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Analyzing Social Capital to Improve Product
Development Team Performance: Action-Research

Investigations in the Aerospace Industry With
TRW and GKN
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Abstract—Social capital is gaining preeminence as a concept to
interpret the behavior of organizational entities, especially in new
product development (NPD). Significant research is accumulating
that links the performance of NPD teams with the patterns of so-
cial capital that they exhibit. The research suggests that analyzing
teams’ social capital could provide insights to improve substan-
tively the performance of NPD teams. However, the pragmatic use
of social capital presents a number of difficulties. Investigating and
resolving these issues is vital if the concept of social capital can be
used to achieve performance improvement. This paper reports on
an investigation in the aerospace industry, the aim of which was
to establish the feasibility of mapping and analyzing a team’s so-
cial capital in order to provide insights and to highlight productive
interventions. The investigation used an action-research method-
ology involving the codevelopment and coimplementation of so-
lutions with two multinational companies, GKN Aerospace and
TRW Aerospace Group, and a management consultancy organiza-
tion, the Rossmore Group. This paper reports on the encapsulation
of social capital research in a management tool and its application
within GKN and TRW. The results of the investigation indicate
that analyzing the social capital of NPD teams provides a useful
approach to improving their performance.

Index Terms—New product development (NPD) teams, perfor-
mance improvement, social capital, social networks.

I. INTRODUCTION

HE PREEMINENCE of the cross-functional team as the

most effective organizational grouping for new product
development (NPD), especially of complex products, is now
widely accepted by the academic and practitioner communities
alike. (For example, McDonough [1] highlights that companies
now rely upon cross-functional teams for over 70% of their
development effort.) The widespread implementation of cross-
functional teams for product development is testament to the
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interplay of ideas between the academic and practitioner com-
munities. In looking to enhance the performance of NPD teams
further, a continued dialogue is vital.

One of the research disciplines that may yield new insights
into NPD team behavior focuses around the concepts of social
capital and social networks. NPD has long been regarded as not
only a technical but also a social process, especially in complex
product development. To illustrate, Eppinger and Salminen [2]
have stated that:

The development of complex products and large sys-
tems is a highly interactive social process involving
hundreds of people designing thousands of interrelated
components and making millions of coupled decisions.

The importance of promoting social ties and relationships
has already been reflected implicitly in the choice of the cross-
functional team as the preeminent form of organization for NPD.
In addition, the concepts of social capital (including conceptions
of “connectedness,” networks, and relationship ties) are now
being explicitly applied to NPD. A number of studies have
established relationships between NPD performance and the
social capital exhibited by the individuals and teams undertaking
NPD [3]-[5]. What is now required is for the understanding
derived from these studies to be embodied in a way that can be
used by practitioners to improve holistically the performance of
an NPD team, especially in terms of the team’s relationships with
key stakeholders during the NPD process. This paper reports
on a coinvestigation between researchers and practitioners in
two aerospace companies, GKN Aerospace Services and TRW
Aerospace Group (ASG).!

The paper begins by delineating the aims of the investigation
and the methodologies employed. It presents the research con-
text in the field of social networks, social capital, and NPD. It
then reviews the context for the investigation in terms of NPD
in the aerospace industry generally and in the specific cases of
GKN Aerospace and TRW ASG. This paper describes the pro-
cess of mapping and analyzing social networks and the ensuing
process of using that analysis to change NPD team behavior
within the subject organizations. This paper concludes by ex-
amining how far the results of the investigation support its orig-
inal aim and what implications the investigation has for other

ISince this research was undertaken, TRW ASG has ceased to exist as an
organizational entity. Its component businesses have been sold to Goodrich.
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practitioners with social network and social capital concepts to
change the behavior of their NPD teams.

II. SOCIAL NETWORKS, SOCIAL CAPITAL, AND NPD:
THE RESEARCH CONTEXT

The concepts of social networks and social capital are well es-
tablished. Social networks have been used as constructs in social
sciences since the 1950s (e.g., [6] and [7]). The features of the so-
cial network perspective have been summarized by Wasserman
and Faust [8]. The social network perspective implies viewing
systems in terms of relations between individual actors, where
actors and actions are seen as interdependent rather than inde-
pendent. The relational ties between actors allow the transfer of
resources: physical- or information-based. Network structures
are developed from combinations of these “dyadic” relation-
ships between two actors. Network models explain structures in
terms of lasting patterns of relations between actors. The mathe-
matical analysis of networks, either in the form of sociomatrices
or topologically, has formed the basis of a research perspective
known as social network analysis (SNA) that has been docu-
mented exhaustively by Wasserman and Faust [8]. Seminal work
in applying concepts of social networks to management issues
was undertaken by Krackhardt and Hanson, with a summation
of that experience presented in the Harvard Business Review
[9].

Social capital has a 40-year-old provenance as a socioeco-
nomic concept. In 1968, Cole [10] defined social capital as:

socially useful structures and institutions from rail-
ways to hospitals, possibly publishing houses and drug
stores.

In the mid to late 1990s, researchers began to perceive social
capital as a distinct resource for companies in the same way that
“human capital” and financial capital can be considered [11].
Adler and Kwon [12] in their comprehensive review describe it
as an “umbrella concept” in the “emerging excitement” phase of
the life-cycle typical of a concept. Inkpen and Tsang [13] build
upon this work to express social capital as:

The aggregate of resources embedded in, available
through and derived from the network of relationships
possessed by an individual or organization.

From this definition, the link between social capital and social
networks is apparent. Increasingly, researchers have conceptual-
ized social capital in terms of social network concepts [14]-[16].
Inkpen and Tsang [13] provide a very useful summation of cur-
rent work in the area. Understanding the social capital possessed
by a network will require de facto analysis and understanding
of its social network.

Investigations into NPD are of a similar longevity to those in
social capital and social networks. In the mid-1960s, Lawrence
and Lorsch [17] proposed the now widely accepted theory of
integration between functions to support successful innovation
and NPD. Work continued on investigating NPD through the
1970s and 1980s [18]—[22]. Increasingly, competition in a global
marketplace necessitated the strengthening of NPD capabili-
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TABLE I
SUMMARY OF RESEARCH ON THE RELATIONSHIPS BETWEEN SOCIAL CAPITAL,
SOCIAL NETWORKS, AND NPD PERFORMANCE

Researcher Key Propositions or Findings

Lee et al|Demonstrated a link between R&D team's social capital and their
[48] innovative capabilities

McFayden et | Analyzed the relationship between individual social capital and
al [49] knowledge creation to identify that the strength of relationships
had a higher marginal effect on knowledge creation than the
number of relationships

Teams should not be designed and managed by demographic

Reagans et

al [50] criteria but by their members' social networks.

Fischer et al | Identified the effects of management teams' social network on

[51] initial -public-offering success

Oh et al|examines the role of informal socializing ties in the concept of

[52] ‘group social capital' and group effectiveness

Yang et al|sociogram analysis of best and worst performing teams. Cohesion

[53] was important but mattered less on advice networks

Hoegl et al |Used a sample of 430 team leaders in software development

[54] projects to show that team perceptions alter individual's networks
and performance

Ahuja et al | Used virtual R&D groups to show that network centrality was a

[55] determinant of individual performance
Bresnen et | The importance of social processes, patterns and practices in

al [56] project knowledge management

Huang et al | Social capital plays a key role in shaping the level of coordination
[4] for knowledge integration in cross-functional projects

Cummings Heterogeneity of team networks important in promoting
[57] knowledge sharing

Athanassiou | Identified the importance of a Top Management Team's social

et al [58] networks in determining the internationalization of a company
Mehra et al | Used a sample of 116 member hi-tech firms to demonstrate that
[59] self-monitoring personalities and centrality in social networks were
related to both individual and group performance

Mead [60] Used social network analysis to model and analyze a project team
structure

Reagans et | Examined the heterogeneity of R&D networks and related this to

al [61] team productivity

Sparrowe et | Used a sample of 190 employees in 38 workgroups to show that

al [62] social networks were related to individual and group performance

Hansen [63] | Weak network ties help with locating sources of information in
NPD projects but strong ties are more important for transferring
complex knowledge

Open organizational networks are more effective than closed for
radical innovation

Tidd [64]

ties [23], [24]. NPD performance has been researched exten-
sively and a wide range of concepts for improvement proposed
[25]-[30]. A thorough review of empirical investigations into
NPD especially in terms of process and organization is provided
by Ernst [31].

