies, which found that project-based needs were a
common driver of boundary-spanning connections
(Javernick-Will, 2011; Hartmann and Doree, 2015).
Aside from project coordination, cross-disciplinary
interactions are typically very general and limited to
issues with the software that are general to all types of
drawings.

On a theoretical level, the differential constraint
exhibited by knowledge-based structures across com-
munities shows that commonality between people
does not universally drive connection. Cognitive
studies that consider homophily consistently document
that demographic and socio-economic similarity tends
to breed connection between people (McPherson
et al., 2001). Taken in the context of the Process
Improvement CoP, however, homophily (as demon-
strated by within-group connection) does not occur
according disciplinary groups. Similarly, in the CAD
CoP, we do not observe behaviour consistent with
homophily according business units. So then, even
though business units and functional disciplines help
to define similarity between people, it is not reasonable
to conclude that individual association with these
knowledge bases is strong enough to create a cognitive
‘love of the same’ which will cause organizational silos.
To summarize, the inconsistent effects of organiz-

ational divisions across communities means that silos
might occur along business unit or disciplinary bound-
aries, but it is not safe to assume that these divisions
inherently bound knowledge flows.

Implications for management

For several decades, CoPs have been marketed as a
‘silver bullet’ solution to create knowledge sharing
across organizational divisions and disciplinary bound-
aries. Many managers have bought in, and believe that
logically grouping people into CoPs will naturally lead
to cross-boundary knowledge sharing. This study has
shown that using CoPs within an organization does
not intrinsically overcome the organizational bound-
aries that cause silos. Although we have shown that
silos still form within multinational CoPs, it should be
noted that CoPs continue to be a valuable tool to
create cross-boundary knowledge sharing. Other litera-
ture clearly documents success stories of CoPs rapidly
solving complex technical problems, providing innova-
tive new ideas to an industry, and connecting experts
who do not typically work together on projects
(Wenger et al., 2002).
The results of this study indicate that strong CoPs do

not simply appear because the existing structures of
the organization influence opportunities to interact
across boundaries. Therefore, to create effective cross--
boundary knowledge sharing, managers need to devote
additional effort within CoP to create strong networks,
foster an environment of trust and collaboration, and
to reap the true benefits of CoPs. From our findings,
we recommend that managers begin by evaluating the
boundaries of the CoP, to determine the degree of frag-
mentation, and if the boundaries within the CoP are
practice- or opportunity-oriented. In many cases, a
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topical commonality (i.e. the use of CAD) is not enough
to indicate potential for useful knowledge sharing.
Instead, we must consider that disciplinary differences
may mean that there is very little useful knowledge to
share. When these practice boundaries occur within
existing CoPs, then managers should consider dividing
the CoP into multiple, smaller groups. This division will
allow experts to more easily find each other when they
have a technical problem, and make it easier to set a
cohesive direction for the community. If, however, the
silos are related to opportunity and not practice, then
managers can use work exchanges, conferences,
project assignment, conference calls, and any number
of other mechanisms to create new opportunities for
connection across organizational boundaries.

Limitations and future research

As with any study, there are a number of limitations that
must be addressed. First, the generalizability of this
study is limited due to the small number of commu-
nities included in our sample. For this reason, these
findings only apply to CoPs that span more than 3
different disciplines and 3 different business units, and
have a membership larger than 150, enough to exceed
the capacity of a single individual to have social relation-
ships with all other group members (Dunbar, 1993;
Gladwell, 2000). In spite of this, our data set is unu-
sually large relative to other social network data on
knowledge sharing, so each community represents a
large number of knowledge-sharing connections. Fur-
thermore, we are not making a universal claim about
the effects of a given organizational division. Instead,
we have discussed the ability of formal organizational
divisions to constrain informal knowledge-sharing pat-
terns. The generality of these conclusions makes them
conceptually robust despite the small number of cases
in this study. Even so, it would be beneficial for
the knowledge management literature to generate
additional social network data sets that can be compared
to formal organizational divisions. This study provided
a preliminary look into why silos emerged in informal
networks, though this is a topic that requires more rigor-
ous qualitative research methods. This study found that
mechanisms of organizational control that group
employees into business units and disciplinary groups
can impact informal knowledge-sharing networks.
Future research could go far beyond interaction pat-
terns, and begin to explore why these patterns have
occurred. While business units and functional disci-
plines are formal, epistemological boundaries that are
capable of creating fragmentation across potentially rel-
evant domains of knowledge, there are many other
organizational forces that can influence patterns of con-
nection. For instance, there are strong numbers of ties

between the Civil Engineering and Drafting groups in
Figure 4. Why is there so much knowledge sharing
between these groups? Is there a practice boundary
around these two disciplines? Explaining this complex-
ity is not possible with quantitative SNA methods. Fur-
thermore, although important, this study did not
examine the influence of location of connection oppor-
tunity, or the dual influence of business units that may
be geographically located. Future research would do
well to continue this line of inquiry, exploring how
and why informal networks are structurally impacted
by the dual influence of physical location and manage-
ment strategies.

Conclusion

Silos that limit knowledge flows in construction organ-
izations can have widespread impacts on a company’s
efficiency in using its knowledge resources. Business
units that become siloed will fail to learn from other
business units, compartmentalizing innovation and
best practice within a small fraction of the organization.
Isolated disciplinary groups lack the coordination
required to offer integrated solutions, leading to
repeated mistakes and wasted resources. Although
CoPs have been explicitly introduced to facilitate
global knowledge sharing and prevent these pitfalls,
this study found that knowledge-based silos continue
to form within CoPs. Furthermore, these silos corre-
sponded with the boundaries defined by business units
and functional groups within the organization.
Assessing the relationship between formal organiz-

ational structures and informal knowledge-sharing net-
works is an important step for theory and practice, yet it
remains unaddressed in knowledge management litera-
ture. This study empirically examines business units
and functional disciplines to determine whether
formal organizational structures cause silos in multi-
lateral CoPs. To accomplish this task, we conducted a
literature review to examine how these divisions affect
knowledge sharing, and then examined patterns of
knowledge-sharing connections within and between
groups in two multi-lateral CoPs. We created a method-
ology based on statistical resampling and visualization
that allowed us to analyse the underlying patterns of
knowledge-sharing connections, and used these data
to classify group-level ties relative to a simulated
network. As a result of this analysis, we observed that
formal structures limit knowledge sharing along a conti-
nuum of constraint, which requires group-level analysis
to determine where silos actually affect knowledge
flows. Second, commonalities according to business
units and functional disciplines are not an accurate pre-
dictor of knowledge-sharing ties between employees,
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and that the effects of these divisions vary according to
the larger context of the organization.
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