The number of phases in NPD has been shown to vary from
6 to 13 (e.g., [32]-[38]). Extant research has concentrated var-
iously on different stages of the product development process
(c.f. [26], [32], [39], [40]) with the result that design team com-
position, extent of customer interaction, and communication
between team members, for example, have been identified to
have significant influence upon performance [21], [41], [42].

The NPD process is acknowledged to be of varying levels of
complexity, frequently requiring the ability to obtain, interpret,
and transform large amounts of information [43], increasingly
from external to an individual’s source of knowledge [44]. The
frequency of interactions has been seen to increase where there
are high levels of uncertainty [45]. Eppinger and Salminen [2]
utilized a matrix-based methodology for assessing the patterns
of interactions within, and for comparatively mapping interac-
tions across the product development process. In complex NPD
situations, however, direct comparison has proved difficult: “a
perfect one-to-one mapping rarely exists in real and dynamic
engineering design environments” [2].
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NPD in the current climate of globalization, technological
change, and strategic alliances is increasingly complex. Re-
search into strategies that could be used to improve NPD perfor-
mance by improving interactional relationships between teams,
departments, organizations, and strategic alliances will be of
major benefit. The potential for concepts of social capital and
social networks to impact upon product development in this
way, in particular global product development, has been recog-
nized since the mid 1990s [46], [47]. The studies summarized
in Table I have all supported the proposition that the social cap-
ital embedded in a network and the structure of a network could
affect product development performance. These studies have ei-
ther focused on NPD teams directly or have considered related
issues of group performance or knowledge sharing required for
effective NPD team performance.

It should be noted that the links between social capital, so-
cial networks, and NPD are not always identified as beneficial.
Florida [65] highlights the potentially stifling effect of social
capital in some situations. Hansen [63] shows that “weak ties”
are better than “strong ties” between actors in gathering in-
formation and can lead to project tasks being performed more
quickly.

The studies that have established a potential link between
social capital and NPD team performance have largely been
retrospective. Limited work has been performed in trans-
lating these results into methods of analyzing NPD teams,
or any form of work group for that matter, that are in-
formative and actionable for practitioners. These seem con-
fined to Cross et al. [66] who used self-awareness of social
networks to:

1) promote effective collaborations within strategically im-

portant groups;

2) support critical junctures that cross boundaries;

3) ensure integration following restructuring.

The current investigation could, therefore, contribute to the
research body by establishing the feasibility of providing prac-
titioners with a way to use existing research to improve the
performance of NPD teams.

III. INVESTIGATION AIMS AND METHODOLOGIES

The investigation was undertaken using an action-research
methodology, which has its origins in the 1940s [67] and has
been used for a wide variety of management research investiga-
tions (e.g., [68]-[72]). Action research is a “quasi-experimental”
approach, whereby researchers make interventions in a client’s
“real-life” situation and use the results of the interventions to
further their understanding. At the same time, the interventions
made by the researchers also result in performance improve-
ments that benefit the client. Its distinguishing features as a
strategy for management research lie in the following.

Its duality of objectives for client and researcher—The
action-research investigation always has two sets of objectives:
those of the researcher (usually associated with testing and
improving theoretical understanding) and those of the client
(usually associated with improving performance in some way).
Rapoport’s [73] delineation of the aim of action research high-

Entry and Contracting
The development of mutually agreed goals, aims and objectives between
the clients and researchers and the establishment of boundaries,
provisos and controls in order to achieve successful client — researcher
relationships

¥

Diagnosis
A joint diagnosis of the extant situation by the researcher and the client
to enable knowledge sharing and buy-in to arrive at an agreed sequence
of actions.

¥

Action
Implementation of the action sequence by the client with the assistance
of the researcher

¥

Evaluation & Withdrawal
The joint review of the results of the action sequence by the client and
researcher to establish if the mutual aims of the investigation from the
viewpoint of the client and researcher have been met. The withdrawal
of the researcher from the situation.

Fig. 1. Stages of the action-research process.

lights the tight coupling of the needs of the researcher and the
client:

Action research aims to contribute both to the practical
concerns of people in an immediate problematic situa-
tion and to the goals of social science by joint collabo-
ration within a mutually acceptable ethical framework.

Its purposeful intervention in an extant situation—Gill and
Johnson [74] emphasize that action research demands the direct
intervention of the researcher in the situation. A direct inter-
vention requires the encapsulation of research findings in some
form of practitioner-focused tool. Action research is, therefore,
uniquely placed in its potential for developing theory that will
be of use to practice [75].

The stages involved in the action-research process are out-
lined in Fig. 1.

Design parameters for an action-research investigation have
been summarized usefully by Huxham and Vangen [75], as
follows.

1) Overtness: The degree to which the research aims of the

investigation are revealed to the client.

2) Visibility: The degree to which the research process is

visible to the client.

3) Riskiness: The degree to which the research aims jeopar-

dize those of the clients.

The aim of the researchers involved in the investigation re-
ported in this paper was to establish the feasibility of mapping
and analyzing the social capital of an NPD team in order to
provide meaningful insights and to highlight productive inter-
ventions for that team. “Establishing feasibility” was comprised
of two components.
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1) Establishing that it is actually feasible to holistically map
social capital (as exemplified by social networks) for an
NPD team—as Cross et al. [66] point out, “organizations
are very different in their tolerance for disclosure of vari-
ous types of social relations.”

2) Establishing that a social network analysis can then
prompt the provision of meaningful insights and highlight
potential interventions that practitioners can use—rather
than providing information that practitioners may find in-
teresting in abstract but cannot actually implement.

The aims of the practitioners involved in the investigation were
as follows.

1) For GKN Aerospace: To change the nature of the re-
lationships between NPD teams and original equipment
manufacturer (OEM) customers in order to support more
strategic interactions.

2) For TRW ASG: To develop the inter- and intrateam re-
lationships of a newly formed NPD team nested within
larger program-based teams in the organization.

Action research demands the codevelopment and coim-
plementation of solutions. The researchers and practitioners
formed a combined team to undertake the investigation. Known
as the POINTER team, this team comprised the researchers
from Loughborough University, representatives from the two
aerospace companies involved in the NPD investigation (the
Director of European Programs from GKN Aerospace and the
Head of Program Sourcing from TRW ASG), and a represen-
tative from a management consulting company that special-
izes in formulating rapid and executable client solutions (the
Operations Director—the Rossmore Group). The POINTER
team identified jointly the target NPD teams in the practitioner
companies, devised the tailored approaches to social network
analysis used in the investigation, and project-managed the in-
vestigations within the practitioner companies. Blending prac-
titioner and research expertise was very important in insuring
that the aims of the action-research investigation were met. In
Huxham and Vangen’s terms [75], the investigation could be
classified as “overt” and “visible.” More specifically, the clients
knew about the research aims of the investigation and the pro-
cess of the investigation was clearly apparent. The investiga-
tion also carried a certain degree of risk for the participants in
that, far from improving team performance, mapping social net-
works had the potential to exacerbate the effects of problematic
relationships.

IV. THE PRACTITIONER CONTEXT

A. NPD in the Aerospace Industry

NPD in the aerospace industry is viewed as a fundamental
business process for company survival and growth: levels of
R&D in aerospace are consistently higher than those experi-
enced in other industrial sectors [76], [77]. The criticality of
the product development process is matched by its complexity
both in terms of the piece-part count of new products and the
leading-edge technology employed in them. Product develop-
ment, therefore, tends to be a lengthy and risky process. The
need to spread this risk has meant that product development
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in the aerospace sector is collaborative and geographically dis-
persed [78]. For example, Airbus’ new passenger plane, the
A380, involves over 18,000 companies in more than 30 coun-
tries. The industry is also highly price-sensitive in both its civil
and, increasingly, its military sectors with national allegiances
superseded for lowest-cost options. This means that product
development is subject increasingly to pressures to insure low
cost of supply.

These macrolevel characteristics of aerospace NPD impact
upon the characteristics of the NPD teams employed. Teams
will need to be able to assimilate and incorporate a wide va-
riety of information that resides with people outside of their
work-unit. Information providers will not only be proximate to
their own physical location but will exist across geographical
and organizational boundaries. The team itself may be globally
dispersed and need to surmount communication barriers. It will
also need to exist in the complex hierarchy of teams that com-
prise the total product development activity for a new aerospace
product. In this situation, developing relationships that enable a
good flow of information is crucial to an aerospace NPD team’s
success. The role of social networks in developing these rela-
tionships may be invaluable.

B. NPD in GKN Aerospace

GKN Aerospace is the aerospace operation of GKN plc. Itis a
global independent first-tier supplier of structures, components,
assemblies, and engineering services to aircraft and aero engine
manufacturers. It possesses expertise in all specialist aerospace
manufacturing and design processes in addition to supply chain
and logistics capability. With this expertise, it offers total so-
lutions to its customers making GKN Aerospace a preferred
partner to the major airframe and power plant OEMs. It has 15
centers of manufacturing excellence in Europe, the Americas,
and Australasia, with a total workforce that numbers over 5600
people.

GKN aerospace’s strategic decision to move “upstream” to
offer a complete solution capability to its customers has resulted
in the continuing development of its engineering services arm.
The integrated engineering capability of GKN Aerospace em-
ploys almost 1000 aerospace engineers throughout Europe, the
Americas, and Australasia. Critical to the development of this
capability is to provide NPD teams with the skills necessary
to enable productive and effective cooperation and coordina-
tion with the project’s OEMs and other engineering solution
suppliers. GKN Aerospace perceived that their NPD teams
needed to develop superior communication and relationship
skills.

The action-research investigation focused on product devel-
opment teams within GKN aerospace that were providing prod-
uct development engineering services to several large airframe
OEMs. These services focused mainly on the NPD within the
OEMs’ existing product ranges. GKN Aerospace wished to con-
vert these business-to-business interactions from a tactical basis
to one where the strategic responsibility for complete prod-
uct solutions would lie with GKN Aerospace. Fig. 2 gives a
schematic structure of these NPD activities.
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Chief Operating Officer

[ I I 1

Operations Director Technical Director Financial Officer Sgales & Marketing
Director

Head of
Technology

Head of
Engineering

Project NPD Project Teams

— Managers§

Programme
Managers

Other Parts of GKN Customer OEMS
Aerosnace

Fig. 2. Schematic organizational structure for GKN Aerospace Engineering
Services.
[ I
Programme Directors Enginering Director
|
| [ T ]
N Programme Internal Commodity
Design Sougrcing Manufacturing Sourcing
Group Group Group
New Product Development Teams

Fig. 3. Schematic organizational structure for TRW-ASG NPD activity.

The NPD teams were collocated within GKN Aerospace and
comprised GKN staff. The team contained design engineers and
program management personnel, but operated in a highly in-
terdependent manner with the OEMs’ engineering and project
management functions. Improving NPD team and OEM rela-
tionships was viewed as crucial within GKN Aerospace. Part of
the conversion of a tactical to a strategic relationship with the
OEMs depended on improving these relationships. The action-
research investigation was undertaken at the initiation of the
Director of European Programs for GKN Aerospace. He antic-
ipated that using a social network perspective to analyze the
relationships between the NPD teams of GKN Aerospace and
its OEMs would be useful in improving those relationships.

C. NPD in TRW ASG

TRW ASG was a first-tier OEM that was part of TRW,
a multinational automotive company that had diversified into
the aerospace business. TRW ASG was global in operation in
terms of customer base and supply chain activity though most
of the design activity still took place in the United Kingdom.
TRW ASG had a turnover in 2003 of £1.2 billion. TRW ASG
had recently undergone a significant strategic sourcing activ-
ity that had resulted in 30% of its components being resourced
and making £25 million year-on-year savings. TRW ASG had
also introduced a lightweight project structure to manage new
product introduction (NPI) and had implemented its own NPI
process that emphasized good project management practices
and the concurrent development of design and manufacture.
Fig. 3 gives a schematic structure of NPD activities in TRW
ASG.

The investigation into social network analysis was undertaken
at the initiation of the Head of Program Sourcing for TRW
ASG. Part of the TRW ASG’s procurement organization, the
Head of Program Sourcing was responsible for a team of people
known as the Program Sourcing Group (PSG). The PSG’s role
was to input knowledge of the supplier network to the product
introduction process so that, at the end of the design stage, the
supplier for the component would already have been identified
and much of the necessary manufacturing documentation would
have also been specified. The aim of the current investigation
was to assist, not only in the reduction of product introduction
lead times, but also product cost reduction by insuring least-
cost manufacturing processes at a preselected supplier source.
The function of the PSG was to act as an intermediary between
the project-based NPI teams, the engineering function, and the
operational procurement activity carried on elsewhere within
the organization. In essence, it acted as an NPD team nested
within larger program-based NPD teams.

The PSG was a new organizational grouping. It had been
introduced in response to both the strategic sourcing and NPI
initiatives that TRW ASG had recently implemented. This meant
that members of the team were new to their role and, in a
significant number of cases, new to the entire organization.
The Head of Program Sourcing identified that, as an NPD team,
the PSG needed to:

1) interact more effectively with key stakeholders;

2) interact more effectively as a team to learn from and to

support each other.

The Head of Program Sourcing was actively searching for a
technique that would assist him in achieving these objectives
and anticipated that a social network perspective may provide a
solution.

V. TAILORING AN APPROACH TO MAPPING AND ANALYZING
SocCIAL NETWORKS IN NPD TEAMS

A. The Need for a Tailored Approach to Analyzing Social
Networks

The investigation needed to devise a tailored approach to
mapping and analyzing NPD teams’ social capital through the
mapping and analysis of their social networks. Social network
analysis is an extensive body of work and incorporates a wide
range of many different (and, sometimes, complex) mathemati-
cal approaches. Not all of the network characteristics that can be
identified by these analyses have been associated with aspects
of NPD team behavior. Arguably, the existing research on so-
cial networks and NPD teams outlined in Table I has identified
three key attributes of a network that will influence NPD team
performance. These are:

1) centrality (a measure of the “connectedness” of individu-

als in the network);

2) membership (who is and who is not a member of the

network);

3) relationship strength (a quantitative measure of the nature

of the relationships in the network).

Given the current state of researched knowledge, the tai-
lored approach used in this investigation confined itself to
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these network characteristics. (This is not to say that a fu-
ture research project may find links between other social net-
work characteristics and team behavior consistent with all
other instances that would need to be incorporated at a later
date).

In addition, the mapping and analysis techniques used in
the investigation had to be readily comprehensible. NPD teams
would need to understand quickly the approaches used and “buy-
into” their results in order to generate meaningful insights and
interventions. This limited the complexity and subtlety of anal-
ysis approaches. Mapping and analyzing techniques needed to
be encapsulated in a format that was informative and actionable
for practitioners.

The tailored approach to network mapping and analysis,
therefore, needed to satisfy two criteria:

1) to cover the aspect of networks that have been associated
with NPD team behavior (i.e., centrality, membership, and
relationship strength);

2) to be as simple and user-friendly as possible while remain-
ing commensurate with 1), as shown earlier.

Tailoring an approach to mapping and analyzing also assisted
in standardizing an approach. Each application of the mapping
and analysis approach to an NPD team would need to triangulate
with other applications. The process of triangulation would be
assisted by applying the same approach to social network map-
ping and analysis in each case. A tailored approach to analysis
would also provide an opportunity to standardize that would
contribute to this objective.

B. A Tailored Approach to Mapping and Analyzing Social
Networks

1) Operationalization and Collection of Data: “Strength” of
network relationships was operationalized in terms of the suc-
cess of that interaction in transferring the required information
and resources. This is a different operationalization of strength
than that adopted by other researchers in this field (e.g., [63]
and [79]) who have tended to operationalize strength in terms
of frequency of interaction and “closeness.” This investigation’s
particular operationalization of relationship “strength” will not
affect its internal logic, but may limit the ways in which it can
contribute to the debate on the role of weak and strong ties in
information and knowledge sharing.

Arguably, the measurement of interaction success embedded
in the relationships made by participant team members could
have been achieved using multi-item rather than single-item
constructs (i.e., rather than asking a team member how success-
ful interactions are with another individual, a series of related
questions could have been asked and from this a single measure
of trust formed from a conglomeration of responses). This is the
logic of “domain sampling” [80] and the implications of this are
that measures with more items are more reliable [81]. However,
in pilot investigations, single-item and multi-item responses to
rating correlated significantly, which gave the researchers con-
fidence to only use single-item responses in the final approach
to social network and analysis.
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Team members were also asked to self-rate the interaction
success of their relationships. Although self-ratings would not
normally be utilized without some “objective” confirmatory rat-
ing, in this case it was necessary to rely on self-rating alone.
Interaction success is a subjective concept necessarily rooted in
the self-perception of the team member.

Collection of the data for network mapping was elicited via a
pro forma document. The pro forma asked the participant NPD
team member to name the individuals with whom he or she
needed to interact for the NPD project. The pro forma, then,
asked the individual:

1) to categorize these relationships by role (e.g., fellow team
member, technical specialists, customer, program staff,
etc.);

2) to rate these relationships on a scale of 1-4 (where 1 is
low) in terms of how successful interactions were with
that individual.

The pro forma documents were issued to the NPD teams by
researchers at workshop events. NPD teams either completed
them at this event or they were asked to return them by a given
date to the research team.

2) Mapping the Network: All of the responses of the indi-
vidual NPD team members were collated and used to create a
social network map. The need to demonstrate the strength of
relationships in the network meant that the chosen network rep-
resentation needed to be, in social network terms, directional
and relational. This type of information would usually be main-
tained in a sociomatrix (a matrix representation of a network),
but, in order to remain easily usable, a graphical notation was
selected. Fig. 4 demonstrates the network notation used. Net-
work nodes represent individuals in the network and the lines
show relationships between those individuals. The direction of
the arrows indicates who has identified and rated the relationship
(the arrow points in the direction of the individual identified),
and the number on the line indicates the success of NPD-related
interactions in that relationship. The shape of the nodes indi-
cates the stakeholder group to which the individual belongs. For
the purpose of clarity and to ease understanding, single relation-
ships have been excluded. Only mutual relationships are shown
throughout, i.e., individuals in the network who received two or
more citations.

3) Social Network Analysis: Table Il shows how the network
characteristics identified as important to NPD team behavior
were translated into units of analysis and how these, in turn,
could be used to generate theoretical insights and interventions.

VI. MAPPING AND ANALYZING SOCIAL NETWORKS OF NPD
TEAMS: THE ACTION-RESEARCH INVESTIGATIONS

A. Mapping and Analyzing in GKN Aerospace

1) The Investigation Process in GKN Aerospace: The data
collection process was undertaken with the teams using a work-
shop format. Data was collected from each NPD team at sep-
arate team-focused workshops. The first part of the work-
shop was given over to trust-building and onboarding activities
that aimed to make the NPD team participant comfortable in
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TAILORED APPROACH TO SOCIAL NETWORK ANALYSIS

Unit of
Analysis for
Characteristic

Network

sharacteristic

Method of Calculation

Resulting
Theoretical Insights
or interventions

Number of
'Hubs'

Centrality

A 'hub' is an individual that
demonstrates ‘nodal degree
centrality' greater than 3 (i.e.
an individual who has more
than 3 identified relationships
with other individuals)

If individuals who

are hubs are
situated outside the
team, consider

changing the formal
organization position
to make more
accessible to team
members (even to
the extent of moving
them into the team)

Density of
Intra-Team
Relationships

Density of
Inter Team
relationships

The density of the network
represents an aggregate of the
networks centrality. (The
denser the network the higher
the average level of 'nodal
degree centrality.’) Data on
reciprocal intra-team
relationships can be collected
(because all members of the
team are polled) therefore
density can be measured in
terms of: n/n.(n, -1) (where
n:is the number of relationships
between team members ; n, is
the number of individuals
(nodes) in the team.(c.f.
Wasserman & Faust’s density
measure[18].)

Relationships outside the team
cannot be reciprocal (because
only team members are asked
to identify relationships)
therefore inter-team density
needs to be measured in terms
oft ny/ n, (where n, is the
number of individuals (nodes)
in the network not in the team
; Ny is the number of individuals
(nodes) in the team)

If the network is
sparse in terms of
inter-team or
relationships with
other stakeholder
categories, consider
network building
approaches

If network is dense,
then check that
insularity and 'group
think' is not a
problem.

sharing potentially sensitive network data. Network data was,
then, obtained from the participants using the questionnaires
that had been previously adapted to incorporate types of stake-
holder contacts specifically tailored to GKN Aerospace. Net-
work data was received from all workshop participants and,
then, used by the researcher to create a social network. The re-
sultant map was, then, presented to the NPD team participants.
The researcher facilitated an analysis of the network and a dis-
cussion of this analysis to identify insights and interventions
that could be derived from this analysis, which were recorded
on flip-charts during the discussions. These records were, then,
presented and “bought-into” by the teams’ manager and the Di-
rector of Programs in the presence of the NPD teams and the

researcher.

Relationship
Strength

TABLE II (Continued)
TAILORED APPROACH TO SOCIAL NETWORK ANALYSIS
Aggregate n=k If levels of
levels of | (£ successy)/ k aggregate  success
interaction n=t for inter-team
success interactions are low,
between (where successy is the | consider ways to
team interaction success value for | increase trust
members each team member’s | between team
relationship with other | members (e.g.
members of the team ; k is the | barriers-to-
number of relationships | communication
between team members) exercises)
Aggregate n=k If levels of
levels of | (£ successy)/ k aggregate
interaction n=1 productivity are low
success between the team
between the | (where successy is the | and other
team and | interaction success value for | stakeholder
other each team relationship with | categories, consider
stakeholder | other non-team members ; k is | specific actions
categories the number of relationships | focused on building
between team members and | trust between these
non-team members) groups
Disparate A disparate rating is one where | Consider sharing
rating of | the highest and lowest | tactical information
relationships | interaction success rating for a | about the

with the | relationship with a specific | relationship between
same individual varies by 2 or more. the team members
individual by in question
team
members Consider directing all
interactions through
the team member
with the more
productive
interaction
Aggregate n=n, Consider focused
Levels of | = success/ n, training and
Individual n=1 development
Interaction (where success is the self-rated | programs for the
Success interaction success value for | particular individuals
each relationship that an | orteams.
individual has ; N is the
number of relationships that
individual has)
Network Stakeholder Consider if important
Membership | Groupings stakeholder
Present in grouping are under-
Network represented in or
missing from the
network.

Consider if the right
level of role within
stakeholder

groupings are
present in the
network

2) The Results of the Investigation in GKN Aerospace: The
social network maps for each of the NPD teams under investi-
gation in GKN Aerospace are presented in Figs. 5-7.

The results of analyzing the networks are presented in
Table III.

The following summarizes the insights and interventions on
the basis of this analysis. The researchers found that a number
of insights and interventions identified by NPD teams were a
response to the investigation per se. (i.e., they would have been
the same regardless of the social network map and its analysis.)
The responses from NPD teams are, therefore, grouped into two
categories:

1) insights that arose from the process of using social network

mapping and analysis;

2) insights that arose directly from the results of the social

network map and its analysis.
“Process” based insights and interventions.
The NPD teams reported that:

1) The process highlighted to them the importance of net-

working in ensuring success in their NPD activities.
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TABLE III
SOCIAL NETWORK ANALYSES FOR NPD TEAMS IN GKN AEROSPACE
Network Characteristic for Analysis Team Team Team
(GKN Aerospace) A B C
Total number of relationships identified 80 102 68
Number of nodes internal to the team 5 5 4
Number of nodes external to the team 47 42 22
Number of Single citations (not shown in the network 26 17 17
map)
Number of hubs 2 12 1
Ratio of Inter-Team Nodes/ NPD Team Nodes (Density) 4.2 5 4.5
Density of Intra-Team Relationships (Wasserman and 0.8 1.0 0.8
Faust)
Aggregate level of interaction success between team 3.5 3.0 3.0
members
Aggregate level of interaction success between the 3.4 1.9 3.0
team and customer OEM
Number of Disparate rating of relationships with the 1 6 2
same individual by team members
Percentage of NPD team members whose aggregate 0 80% 25%
rating of interaction success in their relationship is <3.0

Fig. 6. Social network map for Team B.

Results-based insights and interventions.

2)

3)

4)

They became aware of the need to develop skills in im-
proving the ways that they developed and maintained re-
lationships.

The process made them think more carefully about who
they should be creating relationships with, especially in
terms of which NPD stakeholder groupings and the level
of contact within those groupings.

The process produced a graphical expression of their
relationships, which was very useful in assisting them
in understanding the viewpoints of other team mem-
bers. Team “C” specifically identified that they would
like to use the map to bring “on-board” new team
members.

1) Measures of centrality: No team used concepts of central-
ity (i.e., “hub” identification inter and intrateam density)
to generate insights into the team’s behavior or interven-
tions in that behavior. (Teams A and C exhibited similar
levels of centrality. Team B exhibited the greatest degree
of centralized behavior.)

2) Aggregate levels of relationship connectivity with stake-
holder groupings: All teams exhibited similar levels of
aggregate intrateam interaction success and did not use
this aspect in constructing insights and interventions. The
comparatively low level of aggregate interaction success
that Team B experienced with its OEM customer stake-
holder grouping was important. Team B thought that this
low level of aggregate interaction success was a very
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important factor in determining the level of success of
their project. Team B did find it difficult to articulate why
this situation had occurred as they perceived that they had
significantly more successful interactions with the same
stakeholder grouping on other projects.

3) Disparate individual ratings: Teams A and C used this
dimension of the analysis to generate insights and inter-
ventions. Team A identified that some disparities were
“latecomer” related, i.e., ttam members who had joined
after the start of the project had less successful relation-
ships than longer serving team members. Team A also
sought third-party “conduits” who were members of their
network outside the team to act as intermediaries with
people with whom individual team members were having
difficult relationships. Team C used disparities to iden-
tify which of the team members had better relationships
with an individual outside the team and used the team
member with the better relationships to act as a conduit
for all of the team’s interactions with this person. Team C
also identified ways of “by-passing” difficult relationships
while still gaining access to the required information and
resources.

4) Individual interaction success ratings: Individual aggre-
gate scores for interaction success were important to Team
B in identifying issues with the team leader.

5) Network gaps: Team C identified that the right level of
decision-making ability was not reflected in their current
OEM customer contacts and, therefore, identified with
whom they needed to develop relationships.

3) Evaluating the Investigation in GKN Aerospace: A mea-
sure of the efficacy of the insights and interventions generated
by the application of social network mapping and analysis in
GKN Aerospace was obtained by interviewing the Director of
Programs (European Engineering Programs) at GKN Aerospace
and by interviewing a sample of OEM customer representatives.
The Director of Programs expressed his response in terms of the
strategic capability of using social network analysis on the suite
of NPD teams in GKN Aerospace in terms of building new types
of relationships with customer OEMs:

(the investigation) it helped us implement our busi-
ness strategy ... If I look back, we didn’t have the
relationship with the customer to do that, so what
we’ve been able to do is to pick some of the small,
elemental projects that we have within the business,
use those as a platform to test out the tools that we’ve
developed with (the researchers), and from that, sig-
nificantly develop the relationship and build it into a
level of work where we’re doing more conceptual en-
gineering work for (the customer OEM), ... We’ve
now developed that further and, as I said, we are devel-
oping the process, the product and putting together
a factory to build a (significant component for the
OEM), and I think that the things we’ve done (with
the researchers) have been fundamental to us enact-
ing that strategy and that route forward. (Director of
Programs)

Representatives of customer OEMs were asked how they
thought relationships with the NPD teams in question had
improved over the past 6 months and how they would rate the
strength of those relationships (on a scale of 1-4) in terms of the
levels of interaction success and trust in those relationships. The
overall picture that these interviews presented was of growing
and high levels of satisfaction with their relationships with the
NPD teams who had applied social network analysis.

for [named team members], with trust it’s four because
I know they work hard to get the job done, and success
is four too—it’s the attention towards the task given to
them. (OEM customer representative #1)

trust levels are pretty high—3 to 4, 3.5 for key mem-
bers. And quite successful really, again 3.5—definitely
grown. (OEM customer representative #3)

I trust them to work to the best of their ability—say 3,
4 on everyone of them.

measuring success [in relation to the outcomes of the
relationship], against their targets, I’d rate them prob-
ably more than 3. (OEM customer representative #4)

Customer OEMs also indicate that the improved success may
be due to having a stronger and better-defined team:

the team is very well defined and we have continuity
with it. What I mean is that we deal with the same
people. . . relationships helps get things done. (OEM
customer representative #2)

B. Investigations in TRW ASG

1) The Investigation Process in TRW ASG: The process be-
gan with an “on-boarding” workshop with the researcher and
the NPD team. The aims of this workshop were fourfold.

1) To explain the investigation to the group in term of its

activities and possible outcomes.

2) To emphasize the “research” nature of the investigation

and that the investigation is not a piece of consultancy.

3) To explain the data-collection instruments to be used and

how these should be completed by the team.

4) To assure the team of the complete confidentiality to the

researcher of their individual responses.

At the workshop, a questionnaire to be completed by the
NPD team to create a social network for the members was
distributed to the Group. The Group completed these question-
naires “offline” from the workshop over the next four weeks
and returned the completed questionnaires to the researcher. A
100% response rate for questionnaires was received.

On completion of the questionnaires, a list of actors identified
by all of the questionnaires was compiled. The researcher took
this list and categorized these actors into stakeholder groups
and placed them on an organizational structure chart for the
company. The researcher used this data to create a social network
mapping for the NPD team. This network map was presented
to the NPD team as a whole at a workshop event specifically
held for this purpose. The researcher then facilitated an analysis
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Fig. 8.  Social network map for Team D.

of the network with the whole team, followed by a discussion
to identify interventions on the basis of the analysis that could
improve their performance and the performance of the team
as a whole. The researcher was responsible for recording these
insights and interventions. In addition, the team embarked on an
immediate intervention to improve the network between them
by undertaking an exercise to investigate the contributors and
barriers to successful relationships between team members.

C. Results of the Investigation in TRW ASG

Fig. 8 is the social network map produced from the data
supplied by the TRW ASG NPD team.

The results of analyzing the networks are presented in
Table IV.

The following summarizes the intervention and in-
sights generated by the NPD team and recorded by the
researcher.

1) Measures of centrality: Team D did not use the concept of
hubs or interteam density to generate any insights or in-
terventions. They did use the concept of intrateam density
that clearly demonstrated the undeveloped nature of the
relationships between them. This finding did not surprise
them, but it did motivate them to work on intrateam rela-
tionship building. This factor (and the disparity in success
in interteam interactions identified later) prompted them
to embark on immediate trust-building exercises within
the team.

2) Aggregate levels of interaction success between stake-
holders: Team D did not use this aspect of the analysis
to generate any insights, although they did note that the
level of success they realized in intrateam interactions ap-
peared slightly higher than that for interactions outside the
team.

3) Disparate individual ratings: As with Teams A and C,
Team D used this information to generate a number of
insights. Interteam disparities were identified as “new-
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TABLE IV
SOCIAL NETWORK ANALYSIS FOR THE NPD TEAM IN TRW ASG
Network Characteristic for Analysis Team
(TRW ASG) D
Total number of relationships identified 57
Number of nodes internal to the team 8
Number of nodes external to the team 7
Number of Single citations (not shown in the network map) 19
Number of hubs 6
Ratio of Inter-Team Nodes/ NPD Team Nodes (Density) 1.9
Density of Intra-Team Relationships (Wasserman and Faust) 0.4
Aggregate level of interaction success between team members 3.1
Aggregate levels of relationship success between the team and other 2.9
stakeholder group
Number of Disparate rating of relationships with the same individual by 6
team members
Percentage of NPD team members whose aggregate rating of interaction 63%
success in their relationship is <3.0

comer” related: those individuals showing the less suc-
cessful interactions were not only new to the NPD team
but were also new to the organization. In order to im-
prove disparate relationships outside the team, Team D
shared information on relationships with individuals. This
information ranged from program-related (e.g., “do not
approach this person in the last week of the month as
they are really tied up with project reporting”) to the
highly personal. (e.g., which football team an individual
supported)

4) Individual interaction success ratings: Low levels of suc-
cess were again associated with individuals who were new
to the organization. As a result of this exercise, the Head
of Program Sourcing used social networks as a tool for de-
veloping NPD team members, i.e., to act as a map of which
relationships the NPD team member needed to improve
and which relationships needed to be built from scratch.

5) Network gaps: Team D identified outright gaps in their
network in terms of their direct dealings with suppli-
ers and also identified that they needed to incorporate
a different level of contact with individuals in program
functions.

1) Evaluating the Investigation in TRW ASG: A measure of
the efficacy of the insights and interventions identified by the
investigation was provided by a questionnaire supplied to the
NPD team participants and by interviewing the Head of Program
Sourcing. The NPD team participants were asked to rate how
comfortable they had felt in participating in the process and
how comfortable they thought that other people would feel. The
results from this exercise are shown in Fig. 9.

The NPD team participants were also asked what insights
had been yielded by the process of mapping and analyzing their
social networks. Sample responses to this question are provided
in Table V. (Approximately 60% of respondents answered this
question: There were no negative responses.)

The Head of Program Sourcing perceived that the use of
social network analysis had provided him with an invaluable
mechanism for developing the NPD team and improving its
performance.
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TABLE V
SAMPLE RESPONSES OF TRW ASG NPD TEAM PARTICIPANTS

Sample Responses of PSG Members to the question

"What insights has this process of this investigation
given you?"

"The investigation has shown me that I don't easily form
strong relationships"

"My job is to provide a service but I need to make all the
effort to approach other people first"

"It has allowed me to think about how I perceive people and
to think about who is key for me to be able to target to meet
my objectives”

"My core network is actually quite small even though contacts
on the peripherary are too numerous to list"

"Yes - my pattern of work contacts and how I split them into
close relationships (based on personality) and work
relationships (based on the job)"

"This mode of working requires me to go out and
communicate - driving the network rather than being a hub"

I had inherited a fairly diverse team of managers and
their job was to manage the supply chain for all new
product introduction and, I have to say, it was, er, an
interesting challenge because this was a group of indi-
viduals that did not operate as a team, that did not have
any formal or working networking between themselves
... What we clearly identified (... from the investiga-
tion . . .) were a number of fairly significant failings in
their operation, in that some of the key relationships
that they should have been nurturing and pursuing and
working very hard on didn’t actually exist. So, one of
the great outputs of the activity was to identify where
I could realign their personal objectives and say, let’s
target some key individuals, and let’s proactively build
relationships with these people so that actually they can
start adding value to the business. And I have to say that
that was incredibly successful, not only in terms of their
personal effectiveness, but also in terms of the effect it
had on the team as a whole. I think we exited the pro-
cess with a very coherent, coordinated and motivated
team and I do put a very large influence on that to (this
investigation). (Head of Program Sourcing—TRW
ASG)
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VII. CONCLUSIONS AND FURTHER RESEARCH
A. Support for the Aims of This Investigation

The practitioners considered that their aims for these investi-
gations had been completely fulfilled. The Director of Programs
at GKN Aerospace stated that the investigation had allowed
him to identify and develop relationships with customer air-
frame OEMs: the Head of Program Sourcing at TRW ASG had
considered this investigation vital in enabling him to develop a
successfully functioning NPD team.

The research aims for this investigation were twofold.

1) Establishing that it is actually feasible to map social net-

works for an NPD team.

2) Establishing that a social network analysis can, then, be
used to provide meaningful insights and highlight poten-
tial interventions.

In the context of this investigation, it can be argued that these
research aims were achieved. Social networks were mapped
for four different NPD teams in two different organizations.
The teams were willing to provide data that not only indicated
the topology of their social networks but also rated the inter-
action success of the relationships within those networks. The
feasibility of mapping social networks, especially with respect
to the “organizational tolerance” for this sort of activity (c.f.,
Cross et al. [66]), has been demonstrated.

The ability of social network analysis to provide meaning-
ful insights and highlight potential interventions has also been
demonstrated in the context of this investigation. All of the par-
ticipating NPD teams were able to use the analysis of their social
networks to generate ideas and actions that their managers (and,
in the case of GKIN Aerospace, their customers) perceived to

improve their relationships and, thence, their performance.

B. Extendibility of the Findings of This Investigation

One of the drawbacks of this type of action-research investi-
gation is the limited nature of the population validity of its con-
clusions. The triangulation of the investigation findings across
two organizations does go some way to extending its population
validity. However, the organizations investigated were similar
in terms of the size, structure, and composition of the partici-
pant NPD teams and in terms of the type of product that they
were developing. Furthermore, the subject NPD teams in both
organizations were newly formed within the structure of the ex-
isting organizations and, therefore, needed to cultivate different
relationships with stakeholders. This may have meant that a so-
cial network approach to improve NPD team performance was
of particular utility to them. Reasoning that the experience of
this investigation would be replicated in the wider population is,
therefore, dangerous. A number of features of the investigation
may have influenced its outcome. These features may not nec-
essarily be present if the investigation were to be undertaken in
other company contexts:

1) Practitioner Involvement: The involvement with practi-
tioners from TRW ASG, GKN Aerospace, and the Rossmore
Group in every stage of the investigation and the codevelopment
of the techniques used in the investigation may have contributed
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greatly in increasing the “organizational tolerance” for a “so-
cial network” approach to improving NPD team performance.
The “usability” of social network techniques utilized by the in-
vestigation was enhanced by being able to “pilot” them with
practitioners prior to their implementation. The visible com-
mitment of senior managers to the investigations was also very
useful in getting NPD teams in TRW ASG and GKN Aerospace
to participate fully in the investigations.

2) The Previous Experience of the Researchers: The re-
searchers involved in this investigation had considerable expe-
rience in both the aerospace industry and in group facilitation.
This enabled them to grasp the processes and terminology used
in discussions with the team more quickly than someone who
did not have this background. Additionally, the researchers pos-
sessed skills in group facilitation that enabled them to elicit
contributions during team discussions.

On the other hand, the types of NPD in the organizations un-
der consideration in this investigation are similar to a significant
number of other companies within the aerospace sector. (There
are over 3400 Aerospace companies with over 1000 employees
in the United Kingdom alone.) They are also similar to other
sectors embarking upon complex and risky NPD. The common-
ality of NPD team skill sets required by analogous companies
would indicate that the use of social networks to improve NPD
team relationships and performance may be feasible for any type
of complex NPD.

C. Contributions to Existing Research

One of the issues that has received considerable attention in
the field of social networks and NPD is the relative effectiveness
of “strong” and “weak” network ties in knowledge transfer.
Levin and Cross [82] provide a useful summary of the debate
in the role of weak and strong ties. They review the discussions
surrounding the role of weak ties and strong ties in the search and
transfer of information and suggest that some of the apparent
incongruities in research findings can be taken into account by
considering other relational aspects of the ties such as trust
and also by considering the nature of the information being
transferred (e.g., tacit versus explicit). Hansen has highlighted
the need to consider the complexity of the knowledge being
transferred [63]. He has sought to further this understanding by
arguing that knowledge transmission actually involves distinct
phases (i.e., the decision to seek knowledge, seeking knowledge,
and transferring knowledge). He also argues that different social
networks with different characteristics are involved in each of
the phases [83].

By operationalizing strength in terms of success of relation-
ship interaction (i.e., not in terms of “closeness” or frequency
of contact), this project makes a tangential contribution to the
“weak ties” versus “strong ties” debate in knowledge sharing
in NPD activities. In some ways, this project has bypassed
these discussions. The tool has mapped the perceived success
of dyadic relationships in transferring resource. (This project’s
operationalization of “strength” is strongly related to Levin and
Cross’s [82] operationalization of their outcome variable, “use-
fulness.”) Whether this information has been transferred via

825

“weak” or “strong” links using more conventional understand-
ings of these terms has, for reasons of pragmatic utility, not been
considered. The nature of the resource transferred (in terms of its
tacit or explicit nature or its complexity) has not been considered
either. Additionally, Hansen et al.’s [83] phases of knowledge
exchange do not map directly on to the project experience. The
decision of the teams to seek information was a fait accompli.
Teams had to communicate with external stakeholders (be they
internal or external to the team) as these stakeholders had in-
formation or resources that were critical to the NPD task and
unavailable to the team in any other way. The tool also operated
on the implicit assumption that the dyadic characteristics of the
relationships required to identify a source of knowledge were
very similar to those required to effectively transfer it. (For ex-
ample, it was assumed that it would be highly unlikely for one
actor to admit to having the necessary knowledge if they were
not willing to transmit it to the recipient actor.)

This project has shown that it has not been explicitly neces-
sary for practitioners to understand the nature of relationships
in a social network in terms of their “strength” in order to make
changes to those networks where practitioners perceive the need
to improve relationships. When the case-study teams were in
the “analysis” phase of using the tool to identify interventions,
they did not seek to improve the “information carrying” ability
of relationships through improving the relationship’s strength.
(No recommendations addressed making dyadic relationships
stronger through increasing the frequency of the interactions or
through recommending that the actors become “closer.”) Their
interventions focused on the network topology. They sought
to access the same information through more successful re-
lationship “routes” in the network or to identify where new
relationships needed to be made. This may indicate a strong to-
pographical aspect to the success of knowledge transfer in social
networks, which may provide a fruitful addition to the current
focus on relational aspects of dyadic network ties.

The experiences of this project could also contribute to the
debate surrounding the effect of social network “type” on suc-
cessful knowledge transfer within that network. Inkpen and
Tsang [13] highlight three network archetypes that have been
used in investigating social capital and knowledge transfer. They
characterize these archetypes as:

1) intracorporate networks—which exist within a unified cor-

porate identity;

2) strategic alliances—groups of firms entering into volun-

tary arrangements;

3) industrial districts—groups of firms operating in the same

market segment within a shared geographic locality.

They propose that caution should be exercised in transferring
learning about networks from one network type to the other, and
in identifying the boundary conditions between network types.
The NPD teams mapped in this project, especially in terms of
GKN Aerospace, demonstrate a “hybrid” network type with
some elements of intracorporate and strategic alliance charac-
teristics. The work of this project highlights the need to extend
Inkpen and Tsang’s call for further research in boundary con-
ditions into further research of network archetypes and their
characteristics.
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There is a longstanding stream of research that looks at
“boundary bridging” roles for transmitting information in inno-
vative activities such as NPD. A pertinent role-type that relates
to this investigation is that of the “gatekeeper”. Tushman [84]
identifies the gatekeeper as a key node that links an external to an
internal network. The role of a gatekeeper is not only associated
with increased power [85] but also with the potential for role
misalignment [86]. The issue of boundary spanning remains of
current interest [87]. The case-study teams in this investigation
(particularly those based in GKN) did demonstrate a manifesta-
tion of the gatekeeper phenomenon. Individual team members
could be identified who had substantively higher numbers of
dyadic ties with external stakeholders. In analyzing interven-
tions to the network, “gatekeepers” did offer to “share” their
relationships (i.e., facilitate other team actors in establishing
their own dyadic relationship with the stakeholder.) This pro-
vides an interesting example of gatekeepers being willing to
“diminish” their personal power. No evidence emerged in the
case-studies for the inimical effects of the disappearance of a
single point of contact between a team and a stakeholder though
these could be envisaged. This may arise if:

1) too much information was transmitted through relation-
ships, which, then, led to decision making becoming more
time-consuming due to consideration of this increased in-
formation;

2) erroneous information that was not subject to formal
routes of validation was transmitted through relationships.

Current research suggests that this may not practically be
problematic, certainly in the cases of radical innovation [88],
[89], though there is some debate in this arena (e.g., Florida [65])
and this does highlight that more research is needed. This project
also provides a link between the concept of a “gatekeeper” and
the ability to define this role in social network terms. A “social
network” perspective on the “gatekeeper” role is not explicitly
explored in current literature and is worthy of further attention.

Research has also been undertaken to explore the relation-
ships between social networks [90] and formal organizational
structures in NPD, either implicitly [e.g., through mapping out
information flows during product development (Eppinger [40])]
or explicitly (Cross et al. [66], Reagans et al. [50]). The in-
terventions derived from analyzing networks in this study did
not result in changing the team’s formal organizational struc-
ture, but reviewing the team’s networks highlights a number of
“hub” actor nodes lying outside the team who may have ben-
efited from inclusion in the formal team structure. The use of
social network analysis as the basis for NPD team structures
would benefit from further research attention.

D. Implications for Practitioners

One of the “by-products” of an action-research investigation
is the development of a codified embodiment of research learn-
ing in a tool that can be used by practitioners. The sequencing
of activities for the tailored approach to social network analysis
that was developed in Section V is shown in Fig. 10. This could
be used by other practitioners to improve the performance of
their NPD teams. The tool could be used both at a team’s in-
ception and then reused if significant changes take place in the

NO

Assess readiness PROCEED? EXIT

YES
> NO
Scope application Done?
YES
. NO

Onboard subjects Agreed? EXIT

YES
NO
YES satisfactory?

Collect data s il

NO
Monitor

Analyze data [N y

YES
Feedback
Discuss Performance YES EXIT
Identify improved?
Implement
Fig. 10.  Sequencing of activities for the tailored approach to social network

analysis.

project’s social network (e.g., the arrival of new team members)
or if the team’s performance appears to be degrading.

Practitioners could gather information from NPD team mem-
bers on their project relationships using similar data collection
instruments and processes as those expounded in Section V-A.
They could use this data to create social network maps for their
NPD teams similar to those developed for GKN Aerospace and
TRW ASG (see Figs. 5-8). They could, then, analyze these
maps using the articulations of network strength and centrality
illustrated in Table II and could identify potential performance-
enhancing interventions. The type of interventions includes
changes to both formal and informal organizational character-
istics that are also discussed in Table II. (In the case-studies
undertaken in this investigation, no change was made to for-
mal team organization structures: instead, teams concentrated
on changing the nature and number of their relationships with
key stakeholders.)

The experience of the action-research investigations, how-
ever, indicates that simply following these stages would not be
sufficient for a practitioner to insure success in his or her en-
deavors. Without assessing the “organizational tolerance” for
disclosing information regarding social networks, and without
facilitating that disclosure from the targeted NPD teams, any
attempt to map and shape social networks has the potential to
be fruitless. A number of additional steps need to be performed
by practitioners before application of the managerial tool, as
outlined later.
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1) Assessing Readiness: Consideration should be given to
the readiness of the organization to participate in social net-
work analysis. Readiness needs to be assessed in terms of the
organizational culture and the availability of the resources and
people to perform the analysis. The organizational culture needs
to be open and supportive and encourage information sharing.
The organization not only needs to commit to the time re-
quired from NPD team participants to map and analyze their
networks, it also needs to have people available to fill specialist
roles. The availability of a committed champion, a driver of the
process at an appropriate level from within the organization, is of
paramount importance. So too is the availability of a facilitator
or deployer of the tailored approach. The deployer needs to have
the skills to facilitate the application and to inspire trust. Ideally,
the deployer would be external to the organization to guarantee
impartiality and the integrity of the data handling elements.

The organization also needs to be happy with the level of
confidentiality that is required to convince individual partici-
pants to contribute their networks. This data needs to remain
confidential to the deployer and should not be disclosed to any
part of the organization, even the champion, without the express
permission of the contributing individual. Network information
gained in the data collection process needs to be anonymised by
the deployer before the analysis is undertaken.

2) Scoping the Application: The deployer and champion
jointly will need to scope the tool before its application. Where
the deployer is unfamiliar with the organization, he or she will
need to gather background information and place the purpose
for application of the process, the symptoms, and the perceived
causes into context. The participant NPD teams will need to be
identified insuring that their performance has the potential for
improvement through the application of the tool.

3) Onboarding the NPD Team: Assessing the readiness of
the organization to apply the tool is a necessary but not a suffi-
cient activity to insure success. The deployer and the champion
need to onboard the selected NPD teams, i.e., to give the team
sufficient confidence in the integrity and utility of the analysis
process so that team members are prepared to share their net-
work data. Onboarding will need to take place in a face-to-face
situation between the deployer, the champion, and the NPD team
members. The onboarding activity would need to emphasize the
confidentiality of the NPD team members’ individual responses
and the separate affiliation of the tool process from any other
management agenda. Participants need to be reassured that their
identifiable personal data will not be disclosed to any other indi-
vidual other than the deployer without that individual’s express
permission. Onboarding would also need to explain how the
data provided by the participants would be used and the types of
performance improvement (to the individual, the team, and the
organization) that could ensue. During this activity, the presence
of the “champion” would emphasize the importance given by
the organization to the process, but care would need to be taken
to avoid individuals feeling “press-ganged” into participating.
Onboarding can be used to further refine the preparation for
applying the tool through the validation of the data collection
tools with the NPD team and the clarification of the terminology
used.

If these activities are undertaken prior to data collection, the
risks associated with exposing problematic relationships are re-
duced. If the organization is judged not to be ready for this
type of approach, or it proves impossible to get the team “on-
boarded,” then it is highly unlikely that practitioners will be
able to successfully use social network analysis to improve NPD
performance.

The successful implementation of interventions identified by
the teams during the analysis phase will be dependant on the
change management abilities of the team and the champion.
Commitment to implementing this intervention will hopefully
be high, however, due to their codevelopment with the champion
and team.

E. Further Research

Given the limited extendibility of the results of this investi-
gation, the first step in further research would be to establish
whether the analysis of NPD team’s social networks yields in-
sights and interventions that can contribute to improving team
relationships and performance in other contexts. The tailored
approach to social network analysis developed in this inves-
tigation could be applied in other companies and sectors that
participate in complex product development.

Other approaches could be taken to develop the work of this
investigation.

1) Cultural Sensitivity: The NPD team members in this in-
vestigation predominately related to one national culture. The
willingness to contribute network data and the acceptability of
rating relationships may be culturally sensitive. Further work
could be undertaken to establish whether mapping and ana-
lyzing social networks to generate insights and actions could
be used cross-culturally. This is especially important given the
growth of global product development teams.

2) Social Network Presentations: The NPD team members
in this investigation came predominately from a technical
background. This may have made graphical presentations
of social network data the most easy for them to assimilate
and comment upon. People from other disciplines may have
preferences for other formats (e.g., mathematical matrices,
pictorial, etc.). Since the ability of the NPD team members
to grasp the dimensions and characteristics of the network
in question is critical to their ability to generate insights and
interventions, research could be undertaken to establish the
most effective formats for network data.

3) Further Mathematical Analysis of Networks: The use of
more sophisticated mathematical techniques may yield greater
insights into NPD team behavior. Concepts of network sym-
metry or network equivalence, if linked with empirical evidence
from the behavior of real NPD networks, could lead to the devel-
opment of successful network “archetypes” that could be used
as templates for other NPD teams.

Incentives to develop the work of this investigation further
lie in the potential for analyzing social networks to improve
NPD team performance. This paper began by commenting on
the fruitful relationship between academics and practitioners in
the identification of the cross-functional team as the preeminent
form of organizational structure for NPD. Arguably, the same

Authorized licensed use limited to: ASTON UNIVERSITY. Downloaded on September 25, 2009 at 11:04 from IEEE Xplore. Restrictions apply.



828

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 54, NO. 4, NOVEMBER 2007

interplay of ideas will be needed in order to develop teams even
further to match the continuing pressures on NPD performance.
This investigation suggests that collaborations to extend the
performance of NPD teams by considering their social network
may show similar opportunities for success.
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